
 

 

UNITED STATES DISTRICT COURT 
DISTRICT OF MINNESOTA 

 
___________________________________ 
      ) 
VASCULAR SOLUTIONS, INC.,   ) 
      ) 
   Plaintiff,   ) 
      ) 
 v.     ) Civil File No. 0:13-cv-01172-JRT-SER 
      ) 
BOSTON SCIENTIFIC CORP.,  ) 
      ) 
   Defendant.  ) 
___________________________________ ) 

 
 

DECLARATION OF ANTHONY C. VRBA 
 

I, Anthony Vrba, declare and state as follows: 

1. I have reviewed the Motion for Preliminary Injunction filed by Vascular 

Solutions, Inc. (“VSI”) against Defendant Boston Scientific Corp. (“BSC”).  BSC  has asked me 

to determine whether the elements of certain claims of U.S. Patent No. 8,048,032 B2 (the “ ‘032 

patent”), U.S. Patent No. 8,142,413 B2 (the “ ‘413 patent”), and U.S. Patent No. 8,292,850 B2 

(the “ ‘850 patent”) (collectively, the “VSI patents”) were (1) disclosed in U.S. Patent No. 

5,527,292 (the “Adams ‘292 patent”), (2) known, as of 2004, to those of ordinary skill in art of 

designing of catheters for use in interventional cardiology and the treatment of vascular disease, 

and (3) disclosed in other patents relating to the design of catheters for use in interventional 

cardiology and the treatment of vascular disease that issued prior to 2004.  I have also been asked 

to  opine on the meaning of the term “lumen,” as it is generally used and understood in the art, 

and how it would be construed with respect to the asserted claims of the VSI patents.   

2. I have reviewed the VSI patents and believe that the field to which they relate is the 

design of catheters for use in interventional cardiology and the treatment of vascular disease.  I 
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believe that I am a person of at least ordinary skill in that art based on the following: (1) my 

education as a degreed mechanical engineer; (2) my experience in the relevant technology having 

worked within the space of vascular medical devices for the past 22 years; (3) my extensive 

experience in vascular medical device design and development, including the design and 

development of catheters; (4) my research, development, and laboratory experiences with various 

types of guide catheters and other vascular medical devices at various stages of pre-clinical prototype 

evaluation and clinical observation; (5) my involvement in the invention and development of 

commercial guide catheter products; (6) my review of the medical and patent literature; and (7) my 

review of documents pertaining to this litigation. 

I am currently the General Manager and Senior Vice President of Product Development for 

Devicix, a medical device product development design firm.  I am familiar with the history of guide 

catheters and related technologies in the vascular medical device field.  I have managed the design 

and development of numerous vascular medical devices during the course of my career, including 

interventional access devices such as guide sheaths, guide catheters, guidewires, and interventional 

therapeutic devices such as balloon catheters and stents.  I currently have 46 patents and 50 

pending patent applications on a range of interventional devices including guidewires, balloons, 

stents and stent delivery systems. 

3. BSC is compensating me for the time I am expending in connection with this case 

at the rate of $ 250 per hour and reimbursing me for any expenses I incur in connection with the 

case.  I have no interest in the outcome of the case. 

4. In connection with the preparation of this declaration, I have reviewed the VSI 

patents, the Adams ‘292 patent, and portions of certain other patents referenced in Exhibit 1 to 

this declaration.  I have also reviewed the declaration of VSI’s CEO Howard Root filed in 

support of VSI’s motion for a preliminary injunction.   During the course of my review and 
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analysis I have also relied on my own education and experience in the field of designing 

catheters for use in interventional cardiology and the treatment of vascular disease. 

5. I believe that all of the elements of claims 1-8, 11-17, and 19 of the ‘032 patent, 

claims 1, 2, 4, 5, and 7-13 of the ‘413 patent, and claims 1-8, 12-18, and 20 of the ‘850 patent 

(the “asserted claims”) were (1) disclosed in the Adams ‘292 patent, (2) known, as of 2004, to 

those of ordinary skill in art of designing catheters for use in interventional cardiology and the 

treatment of vascular disease, and/or (3) disclosed in other patents relating to the design of 

catheters for use in interventional cardiology and the treatment of vascular disease that issued 

prior to 2004.  Indeed, the Adams ‘292 patent, by itself, discloses all of the elements of many of 

the asserted claims.  Further, any elements of the asserted claims not expressly disclosed by the 

Adams ‘292 patent comprise only minor, obvious variations on the Adams ‘292 technology.  

That such variations would have been obvious in 2004 to one of skill in the art is apparent from 

my own knowledge and experience in the field and underscored by the wealth of art reading on 

such limitations that was published as of 2004.  The bases for my conclusions—including 

citations to specific portions of specific patents—are set forth in detail in the chart attached to 

this declaration at Exhibit A.   

6. Within the field of catheter design, the term “lumen” generally refers to the space 

or cavity within a tubular structure.  Accordingly, I believe the “push rod” of Guidezilla has a 

lumen.  Guidezilla’s push rod is constructed from a stainless steel hypotube, which is essentially 

a tube with a lumen through its center.  I have used the term “lumen” and have heard it used in 

the context of catheter design throughout my career.  Based on my understanding of how those 

of skill in the art use the term “lumen,” a hypotube has a lumen even if it is flattened or blocked 
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at one or both ends.  Thus, Guidezilla’s push rod, which is part of the “substantially rigid 

portion,” has a lumen. 

 

I declare under penalty of perjury that the foregoing is true and correct. 

Executed on this __ day of July, 2013, in ___________ County, Minnesota. 

 
 
 
      ____________________ 
      Anthony Vrba 
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INVALIDITY CHART

U.S. PATENT NO. 8,048,032 B2 (‘032 PATENT)

Claim
Element No. Claim Element Discussion of Prior Art

1.1.1 1. A device for use with a standard
guide catheter,

U.S. Patent No. 5,527,292 (the “Adams ‘292 patent”) (attached hereto as
Exhibit B) discloses a device for use with a standard guide catheter:

“For use in combination with a guide catheter …, an intravascular
device …” (col. 23, ll. 33-35)

“An intravascular device … for insertion into a coronary vessel beyond
a distal end of a guide catheter.” (abstract)

1.1.2 the standard guide catheter having a
continuous lumen extending for a
predefined length from a proximal
end at a hemostatic valve to a distal
end adapted to be placed in a
branch artery,

The Adams ‘292 patent discloses a standard guide catheter having a continuous
lumen extending for a predefined length from a proximal end at a hemostatic
valve to a distal end adapted to be placed in a branch artery:

“The guide catheter 12 is an elongated, flexible, tubular member
defining a first guide catheter lumen 27 therethrough.” (col. 5, ll. 30-32)

“a guide catheter having a proximal end, a distal end, and a central
lumen,” (col. 23, ll. 33-34)

“The guide catheter manifold 16 is mounted at the proximal end of the
guide catheter 12…. [T]he guide catheter manifold 16 comprises a Y-
shaped structure having a primary channel leg 17…. A hemostasis
valve (not shown) on channel leg 17 provides hemostatic control for the
guide catheter system….” (col. 5, ll. 16-29; see col. 11, ll. 20-30)

“the guide catheter is … advanced through a patient’s arterial system to
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the coronary ostium of the artery requiring treatment.” (col. 4, ll.56-58)

Standard guide catheters having continuous lumens extending for a predefined
length from a proximal end at a hemostatic valve to a distal end adapted to be
placed in a branch artery were known to those of ordinary skill in the art by the
mid-2000s.

1.1.3 the continuous lumen of the guide
catheter having a circular cross-
sectional inner diameter sized such
that interventional cardiology
devices are insertable into and
through the lumen to the branch
artery,

The Adams ‘292 patent discloses that the continuous lumen of the guide
catheter having a circular cross-sectional inner diameter sized such that
interventional cardiology devices are insertable into and through the lumen to
the branch artery:

“Guide catheter 52 is an elongated, flexible tubular member defining a
first guide catheter lumen 53 through which an angioplasty balloon
catheter 60 or some other angioplasty device is disposed and guided to a
stenosis or obstruction.” (col. 11, ll. 17-20)

“the guide catheter 287 is manipulated until a distal opening 288 of the
guide catheter 287 is aligned with the coronary ostium so that the guide
catheter 287 will direct an original coronary treatment device, such as an
angioplasty balloon catheter, or a subsequent coronary treatment device
into the coronary artery requiring treatment.” (col. 16, ll. 39-44)

1.2.1 the device comprising: a flexible tip
portion defining a tubular structure
having a circular cross-section and

The Adams ‘292 patent discloses a device comprising: a flexible tip portion
defining a tubular structure having a circular cross-section:

“An intravascular device having an elongated flexible tube” (abstract)

“The intravascular device includes a relatively flexible tube…. The
flexible tube has an inner diameter” (col. 2, ll. 44-50)

“a relatively flexible tube having ... an internal lumen” (col. 23, ll. 36-
37)
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“The guide catheter extension 14A … has a longitudinal guide catheter
extension lumen, a rounded distal tip 36A and may be reinforced by a
coil 40A.” (col. 7, ll. 4-7)

A person of ordinary skill in the art would have known of a tubular structure
that includes a flexible cylindrical distal tip portion and a flexible cylindrical
reinforced portion proximal to the flexible distal tip portion

Patents issued prior to 2004 disclosed a tubular structure that includes a flexible
cylindrical distal tip portion and a flexible cylindrical reinforced portion
proximal to the flexible distal tip portion. For example:

“An intravascular catheter such as a guiding catheter … having a
nontraumatic distal tip comprising a proximal elastomeric tubular
element and a distal elastomeric tubular element formed of a softer
material….” U.S. Patent No. 5,234,416 (“Macaulay”) (attached hereto
as Exhibit C) (abstract)
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Macaulay (Fig. 3).

“At the distal end of the segmented catheter 10 is an atraumatic tip 19
that possesses softness or even elastic properties as will be generally
appreciated by those skilled in the art.” U.S. Patent No. 5,658,263
(“Dang”) (attached hereto as Exhibit D) (col. 6, ll. 9-12)

Dang (Fig. 2).

“[G]uiding catheter bodies are typically formed with…relatively short
and soft distal tips….” U.S. Patent No. 6,592,472 B1 (“Noone”)
(attached hereto as Exhibit E) (col. 2, ll. 22-24)

1.2.2 a length that is shorter than the
predefined length of the continuous
lumen of the guide catheter,

The Adams ‘292 patent discloses a tubular structure having a length that is
shorter than the predefined length of the continuous lumen of the guide catheter:

See Fig. 1 (the second guide catheter lumen 33 of the elongated flexible
tube 32 of the guide catheter extension 14 (red) is shorter than the guide
catheter lumen 27 of the guide catheter 12 (green))
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See Figs. 12, 13 (flexible tube 255 is shorter than guide catheter 287)
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The Adams ‘292 patent discloses that [t]he length of the flexible tube 32 is
preferably approximately 6 to 10 inches” (col. 5, ll. 61-63). One of ordinary
skill in the art would have known that a standard guide catheter is 100cm or
approximately 40 inches long.

1.2.3 the tubular structure having a cross-
sectional outer diameter sized to be
insertable through the cross-
sectional inner diameter of the
continuous lumen of the guide
catheter

The Adams ‘292 patent discloses a tubular structure having cross-sectional
outer diameter sized to be insertable through the cross-sectional inner diameter
of the continuous lumen of the guide catheter:

“The outer diameter of the elongated flexible tube 32 is smaller than the
first guide catheter lumen 27 defined by the guide catheter 12 so that it
may be slidably disposed therethrough …” (col. 5, ll. 64-67)

“a relatively flexible tube having … an outer diameter … wherein the
outer diameter is sized for insertion through the central lumen of the
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guide catheter …” (col. 23, ll. 37-40)
1.2.4 defining a coaxial lumen having a

cross-sectional inner diameter
through which interventional
cardiology devices are insertable;
and

The Adams ‘292 patent discloses a tubular structure defining a coaxial lumen
having a cross-sectional inner diameter through which interventional cardiology
devices are insertable:

“the flexible tube being concentrically aligned with the guide catheter”
(col. 22, ll. 42-43)

“The inner diameter of the flexible tube is larger than the outer diameter
of a typical angioplasty balloon catheter or other coronary treatment
device.” (col. 2, ll. 62-64)

“For use in combination with a guide catheter for insertion and
advancement of a coronary treatment device ..., an anchoring device
comprising … a relatively flexible tube …” (col. 22, ll. 35-40)

“The flexible tube 255 of the intravascular device 250 is designed for
coaxial placement relative to the guide catheter …” (col. 15, ll. 65-66)

“During use, the guide catheter extension tube 70 is coaxially disposed
within the guide catheter 52.” (col. 11, ll. 58-60)

1.3.1 a substantially rigid portion
proximal of and operably connected
to, and more rigid along a
longitudinal axis than, the flexible
tip portion and defining a rail
structure without a lumen and

The Adams ‘292 patent discloses a substantially rigid portion proximal of and
operably connected to, and more rigid along a longitudinal axis than, the
flexible tip portion and defining a rail structure without a lumen:

“shaft 19 or push rod is attached to a proximal end of the elongated
flexible tube 32” (col. 6, ll. 1-2)

“One embodiment is shown in FIG. 2 and the shaft 19 or push rod is
defined by an elongated wire.” (col. 6, ll. 1-2)
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“The shaft 19A or push rod in this embodiment comprises a tubular
shaft member 172.... The tubular shaft member 172 is preferably formed
from a stainless steel hypotube….The tubular shaft member 172 has a
flattened distal end which assumes an elongated cross-section…. The
flattened distal end provides sufficient surface area to secure the tubular
shaft member 172 to the proximal end of the elongated flexible tube
32A….” (col. 7, ll. 13-26)

“The push rod 262 is preferably formed of a nitinol wire.…. The nitinol
construction helps reduce wire kinking as the push rod 262 is
manipulated.” (col. 15, ll. 8-12)

1.3.2 having a maximal cross-sectional
dimension at a proximal portion
that is smaller than the cross-
sectional outer diameter of the
flexible tip portion and

The Adams ‘292 patent discloses a substantially rigid portion having a maximal
cross-sectional dimension at a proximal portion that is smaller than the cross-
sectional outer diameter of the flexible tip portion:

“The elongated wire 34 is of small diameter, preferably 0.010 to 0.016
of an inch in diameter.” (col. 6, ll. 15-17)

“The tubular shaft member 172 is preferably formed from a stainless
steel hypotube with an outside diameter of 0.016 inch.”
(col. 7, ll. 18-21)

The Adams ‘292 patent discloses that “the outer diameter of the elongated tube
would be approximately 0.065 inch….” (col. 8, ll. 24-25) One of ordinary skill
in the art would have known that the inner diameter of standard guide catheters
(and, thus, the maximum outer diameter of the guide catheter extension) is 5F to
8F or 0.058 inch to 0.088 inch.

1.3.3 having a length that, when
combined with the length of the
flexible distal tip portion, defines a
total length of the device along the

The Adams ‘292 patent discloses a substantially rigid portion having a length
that, when combined with the length of the flexible distal tip portion, defines a
total length of the device along the longitudinal axis that is longer than the
continuous lumen of the guide catheter:
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longitudinal axis that is longer than
the continuous lumen of the guide
catheter,

“The flexible tube 255 is approximately 6.0 to 12.0 inches in length, and
preferably 9.5 to 10.0 inches in length. The push rod is approximately
40.0 to 45.0 inches in length. The overall length of the extension 250 is
preferably 50.5 to 51.5 inches.” (col. 15, ll. 49-53)

One of ordinary skill in the art would have known that a standard guide catheter
is 100 cm or approximately 40 inches long.

1.4 such that when at least a distal
portion of the flexible tip portion is
extended distally of the distal end
of the guide catheter, at least a
portion of the proximal portion of
the substantially rigid portion
extends proximally through the
hemostatic valve in common with
interventional cardiology devices
that are insertable into the guide
catheter.

The Adams ‘292 patent discloses that when a distal portion of the flexible tip
portion is extended distally of the distal end of the guide catheter, a portion of
the proximal portion of the substantially rigid portion extends proximally
through the hemostatic valve in common with interventional cardiology devices
that are insertable into the guide catheter:

“The elongated flexible tube 32 of the guide catheter extension 14 is
designed to extend beyond a distal end of the guide catheter 12….” (col.
6, ll. 8-10)

“As seen in FIG. 1, shaft 19 or push rod … extends proximally …
outside the guide catheter 12 so that it is accessible to the user.”
(col. 6, ll. 1-4)
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17 is the primary channel leg of the catheter manifold, where the
hemostatic valve (not shown) is located. (col. 5, ll. 17-29.) 26 is a
balloon catheter shaft. (col. 8, l. 40) 19 is the shaft or push rod, which
exits the manifold at the same point as the balloon catheter shaft.

“The total length of the extension 250 permits the flexible tube 255 to
remain with the guide catheter 287 and to extend beyond a distal end of
guide catheter 287 into and through a coronary artery while the control
knob 264 remains outside the patient.” (col. 17, ll. 3-7)

2.1 2. The device of claim 1 wherein
the tubular structure includes a
distal portion adapted to be
extended beyond the distal end of
the guide catheter while a proximal
portion remains within the lumen of
the guide catheter,

The Adams ‘292 patent discloses a tubular structure that includes a distal
portion adapted to be extended beyond the distal end of the guide catheter while
a proximal portion remains within the lumen of the guide catheter:

“A distal portion of the flexible tube 255 is advanced past the distal
opening 288 of the guide catheter 287 … while a proximal portion
thereof and the push rod 262 remain within the guide catheter 287.”
(col. 16, ll. 60-64)

“A proximal end of the flexible tube 32 is advanced so that a significant
portion of the flexible tube 32 extends … beyond the distal end of the
guide catheter 12….” (col. 9, ll. 17-22)
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“The length of the tube is sized so that the proximal end … of the tube
255 is enclosed within the guide catheter while the distal end of the
flexible tube 255 reaches the treatment site.” (col. 15, ll. 57-60)

“In use, the flexible tube has its proximal end within a guide catheter
and has its distal end extending to a treatment site within a coronary
artery.” (abstract)

2.2 such that the device assists in
resisting axial and shear forces
exerted by the interventional
cardiology device passed through
and beyond the coaxial lumen that
would otherwise tend to dislodge
the guide catheter from the branch
artery.

The Adams ‘292 patent discloses that the device assists in resisting axial and
shear forces exerted by the interventional cardiology device passed through and
beyond the coaxial lumen that would otherwise tend to dislodge the guide
catheter from the branch artery:

“The extension of the elongated flexible tube 32 into the smaller
dimension arteries also serves to maintain the position of the guide
catheter 12 at the coronary ostium during operation…. [T]he flexible
tube 32 defines an anchoring device for securing the guide catheter 12
for operation.” (col. 9, ll. 12-17)

“[A]s a coronary device is advanced, the position of the distal opening
288 of the guide catheter 287 may shift out of alignment with the
coronary ostium making placement of the coronary treatment device
into the coronary artery requiring treatment more difficult.

As previously explained, the present invention discloses an anchoring
device for securing the guide catheter 287 relative to the coronary
ostium of a patient to facilitate original insertion and subsequent
insertion of a coronary treatment device.” (col. 16, ll. 49-58)

3 3. The device of claim 2 wherein
the proximal portion of the tubular
structure further comprises structure
defining a proximal side opening
extending for a distance along the

A person of ordinary skill in the art would have known and been motivated to
shape the proximal side opening of the tubular structure disclosed in the Adams
‘292 patent to extend for a distance along the longitudinal axis such that it
would thereby be accessible from a longitudinal side defined transverse to the
longitudinal axis to receive an interventional cardiology device into the coaxial
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longitudinal axis, and accessible
from a longitudinal side defined
transverse to the longitudinal axis,
to receive an interventional
cardiology device into the coaxial
lumen while the proximal portion
remains within the lumen of the
guide catheter.

lumen with the proximal portion of the tube remaining within the lumen of the
guide catheter:

The type of proximal side opening described in claim 3 was well known
in the art prior to 2004 as a common means of shaping points of entry
into a lumen through which devices are received for the facilitation of
insertion and strengthening known points of weakness through gradual
transitioning at portions joining one material to another or one degree of
flexibility to another. Accordingly, utilizing such a design at the
proximal end of the flexible tube disclosed by Adams ‘292 would have
been obvious to a person of ordinary skill in the art as a means of
creating a smooth transition for devices to travel from the substantially
rigid portion into the coaxial lumen of the flexible tube.

By 2004, sloped or angled openings to lumens were well known to
persons of ordinary skill in the art of rapid exchange catheters, as well as
the art of interventional catheters generally.

Examples of patents prior to 2004 disclosing this feature within the
relevant field of technology include:

U.S. Patent No. 5,690,613 (“Verbeek”) (attached hereto as Exhibit F)
discloses cutting an angled proximal side opening commonly known as a
“skive” in the inner lumen tube of a rapid exchange catheter for the
receipt of a guidewire. See, e.g., Fig. 1B (depicting “longitudinal cross-
section of the transition section”):
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“Skive 95 the proximal end of the inner lumen tubing 70 at an angle of
approximately 10 degrees for a length of 2 mm.” Verbeek (col. 6, ll. 9-
11).

All prior art catheters with such side openings have “full circumference
portions” and “partially cylindrical portions,” as depicted in U.S. Patent
No. 5,328,472 (“Steinke”) (issued in July 1994), for a “Catheter with
Flexible Side Port Entry,” (attached hereto as Exhibit G), where “12” is
defined as the “side port entry”:
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Steinke discloses a catheter shaft defining a lumen with a proximal side
port whereby “said lumen [is] adapted to receive a guidewire in a sliding
fit.” Steinke (col. 4, ll. 1-2)

“Generally, the method ... includes the steps of providing a side port
entry in the transition region” Steinke (col. 3, ll. 33-34)

“Preferably the side port entry is located about 20 centimeters from the
distal tip 14 of the catheter. A guidewire 16 can be slidingly received
within the inner lumen.” Steinke (col. 6, ll. 7-10)

U.S. Patent No. 5,102,403 (“Alt”) (attached hereto as Exhibit H)
discloses “a substantially cylindrical catheter body with an outer wall …
with the outer wall gradually changing in shape along the catheter body
length toward the distal end from an entrance groove …” Alt (col. 6, ll.
62-66)

Alt (Fig. 1):

“Novel features of this catheter include the transition of the catheter
tubing … to accommodate a second guide wire lumen …” Alt (col. 2, l.
65-col. 3, l. 2)

“Thus guide wire 21 enters the catheter body axially …” Alt (col. 6, l. 4)
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Persons of skill in the art would have been motivated to combine their
knowledge and the disclosures cited above with the disclosures of the Adams
‘292 patent because they all address the delivery of devices for interventional
cardiology and treatment of vascular disease.

4 4. The device of claim 3 wherein
the proximal side opening includes
structure defining a full
circumference portion and structure
defining a partially cylindrical
portion.

A person of ordinary skill in the art would have known of a proximal side
opening that includes a structure defining a full circumference portion and a
partially cylindrical portion:

Patents issued prior to 2004 disclosed proximal side openings with structures
defining full circumference portions and partially cylindrical portions:

“guide catheter 21 enters the catheter body axially … through a groove,
a crescent shaped semi-enveloping configuration, FIGS. 5 and 6, and
then completely surrounded as in FIGS. 7 through 10.” Alt (col. 6, ll. 4-
8)

“a crescent shaped catheter body configuration partly surrounding the
wire and … a closed cylinder wall surrounding a second guide lumen for
encompassing the guide wire.” Alt (col. 6, l. 67-col. 7, l. 4)

Alt (Figs. 5, 10):

Persons of skill in the art would have been motivated to combine their
knowledge and the disclosures cited above with the disclosures of the Adams
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patent because the all address delivery of devices for interventional cardiology
and treatment of vascular disease

5 5. The device of claim 2 wherein
the flexible cylindrical distal tip
portion further comprises a
radiopaque marker proximate a
distal tip.

The Adams ‘292 patent discloses that the flexible cylindrical distal tip portion
further comprises a radiopaque marker proximate a distal tip:

“a radiopaque marker 43 may be placed just proximal to the rounded
distal tip 36 of the guide catheter extension tube 32….” (col. 6, ll. 48-
50)

“an annular radiopaque marker 265 … is provided at the distal end of the
flexible tube 255….” (col. 14, ll. 8-10)

6 6. The device of claim 1 wherein
the tubular structure includes a
flexible cylindrical distal tip portion
and a flexible cylindrical reinforced
portion proximal to the flexible
distal tip portion.

The Adams ‘292 patent discloses that the tubular structure includes a flexible
cylindrical distal tip portion and a flexible cylindrical reinforced portion
proximal to the flexible distal tip portion:

“the relatively flexible tube of the intravascular device includes a coil
spring extending along and defining at least a portion of the flexible
tube.” (col. 20, ll. 3-6)

“The guide catheter extension 14A … has a longitudinal guide catheter
extension lumen, a rounded distal tip 36A and may be reinforced by a
coil 40A.” (col. 7, ll. 4-7)
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A person of ordinary skill in the art would have known of a tubular structure
that includes a flexible cylindrical distal tip portion and a flexible cylindrical
reinforced portion proximal to the flexible distal tip portion

Patents issued prior to 2004 disclosed a tubular structure that includes a flexible
cylindrical distal tip portion and a flexible cylindrical reinforced portion
proximal to the flexible distal tip portion:

“An intravascular catheter such as a guiding catheter … having a
nontraumatic distal tip comprising a proximal elastomeric tubular
element and a distal elastomeric tubular element formed of a softer
material…. The catheter shaft includes an inner tubular member of
braided polymeric fibrous strands … having an outer jacket or coating of
thermoplastic polyurethane secured to the braided tubular member.”
Macaulay (abstract)

Macaulay (Fig. 3):

“The guiding catheter of this invention is generally comprised of … at
least three catheter segments which are progressively more flexible in
the distal direction, and an atra[u]matic tip at the distal end.” Dang (col.
3, ll. 10-13)

“The segments of polymer preferably are molded about a braid of
stainless steel or the like. Such braid is commonly used by those skilled
in the art to enhance rigidity.” Dang (col. 3, ll. 61-64)
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“At the distal end of the segmented catheter 10 is an atraumatic tip 19
that possesses softness or even elastic properties as will be generally
appreciated by those skilled in the art.” Dang (col. 6, ll. 9-12)

Dang (Fig. 2):

“[G]uiding catheter bodies are typically formed with relatively long and
stiff proximal sections or shafts and relatively short and soft distal
tips….” Noone (col. 2, ll. 22-24)

“Typically, the proximal section or shaft is formed of an inner tube,
metal or polymeric filaments braided overlying the inner tube, and an
outer tube over the braid, thereby providing a reinforced catheter shaft as
disclosed in the above-referenced ‘910, ‘416, and ‘149 patents.” Noone
(col. 2, ll. 22-24)

7 7. The device of claim 6 wherein
the flexible cylindrical reinforced
portion is reinforced with metallic
elements in a braided or coiled
pattern.

The Adams ‘292 patent discloses that the flexible cylindrical reinforced portion
is reinforced with metallic elements in a braided or coiled pattern:

“Preferably, the elongated flexible tube 32 is formed of a coiled spring
40 made of stainless steel or platinum alloy…. An outer coating of
plastic is then added around the coil spring….” (col. 5, ll. 48-52)

“As shown more clearly in FIG 10, the flexible tube 255 is formed of a
coil spring 266 of … stainless steel and inner and outer polymer layers
267 and 268….” (col. 14, ll. 14-16)
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8 8. The device of claim 1 wherein
the cross-sectional inner diameter
of the coaxial lumen of the tubular
structure is not more than one
French smaller than the cross-
sectional inner diameter of the
guide catheter.

The Adams ‘292 patent discloses that the cross-sectional inner diameter of the
coaxial lumen of the tubular structure is not more than one French smaller than
the cross-sectional inner diameter of the guide catheter:

The inner diameter of the tubular structure must be smaller than the inner
diameter of the guide catheter (See discussion of claim 1.2.3)

The inner diameter of the tubular structure must accommodate
interventional cardiology devices (See discussion of claim 1.2.4)

Guide catheter differences between inner diameter and outer diameter are
roughly between 8 to 11 thousandths of an inch, which is less than one
french size. Therefore, one of ordinary skill in the art would know that a
guide extension of similar or modified construction should be no more than
one french size smaller than the guide catheter.

11.1.1 11. A device for use with a standard
guide catheter,

The Adams ‘292 patent discloses a device for use with a standard guide
catheter:

See discussion of claim 1.1.1 (“1. A device for use with a standard guide
catheter”)
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11.1.2 the standard guide catheter having a
continuous lumen extending for a
predefined length from a proximal
end at a hemostatic valve to a distal
end adapted to be placed in a
branch artery,

The Adams ‘292 patent discloses the standard guide catheter having a
continuous lumen extending for a predefined length from a proximal end at a
hemostatic valve to a distal end adapted to be placed in a branch artery:

See discussion of claim element 1.1.2 (“the standard guide catheter
having a continuous lumen extending for a predefined length from a
proximal end at a hemostatic valve to a distal end adapted to be placed
in a branch artery,”)

11.1.3 the continuous lumen of the guide
catheter having a circular cross-
section and a cross-sectional inner
diameter sized such that
interventional cardiology devices
are insertable into and through the
lumen to the branch artery,

The Adams ‘292 patent discloses the continuous lumen of the guide catheter
having a circular cross-section and a cross-sectional inner diameter sized such
that interventional cardiology devices are insertable into and through the lumen
to the branch artery:

See discussion of claim element 1.1.3 (“the continuous lumen of the
guide catheter having a circular cross-sectional inner diameter sized such
that interventional cardiology devices are insertable into and through the
lumen to the branch artery,”)

11.2 the device comprising: an elongate
structure having an overall length
that is longer than the predefined
length of the continuous lumen of
the guide catheter,

The Adams ‘292 patent discloses an elongate structure having an overall length
that is longer than the predefined length of the continuous lumen of the guide
catheter:

See discussion of claim 1.3.3 (“[the substantially rigid portion] having a
length that, when combined with the length of the flexible distal tip
portion, defines a total length of the device along the longitudinal axis
that is longer than the continuous lumen of the guide catheter”)

11.3.1 the elongate structure including: a
flexible tip portion defining a
tubular structure

The Adams ‘292 patent discloses the elongate structure including: a flexible tip
portion defining a tubular structure:

See discussion of claim element 1.2.1 (“the device comprising: a flexible
tip portion defining a tubular structure having a circular cross-section
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and”)

11.3.2 having a circular cross-section that
is smaller than the circular cross-
section of the continuous lumen of
the guide catheter

The Adams ‘292 patent discloses the tubular structure having a circular cross-
section that is smaller than the circular cross-section of the continuous lumen of
the guide catheter

See discussion of claim element 1.2.3 (“the tubular structure having a
cross-sectional outer diameter sized to be insertable through the cross-
sectional inner diameter of the continuous lumen of the guide catheter
and”)

11.3.3 and a length that is shorter than the
predefined length of the continuous
lumen of the guide catheter,

The Adams ‘292 patent discloses the tubular structure having a length that is
shorter than the predefined length of the continuous lumen of the guide catheter:

See discussion of claim element 1.2.2 (“a length that is shorter than the
predefined length of the continuous lumen of the guide catheter”)

11.3.4 the flexible tip portion being sized
having a cross-sectional outer
diameter sized to be insertable
through the cross-sectional inner
diameter of the continuous lumen
of the guide catheter

The Adams ‘292 patent discloses the flexible tip portion being sized having a
cross-sectional outer diameter sized to be insertable through the cross-sectional
inner diameter of the continuous lumen of the guide catheter:

See discussion of claim element 1.2.3 (“the tubular structure having a
cross-sectional outer diameter sized to be insertable through the cross-
sectional inner diameter of the continuous lumen of the guide catheter”)

11.3.5 and defining a coaxial lumen
having a cross-sectional inner
diameter through which
interventional cardiology devices
are insertable;

The Adams ‘292 patent discloses the flexible tip portion defining a coaxial
lumen having a cross-sectional inner diameter through which interventional
cardiology devices are insertable:

See discussion of claim element 1.2.4 (“defining a coaxial lumen having
a cross-sectional inner diameter through which interventional cardiology
devices are insertable; and”)

CASE 0:13-cv-01172-JRT-SER   Document 31-1   Filed 07/08/13   Page 22 of 70

Page 26 of 180



EXHIBIT A

22

11.4 a reinforced portion proximal to the
flexible tip portion; and

The Adams ‘292 patent discloses, persons of ordinary skill in the art knew of,
and other patents issued prior to 2004 disclosed a reinforced portion proximal to
the flexible tip portion:

See discussion of claim 6 (“6. The device of claim 1 wherein the tubular
structure includes a flexible cylindrical distal tip portion and a flexible
cylindrical reinforced portion proximal to the flexible distal tip portion.”)

11.5.1 a substantially rigid portion
proximal of and connected to, and
more rigid along a longitudinal axis
than, the flexible tip portion and
defining a rail structure without a
lumen and

The Adams ‘292 patent discloses a substantially rigid portion proximal of and
connected to, and more rigid along a longitudinal axis than, the flexible tip
portion and defining a rail structure without a lumen:

See discussion of claim element 1.3.1 (“a substantially rigid portion
proximal of and operably connected to, and more rigid along a
longitudinal axis than, the flexible tip portion and defining a rail
structure without a lumen and”)

11.5.2 having a maximal cross-sectional
dimension at a proximal portion
that is smaller than the cross-
sectional outer diameter of the
flexible tip portion,

The Adams ‘292 patent discloses a substantially rigid portion having a maximal
cross-sectional dimension at a proximal portion that is smaller than the cross-
sectional outer diameter of the flexible tip portion:

See discussion of claim element 1.3.2 (“having a maximal cross-
sectional dimension at a proximal portion that is smaller than the cross-
sectional outer diameter of the flexible tip portion and”)

11.6 such that when at least a distal
portion of the flexible tip portion is
extended distally of the distal end
of the guide catheter with at least
proximal portion of the reinforced
portion remaining within the
continuous lumen of the guide
catheter, at least a portion of the

The Adams ‘292 patent discloses that when at least a distal portion of the
flexible tip portion is extended distally of the distal end of the guide catheter
with at least proximal portion of the reinforced portion remaining within the
continuous lumen of the guide catheter, at least a portion of the proximal portion
of the substantially rigid portion extends proximally through the hemostatic
valve in common with interventional cardiology devices that are insertable into
the guide catheter:
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proximal portion of the
substantially rigid portion extends
proximally through the hemostatic
valve in common with
interventional cardiology devices
that are insertable into the guide
catheter.

See discussion of claim element 1.4 (“such that when at least a distal
portion of the flexible tip portion is extended distally of the distal end of
the guide catheter, at least a portion of the proximal portion of the
substantially rigid portion extends proximally through the hemostatic
valve in common with interventional cardiology devices that are
insertable into the guide catheter.”)

12.1 12. The device of claim 11 wherein,
when the distal portion of the
flexible tip portion is insertable
through the continuous lumen of
the guide catheter and beyond the
distal end of the guide catheter,

The Adams ‘292 patent discloses that the distal portion of the flexible tip
portion is insertable through the continuous lumen of the guide catheter and
beyond the distal end of the guide catheter:

See discussion of claim element 1.2.3 (“the tubular structure having a
cross-sectional outer diameter sized to be insertable through the cross-
sectional inner diameter of the continuous lumen of the guide catheter”),
and claim element 2.1 (“2. The device of claim 1 wherein the tubular
structure includes a distal portion adapted to be extended beyond the
distal end of the guide catheter while a proximal portion remains within
the lumen of the guide catheter,”)

12.2 the device assists in resisting axial
and shear forces exerted by an
interventional cardiology device
passed through and beyond the
coaxial lumen that would otherwise
tend to dislodge the guide catheter
from the branch artery.

The Adams ‘292 patent discloses that the device assists in resisting axial and
shear forces exerted by an interventional cardiology device passed through and
beyond the coaxial lumen that would otherwise tend to dislodge the guide
catheter from the branch artery:

See discussion of claim element 2.2 (“such that the device assists in
resisting axial and shear forces exerted by the interventional cardiology
device passed through and beyond the coaxial lumen that would
otherwise tend to dislodge the guide catheter from the branch artery.”)

13 13. The device of claim 11 wherein
the substantially rigid portion
further includes a partially
cylindrical portion defining an
opening extending for a distance

The Adams ‘292 patent discloses that the substantially rigid portion further
includes a partially cylindrical portion defining an opening extending for a
distance along a side thereof defined transverse to a longitudinal axis that is
adapted to receive an interventional cardiology device passed through
continuous lumen of the guide catheter and into the coaxial lumen while the
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along a side thereof defined
transverse to a longitudinal axis that
is adapted to receive an
interventional cardiology device
passed through continuous lumen
of the guide catheter and into the
coaxial lumen while the device is
inserted into the continuous lumen,
the opening extending substantially
along at least a portion of a length
of the substantially rigid portion.

device is inserted into the continuous lumen, the opening extending
substantially along at least a portion of a length of the substantially rigid portion:

See discussion of claim 3 (“3. The device of claim 2 wherein the
proximal portion of the tubular structure further comprises structure
defining a proximal side opening extending for a distance along the
longitudinal axis, and accessible from a longitudinal side defined
transverse to the longitudinal axis, to receive an interventional
cardiology device into the coaxial lumen while the proximal portion
remains within the lumen of the guide catheter.”).

14.1 14. The device of claim 11 wherein,
after the device is inserted into the
continuous lumen of the guide
catheter, the device extends an
overall effective length of a coaxial
lumen

The Adams ‘292 patent discloses that after the device is inserted into the
continuous lumen of the guide catheter, the device extends an overall effective
length of a coaxial lumen:

“During use, the guide catheter extension tube 70 is coaxially disposed
within the guide catheter 52.” (col. 11, ll. 58-60)

“The flexible tube 255 of the intravascular device 250 is designed for
coaxial placement relative to the guide catheter …” (col. 15, ll. 65-66)

“the flexible tube being concentrically aligned with the guide catheter”
(col. 22, ll. 42-43)

14.2 through which an interventional
cardiology device may be inserted

The Adams ‘292 patent discloses that an interventional cardiology device may
be inserted through the overall effective length of the coaxial lumen:

“Guide catheter 52 is an elongated, flexible tubular member defining a
first guide catheter lumen 53 through which an angioplasty balloon
catheter 60 or some other angioplasty device is disposed and guided to a
stenosis or obstruction.” (col. 11, ll. 17-20)

“the guide catheter 287 will direct an original coronary treatment device,
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such as an angioplasty balloon catheter, or a subsequent coronary
treatment device into the coronary artery requiring treatment.”
(col. 16, ll. 41-44)

“the flexible tube being concentrically aligned with the guide catheter”
(col. 22, ll. 42-43)

“The inner diameter of the flexible tube is larger than the outer diameter
of a typical angioplasty balloon catheter or other coronary treatment
device.” (col. 2, ll. 62-64)

“A proximal end of the flexible tube 32 is advanced so that a significant
portion of the flexible tube 32 extends into the artery beyond the distal
end of the guide catheter 12 at the coronary ostium for guiding a
coronary treatment device into the arteries beyond…” (col. 9, ll. 19-24)

14.3 while utilizing only a single
hemostatic valve and without any
telescoping structure preassembled
prior to the device being inserted
into the continuous lumen of the
guide catheter.

The Adams ‘292 patent discloses that interventional cardiology devices may be
inserted while utilizing only a single hemostatic valve and without any
telescoping structure preassembled prior to the device being inserted into the
continuous lumen of the guide catheter:

“A hemostasis valve (not shown) on channel leg 17 provides hemostatic
control for the guide catheter system 10 of the present invention.” (col. 5,
ll. 27-29)
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15 15. The device of claim 11, further
comprising a radiopaque marker
proximate the distal portion of the
flexible tip portion.

The Adams ‘292 patent discloses a radiopaque marker proximate the distal
portion of the flexible tip portion:

See discussion of claim 5 (“5. The device of claim 2 wherein the flexible
cylindrical distal tip portion further comprises a radiopaque marker
proximate a distal tip.”).

16 16. The device of claim 11, wherein
the reinforced portion is reinforced
with metallic elements in a braided
or coiled pattern.

The Adams ‘292 patent discloses that the reinforced portion is reinforced with
metallic elements in a braided or coiled pattern:

See discussion of claim 7 (“7. The device of claim 6 wherein the flexible
cylindrical reinforced portion is reinforced with metallic elements in a
braided or coiled pattern.”).

17 17. The device of claim 11 wherein
the cross-sectional inner diameter
of the coaxial lumen of the flexible
distal portion is not more than one
French smaller than the cross-
sectional inner diameter of the
guide catheter.

The Adams ‘292 patent discloses that the cross-sectional inner diameter of the
coaxial lumen of the flexible distal portion is not more than one French smaller
than the cross-sectional inner diameter of the guide catheter:

See discussion of claim 8 (“8. The device of claim 1 wherein the cross-
sectional inner diameter of the coaxial lumen of the tubular structure is
not more than one French smaller than the cross-sectional inner diameter

CASE 0:13-cv-01172-JRT-SER   Document 31-1   Filed 07/08/13   Page 27 of 70

Page 31 of 180



EXHIBIT A

27

of the guide catheter. ”)

19 19. The device of claim 11 wherein
the elongate structure includes,
starting at the distal portion of the
flexible distal portion, at least a first
portion having a first flexural
modulus, a second portion having a
second flexural modulus greater
than the first flexural modulus, and
a third portion having a third
flexural modulus greater than the
second flexural modulus.

That the elongate structure includes, starting at the distal portion of the flexible
distal portion, at least a first portion having a first flexural modulus, a second
portion having a second flexural modulus greater than the first flexural
modulus, and a third portion having a third flexural modulus greater than the
second flexural modulus is obvious in light of the Adams ‘292 patent combined
with the knowledge of a person of ordinary skill in the art and/or the prior art.

Examples of such prior art include:

U.S. Patent No. 5,911,715, entitled “Guide Catheter Having Selected
Flexular Modulus Segments” (“Berg”) (attached hereto as Exhibit I)
teaches “[t]he discrete segments of outer tubular member are of selected
flexibility or durometer to selectively vary the flexural modulus of the catheter
tube or guide catheter distal region….” (Col. 2, ll. 47-55)

Berg acknowledges “the current standard of each section of a catheter
becoming more flexible as you move proximal to distal along a catheter shaft”
(col. 2, ll. 57-61)

“The guiding catheter of this invention is generally comprised of … at
least three catheter segments which are progressively more flexible in
the distal direction….” Dang (col. 3, ll. 10-13)

“The segments of polymer preferably are molded about a braid of
stainless steel or the like. Such braid is commonly used by those skilled
in the art to enhance rigidity.” Dang (col. 3, ll. 61-64)

“This invention tailors flexibility by utilizing segments of different
polymers which vary in hardness.” Dang (col. 3, ll. 44-45)

“Distal of the hub 11 is a segmented guiding catheter tube. Typically, it
is comprised of at least three segments of progressively softer materials
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in the distal direction.” Dang (col. 4, ll. 47-49)

“Catheters constructed in accordance with the principles of the present
invention comprise a catheter body … formed of a proximal section and
at least one distal section that have differing flexibilities….” Noone (col.
4, ll. 35-39)

“One or more intermediate catheter sections are optionally formed
between the proximal and distal catheter section.” Noone (col. 4, ll. 29-
31)

“the major proximal section of the catheter body … is the least
flexible…. The distal catheter section possesses the greatest
flexibility…. ” Noone (col. 6, ll. 28-33)

U.S. PATENT NO. 8,292,850 (‘850 PATENT)

Claim
Element No. Claim Element Discussion of Prior Art

1.1.1 1. A system for use with
interventional cardiology devices
adapted to be insertable into a
branch artery,

The Adams ‘292 patent discloses a system for use with interventional cardiology
devices adapted to be insertable into a branch artery:

“For use in combination with a guide catheter for insertion and
advancement of a coronary treatment device ..., an anchoring device
comprising … a relatively flexible tube …” (col. 22, ll. 35-40)

1.1.2 the system comprising: a guide
catheter having a continuous
lumen extending for a predefined
length from a proximal end at a
hemostatic valve to a distal end

See discussion of claim element 1.1.2 of the ‘032 patent (“the continuous lumen
of the guide catheter having a circular cross-section and a cross-sectional inner
diameter sized such that interventional cardiology devices are insertable into and
through the lumen to the branch artery,”)
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adapted to be placed in the branch
artery,

1.1.3 the continuous lumen of the guide
catheter having a circular cross-
sectional inner diameter sized such
that interventional cardiology
devices are insertable into and
through the continuous lumen of
the guide catheter;

See discussion of claim element 1.1.3 of the ‘032 patent (“the continuous lumen
of the guide catheter having a circular cross-sectional inner diameter sized such
that interventional cardiology devices are insertable into and through the lumen
to the branch artery,”)

1.2.1 a device adapted for use with the
guide catheter, including:
a flexible tip portion defining a
tubular structure and having a
circular cross-section and

See discussion of claim element 1.2.1 of the ‘032 patent (“the device comprising:
a flexible tip portion defining a tubular structure having a circular cross-section
and”)

1.2.2 a length that is shorter than the
predefined length of the
continuous lumen of the guide
catheter,

See discussion of claim element 1.2.2 of the ‘032 patent (“a length that is shorter
than the predefined length of the continuous lumen of the guide catheter,”)

1.2.3 the tubular structure having a
cross-sectional outer diameter
sized to be insertable through the
cross-sectional inner diameter of
the continuous lumen of the guide
catheter

See discussion of claim element 1.2.3 of the ‘032 patent (“the tubular structure
having a cross-sectional outer diameter sized to be insertable through the cross-
sectional inner diameter of the continuous lumen of the guide catheter”)

1.2.4 and defining a coaxial lumen
having a cross-sectional inner
diameter through which
interventional cardiology devices
are insertable; and

See discussion of claim element 1.2.4 of the ‘032 patent (“defining a coaxial
lumen having a cross-sectional inner diameter through which interventional
cardiology devices are insertable; and”)

1.3.1 a substantially rigid portion
proximal of and operably
connected to, and more rigid along
a longitudinal axis than the

See discussion of claim element 1.3.1 of the ‘032 patent (“a substantially rigid
portion proximal of and operably connected to, and more rigid along a
longitudinal axis than, the flexible tip portion and defining a rail structure
without a lumen and”)
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flexible tip portion and defining a
rail structure without a lumen

1.3.2 having a maximal cross-sectional
dimension at a proximal portion
that is smaller than the cross-
sectional outer diameter of the
flexible tip portion and

See discussion of claim element 1.3.2 of the ‘032 patent (“having a maximal
cross-sectional dimension at a proximal portion that is smaller than the cross-
sectional outer diameter of the flexible tip portion and”)

1.3.3 having a length that, when
combined with the length of the
flexible distal tip portion, defines a
total length of the device along the
longitudinal axis that is longer than
the length of the continuous lumen
of the guide catheter,

See discussion of claim element 1.3.3 of the ‘032 patent (“having a length that,
when combined with the length of the flexible distal tip portion, defines a total
length of the device along the longitudinal axis that is longer than the continuous
lumen of the guide catheter,”)

1.4 such that when at least a distal
portion of the flexible tip portion is
extended distally of the distal end
of the guide catheter, at least a
portion of the proximal portion of
the substantially rigid portion
extends proximally through the
hemostatic valve in common with
interventional cardiology devices
that are insertable into the guide
catheter.

See discussion of claim element 1.4 of the ‘032 patent (“such that when at least a
distal portion of the flexible tip portion is extended distally of the distal end of
the guide catheter, at least a portion of the proximal portion of the substantially
rigid portion extends proximally through the hemostatic valve in common with
interventional cardiology devices that are insertable into the guide catheter.”).

2.1 2. The system of claim 1, wherein
the tubular structure includes a
distal portion adapted to be
extended beyond the distal end of
the guide catheter while a
proximal portion remains within
the lumen of the guide catheter,

See discussion of claim element 2.1 of the ‘032 patent (“2. The device of claim 1
wherein the tubular structure includes a distal portion adapted to be extended
beyond the distal end of the guide catheter while a proximal portion remains
within the lumen of the guide catheter,”)

2.2 such that the device assists in See discussion of claim element 2.2 of the ‘032 patent (“such that the device
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resisting axial and shear forces
exerted by the interventional
cardiology device passed through
and beyond the coaxial lumen that
would otherwise tend to dislodge
the guide catheter from the branch
artery.

assists in resisting axial and shear forces exerted by the interventional cardiology
device passed through and beyond the coaxial lumen that would otherwise tend
to dislodge the guide catheter from the branch artery.”).

3 3. The system of claim 2, wherein
the proximal portion of the tubular
structure further comprises
structure defining a proximal side
opening extending for a distance
along the longitudinal axis, and
accessible from a longitudinal side
defined transverse to the
longitudinal axis, to receive the
interventional cardiology devices
into the coaxial lumen while the
proximal portion remains within
the lumen of the guide catheter.

See discussion of claim 3 of the ‘032 patent (“3. The device of claim 2 wherein
the proximal portion of the tubular structure further comprises structure defining
a proximal side opening extending for a distance along the longitudinal axis, and
accessible from a longitudinal side defined transverse to the longitudinal axis, to
receive an interventional cardiology device into the coaxial lumen while the
proximal portion remains within the lumen of the guide catheter.”).

4 4. The system of claim 3, wherein
the proximal side opening includes
structure defining a full
circumference portion and
structure defining a partially
cylindrical portion.

See discussion of claim 4 of the ‘032 patent (“4. The device of claim 3 wherein
the proximal side opening includes structure defining a full circumference
portion and structure defining a partially cylindrical portion.”).

5 5. The system of claim 1, wherein
the tubular structure includes a
flexible cylindrical distal tip
portion and a flexible cylindrical
reinforced portion proximal to the
flexible distal tip portion.

See discussion of claim 6 of the ‘032 patent (“6. The device of claim 1 wherein
the tubular structure includes a flexible cylindrical distal tip portion and a
flexible cylindrical reinforced portion proximal to the flexible distal tip
portion.”).

6 6. The system of claim 5, wherein See discussion of claim 7 of the ‘032 patent (“7. The device of claim 6 wherein
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the flexible cylindrical reinforced
portion is reinforced with metallic
elements in a braided or coiled
pattern.

the flexible cylindrical reinforced portion is reinforced with metallic elements in
a braided or coiled pattern.”).

7 7. The system of claim 2, wherein
the flexible cylindrical distal tip
portion further comprises a
radiopaque marker proximate a
distal tip.

See discussion of claim 5 of the ‘032 patent (“5. The device of claim 2 wherein
the flexible cylindrical distal tip portion further comprises a radiopaque marker
proximate a distal tip.”).

8 8. The system of claim 1, wherein
the cross-sectional inner diameter
of the coaxial lumen of the tubular
structure is not more than one
French smaller than the cross-
sectional inner diameter of the
guide catheter.

See discussion of claim 8 of the ‘032 patent (“8. The device of claim 1 wherein
the cross-sectional inner diameter of the coaxial lumen of the tubular structure is
not more than one French smaller than the cross-sectional inner diameter of the
guide catheter.”).

12.1.1 12. A system for use with
interventional cardiology devices
adapted to be insertable into a
branch artery,

See discussion of claim element 11.1.1 of the ‘032 patent (“11. A device for use
with a standard guide catheter,”)

12.1.2 the system comprising: a guide
catheter having a continuous
lumen extending for a predefined
length from a proximal end at a
hemostatic valve to a distal end
adapted to be placed in the branch
artery,

See discussion of claim element 11.1.2 of the ‘032 patent (“the standard guide
catheter having a continuous lumen extending for a predefined length from a
proximal end at a hemostatic valve to a distal end adapted to be placed in a
branch artery,”)

12.1.3 the continuous lumen of the guide
catheter having a circular cross-
section and a cross-sectional inner
diameter sized such that
interventional cardiology devices
are insertable into and through the

See discussion of claim element 11.1.3 of the ‘032 patent (“the continuous lumen
of the guide catheter having a circular cross-section and a cross-sectional inner
diameter sized such that interventional cardiology devices are insertable into and
through the lumen to the branch artery,”)
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continuous lumen of the guide
catheter;

12.2 and a device adapted for use with
the guide catheter, including: an
elongate structure having an
overall length that is longer than
the predefined length of the
continuous lumen of the guide
catheter,

See discussion of claim element 11.2 of the ‘032 patent (“the device comprising:
an elongate structure having an overall length that is longer than the predefined
length of the continuous lumen of the guide catheter,”)

12.3.1 the elongate structure including: a
flexible tip portion defining a
tubular structure

See discussion of claim element 11.3.1 of the ‘032 patent (“the elongate structure
including: a flexible tip portion defining a tubular structure”)

12.3.2 and having a circular cross-section
that is smaller than the circular
crosssection of the continuous
lumen of the guide catheter

See discussion of claim element 11.3.2 of the ‘032 patent (“having a circular
cross-section that is smaller than the circular cross-section of the continuous
lumen of the guide catheter”)

12.3.3 and a length that is shorter than the
predefined length of the
continuous lumen of the guide
catheter,

See discussion of claim element 11.3.3 of the ‘032 patent (“and a length that is
shorter than the predefined length of the continuous lumen of the guide
catheter,”)

12.3.4 the flexible tip portion having a
cross-sectional outer diameter
sized to be insertable through the
crosssectional inner diameter of
the continuous lumen of the guide
catheter

See discussion of claim element 11.3.4 of the ‘032 patent (“the flexible tip
portion being sized having a cross-sectional outer diameter sized to be insertable
through the cross-sectional inner diameter of the continuous lumen of the guide
catheter”)

12.3.5 and defining a coaxial lumen
having a cross-sectional inner
diameter through which
interventional cardiology devices
are insertable;

See discussion of claim element 11.3.5 of the ‘032 patent (“and defining a
coaxial lumen having a cross-sectional inner diameter through which
interventional cardiology devices are insertable;”)

12.4 a reinforced portion proximal to
the flexible tip portion; and

See discussion of claim element 11.4 of the ‘032 patent (“a reinforced portion
proximal to the flexible tip portion; and”)
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12.5.1 a substantially rigid portion
proximal of, connected to, and
more rigid along a longitudinal
axis rail than the flexible tip
portion and defining a structure
without a lumen

See discussion of claim element 11.5.1 of the ‘032 patent (“a substantially rigid
portion proximal of and connected to, and more rigid along a longitudinal axis
than, the flexible tip portion and defining a rail structure without a lumen and”)

12.5.2 having a maximal cross-sectional
dimension at a proximal portion
that is smaller than the cross-
sectional outer diameter of the
flexible tip portion,

See discussion of claim element 11.5.2 of the ‘032 patent (“having a maximal
cross-sectional dimension at a proximal portion that is smaller than the cross-
sectional outer diameter of the flexible tip portion,”)

12.6 such that when at least a distal
portion of the flexible tip portion is
extended distally of the distal end
of the guide catheter with at least
proximal portion of the reinforced
portion remaining within the
continuous lumen of the guide
catheter, at least a portion of the
proximal portion of the
substantially rigid portion extends
proximally through the hemostatic
valve in common with
interventional cardiology devices
that are insertable into the guide
catheter.

See discussion of claim element 11.6 of the ‘032 patent (“such that when at least
a distal portion of the flexible tip portion is extended distally of the distal end of
the guide catheter with at least proximal portion of the reinforced portion
remaining within the continuous lumen of the guide catheter, at least a portion of
the proximal portion of the substantially rigid portion extends proximally
through the hemostatic valve in common with interventional cardiology devices
that are insertable into the guide catheter.”).

13.1 13. The system of claim 12,
wherein, when the distal portion of
the flexible tip portion is insertable
through the continuous lumen of
the guide catheter and beyond the
distal end of the guide catheter,

See discussion of claim element 12.1 of the ‘032 patent (“12. The device of
claim 11 wherein, when the distal portion of the flexible tip portion is insertable
through the continuous lumen of the guide catheter and beyond the distal end of
the guide catheter,”).
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13.2 the device assists in resisting axial
and shear forces exerted by an
interventional cardiology device
passed through and beyond the
coaxial lumen that would
otherwise tend to dislodge the
guide catheter from the branch
artery.

See discussion of claim element 12.2 of the ‘032 patent (“the device assists in
resisting axial and shear forces exerted by an interventional cardiology device
passed through and beyond the coaxial lumen that would otherwise tend to
dislodge the guide catheter from the branch artery.”).

14 14. The system of claim 12,
wherein the substantially rigid
portion further includes a partially
cylindrical portion defining an
opening extending for a distance
along a side thereof defined
transverse to a longitudinal axis
that is adapted to receive an
interventional cardiology device
passed through continuous lumen
of the guide catheter and into the
coaxial lumen while the device is
inserted into the continuous lumen,
the opening extending
substantially along at least a
portion of a length of the
substantially rigid portion.

See discussion of claim 13 of the ‘032 patent (“13. The device of claim 11
wherein the substantially rigid portion further includes a partially cylindrical
portion defining an opening extending for a distance along a side thereof defined
transverse to a longitudinal axis that is adapted to receive an interventional
cardiology device passed through continuous lumen of the guide catheter and
into the coaxial lumen while the device is inserted into the continuous lumen, the
opening extending substantially along at least a portion of a length of the
substantially rigid portion.”).

15.1 15. The system of claim 12,
wherein, after the device is
inserted into the continuous lumen
of the guide catheter, the device
presents an overall effective length
of a coaxial lumen

See discussion of claim element 14.1 of the ‘032 patent (“14. The device of
claim 11 wherein, after the device is inserted into the continuous lumen of the
guide catheter, the device extends an overall effective length of a coaxial
lumen”).

15.2 through which an interventional
cardiology device may be inserted

See discussion of claim element 14.2 of the ‘032 patent (“through which an
interventional cardiology device may be inserted”).
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15.3 while utilizing only a single
hemostatic valve and without any
telescoping structure preassembled
prior to the device being inserted
into the continuous lumen of the
guide catheter.

See discussion of claim element 14.3 of the ‘032 patent (“while utilizing only a
single hemostatic valve and without any telescoping structure preassembled prior
to the device being inserted into the continuous lumen of the guide catheter.”).

16 16. The system of claim 12, the
device further comprising a
radiopaque marker proximate the
distal portion of the flexible tip
portion.

See discussion of claim 15 of the ‘032 patent (“15. The device of claim 11,
further comprising a radiopaque marker proximate the distal portion of the
flexible tip portion.”).

17 17. The system of claim 12,
wherein the reinforced portion of
the device is reinforced with
metallic elements in a braided or
coiled pattern.

See discussion of claim 16 of the ‘032 patent (“16. The device of claim 11,
wherein the reinforced portion is reinforced with metallic elements in a braided
or coiled pattern.”).

18 18. The system of claim 12,
wherein the cross-sectional inner
diameter of the coaxial lumen of
the flexible distal portion is not
more than one French smaller than
the cross-sectional inner diameter
of the guide catheter.

See discussion of claim element 17 of the ‘032 patent (“17. The device of claim
11 wherein the cross-sectional inner diameter of the coaxial lumen of the flexible
distal portion is not more than one French smaller than the cross-sectional inner
diameter of the guide catheter.”).

20 20. The system of claim 12,
wherein the elongate structure
includes, starting at the distal
portion of the flexible distal
portion, at least a first portion
having a first flexural modulus, a
second portion having a second
flexural modulus greater than the
first flexural modulus, and a third

See discussion of claim element 19 of the ‘032 patent (“19. The device of claim
11 wherein the elongate structure includes, starting at the distal portion of the
flexible distal portion, at least a first portion having a first flexural modulus, a
second portion having a second flexural modulus greater than the first flexural
modulus, and a third portion having a third flexural modulus greater than the
second flexural modulus.”).
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portion having a third flexural
modulus greater than the second
flexural modulus.

U.S. PATENT NO. 8,292,413 (‘413 PATENT)

Claim
Element No. Claim Element Discussion of Prior Art

1.1.1 1. A method of providing backup
support for an interventional
cardiology device for use in the
coronary vasculature,

The Adams ‘292 patent discloses a method of providing backup support for an
interventional cardiology device for use in the coronary vasculature:

“For use in combination with a guide catheter for insertion and
advancement of a coronary treatment device ..., an anchoring device
comprising … a relatively flexible tube …” (col. 22, ll. 35-40)

1.1.2 the interventional cardiology
device being adapted to be passed
through a standard guide catheter,
the standard guide catheter having
a continuous lumen extending for
a predefined length from a
proximal end at a hemostatic valve
to a distal end adapted to be placed
in a branch artery,

See discussion of claim element 1.2.2 of the ‘032 patent (“a length that is shorter
than the predefined length of the continuous lumen of the guide catheter,”)

1.1.3 the continuous lumen of the guide
catheter having a circular cross-
sectional inner diameter sized such
that interventional cardiology
devices are insertable into and
through the lumen,

See discussion of claim element 1.1.3 of the ‘032 patent (“the continuous lumen
of the guide catheter having a circular cross-sectional inner diameter sized such
that interventional cardiology devices are insertable into and through the lumen
to the branch artery,”)

1.2.1 the method comprising: inserting
the standard guide catheter into a

See discussion of claim element 1.2.1 of the ‘032 patent (“the device comprising:
a flexible tip portion defining a tubular structure having a circular cross-section
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first artery over a guidewire, the
standard guide catheter having a
distal end; positioning the distal
end of the standard guide catheter
in a branch artery that branches off
from the first artery; inserting a
flexible tip portion of a coaxial
guide catheter defining a tubular
structure having a circular cross-
section

and”)

1.2.2 and a length that is shorter than the
predefined length of the
continuous lumen of the standard
guide catheter, into the continuous
lumen of the standard guide
catheter, and,

See discussion of claim element 1.2.2 of the ‘032 patent (“a length that is shorter
than the predefined length of the continuous lumen of the guide catheter,”)

1.3.1 further inserting a substantially
rigid portion that is proximal of,
operably connected to, and more
rigid along a longitudinal axis than
the flexible tip portion, into the
continuous lumen of the standard
guide catheter, the substantially
rigid portion defining a rail
structure without a lumen

See discussion of claim element 1.3.1 of the ‘032 patent (“a substantially rigid
portion proximal of and operably connected to, and more rigid along a
longitudinal axis than, the flexible tip portion and defining a rail structure
without a lumen and”)

1.3.2 and having a maximal cross-
sectional dimension at a proximal
portion that is smaller than the
cross-sectional outer diameter of
the flexible tip portion and

See discussion of claim element 1.3.2 of the ‘032 patent (“having a maximal
cross-sectional dimension at a proximal portion that is smaller than the cross-
sectional outer diameter of the flexible tip portion and”)

1.3.3 having a length that, when
combined with the length of the
flexible distal tip portion, defines a

See discussion of claim element 1.3.3 of the ‘032 patent (“having a length that,
when combined with the length of the flexible distal tip portion, defines a total
length of the device along the longitudinal axis that is longer than the continuous
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total length of the device along the
longitudinal axis that is longer
than the length of the continuous
lumen of the guide catheter;

lumen of the guide catheter,”)

1.4 advancing a distal portion of the
flexible tip portion distally
beyond the distal end of the
standard guide catheter and into
the second artery such that the
distal portion extends into the
second artery and such that at
least a portion of the proximal
portion of the substantially rigid
portion extends proximally
through the hemostatic valve;
and

See discussion of claim element 1.4 of the ‘032 patent (“such that when at least a
distal portion of the flexible tip portion is extended distally of the distal end of
the guide catheter, at least a portion of the proximal portion of the substantially
rigid portion extends proximally through the hemostatic valve in common with
interventional cardiology devices that are insertable into the guide catheter.”).

2.1 2. The method as claimed in claim
1, further comprising applying a
force to a proximal portion of the
coaxial guide catheter such that the
distal portion of the coaxial guide
catheter remains seated in the
second artery

See discussion of claim element 2.1 of the ‘032 patent (“2. The device of claim 1
wherein the tubular structure includes a distal portion adapted to be extended
beyond the distal end of the guide catheter while a proximal portion remains
within the lumen of the guide catheter,”)

2.2 in response to an opposing
backward force exerted by the
interventional cardiology device as
the interventional cardiology
device is advanced.

See discussion of claim element 2.2 of the ‘032 patent (“such that the device
assists in resisting axial and shear forces exerted by the interventional cardiology
device passed through and beyond the coaxial lumen that would otherwise tend
to dislodge the guide catheter from the branch artery.”).

4 4. The method as claimed in claim
1, further comprising selecting the
substantially rigid portion of the
coaxial guide catheter such that it
comprises a cylindrical portion

See discussion of claim 13 of the ‘032 patent (“13. The device of claim 11
wherein the substantially rigid portion further includes a partially cylindrical
portion defining an opening extending for a distance along a side thereof defined
transverse to a longitudinal axis that is adapted to receive an interventional
cardiology device passed through continuous lumen of the guide catheter and
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and a partially cylindrical portion
defining an opening along a side
thereof.

into the coaxial lumen while the device is inserted into the continuous lumen, the
opening extending substantially along at least a portion of a length of the
substantially rigid portion.”).

5 5. The method as claimed in claim
1, further comprising selecting the
standard guide catheter to further
comprise a Y-adapter and the
method further comprising
injecting a fluid through the Y-
adapter into the standard guide
catheter.

The Adams ‘292 patent discloses selecting the standard guide catheter to further
comprise a Y-adapter and injecting a fluid through the Y-adapter into the
standard guide catheter:

“The guide catheter manifold 16 is mounted at the proximal end of the guide
catheter 12. Preferably, the guide catheter manifold 16 comprises a Y-shaped
structure having a primary channel leg 17 and an extension leg 15 with a guide
catheter port 22 on the extension leg 15. The guide catheter port 22 provides an
inlet injection port into the guide catheter 12. Dye is injected into port 22,
(from a fluid source--such as a syringe) and travels through the guide catheter
system 10 to reach the stenosis. Alternatively, port 22 may be used to introduce
drugs (i.e., thrombolytic drugs) through the guide gatheter12 ….” (col. 5, ll.
16-26)

“The guide catheter manifold 54 is mounted at a proximal end of the
guide catheter 52, and preferably comprised a Y-shaped structure having
a primary channel leg 51 and an extension leg 55 with a guide catheter
port 58. The guide catheter port 58 provides an inlet injection port for
dye to travel through the guide catheter system 50 to the arterial system
or alternatively for the introduction of drugs into the patient to a
treatment site.” (col. 11, ll. 20-28)

7.1 7. The method as claimed in claim
1, further comprising extending a
distal portion of the tubular
structure beyond the distal end of
the standard guide catheter while a
proximal portion remains within
the lumen of the standard guide
catheter,

See discussion of claim element 2.1 of the ‘032 patent (“2. The device of claim 1
wherein the tubular structure includes a distal portion adapted to be extended
beyond the distal end of the guide catheter while a proximal portion remains
within the lumen of the guide catheter,”)

7.2 such that the coaxial guide catheter See discussion of claim element 2.2 of the ‘032 patent (“such that the device
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assists in resisting axial and shear
forces exerted by the
interventional cardiology device
passed through and beyond the
coaxial lumen that would
otherwise tend to dislodge the
standard catheter from the branch
artery.

assists in resisting axial and shear forces exerted by the interventional cardiology
device passed through and beyond the coaxial lumen that would otherwise tend
to dislodge the guide catheter from the branch artery.”).

8 8. The method of claim 7, further
comprising extending the
interventional cardiology device
past a radiopaque marker
proximate a distal tip of the
coaxial guide catheter.

See discussion of claim 5 of the ‘032 patent (“5. The device of claim 2 wherein
the flexible cylindrical distal tip portion further comprises a radiopaque marker
proximate a distal tip.”).

9 9. The method as claimed in claim
1, further comprising extending
the interventional cardiology
device through a proximal side
opening defined by the proximal
portion of the tubular structure and
extending for a distance along the
longitudinal axis of the proximal
portion of the tubular structure
while the proximal portion
remains within the lumen of the
guide catheter.

See discussion of claim 3 of the ‘032 patent (“3. The device of claim 2 wherein
the proximal portion of the tubular structure further comprises structure defining
a proximal side opening extending for a distance along the longitudinal axis, and
accessible from a longitudinal side defined transverse to the longitudinal axis, to
receive an interventional cardiology device into the coaxial lumen while the
proximal portion remains within the lumen of the guide catheter.”).

10 10. The method of claim 9,
further comprising
extending the
interventional cardiology
device through the
proximal side opening;
advancing the

See discussion of claim 4 of the ‘032 patent (“4. The device of claim 3 wherein
the proximal side opening includes structure defining a full circumference
portion and structure defining a partially cylindrical portion.”).
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interventional cardiology
device through structure
defining a full
circumference portion; and
advancing the interventional
cardiology device through
structure defining a partially
cylindrical portion.

11 11. The method of claim 9, further
comprising extending the
interventional cardiology device
through a flexible cylindrical distal
tip portion and a flexible
cylindrical reinforced portion of
the tubular structure proximal to
the flexible distal tip portion.

See discussion of claim 6 of the ‘032 patent (“6. The device of claim 1 wherein
the tubular structure includes a flexible cylindrical distal tip portion and a
flexible cylindrical reinforced portion proximal to the flexible distal tip
portion.”).

12 The method of claim 11 further
comprising extending the
interventional cardiology device
through the flexible cylindrical
reinforced portion that is
reinforced with metallic elements
in a braided or coiled pattern.

See discussion of claim 5 of the ‘032 patent (“5. The device of claim 2 wherein
the flexible cylindrical distal tip portion further comprises a radiopaque marker
proximate a distal tip.”).

13 13. The method of claim 1, further
comprising selecting the cross-
sectional inner diameter of the
coaxial lumen of the tubular
structure to be not more than one
French smaller than the cross-
sectional inner diameter of the
guide catheter.

See discussion of claim 8 of the ‘032 patent (“8. The device of claim 1 wherein
the cross-sectional inner diameter of the coaxial lumen of the tubular structure is
not more than one French smaller than the cross-sectional inner diameter of the
guide catheter.”).
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INTRAVASCULAR DEVICE FOR CORONARY 
HEART TREATMENT 

This is a file wrapper continuation of application Ser. No. 
07/874,079, filed Apr. 24, 1992, now abandoned, which is a 
continuation-in-part of U.S. patent application Ser. No. 
07/605,398, filed Oct. 29, 1990, now abandoned. 

BACKGROUND OF THE INVENTION 

2 
independently of the wire, and the wire can remain in place 
to guide a substitute catheter to the treatment site. In a 
non-over-the-wire catheter the entire catheter is withdrawn 
during a catheter exchange so the tortious path to the 
treatment site must be retraced. 

The condition of the patient may also be affected by 
thrombolytic buildup which can also occlude the lumen or 
the artery. Thrombolytic buildup results from platelet round 
in red blood cells which is thought to promote coagulation. 

The present invention relates to the field of treatment of 
heart disease. In particular, the present invention relates to 
an intravascular de,·ice, particularly suited for use for per
cutaneous transluminal treatment for heart disease. 

10 In a healthy artery, endothohelial cells produce substances 
that inhibit platelet. Thus, there is a propensity for throm
bolytic buildup at the diseased site in an artery. Further 
stagnation of the blood flow and platelet during angioplasty 

A normal artery is composed of essentially, lhrec layers, t5 
the intima, the media and the adventitia. The intima is the 
innermost layer of the artery. It is composed of a thin layer 
or endothelial cells that provide a smooth surface between 
the blood and an interior wall of the artery. The media is an 
intermediate layer which is separated from the intima by an w 
internal elastic membrane, which allows material to diffuse 
through the intima and into the medial tissue. The media is 
a muscle layer composed of a network of smooth muscle 
cells. The smooth muscle cells of the media contract and 
relax to regulate vessel Lone which in tum affects blood :25 
pressure and local blood flow. The outermost layer or 
adventitia is composed of a connective tissue and scattered 
smooth muscle cell bundles. 

increases the risk of thrombolytic buildup. 

Thrombolytic drugs and agents are generally used to 
dissolve the blood clot caused by the "build up" or platelet 
matter and to reverse the build up of the platelet matter. 
Alternatively, aspiration is another technique for treating 
thrombus "build up". It is important that the thrombolytic 
drugs or other treatment be administered before blood flow 
through the artery is completely or significantly restricted. 
Furthermore, thrombolytic drugs arc generally extremely 
expensive so it is desirable that the drug be administered 
effectively and efficiently without waste. 

Accordingly. it is important to be able to selectively 
provide a means for efficiently introducing a thrombolytic 
agent into the diseased artery during a balloon dilatation 
procedure. Also, if necessary it is desirable to be able to 

Atherosclerosis is a disease which affects a normal artery 
restricting the function of the artery. Atherosclerosis 
involves the gradual build up over time of atherocelerotic 
plaque or atheroma. Atherocelerotic plaque buildup begins 

:to easily substitute one size catheter for a different size catheter 
if the original catheter inserted can not properly dilate the 
lesion. 

in the intimal layer of the artery and progresses with the 
deposit of fatty debris from the blood through the endothe
lium. As the formation progresses, the endothelium becomes 35 

irregular and the artery constricts because of the build up of 
the plaque. The build up is so significant that the plaque now 
diminishes the effectiveness or area of the artery. 

Balloon dilatation angioplasty has become recognized as 
an efficient and effective method for treating atherocelerotic 40 

buildup in coronary arteries. A dilatation balloon catheter is 
inserted preferably into the femoral artery of the patient and 
it is advanced to the obstructed area or the coronary artery. 
The balloon is inflated to compress the plaque against the 
artery wall and also to stretch the artery to dissect the plaque 45 

and open the artery thereby permitting an acceptable artery 
blood flow. 

SUMMARY OF THE INVENTION 

The present invention relates to a catheter system for 
treating coronary heart disease. In particular, the present 
invention relates to an intravascular device suited for usc 
during angioplasty treatment. The device is sized for inser
tion through a coronary artery to reach an occluded area for 
treatment. Although use of the device is explained with 
reference for treating coronary arteries it should be under-
stood that the device may also be used for treating other 
diseased vessel in a patient. 

Before an angioplasty procedure is performed, radiogra
phy is used to survey the extent of damage or disease present 
in the artery. Dilatation balloon catheters are rated for 
different functions depending on the extent to which the 
artery is occluded or obstructed by plaque and the stage to 
which the atherocelrotic deterioration has progressed. 

The intravascular device includes a relatively flexible tube 
having a proximal and a distal end. The Lube is designed to 
extend from a distal end of a guide catheter through a 
coronary artery requiring treatment. A push rod is attached 
to a proximal end of the tube for slidably positioning the 
tube beyond a distal end of a guide catheter into and lhrough 

50 the artery. The flexible tube has an inner diameter sized for 
insertion over an angioplasly device. 

However, often times, the nature and extent of the damage 
is not apparent from the prc-angioplasty analysis and it is 
necessary to substitute the original balloon catheter inserted 
for an alternate sized balloon catheter. This process is 
generally referred to as a catheter exchange. A catheter 
exchange becomes a very arduous procedure if it is neces
sary La retrace the second catheter through the tortious 
anatomy (i.e., through a coronary artery) of a patient to 
position the balloon at the occluded area. 

The tube of the intravascular device has sufficient flex
ibility to provide for trackability of the flexible tube through 

55 
the tortuous coronary arteries. Thus, the relatively flexible 
tube may be advanced into an artery until the distal end 
thereof is positioned at a treatment site. 

Since the tube is flexible, the tube is not very pushable. 
The flexible tube may be advanced over an angioplasty 

60 balloon catheter or other coronary treatment device to pro
vide pushability for placement of the flexible tube through 
the artery. The inner diameter of the flexible tube is larger 
than the outer diameter of a typical angioplasty balloon 

There are generally two type or balloon catheters, over
the-wire catheters and non-over-the wire-type catheters. In 65 
an over-the-wire catheter, the wire is slidably disposed 
within the catheter so that the catheter may be withdrawn 

catheter or other coronary treatment device. 

It is contemplated, that the intravascular device may be 
used ror the placement of an angioplasty balloon catheter or 
alternatively a guide wire into a coronary artery requiring 
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treatment Furthermore, the intravascular device is particu
larly suited for use during a catheter e~t.ehange or a guide 
wire exchange. 

4 
PJG . 12 is an illustrative view of the distal extension of 

FIG. 9 and the guide catheter relative to the aortic arch, a 
coronary ostium and coronary artery for placement or angio
plasty devices into an occluded vessel for treatment. 

FlO. 13 is a broken-away perspective view of a guide 
catheter system including the distal extension of FIG. 9 for 
placement of a guide wire. 

FlO. 14 is an elevational view of a proximal elongated 
attachment tube of the present invention. 

PIG. 15 is an clevational view of the distal extension 
(intravascular device) shown coupled with the proximal 
elongated attachment tube of FIG. 14. 

Also the intravascular device may be used for drug 
treatment to relieve thrombolytic build-up in a coronary 5 

artery. Since the intravascular device is inserted into and 
through the coronary artery, it provides a conduit for drug 
delivery thereto. Thrombolytic drugs may be delivered to a 
treatment site in combination with a guide catheter and the 
intravascular device . Additionally. the drugs may be deliv- to 
ered in combination with a proximal drug delivery attach
ment. The proximal drug delivery attachment includes an 
elongated attachment tube designed for placement through a 
guide catheter. The drug delivery attachment also includes a 
coupling means for fluidly sealing the attachment tube 
relative to the proximal end of the intravascular device to 
define a continuous lumen therealong for drug delivery. 

FIG. 16 is a transverse view, in partial cross-section, of 

15 the distal extension ·coupled with the proximal elongated 
attachment tube of FIG. 14. 

FIG. 17 is an elevational view of a guide catheter system 
including the distal ex tension (intravascular device) of FIG . 
9 and the proximal elongated attachment tube of FIG. 14. 

While the above identified drawing figures set forth 
several preferred embodiments, other embodiments of the 
present invention arc also contemplated, as noted in the 
discussion. In all cases, this disclosure presents illustrated 
embodiments or the present invention by way of reprc:sen-

In addition, the intravascular device may be used for 
aspirating thrombus from a coronary vessel. Again, since the 
intravascular device is inserted into and through the coro- 20 

nary vessel requiring treatment. the intravascular device 
provides a conduit, in combination with a guide catheter, for 
pulling a net negative pressure: for withdrawing thrombus 
from the vessel. Alternatively, net negative pressure may be 
applied in combination with a proximal attachment tube and 25 tation and not limitation. It should be understood that 

the intravascular device for aspiration treatmenL 

BRIEF DESCRlPTION OF THE DRAWINGS 

The invention will be furthe;· described with reference to 
the accompanying drawings where like numbers refer to like 
parts in several views and wherein: 

numerous other modifications and embodiments can be 
devised by those skilled in the art which fall within the scope 
and spirit of the principles of this invention. It should be 
noted that the figures have not been drawn to scale as it has 

30 been necessary to enlarge certain portions for clarity. 

FIG. 1 is a broken-away perspective view of an embodi
ment of the guide catheter system of the present invention 35 
shown with a dilatation balloon in an inflated position. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The invention is directed to the structure and usc of a 
distal extension (intravascular device) for a guide catheter. 
Quite often, after a dilatation balloon catheter is inserted into 
a patient, it is necessary to withdraw the baJloon catheter to 

FIG. 2 is a transverse view in partial cross section of one 
embodiment of the guide catheter extension tube (distal 
extension) of FIG. 1. 

FIG. 3 is a transverse view in partial cross section of 
another embodiment of the guide catheter extension !llbc 
(distal extension) of FIG. 1, the extension tube including a 
restriction balloon, which is shown in an inflated condition. 

FIG. 4 is a sectional view as taken on line 4--4 of FIG. 
3 showing the restriction balloon in an inflated condition. 

FIG. 5 is a transverse view in partial cross section of the 
guide catheter eKtension tube (distal extension) of FIG. 3 
with the restriction balloon shown in a deflated condition. 

FIG. 6 is a sectional view as taken on line 6-6 of FJG. 
5 showing the restriction balloon in a deflated condition. 

FIG . 7 is a broken-away perspective view of another 
embodiment of the guide catheter system of the present 
invention with a dilatation balloon shown in an inflated 
condition. 

FIG. 8 is a broken-away perspective view of another 
embodiment of the guide catheter system of the present 
invention with a dilatation balloon shown in an innated 
condition. 

FIG. 9 is an elevational view of an alternate embodiment 
of a distal extension (intravascular device), similar to FIGS. 
2-6. 

FlO. 10 is a perspective view, in partial cross-sectional, of 
the distal extension of FlO. 9. 

FIG. 11 is a cross-sectional view as taken along lines 
11-11 of FIG. 9 . 

40 substitute an alternate sized balloon catheter. This is done 
during a catheter exchange. This invention allows relatively 
easy and accurate exchanges for "non-over-the-wire" cath
eters , guide wires and other coronary treatment devices and 
is disclosed in several alternative embodiments. 

45 The distal extension (intravascular device) for the guide 
catheter disclosed may also be used for drug delivery to a 
treatment site. The distal extension disclosed has a small 
outer diameter si7..ed for insertion through the arterial system 
of a patient beyond a distal end of the guide catheter into a 

50 coronary artery. The distal extension is formed of a rela
tively flexible tube to permit the extension to track through 
the tortuous coronary arteries to a treatment site. Since the 
extension reaches a treatment site, it may be used to provide 
a conduit for applying negative pressure for aspirating 

55 thrombus from a diseased coronary vessel. 

Specifically, the guide catheter is inserted at the femoral 
artery and advanced through a patient's arterial system to the 
coronary ostium of the artery requiring treatment. The 
construction of the guide catheter (diameter and rigidity) 

60 does not permit the guide catheter to advance beyond the 
ostium into the artery requiring treatment. The distal cxten· 
sion however is designed for insertion through coronary 
arteries requiring treatment. Thus, the distal extension may 
be advanced into and through the coronary arteries to the 

65 lesion or obstruction to facilitate original placement of 
angioplasty devices hy serving to anchor the guide catheter 
at the coronary ostium of the vessel requiring treatment for 
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placement of an angioplasty device or other coronary treat
ment device into the vessel (e.g., guide wire placement and 
angioplasty balloon catheter placement) and to provide a 
less difficult means for performing guide wire exchanges 
and "non-over-the-wire" catheter exchanges and alternately 
to provide a means for delivering drugs or providing nega
tive pressure to a treatment site. 

It is understood that the embodiments of the present 
invention are illustrative, and should not be construed to 
limit the scope of the invention. In a first embodiment the 
distal extension (intravascular device) is shown in associa
tion with a guide catheter system 10 (RG. 1). The guide 
catheter system UJ includes a guide catheter 12, a guide 
catheter extension 14 and a guide catheter manifold 16 (RG. 
1). 

The guide catheter manifold 16 is mounted at the proxi
mal end of the guide catheter 12. Preferably, the guide 
catheter manifold 16 comprises a Y-shaped structure having 
a primary channel leg 17 and an extension leg 15 with a 
guide catheter port 22 on the extension leg 15. The guide 
catheter port 22 provides an inlet injection port into the 
guide catheter 12. Dye is injected into port 22, (from a fluid 
source-such as a syringe) and travels through the guide 
catheter system 10 to reach the stenosis. Alternatively, port 
22 may be used to introduce drugs (i.e., thrombolytic drugs) 
through the guide catheter 12 or to apply negative pressure 
for aspiration. A hemostasis valve (not shown) on channel 
leg 17- provides hemostatic control for the guide catheter 
system 10 of the present invention. 

The guide catheter 12 is an elongated, Hexible, tubular 
member defining a first guide catheter lumen 27 there
through. Guide catheter 12 is preferably formed of a poly
urethane tube. The guide catheter 12 may be preformed in 
various shapes to facilitate its passage to the coronary 
ostium or region within the body where the stenosis is 
located. 

6 
coronary arteries. As seen in FIG. 1, shaft 19 or push rod is 
attached to a proximal end or the elongated flexible tube 32 
and extends proximally therefrom outside the guide catheter 
12 so that it is accessible to the user. The shaftl9 allows the 
user to position the guide catheter extension 14 (distal 
extension) within the patient by either extending or retract
ing the length of the shaft 19 to advance the guide catheter 
extension 14 as necessary. The elongated flexible tube 32 of 
the guide catheter extension 14 is designed to extend beyond 

10 
a distal end of the guide catheter 12 into the coronary 
arteries. 

Alternate embodiments for a guide catheter extension 
(distal extension) having an elongated flexible tube and a 
shaft attached thereto are shown in FIGS. 2~. One embodi
ment is shown in FIG. 2. and the shaft 19 or push rod is 

IS defined by an elongated wire 34. The elongated wire 34 is of 
small diameter, preferably 0.010 Lo 0.016 of an inch in 
diameter. As discussed, the length of the elongated wire 34 
is designed to extend from the elongated flexible tube 32 
outside the patient so that it is accessible to the doctor or 

20 other user. Accessibility of the elongated wire 34 permits the 
doctor to adjust the extension length or the flexible tube 32 
relative to the guide catheter 12 to position the flexible tube 
32 in the coronary arteries. 

Jn the embodiment shown in FIG. 2, the elongated tube 32 
25 has a radially flared proximal end 38. The flared proximal 

end 38 of the elongated flexible tube 32 is configured La 
coincide with the inner diameter of the guide catheter 12 so 
that a catheter advanced, or other angioplasty device such as 
a guide wire, into and through the first guide catheter lumen 

30 27 is piloted into the tlared tip 38 and second guide catheter 
lumen 33. The close fit of the Oared proximal end 38 to the 
inner diameter of the first guide catheter lumen 27 also 
directs Huid (such as dye or drugs for treatment) injected into 
the guide catheter 12 through the second guide catheter 

35 lumen 33 of the guide catheter extension 32. The extension 
length of the elongated flexible tube 32 is lengthened by 
advancing the wire 34 distally into the guide catheter 12 and 
into the patient. The length of the flexible tube 32 may be 
completely extended by advancing the elongated 34 wire 
until the flared proximal end 38 of the guide catheter 

40 extension 14 is just proximal to a distal tip 20 of the guide 
catheter 12. 

The guide catheter extension (distal extension) 14 com
prises an elongated flexible tube 32 defining a second guide 
catheter lumen 33 and a shaft 19 or a push rod. The 
elongated flexible tube 32 is preferably formed from a soft, 
flexible material such as polyolefin, polyethylene or poly
urethane and has a rounded distal tip 36 to facilitate insertion 
and trackability through the coronary arteries. The tube 32 
may be loaded with barium sulfate or other suitable material 

45 
to provide radiopacity. The inner surface of the elongated 
flexible tube is coated with silicone to provide a slippery 
surface. Preferably, the elongated flexible tube 32 is formed 

An optional radiopaque marker 41 of a platinum alloy 
may be placed on the proximal end of the extension Lube 32 
just distal to the flared proximal end 38 to give fluoroscopic 
imaging of the position of the Harcd proximal end 38 of the 
tube 32 relative to the distal tip 20 of the guide catheter 12. 
Additionally, a radiopaque marker 43 may be placed just 
proximal to the rounded distal tip 36 of the guide catheter 
extension tube 32 to located the distal end thereof during 
operation. Another alternative is to place a visual mark 31 

of a coil spring 40 made from stainless steel or a platinum 
alloy to provide radiopacity under fluoroscopy (see FIG. 2). so 
An outer coating of plastic is then added around the coil 
spring 40 using a heat shrink or some similar manufacturing 
technique to define the tube 32. 

(FlG. 1) on shaft 19 outside the body that indicates a 
maximum advancement position of the extension tube 32 to 
prevent passage of the flared proximal end 38 beyond the If desired. the elongated flexible tube 32 may include one 

or more holes 42 (FIG. 2) in the sidewall thereof to facilitate 
the passage of dye from the elongated flexible Lube 32 into 
the artery and to also allow blood from the artery to flow into 
and through lumen 33 and out the distal end to facilitate 
distal artery perfusion. However, holes 42 prohibit use of the 
tube 32 as a drug deli very device for transport of drugs into 
the coronary arteries tO a treatment site. The length of the 
elongated flexible tube 32 is preferably approximately 6 to 
10 inches. 

The outer diameter of the elongated flexible tube 32 is 
smaller than the first guide catheter lumen 27 defined by the 
guide catheter 12 so that it may be slidably disposed 
therethrough and to permit insertion of the tube 32 into the 

55 
distal tip 20 of the guide catheter 12. 

The use of the elongated wire 34 to adjust the extension 
length of the elongated flexible tube 32 provides several 
advantages. The rather thin dimension of the wire 34 elimi
nates or substantially reduces surface friction introduced by 

60 the longitudinal movement of an clement within the guide 
catheter 12. Reduced frictional force allows greater case in 
extending and retrieving the guide catheter extension 14. 
Also, the thin diameter of the wire 34 does not significantly 
interfere with the How or dye or other fluid through the guide 

65 calhcter 12. 
Alternatively, there is shown in FIGS. 3-6 another 

embodiment of a guide catheter extension 14A (distal cxtcn-
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sion) having an elongated flexible Lube 32A connected to a 
shaft 19A or push rod. The guide catheter extension 14A is 
operable with a guide catheter 12A which has a longitudinal 
guide catheter lumen 27 A. The guide catheter extension 14A 
in tum has a longitudinal guide catheter extension lumen 
33A therethrough, a rounded distal tip 36A and may be 
reinforced by a coil 40A. If desired, one or more holes 42A 
arc provided for dye introduction and distal blood perfusion. 
Also. radiopaque markers 41A and 43A arc included at the 
proKimal and distal ends of the tube 32A respectively to 
provide fluoroscopic imaging of the position of the tube 32A 
relative to the guide catheter 12A. 

The shaft 19A or push rod in this embodiment comprises 
a tubular shaft member 172 which extends proximally from 
a proximal end of the elongated flexible tube 32A outside the 
patient so that it is accessible to the user to continually adjust 
the extended length of the elongated flexible tube 32A 
relative to the guide catheter 12A. The tubular shaft member 
172 is preferably formed from stainless steel hypotube with 
an inside diameter of 0.010 inch and an outside diameter of 
0.016 inch. 

The tubular shaft member 172 has a flattened distal end 
which assumes an elongated cross-section as shown in 
1-'JGS. 4 and 6. The flattened distal end provides sufficient 
surface area to secure the tubular shaft member 172 to the 
proximal end of the elongated flexible tube 32A, preferably 
by an epoxy bond 176. The tubular shaft member 172 
includes a proximally placed inlet port 171 (FIG. 3) which 
is mounted to a luer fitting (not shown), a distally placed 
outlet port 174 deftned by the flattened cross-section and an 
inflation lumen 178 therethrough. One or more side holes 
175 (FIGS. 4 and 6) may be included to define additional 
distal outlet ports for the tubular shaft member 172. 

An cKpandable restriction balloon 170 is wrapped about 
the proximal end of the elongated flexible tube 32A. The 
restriction balloon 170 extends around the proximal end of 
the elongated flcKible tube 32A as well as the flattened distal 
end of the tubular shaft member 172 attached to the elon
gated flexible tube 32A. The restriction balloon 170 is 
bonded to the elongated flexible tube 32A and the tubular 
shaft member 172 by a proximal annular bond 182 and a 
distal annular bond 184. The restriction balloon 170 is 
preferably formed of a polyolefin . Its position about the 
flattened distal end of the tubular shaft member 172 and side 
holes 175 (if included) places the restriction balloon 170 in 
fluid communication with the inflation lumen 178 of the 
tubular shaft member 172. The inlet port 171 of the tubular 
shaft member 172 is connected to an inflation device (not 
shown) which provides inflation medium to inflate the 
restriction balloon 170 connected thereto. 

8 
elongated llexiblc tube 32A relative to the guide catheter 
12A. Thus, the elongated flexible tube 32A may be slidably 
withdrawn through the guide catheter 12A when its exten
sion beyond the guide catheter 12A is no longer needed. 
Thus, as described, the restriction balloon 170 provides 
sufficient friction to maintain a consistent elltension length 
for the elongated flexible tube 32A. The restriction balloon 
170 is also adapted in a relaxed position to permit the 
continued adjustment of the elongated flexible tube 32A 

10 
within the guide catheter 12A. The deflated balloon has a 
shape (FIGS. S and 6) at the proxjmal end to facilitate 
guidance of a catheter 18 advanced through guide catheter 
lumen 27A into the guide catheter extension lumen 33A of 
the extension tube 14A or to provide a fluid seal for drug 
delivery. Thus, the embodiment in FIGS. 3--ti provides an 

t5 alternative arrangement to that shown in FIG. 2 for control
ling the extension length of the elongated flexible tube 32A 
relative to the guide catheter 12A. 

The elongated flexible tube 32A of the embodiment 
shown in FIGS. 3-4i may be tapered to provide a small 

20 diameter section at its distal end to facilitate insertion 
through the smaller dimension coronary arteries, while 
maintaining a larger diameter proximal section to corre
spond to the distal opening 152 of the guide catheter 12A. 
For example, the outer diameter of the elongated tube 32A 

25 at its proximal end would be approximately 0.065 inch and 
the outer diameter at its distal end would be approximately 
0.053 inch (with a 0.045 inch distal tubular opening), the 
difference defining a gradual taper extending from the 
proximal end to the distal end of the tube 32A (which is 

30 approximately 6 to I 0 inches in length). Preferably, the tube 
32A has an interior coating of silicone, polyethylene or 
polytetraflouroethylene to provide a smooth, slick inner 
surface. 

Referring now to FIGS. 1 and 2, an angioplasty balloon 

35 catheter 18 is inserted into a patient's vascular system with 
the aid of the guide catheter 12 and guide catheter extension 
14. The angioplasty balloon catheter 18 includes a balloon 
24, a hollow balloon catheter shaft 26 and a balloon inflation 
assembly 28, with the balloon 24 positioned at the distal end 

40 
of the hollow balloon catheter shaft 26. The diameter of the 
first guide catheter lumen 27 in the guide catheter 12 and the 
second guide catheter lumen 33 in the guide catheter exten
sion 32 are larger than the outer diameters of the hollow 
balloon catheter shaft 26 and balloon 24 (deflated) which are 

45 advanced therethrough. A flexible spring tip 30 is mounted 
at the distal end of the balloon 24, and generally assists the 
insertion of the balloon catheter 18 through the arterial 
system. 

The balloon inflation assembly 28 (FIG. 1) is mounted at 
50 a proximal end of the hollow balloon catheter shaft 26 and 

includes an inlet 218 thereon. Inflation medium (from an 
inflation device-not shown) is injected through the hollow 
balloon catheter shaft 26 to inflate the balloon 24 mounted 

In operation, the restriction balloon 170 is inflated to press 
against an inner surface wall of the guide catheter 12A. The 
friction caused by the restriction balloon's 170 interaction 
with the inner surface wall of the guide catheter 12A serves 55 
to inhibit longitudinal movement of the elongated flexible 
tube 32A through the guide catheter lumen 27 A or guide 
catheter 12A. Accordingly, when the extension length of the 
elongated flexible tube 32A is properly positioned, the 
restriction balloon 170 is inflated to prohibit the retraction or 60 
advancement of the elongated flexible tube 32A through a 
distal opening 152 of the guide catheter 12A to hold the 
elongated flexible tube 32A in position during a catheter 
exchange procedure or while the extension is in use as a drug 
delivery device (FIGS. 3 and 4). 

at the end thereof. 
In operation. the guide catheter 12 is inserted into a 

patient's arterial system and is advanced therethrough to 
locate the ostium of the arterial system containing the 
stenosis or obstruction . Thereafter, the angioplasty balloon 
catheter 18 and guide catheter extension 14 are coaxially 
positioned within the guide catheter 12 and are advanced 
therethrough for use. The angioplasty balloon catheter 18 is 
advanced so that it is positioned prox.imate to or across the 
stenosis or obstruction. Ordinarily, the outer diameter of the 
guide catheter 12 restricts its entry into the smaller coronary 

65 arteries and thus the angioplasty balloon catheter 18 must be 
advanced independently to access and cross the restriction 
point. 

Alternatively, when the restriction balloon 170 is deflated 
(FIGS. 5 and 6), it no longer restricts movement of the 
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However, in the guide catheter system 10 of the present 
invention, the angioplasty balloon catheter 18 may be 
advanced beyond the distal end of the guide catheter 12 
proximate to or across the stenosis or obstruction with the 
assistance of the guide catheter extension 14 by extending 
the elongated flexible tube 32. The outer diameter of the 
elongated flexible tube 32 is small enough to permit its 
inscnion into the smaller coronary arteries containing the 
obstruction and thus provides support or guidance for a 
non-over-the-wire catheter beyond the end of the guide 
catheter 12 and as far as the stenosis and beyond. 

The extension of the elongated flexible tube 32 into the 
smaller dimension arteries also serves to maintain the posi
tion of the guide catheter 12 at the coronary ostium during 
operation. In particular, the flexible tube 32 defines an 
anchoring device for securing the guide catheter 12 for 
operation. The shaft 19 or push rod is used to advance the 
flexible tube 32 beyond a distal end of the guide catheter 12 
and the coronary ostium into the coronary arteries. A proxi
mal end of the flexible tube 32 is advanced so that a 
significant portion of the flexible tube 32 extends into the 
artery beyond the distal end of the guide catheter 12 to 
secure the guide catheter 12 at the coronary ostium for 
guiding a coronary treatment device into the arteries beyond 
as explained in further detail herein in relation to FIG. 12. 

Furthermore, as explained the guide catheter extension 14 
is useful for performing a "non-over-the wire" catheter 
exchange. That is. once the balloon 24 is positioned across 
the stenosis, it often becomes apparent that a catheter 
exchange is necessary to substitute a larger balloon than the 
balloon originally inserted to apply sufficient pressure across 
the stenosis to reestablish an acceptable blood flow. During 
the catheter exchange, the angioplasty balloon catheter 18 is 
withdrawn from the patient so that a different diameter 
angioplasty balloon catheter can be substituted therefor. 

The guide catheter extension 14 (distal extension) which 
is the subject of this invention provides a means for estab
lishing a path proximate to or across the obstruction or 
stenosis and directing a substitute angioplasty balloon cath
eter thereto. Before the original angioplasty balloon catheter 
18 is withdrawn, the elongated flexible tube 32 is positioned 
proximate to or across the lesion. This may be accomplished 
by advancing the shaft 19 (wire 34 in FIG. 2 and tubular 
shaft member 172 in FIGS. 3 and 5) distally within the guide 
catheter 12 to position the elongated flexible tube 32 proxi
mate to or across the lesion. Then, the original angioplasty 
balloon catheter 18 is withdrawn and the new angioplasty 
balloon catheter is substituted therefor. During the insertion 
thereof, the guide catheter 12 and the guide catheter exten
sion 14 cooperate to direct the new angioplasty balloon 
catheter to the stenosis. 

[fit was not anticipated that a catheter exchange would be 
necessary and the guide catheter extension 14 was not 
pre-loaded in the guide catheter 12 when the original balloon 
catheter 18 was inserted, the guide catheter extension 14 
may be inserted for use by first detaching the balloon 
inflation assembly 28 and mounting the flexible tube 32 of 
the guide catheter extension 14 over the catheter shaft 26. 
The balloon inflation assembly 28 includes a coupler 200 
(see FIGS. 1 and 7) having a through slot 202 that extends 
from a proximal end 204 to a distal end 206 of the coupler 
200. The through slot 202 is configured to receive a tubular 
proximal portion 208 (FIG. 7) of the catheter shaft 26 of the 
balloon catheter 18. 

The coupler 200 further includes a sliding member 210 
having a generally planar engagement surface that is aligned 

10 
parallel to a planar bottom wall of the through slot 202. The 
sliding member 210 is movable longitudinally along the 
coupler (as represented by the directional arrow 212) 
between a first state wherein the engagement surface of the 
sliding member 210 is spaced from the bottom wall of the 
through slot 202 such that the proximal portion 208 of the 
catheter shaft 26 can be readily inserted into the through slot 
202 (FIG. 7); and a second sLate wherein the prmdmal 
portion 208 is securely gripped between the engagement 
surface of the sliding member 210 and the bottom wall of the 10 , through slot 202 (PIG. 1). As seen in FIG. 7, the sliding 
member 210 is in the catheter shaft receiving first state when 
the sliding member 210 is positioned at the proximal end 
204 of the coupler 200. As seen in FIG. 1, the sliding 
member 210 is in the catheter shaft gripped second state 

15 when the sliding member 210 is positioned near the distal 
end 206 of the coupler 200. 

The proximal end 204 of the coupler 200 includes a lucr 
fitting 214 having a threaded portion 216 that is adapted to 

zo ~~~f:~~n~i~: ~t~~~~~~~::~~~~~~ :~~u~:~~~~i~;~~~ 
in aligned registry with the through slot 202 of the coupler 
200. An annular seal within the through opening 218 
receives the proximal portion 208 of the catheter shaft 26 

25 and forms a fluid tight seal between the balloon inflation 
assembly 28 and the balloon catheter 18 when the proximal 
portion 208 of the catheter shaft 26 is gripped within the 
coupler 200. This arrangement permits inflation medium 
from the inflation device to enter the balloon catheter 18 
through the proximal portion 208 and to travel up the 

30 
catheter shaft 26 to inflate the balloon 24. The balloon 
inflation assembly 28 as described may be readily attached 
to and detached from the balloon catheter 18 in the event a 
catheter exchange is necessary, The coupler 200 is further 

35 
detailed in a co-pending application filed by the same 
assignee, SciMed Life Systems, lnc., on Oct. 24, 1990, and 
entitled "Catheter Exchange Apparatus with Removable 
Inflation Assembly." The disclosure of this co-pending 
application, Ser. No. 07/602,759, now abandoned is hereby 

40 
incorporated by reference into the present application. 

Thus, the sliding member 210 is slid towards the proximal 
end 204 of the coupler 200 (FIG. 7) to release the inflation 
assembly 28 from the shaft 26. Thereafter, the elongated 
flexible tube 32 of the guide catheter extension 14 is 

45 positioned about the catheter shaft 26 by aligning the distal 
end of the extension Lube 32 over the proximal end of the 
catheter shaft 26 and coaxially advancing the extension tube 
32 therealong. The elongated flexible tube 32 is introduced 
into the patient and is further advanced until the distal end 

50 thereof is positioned about the original angioplasty balloon 
catheter 18, proximate to or across the stenosis. Once the 
flexible tube 32 is positioned proximate to or across the 
stenosis, the original balloon catheter 18 is then withdrawn 
and an alternate sized angioplasty catheter is inserted there-

55 for. The guide catheter 12 and the flexible tube 32 of the 
guide catheter extension 14 cooperate to direct the new 
angioplasty balloon catheter to the previously established 
position of the stenosis. 

With respect to the embodiment of the present invention 
60 illustrated in FIGS. 3-6, a catheter exchange is accom

plished in a generally similar manner. The angioplasty 
balloon catheter 18 is advanced distally through the guide 
catheter 12A and perhaps the guide catheter extension 14A 
to a desired position across a stenosis. Should a balloon 

65 catheter exchange be necessary, the shaft 172 is used to 
position the flexible tube 32A across or proximal to the 
stenosis. Once the desired position of the flexible tube 32A 
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is achieved, the reslril:Lion balloon 170 is inflated to hold the 
tube 32A in place during the catheter exchange. The balloon 
catheter 18 is then withdrawn proximally through lumens 
33A and 27A of the guide catheter extension 14A and guide 
catheter 12A respectively, and another angioplasty balloon 
catheter is advanced distally through those lumens to a 
desired position relative to the stenosis. Preferably, the guide 
catheter extension 14A is flexible enough and small enough 
in diameter that its distal Lip 36A can be positioned adjacent 

12 
74. The reinforced distal end portion 73 defines a rigid 
portion that may be mounted about the proximal end of the 
catheter shaft 66 and supported thereby prior to usc of the 
extension tube 70. This pre-use position of the reinforced 
distal end 73 and the extension tube 70 is depicted by the 
phantom line drawing in AG. 7. As shown, the slit 78 is 
formed to be nonnally resiliently dosed but, it may be 
forcibly "peeled" opened to position the remaining length of 

to the stenosis so that a balloon catheter advanced there- 10 
through is "guided" to its destination along nearly the entire 
path. 

the extension tube 70 (the portion extending from the flared 
proximal end 74 to the proximal end of the reinforced distal 
end portion 73) about the catheter shaft 66 for insertion 
through the guide catheter 52. The reinforced distal end 
portion 73 may be mounted over the catheter shaft 66 prior 
to insertion of the catheter 60 to assume the pre-use position 
depicted by the phantom line drawing in FIG. 7. To position 

FIG. 7 illustrates another embodiment of a guide catheter 
system 50 of the present invention. The guide catheter 
system 50 includes a guide catheter 52, a guide catheter 
extension tube 70 and a guide catheter manifold 54. 

Guide catheter 52 is an elongated, flexible tubular mem
ber defining a first guide catheter lumen 53 through which an 
angioplasty balloon catheter 60 or other angioplasty device 

15 the reinforced distal end J'(Jrtion 73 about the catheter shaft 
66 prior to insertion of the catheter 60, the distal end portion 
73 is installed over the distal end of the catheter shaft 66 and 
is advanced towards the proximal end thereof. 

is disposed and guided to a stenosis or obstruction. The 20 
guide catheter manifold 54 is mounted at a proximal end of 
the guide catheter 52. and preferably comprises a Y-shaped 
structure having a primary channel leg 51 and an extension 

Alternatively, the reinforced distal end portion 73 may be 
mounted over the proximal end of the catheter shaft 6ti as 
needed by detaching (as depicted in FIG. 7) the balloon 
inflation assembly 28 from the proximal end of the catheter 
shaft 6ti. The balloon inllation assembly 28 includc:s a 

leg 55 with a guide catheter port 58. The guide catheter port 
58 provides an inlet injection port for dye to travel through 25 

the guide catheter system 50 to the arterial system or 
alternatively for the introduction of drugs into the patient to 

coupler 200 as previously explained with reference to the 
balloon inflation assembly 28 (FIG. 1). As described, (FIGS. 
1 and 7) the coupler 200 includes a through slot 202 
configured to receive a tubular proximal portion 208 of the 
catheter shaft 66. A sliding member 210 having a generally a treatment site. A hemostatic valve (not shown) on the 

primary channel leg 51 provides hemostatic control for the 
guide catheter. 

The guide catheter 52 assists the insertion of an angio
plasty balloon catheter 60 to the stenosis or lesion. The 
angioplasty balloon catheter 60 includes a balloon 62, a 
hollow catheter shaft 6ti, a balloon inflation assembly 28, 
and a flexible spring tip 64. The spring tip 64 is disposed at 
the distal end of the catheter shaft 66 and generally assists 
the insertion of the angioplasty catheter 60 through the 
anerial system of a patient. 

The balloon inflation assembly 28 is mounted at a proxi
mal end or the hollow catheter shaft 66 and has an inlet port 
218 thereon. Inflation medium (from an inflation device
not shown) is injected through the hollow balloon catheter 
shaft 66 to inflate the balloon 62 mounted at the end thereof. 

The guide catheter extension tube 70 defines a second 
guide catheter lumen 77 and is made from a soft, relatively 
flexible material such as polyolefin, polyethylene or poly
urethane. The guide catheter extension tube 70 has a rein
forced flexible distal end portion 73, a rounded distal tip 72 
and a flared proximal end 74. The reinforced distal end 
portion 73 of the guide catheter extension tube 70 is formed 
from a coated or sheathed wire coil 76 to provide flexibility 
and pushability therefor. One or more side holes 75 may be 
added in the distal end portion 73 for distal blood perfusion. 
The outside diameter of the guide catheter extension tube 70 
is smaller than the inside diameter of the guide catheter 52 
such that the guide catheter extension tube 70 may be 
inserted and slidably disposed therethrough. During use, the 
guide catheter extension tube 70 is coaxially disposed within 

~0 planar engagement surface is designed to grip the planar 
bottom wall of the through slot 202 when in an engaged 
position (in the engaged position the sliding member 210 is 
positioned near the distal end 206 of the coupler 200 as 
shown in FIG. 1) to connect the catheter shaft 66 to the 

35 
inflation assembly 28 for operation. The catheter shaft 66 is 
released from the inflation assembly 28 by moving the 
sliding member 210 longitudinally along the coupler 
towards the proximal end 204 (where the engagement sur
face of the sliding member 210 is spaced from the bottom 

40 wall of the through slot 202). The balloon inflation assembly 
28 as described can be readily attached and detached from 
the catheter shaft 66 in the event a catheter exchange is 
necessary to position the distal end ponion 73 about the 
proximal portion 208 of the catheter shaft 66 for insertion 

45 
into the patient. 

A luer fitting 214 having a threaded portion 216 is 
mounted to the proximal end 204 of the coupler to provide 
an attachment for the inflation device (not shown). The luer 
fitting 214 includes a through opening 218 in aligned 

50 registry with the through slot 202 of the coupler 200. An 
annular seal within the through opening 218 receives the 
proximal portion 208 of the catheter shaft 66 and forms a 
fluid tight seal between the balloon inflation assembly 28 
and the balloon catheter 60 when the proximal portion 208 

55 of the catheter shaft 66 is gripped within the coupler 200. 
This arrangement permits inflation medium from the infla
tion device to enter the balloon catheter 60 through the 
proximal portion 208 and to travel up the catheter shaft 66 
to inflate the balloon 62. 

the guide catheter 52. The guide catheter extension tube 70 60 
is longer than the guide catheter 52 so that a portion of the 
extension tube 70 extends beyond the distal end of the guide 
catheter 52 to bridge the gap between the distal end of the 
guide catheter 52 and the stenosis or obstruction. 

To facilitate a catheter exchange, the reinforced distal end 
73 of the guide catheter extension tube 70 is distally 
advanced into the guide catheter 52 from its position about 
the pro xi mal portion of the catheter shaft 66. The slit 78 is 
forced open to position the remaining length of the extension 
tube 70 about the catheter shaft 66 for insertion (depicted by 
the solid line structure, FIG. 7). The guide catheter extensiDn 
tube 70 is distally advanced until the distal tip 72 is 

The guide catheter extension tube 70 also includes a 65 

longitudinal slit 78 that extends from a proximal end of the 
reinforced distal end portion 73 to the flared proximal end 
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positioned proximate to the stenosis, or until the flared 
prox.imal end 74 thereof is just proximal to an opening 59 
into the guide catheter 52. The diameter of the flared 
prox.imal end 74 of the ex.tension tube 70 is larger than the 
opening 59 into the guide catheter 52 to prevent the over 
insertion of the extension tube 70 into the guide catheter 52 
so that a portion remains outside the patient for control. The 
length of the guide catheter extension tube 70 is long enough 
so that the distal tip 72 reaches the stenosis while a portion 
of the tube remains outside the patient for control. Further, 
the diameter of the extension tube 70 is larger than the 
balloon 62 (deflated) and the catheter shaft 66 so that the 
angioplasty balloon catheter 60 may be slid therethrough. 
Radiopaque markers 79 and 79A may be included at the 
proximal end and the distal end of the guide catheter 
extension tube 70, respectively, to assist with the insertion of 
the tube 70 through the patient's artery. 

Once the guide catheter extension tube 70. is positioned 
proximate to or across the stenosis, the angioplasty balloon 
catheter is withdrawn and an alternate sized angioplasty 
balloon catheter is substituted therefor. As the new angio
plasty balloon catheter is inserted, the guide catheter 52 and 
guide catheter extension tube 70 cooperate to direct the new 
angioplasty balloon catheter to the previously established 
position of the stenosis so that the stenosis may be further 
treated. 

FIG. 8 illustrates another embodiment of a guide catheter 
system 80 of the present invention. As shown in FIG. 8, the 
guide catheter system 80 has a guide catheter extension tube 
100 designed for placement within a guide catheter 82, 
which is mounted to a guide catheter manifold 84. The guide 
catheter extension tube 100 includes a longitudinal slit 108 
extending its entire length. The extension tube 100 has a 
rounded distal tip 104 and a flared proximal end 106. The 
guide catheter extension tube 100 is used in association with 
an angioplasty catheter 90 having a hollow balloon catheter 
shaft 94, a balloon inflation assembly 98, a balloon 92 and 
a flexible spring tip 96. The diameter of the balloon 92 
(deflated) and the catheter shaft 94 are small enough so that 
the catheter 90 may be inserted into and slidably disposed 
through the extension tube 100. 

If a balloon catheter exchange is necessary, the guide 
catheter extension tube 10() is positioned about the catheter 
shaft 94, and is inserted through the guide catheter 82. As the 
extension tube 100 is inserted through the guide catheter 82, 
the slit 108 is forced open beginning at the distal tip 104 and 
extending to the flared prollimal end 106 to align the 
extension tube 100 about the catheter shaft 94 for insertion. 
The extension tube 100 is advanced within the guide cath
eter 82 until the distal tip 104 thereof is positioned proximate 
to the stenosis or until the flared proximal end 106 abuts the 
guide catheter manifold 84. Radiopaque markers 101 and 
102 may be included at the proximal end and the distal end 
of the guide catheter extension tube 100, respectively to 
assist the insertion of the tube 100 through the patient's 
artery. The guide catheter extension tube 100 is longer than 
the guide catheter 82 to provide sufficient length for the 
extension tube 100 to extend beyond the distal end of the 
guide catheter 82 to the obstruction and to provide a portion 
that remains outside the patient for control (the flared 
proximal end 106 pre.vents over-insertion of the extension 
tube 100 into the guide calheter 82). In lhis embodiment, the 
length of the longitudinal slit 108 extends the entire length 
of the extension tube 100. Thus, the balloon manifold 98 
does not need to be removed to position the extension tube 
100 about the catheter shaft 94 for insertion into the guide 
catheter 82. 

14 
FIGS. 9-11 illustrate another embodiment of a distal 

extension 250 similar to that disclosed in FIGS. 1-2. The 
extension 250 includes a relatively flexible tube 255 having 
a proximal funnel 260, a push rod 262 and a control knob 

5 264. The push rod 262 is attached to the flexible tube 255 
adjacent the proximal funnel 260. The control knob 264 is 
attached Loa proximal end of the push rod 262. Preferably, 
as shown in FIG. 9, an annular radiopaque marker 265 of 
platinum alloy is provided at the distal end of the tlcxiblc 

10 tube 255 to trace the position of the extension 250 via 
fluoroscopic imaging. The flexible tube 255 preferably has 
an inner diameter dimension of about 0.046 inches and an 
outer diameter dimension of about 0.056 inches. 

As shown more clearly in FIG. 10, the flexible tube 255 
ts is formed of a coil spring 266 of Type 304 stainless steel and 

inner and outer polymer layers 267 and 268, respectively to 
define a lumen 269 therethrough (FIG. 10). Preferably, the 
coil spring 266 is a flattened ribbon spring formed of a 
ribbon wire having a 0.002 inch by 0.005 inch cross-section. 

20 Each of the inner and outer layers 267 and 268 are poly
urethane and are approximately 0.0015 inches thick. 

The polyurethane coated coil spring 266 defining the 
flexible tube 255 is formed using a Teflon® coated cylin
drical mandrel having a diameter of 0.046 inches. Teflon® 

25 is a registered trademark of E. I. Dupont Corporation of 
Delaware for polytetrafluorethylene. The mandrel is coaled 
with polyurethane by a solvent dip coating process to form 
the inner polymer layer 267 of the flexible tube 255. The 
mandrel is coated until the polyurethane coating on the 

30 mandrel is 0.0015 inches thick. The ribbon wire is wrapped 
around the coated mandrel to form the coil spring 266. The 
number of wrapping turns per inch of the ribbon wire around 
the mandrel can vary. One example of a coil spring 266 has 
l 00 turns/per inch of ribbon wire. The mandrel is dip coated 

35 again in polyurethane to form a 0.0015 inch thick outer 
polymer layer 268 enclosing the coil spring 266. 

A suitable polyurethane coating is sold under the trade
name ESTANE by B. F. Goodrich Company of Akron Ohio. 
Prior to dip coating the outer layer 268, lhe radiopaque 

40 marker 265 is attached to the ribbon spring so that the 
marker 265 is encapsulated by the outer polymer layer 268 
to provide a relatively smooth outer surface for the flexible 
tube 255 for insertion. The dip coating process covers the 
longitudinal length of the ribbon spring as well as the ends 

45 so that the ribbon spring is totally· encapsulated by a polymer 
coating. After the dip coating process is complete, the 
mandrel is removed. 

An end tip 25Sa is formed by wicking cyanoacrylate 

50 
adhesive between the inner and outer layers 267 and 268 and 
coil spring 266 to assure that the inner and outer layers 267 
and 268 of the tip do not separate from the coil spring 266 
as the extension 250 is advanced for use and treatment. A 
suitable adhesive is LOCTITE PRISM 405 cyanoacrylate, 

55 available from Loctite, Corp. (Newington, Conn.). 

A hydrophilic polymer coating is added to the inner and 
outer polyurethane layers 267 and 268 to provide a slipperier 
surface. The coated coil spring 266 forming the tube 255 is 
extremely flexible to facilitate trackability through the tor-

60 tuous coronary arteries. The tube 255 is so flexible that the 
tube must be inserted with the assistance of another coronary 
treatment device to provide sufficient pushability. 

As shown in FIGS. 10 and 11, the proximal funnel 260 
includes a distally tapered frusto-conical portion 270 and an 

65 elongated tubular portion 272 having an internal diameter 
sized to fit over the proximal end of the flexible tube 255. 
The taper of the frusto-conical portion defines a first proxi-
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mal outer diameter 274 and a second smaller (distal) outer 
diameter 276. The elongated tubular ponion 272 of the 
funnel 260 surrounds the proximal end of the flexible tube 
255. Preferably, the proximal funnel UiO is formed or a 
polyolefin material. A suitable polyolcfin is available from 
E. I. DuPont !';emours & Co. (Wilmington, Del.) under the 
tradename SURYLYN® (8527 POC) Ionomer. 

The push rod Ui2 is preferably formed of a nitinol wire (a 
nickel-titanium intcrrnetallic compound). The nitinol wire is 
Teflon® coated. The Teflon® coating provides a lubricous 
outer surface for the wire. The nitinol construction helps 
reduce wire kinking as the push rod Ui2 is manipulated. The 
control knob 264 is formed of a polycarbonate material and 
is attached to a proximal end of the push rod 262 to provide 
a means for manipulating the push rod 262 and the flexible 
tube 255 for placement of the extension 250. 

The push rod 262 is approximately O.D18 to 0.024 inches 
in diameter. A distal end of the wire is preferably flattened 
as shown in FIGS. 10 and 11 to define a rectangular 
cross-section 280 at the distal end thereof. The flattened 
rectangular cross-seclion 280 of the push rod 262 provides 
sufficient attachment surface area to attach the push rod 262 
to the proximal funnel 260 and thus to the flexible tube 255 
as shown in FlGS. 10 and 11. 

As shown in FIG. 11, the frusto-conical portion 270 of the 
proximal funnel 260 includes a recessed wire channel 282. 
The flattened distal end of the push rod 280 extends through 
the recessed wire channel 282 to align the push rod 262 
essentially parallel to the flexible tube 255 and the elongated 
tubular portion 272 of the proximal funnel 260. 

An outer bond sleeve 284 (FIG. 10) encloses the elon
gated tubular portion 272 of the proximal funnel 26() and the 
push rod 262. The outer bond sleeve 284 is preferably 
formed of polyolefin material. The proximal funnel260 and 

16 
260 is sized to fit through the guide catheter. The first outer 
diameter 274 of the frusto-conical ponion 270 of the proxi
mal funnel 260 coincides with the internal diameter of the 
guide catheter so that there is a close tolerance therebetween 
to facilitate the insertion of an angioplasty device through 
the guide catheter and then through the proximal end of the 
Lube 255. Additionally, the dose tolerance provides a seal to 
facilitate the flow of liquids (such as dye and drugs) through 
the guide catheter and the tube 255 to a selected treatment 

to site. However, the funnel 260 is sufficiently flexible to allow 
the extension 250 to be slidably advanced through the guide 
catheter without significant friction. Thus, the proximal 
funnel UiO serves to direct an angioplasty device into the 
lumen 269 of the extension 250, or to provide a distal 
extension of the I umen or the guide catheter for fluid 

15 delivery. 
Although, the tube 255 has good trackahility, it does not 

have sufficient pushability to be independently advanced 
through a coronary artery of a patient. Accordingly, the 
flexible tube is advanced in cooperation with another coro-

20 nary treatment device (such as shown in FIG. 1) for place
ment in the artery. Therefore, the inner diameter of the 
flexible tube 255 is large enough to be advanced over a 
treatment device. Examples of a treatment device which 
could be used to support the flexible lube to provide push-

25 ability for advancement include, but arc not limited to, an 
angiopla.~ty balloon catheter (as shown in FIG. 1) or a guide 
wire. 

As previously explained, if a catheter exchange is neces-
30 sary, the flexible tube 255 can be advanced along an angio

plasty balloon catheter to the obstruction. Once the distal 
end or the flexible tube 255 is positioned adjacent to the 
obstruction or lesion, the original angioplasty catheter may 
be withdrawn and a substitute angioplasty catheter inserted 

the push rod 262 are secured to the flexible tube 255 of the 35 

extension 250 by a suitable wick.ing adhesive (preferably 
urethane) bet ween the outer bond sleeve 284 and the flexible 
tube 255. A suitable urethane adhesive is available from H. 

therefor. 
As shown in FIG. 12, a guide catheter 287 is inserted into 

the patient and advanced unlil a distal end of the guide 
catheter 287 reaches the aortic arch of the patient. More 
particularly, the guide catheter 287 is manipulated until a B. Fuller & Company of Saint Paul, Minn. (Adhesive No. 

U.R. 3507). 

The urethane adhesive surrounds the push rod Ui2 and the 
elongated tubular portion 272 of the proximal funnel 260 
between the flexible tube 255 and the outer bond sleeve 284 
to secure the proximal funnel 260 and the push rod 262 
relative to the flexible tube 2SS. The bonding arrangement 
with the outer bonding sleeve 284 provides a smooth outer 
transitional surface where the proximal funnel 260 and the 
push rod 262 are bonded to the flexible tube 25S. 

The flexible tube 255 is approximately 6.0 to 12.0 inches 
in length, and preferably 9.5 to 10.0 inches in length . The 
push rod is approximately 40.0 to 45.0 inches in length. The 
overall length of the extension 250 is preferdbly 50.5 inches 
to 5 l .5 inches. 

As explained, the extension 250 is advanced through a 
guide catheter until a distal end of the tube 255 reaches a 
treatment site. The length of the tube is sized so that the 
proximal end (i.e., proximal funnel 260) or the tube 255 is 
enclosed within the guide catheter while the distal end of the 
flexible tube 255 rcat:hes a treatment site. The proximal 
funnel 260 (frusto conical portion 270) is never advanced 
beyond the distal end of the guide catheter so that a 
continuous lumen may be defined by the combination of the 
guide catheter and the fiexible tube 255. 

The lleJ~iblc tube 255 of the intravascular device 250 is 
designed for coaxial placement relative to the guide catheter 
and the flexible tube and in particular, the proximal funnel 

40 distal opening 288 of the guide catheter 287 is aligned with 
the coronary ostium so that the guide catheter 287 will direct 
an original coronary treatment device, such as an angio
plasty balloon catheter, or a subsequent coronary treatment 
device into the coronary artery requiring treatment. It is 

45 important that the distal opening 288 of the guide catheter 
287 be correctly aligned and that alignment be maintained so 
the coronary treatment device will be directed through the 
coronary ostium into the coronary artery requiring treat
ment. However, as a· coronary device is advanced, the 

50 position of the distal opening 288 of the guide catheter 287 
may shift out of alignment with the coronary ostium making 
placement of the coronary treatment device into the coro
nary artery requiring treatment more difficult. 

As previously explained, the present invention discloses 
55 an anchoring device for securing the guide catheter 287 

relative to the coronary ostium of a patient to facilitate 
original insertion and subsequent insertion of a coronary 
treatment device. The anchoring device is defined by the 
flexible tube 255 and push rod 262 (i.e., the distal extension 

60 250). A distal portion of the flexible tube 255 is advanced 
past the distal opening 288 of the guide catheter 287 and past 
the coronary ostium into the artery requiring treatment, 
while a proximal portion thereof and the push rod 262 
remain within the guide catheter 287. Since the flexible tube 

65 255 extends along a portion of the guide catheter 287 and 
through the coronary nstium along an extent of the artery, 
the flexible tube 255 serves to aid in securing the distal 
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opening 288 of the guide catheter 287 relative to the 
coronary osti urn. 

18 
The extension 250 may also be used for aspiration to 

withdraw thrombus from a coronary artery. Net negative 
pressure is pulled through the guide catheter 287 and the 
extension 250 via a syringe connected to through port 287a 
of the guide catheter 287 as shown in FIG. 13 to pull 
thrombus from the occluded vessel. Preferably a 50 cc 
(cubic centimeters) syringe is used. 

:-.let negative pressure is applied to move the thrombus 
toward the extension 250. The thrombus can be removed 

The total length of the extension 250 pcnnits the flexible 
tube 255 to remain with the guide catheter 287 and to extend 
beyond a distal end of the guide catheter 287 into and 
through a coronary artery while the control knob 264 
remains outside the patient. The control knob 264 allows the 
user to control and adjust the position of the extension 250 
through the arteries. The outer diameter of the flexible tube 
255 is sized so that the flexible tube 255 may be advanced 
through the coronary arteries, without significant risk of 
occlusion to the vessel. Further. the flexibility of the tube 
255 allows the tube 255 to track through the tortuous 
coronary arteries. 

10 from the patient in a first manner by aspirating with suffi
cient force to pull the thrombus toward the extension to 
"plug" a distal end 255b thereof. Thereafter, the ex.tension 
250 is withdrawn from the vessel and the extension 250 is 
removed from the patient and lhe thrombus is scraped from 

Alternatively, the extension 250 can be used as a guide 
wire placement device to assist in the insertion of a typical 
pre-formed guide wire as generally illustrated in FlO. 13. ln 
particular, the flexible tube 255 and a pre-formed guide wire 
289 arc cooperatively advanced through the coronary arter
ies for placement. 

l5 the extension 250. Alternatively, sufficient force may be 
applied to draw ("suck") the thrombus through the extension 
250 and the guide catheter for disposal. 

Guide wires are pre-formed in generally a J-shape or a 
straight tip where the practitioner is able to bend the tip to 
pre-form the wire prior to insertion. A pre-formed guide wire 
289 may be advanced through a patient's vascular system 
within the guide catheter 287 and the flexible tube 255. The 
pre-formed guide wire 289 is inserted in cooperation with 
the flexible tube 255 to straighten the guide wire 289 to 
penni! the guide wire 289 and the flexible tube 255 to be 
advanced into the patient through a coronary artery. The 
extension 250 is advanced by manipulating the control knob 
264 to move the flexible tube 255 through the arterial system 
of the patient. Thus, the flexible Lube 255 straightens the lip 

Alternatively, as shown in FIGS. 14--17. a proximal 
elongated attachment tube 290 is designed to couple with the 

20 proximal funnel 260 of the distal extension 250 to define a 
proximal drug delivery attachment. Together, the elongated 
attachment tube 290 and the distal extension 250 define a 
continuous conduit for drug delivery. The proximal elon
gated attachment tube 290 may also define a proximal 

25 aspirator attachment to provide a conduit for aspiration in 
combination with the extension 25(). As shown in FIG. 14, 
the proximal elongated attachment tube 290 includes an 
elongated flexible tube 292, a distally tapered coupling cone 
294 and a proximal luer fitting 296. Preferably, the elongated 

30 tube 292 is formed from a polymer tube such as polycthyl-

of the pre-formed guide wire 289 to allow the guide wire 289 
to advance through the patient. 

35 
If it is determined that an alternate shaped guide wire is 

necessary 10 reach the treatment site, the original guide wire 
289 may be withdrawn. The original guide wire 289 is 
withdrawn through the flexible tube 255 and through the 
guide catheter 287. An alternate shaped pre-formed guide 

40 
wire is then inserted in cooperation with the guide catheter 
287 and the flexible tube 255 to place the alternative guide 
wire into a coronary artery for treatment. 

Another use for extensinn 250 is as a drug delivery 
device. In certain applications, it is useful to be able to 45 
provide rapid drug delivery to a treatment area to dissolve 
thrombolytic buildup caused, inter alia, because of the 
stagnation of blood flow during an angioplasty procedure. 
Thus, it is often necessary to provide intermediate drug 
delivery during an angioplasty procedure to dissolve platelet 50 
matter causing thrombolytic buildup. The flexible tube 255 
is insertable into the arteries to define a tubular drug delivery 
extension (or drug deliver device) to provide a conduit for 
thrombolytic drugs and agents to reach an occluded area in 
a coronary artery to assure the thrombolytic drug reaches a 55 
treatment site. 

As previously explained thrombolytic drugs and other 
liquids, such as contrast fluid or radiopaque dye may be 
introduced through a guide catheter (e.g., through port 287a 
of the guide catheter 287 by a syringe as shown in FIG. 13) 60 

for delivery to an occluded coronary artery. The drug flows 
through the guide catheter 287 and is funneled through the 
proximal funnel 260 or the extension 250 and then through 
the ftell:ible tube 255 (i.e., tubular drug deliver extension) to 
a treatment area. Preferably, drugs or other liquids arc 65 
introduced through the guide catheter 287 and extension 250 
by a 20 cc (cubic centimeters syringe). 

ene. 

As shown in FIGS. 15 and 16, the elongated attachment 
tube 290 is designed to cooperate with the flexible tube 255 
of the extension 250 to define a continuous path for drug 
delivery or aspiration. The coupling cone 294 has a hollow 
cross-section to define a continuous lumen 298 from the luer 
fitting 296 to a distal opening 300. The distally tapered 
coupling cone 294 of the proximal elongated attachment 
tube 290 is sized for insertion into the distally tapered 
proximal funnel 260 of the extension 250. Thus. as shown in 
FIGS. 15 and 16, the distal coupling cone 294 of the 
proximal elongated attachment tube 290 and the proximal 
funnel 260 of the distal extension 250 male so that the 
continuous lumen 298 of the elongated attachment tube 290 
and the lumen 269 through tube 255 arc in fluid communi
cation to define a continuous path to a treatment site for drug 
delivery or for aspiration (i.e., for treatment of a stenosis or 
obstruction within a coronary artery). 

The connection between the coupling cone 294 of the 
proximal elongated attachment tube 290 and the proll:imal 
funnel260 of the extension 250 is adjusted by manipulating 
the push rod 262 relative to a proximal end of the elongated 
attachment tube 290. That is, to provide a tighter relation 
between the extension 250 and the prmdmal elongated 
attachment tube 290, the push rod 262 is moved by the user 
proximally while the attachment tube 290 is moved distally 
to force the coupling cone 294 and the proximal funnel 260 
in tight relation to provide a tighter fluid connection ther
ebetween. 

As shown in FIG. 17, the tube 292 of the proximal 
attachment tube 290 is sized for inscnion through a guide 
catheter 305. In usc, the flexible tube 255 of the extension 
250 is inserted into the coronary artery requiring treatment 
until a distal end reaches the occluded or treatment area. If 
drug treatment or aspiration is necessary, the proximal 
attachment tube 290 may be inserted and advanced through 
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the guide catheter 305 so that the coupling cone 294 mates 
with the proximal funnel 260 of the distal extension 250. 

Typically an angioplasty balloon catheter or other coro
nary treatment device was previously inserted into the 
patient for treatment or was inserted for placement of the 
extension 250. Thus, prior to inserting the proximal anach
mcnt tube 290, the angioplasty balloon catheter, or other 
coronary treatment device, is withdrawn and the proximal 
attachment tube 290 is inserted for drug treatment or aspi
ration. 10 

20 
nuidly sealing between the tube and the guide catheter 
when the tube is in the second ex.tended pusilion. 

2. The guide catheter system of claim 1 wherein the 
relatively flexible tube of the intravascular device includes a 
coil spring extending along and defining at least a portion of 
the flexible tube. 

3. The guide catheter system of claim 2 further including 
an inner layer and an outer layer uf a polymer material 
surrounding the coil spring. 

4. The guide catheter system of claim 1 wherein the inner 
diameter of the tube is sized to permit placement or a guide 
wire through the tube. 

Thr-ombolytic drugs arc introduced through the tube 292 
of the drug uclivery attachment by a syringe 306 which 
attaches to the luer fitting 296 at the proximal end of tube 
292. Since the tube 292 has a smaller inner diameter than the 
guide catheter, a smaller quantity of drug is necessary to 
provide an effective dosage for treatment. Since a smaller 
dosage is required, treatment is less costly. Once in place as 

S. The guide catheter system of claim 1 wherein the inner 
diameter of the tube is si7.cd to permit placement of an 

15 angioplasty balloon catheter through the tube. 
6. The guide catheter system of claim 1 wherein the 

flexible tube of the intravascular device is 6 to 12 inches in 
length. an extension of the guide catheter, the extension 250 can also 

serve to direct radiopaque solution to a selected artery. 
Alternatively, if aspiration treatment is undertaken the 

syringe 306 is manipulated to apply a net negative pressure 
across the extension 250 and the tube 292 to withdraw 
thrombus from an occluded vessel. Preferably, a 50 cc (cubic 
centimeters) syringe is used. 

7. The guide catheter system of claim 1 wherein the push 
20 rod is a wire. 

After the drug or aspiration treatment is complete, if 
25 

necessary. an angiop1asty device may be reinserted for 
continued treatment through the proximal attachment tube 
290 and the extension 250. Alternatively, the proximal 
auachment tube 290 may be removed and an alternate 
angioplasty device may be inserted through the guide cath
eter and the tlex.ible tube 255 of the extension 250. In either 30 

event, extension 250 provides a guiding and "back-up" 
function to aid in the advancement of such devices there
through. 

Preferably, the tube 292 of the drug delivery attachment 
290 has an ouu!r diameter of 0.040 inches tu 0.070 inches. 35 

The tube has an inner diameter or 0.030 inches to 0.06 
inches. The length of the tube 292 is approximately 40.0 to 
60.0 inches in length. 

It should be noted that the figures have not been drawn to 
scale as it has been necessary to enlarge certain portions for 40 

clarity. Although the present invention has been described 
with reference to several embodiments. workers skilled in 
the art will recognize that changes may be made in form and 
detail without departing from the spirit and scope of the 
invention. Also, it should be understood, that the invention 45 

is not limited to the uses specifically set forth in the preferred 
embodiment of the invention and the scope of the invention 
should not be limited thereby. 

What is claimed is: 
1. A guide catheter system comprising: a guide catheter; 50 

a relatively Ocxible tube having an outer diameter sized 
for inscnion into a coronary vessel and an inner diam
eter defining a lumen therethrough, the tube having a 
proximal end and a distal end, the extent therebetween 

55 
defining an extension length of the flexible tube, the 
length of the tube being sized so that the proximal end 
of the tube is enclosed within the guide catheter and the 
distal end extends into the vessel tu reach a treatment 
site, the tube being movable between a first retracted 

60 
position and a second extended position; 

a push rod having a proximal end and a distal end, the 
distal end of the push rod being coupled to the proximal 
end of the tube for slidably positioning the tube in the 
vessel ; and 

a fluid seal positioned at the proximal end of the tube and 
coupled between the tube and the guide catheter for 

65 

8. The guide catheter system of claim I wherein the push 
rod has a length uf 40 to 45 inches. 

9. The intravascular device of claim 1 wherein the push 
rod includes a visual marker on a proximal end thereof. 

10. An improved intravascular device for usc in combi
nation with a guide catheter having a distal end, a proximal 
end and an internal diameter defining a central lumen, the 
improvement comprising: 

a relatively ncxiblc tube having an outer diameter sized 
for insertion through the central lumen or the guide 
catheter into a coronary vessel , the flexible tube being 
concentrically aligned with the guide catheter and the 
tube having an inner diameter defining an internal 
lumen therethrough. the tube having a proximal end 
and a distal end, the extent therebetween defining an 
extension length of the flexible tube, the length of the 
tube being sized so that the proximal end of the tube 
terminates adjacent the distal end of the the guide 
catheter and the distal end extends into the vessel to 
reach a treatment site; 

a proximal funnel formed near the prmlimal end of the 
flexible tube, the proximal funnel having a distally 
tapered frusto-eonical purlion, the distally tapered 
frusta-conical portion defining an opening between the 
central lumen of the guide catheter and the internal 
lumen of the tube ror allowing fluid communication 
therebetween, the distally tapered frusta-conical por
tion including a first proximal outer diameter and a 
second smaller distal outer diameter, the first outer 
diameter coinciding with the internal diameter of the 
guide catheter to provide a tight interaction therebe-
tween; and 

a push rod coupled to the proximal end of the tube for 
slidably positioning the tube for placement. 

11. A guide wire placement system for placement of a 
guide wire into a coronary vessel of a patient. the guide wire 
placement system comprising: 

a guide catheter having a proximal end, a distal end, and 
a central lumen extending therethrough; 

a relatively flexible tube sized for insertion into a coro
nary vessel through the central lumen of the guide 
catheter into a coronary vessel, the flexible tube or the 
intravascular device being concentrically aligned with 
the guide catheter and having a proximal end and a 
distal end, the extent therebetween defining an exten-
sion length of the flexible tube, the length of the tube 
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being sized so that the proximal end of the tube 
terminates adjacent the distal end of the guide catheter 
and the distal end extends into the vessel to reach a 
treatment site, the tube defining an intemallumen being 
sized to receive the guide wire therethrough for place- .5 

ment of the guide wire into the patient, the tube having 
sufficient rigidity to support a pre-formed guide wire 
for advancement and placement into the vessel; 

a push rod auached to the proximal end of the tube for 
slidably positioning the tube for placement with the 10 

guide wire, wherein the tube is slidable between a first 
retracted position and a second extended position; and 

means for coupling the proximal end of the flexible tube 
adjacent to the distal end of the guide catheter when the 
tube is positioned in the second extended position, the 15 

means having an opening between the central lumen of 
the guide catheter and the internal lumen of the tube 
allowing fluid communication therebetween to form a 
continuous lumen from the proximal end of the guide 
catheter into the treatment site. 

12. For use in combination with a guide catheter having 
an inner diameter defining a central lumen, a proximal end 
and a distal end, an improvement comprising: 

a distal extension device including: 
a relatively flexible tube defining an inner lumen and 

20 

2.5 

being sized for insertion through the central lumen of 
the guide catheter into a coronary vessel requiring 
treatment, the flexible tube being concentrically aligned 
with he guide catheter, the tube having a proximal end 

30 
and a distal end, the extent therebetween defining an 
extension length of the flexible tube, the length of the 
tube being siz:ed so that the proximal end of the tube 
terminates adjacent the distal end of the guide catheter 
and the distal end of the flexible tube extends into a 

35 
vessel to reach a treatment site; 

means extending between the proximal end of the tube 
and the inner diameter of the guide catheter for joining 
the central lumen and the inner lumen in fluid commu
nication with one another to establish a continuous 40 
lumen beyond the distal end of the guide catheter into 
a coronary vessel; and 

a push rod coupled to the proximal end of the flexible tube 
for placement of the tube into the vessel requiring 
treatment. 

13. The distal extension device of claim 12 wherein the 
means for joining includes a proximal funnel fonned at the 
proximal end of the flexible tube, the proximal funnel having 

45 

a distally tapered frusta-conical portion, the distally tapered 
frusta-conical portion having an opening between the central 50 

lumen and the inner lumen to allow fluid communication 
therebetween and including a first outer diameter and a 
second smaller outer diameter, the first outer diameter 
coinciding with an internal diameter of a guide catheter to 
provide a tight interaction therebetween for sealing the guide 55 

catheter relative to the flexible tube of the drug delivery 
device. 

14. The distal extension device of claim 13 wherein the 
distally tapered frusto-conical portion of the proximal funnel 
includes a recessed channel through which the push rod 60 

extends for attachment thereof to the flexible tube of the 
distal extension device. 

15. The distal extension device of claim 14 wherein the 
proximal funnel includes an elongated tubular portion 
extending from the frusta-conical portion , the elongated 65 

tubular portion of the proximal funnel surrounding the 
flexible tube. 

22 
16. The distal extension device of claim 15 wherein a 

bond sleeve encloses the push rod and the elongated tubular 
portion of the proximal funnel to provide a smooth transi
tional surface. 

17. The distal extension device of claim 12 wherein the 
flexible tube includes a coil spring extending along and 
defining at least a portion of the ne11;iblc tube. 

18. The distal extension device of claim 17 further includ· 
ing an inner layer and an outer layer of polymer material 
about the coil spring. 

19. The distal extension device of claim 12 wherein the 
push rod is a wire. 

20. The distal extension device of claim 19 wherein the 
wire has a flattened distal end to provide an altachmcnt 
surface for connection to the flexible tube. 

21. A fluid delivery system for delivering fluid into and 
through a coronary vessel to a treatment site, the system 
comprising: 

a guide catheter having a proximal end and a distal end; 

a relatively fli::xiblc tube sized for insertion through Lhc 
coronary vessel, the tube defining an inner lumen for 
fluid delivery, the length of the tube being sized so that 
the proximal end of the tube aligns with the distal end 
of the guide catheter and the distal end of the tube 
extends into the vessel to reach the treatment site; 

a push rod coupled to the flexible tube and extending 
proximally therefrom for placement of the tube into the 
vessel, wherein the flexible tube is movable between a 
first retracted position and a second extended position; 
and 

means adjacent a distal portion of the guide catheter for 
fluidly sealing between the tube and the guide catheter 
when the tube is extended into the second extended 
position. 

22. For use in combination with a guide catheter for 
insertion and advancement of a coronary treatment device 
through a coronary vessel having an ostium to a treatment 
site, the guide catheter having a central lumen, a distal end 
and a distal opening, an anchoring device comprising: 

a relatively flexible tube sized for insertion through the 
central lumen of the guide catheter into the coronary 
vessel, the flexible tube being concentrically aligned 
with the guide catheter, the tube having a proximal end 
and a distal end, the extent lherebetween defining an 
extension length of the flexible tube, the length of the 
tuhe being sized so that the proximal end of the tube 
aligns with the distal end of the guide catheter and the 
distal end of the tube extends into the vessel to reach 
the treatment site; and 

a push rod eccentrically coupled to the tube and extending 
proximally therefrom for placement of the tube, 
wherein the flexible tube anchors the distal opening of 
the guide catheter relative to the ostium of the coronary 
vessel to secure the guide catheter and facilitate inser
tion of the coronary treatment device therethrough. 

23. An aspiration system for withdrawing blood clotting 
material from a treatment site within a coronary vessel, the 
aspiration system comprising: 

a guide catheter having a proximal end, a distal end, a 
central lumen, and an internal diameter; 

a relatively flexible tube sized for insertion through the 
central lumen of the guide catheter into a coronary 
vessel requiring treatment, the flexible tube being con
centrically aligned with the guide catheter, the tube 
having a proximal end and a distal end, the extent 
therebetween defining an extension length of the flex-
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ible tube, wherein the flexible tube is movable between 
a first retracted position and a second extended posi
tion. the length of the tube being sized so that the 
proximal end of the tube aligns with the distal end of 
the guide catheter and the distal end of the tube extends 
into a vessel to reach the treatment site when the 
flexible robe is in the second extended position; 

24 
a push rod eccentrically coupled to the proximal end of 

the tube for slidably positioning the tube. 
27. The system of claim 26 wherein the means for 

coupling includes a proximal funnel formed at the proximal 
end of the flexible tube, the proximal funnel having a distally 
tapered frusto-conical portion, the distally tapered frusto
conical portion having an opening between the central 
lumen of the outer tube and the internal lumen of the inner 
tube to allow fluid communication therebetween, the distally 

a push rod coupled to the proximal end of the tube for 
slidably positioning the tube for placement, wherein the 
flexible tube is movable between a first retracted posi
tion and a second extended position; and 

a seal at the proximal end of the tube and coupled between 
the tube and the guide catheter for sealing between the 
tube and the guide catheter when the distal end of the 
tube is extended into the second extended position. 

10 tapered frusto-conical portion defining a first proximal outer 
diameter and a second smaller distal outer diameter, the first 
outer diameter coinciding with the internal diameter of the 
guide catheter to provide a tight interaction therebetween. 

24. The aspiration system of claim 23 wherein the proxi
mal end or the tube terminates within the guide catheter and 
wherein the seal comprises: 

28. The system of claim 27 wherein the proximal funnel 

15 includes an elongated tubular portion extending from the 
frusta-conical portion, the elongated tubular portion of the 
proximal funnel surrounding the flexible tube. 

a proximal funnel formed at the proximal end of the 
Hexiblc tube, the proximal funnel having a distally 
tapered frusto-conical portion, the distally tapered 
frusta-conical portion having an opening between the 
central lumen of the outer tube and the internal lumen 

29. The system of claim 28 wherein a bond sleeve 
encloses the push rod and the elongated tubular portion of 

20 the proximal funnel to provide a smooth transitional surface. 

of the inner tube to allow fluid communication thcr- 2, 

ebetween, the distally tapered frusto-conical portion 
defining a first proximal outer diameter and a second 
smaller distal outer diameter, the first outer diameter 
coinciding with the internal diameter of the guide 
catheter to provide a tight interaction therebetween for 30 

sealing the guide catheter relative to the flexible tube 
for aspiration treatment. 

25. For use in combination with a guide catheter having 
a proximal end, a distal end, and a central lumen, an 
intravascular device comprising: 35 

a relatively llexiblc tube having a proximal end, a distal 
end. an outer diameter and an internal lumen, wherein 
the outer diameter is sized for insertion through the 
central lumen of the guide catheter so that the distal end 40 

of the tube may be positioned beyond the distal end of 
the guide catheter to extend the flexible tube to a 
treatment site; and 

a push rod eccentrically coupled to the tube and extending 
45 

proximally therefrom for slidably positioning the tube. 
26. An intravascular system comprising: 
a guide catheter having a proximal end, a distal end. a 

central lumen, and an internal diameter; 

a relatively Hexible tube having a proximal end, a distal 50 

end, an outer diameter and an internal lumen, wherein 
the outer diameter is sized for insertion through the 
central lumen of the guide catheter so that the distal end 
of the tube may be positioned beyond the distal end of 55 
the guide catheter to extend the flexibh: tube to the 
treatment site and wherein the proximal end of the tube 
terminates adjacent the distal end of the the guide 
catheter; 

means for coupling the proximal end of the flexible tube 60 

rclati ve to the distal end of the guide catheter, the 

30. The system of claim 27 wherein the distally tapered 
frusto-cunical portion of the proximal funnel includes a 
recessed channel through which the push rod extends for 
attachment thereof to the flexible tube of the device. 

31. The system of claim 26 wherein the Hexible tube 
includes a coil spring extending along and defining at least 
a portion of the flexible tube. 

32. The system of claim 31 wherein an inner layer and an 
outer layer of polymeric material surround the coil spring. 

33. The system of claim 26 wherein the push rod is a wire. 
34. An intravascular system comprising; 
a first main outer tube having a proximal end, a distal end,. 

an inner diameter, an outer diameter, and a central 
lumen; 

a second inner tube having a proximal end and a distal 
end, wherein the second inner tube is adapted to be 
positioned within and through the first main outer tube, 
the second inner tube including an internal lumen 
having a distal opening, wherein the internal lumen is 
in fluid communication with the central lumen of the 
guide catheter and wherein the second inner tube is 
flexible so that the inner tuhc may be directed through 
a coronary ostium to position the distal opening at a 
treatment site; and 

a push rod coupled to the second inner tube for slidably 
positioning the second inner tube relative to the first 
main outer tube. 

35. The system of claim 34 wherein the proximal end of 
the second inner tube terminates adjacent the distal end of 
the main outer tube, the system further including means for 
coupling the proximal end of the second inner tube to the 
distal end of the main outer tube, the means having an 
opening between the central lumen of the guide cathercr and 
the internal lumen of the tube allowing fluid communication 
therebetween to form a continuous lumen beyond the distal 
end of the main outer tube into the ostium of the coronary 
vessel. 

36. The system of claim 35 wherein the means for 
coupling includes a proximal funnel formed at the pro;w;.imal 
end of the inner tube, the proximal funnel having a distally 
tapered frusto-conical portion, the distally tapered frusta
conical portion having an opening between the central 

means having an opening between the central lumen of 
the guide catheter and the internal lumen of the tube 
allowing fluid communication therebetween to form a 
continuous lumen from the prollimal end of the guide 
catheter into a coronary vessel to the treatment site; and 

65 lumen of the outer tube and the internal lumen of the inner 
tube to allow Huid communication therebetween, the distally 
tapered frusto-conical portion defining a first outer diameter 
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and a second smaller outer diameter, the first outer diameter 
coinciding with the internal diameter of the first main outer 
tube to provide tight interaction therebetween for sealing the 
main outer tube relative to the inner tube. 

37. The system of claim 34 wherein the second inner tube 
includes a coil spring eKtending along and defining at least 
a portion of the inner tube. 

38. The system of claim 37 further including a layer of 
polymeric material surrounding the coil spring. 

26 
39. The system of claim 34 wherein the push rod is 

coupled to a proximal end of the inner tube. 
40. The system of claim 34 wherein the push rod is 

eccentrically coupled to the second inner tube so that the 
5 internal lumen of the second inner tube remains substan[jally 

unobstructed. 
41. The system of claim 34 wherein the push rod is a wire. 

* * * * * 
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