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(57) Abstract: A drug delivery system consistent with one aspect of the present invention is a balloon catheter having a drug coated
balloon and an enlarged portion distal to the drug coated balloon, the enlarged portion having a diameter larger than the diameter of
the pleated balloon when wrapped (aka folded) about the inner shatt of the balloon catheter, and a selectively retractable tubular
member surrounding at least the pleated and wrapped balloon and having a distal end located in circumferential contact with the en -
larged portion distal to the drug coated balloon to inhibit blood flow proximally into the distal end of the selectively retractable tubu-
lar member.
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DRUG DELIVERY SYSTEM

101 RELATED APPLICATION
(0621, This application claims the benefit of priority to U.S. Provisional Patent Application

Sertal No. 61/908,171, filed November 24, 2013, which is incorporated in ifs entircty by

reference herein,

1031 BACKGROUND
(041, {. Technical Field
1651, The mvention relates to the ficld of medical devices, and more particularly medical

devices suited for delivering agents to body lumen walls.

106]. 2. Related Devices and Methods
1071 Treatment of vascular discase may include delivery of therapeutic agents to the

discased tissue, and implantation of tissue supporting stents or prosthetic vascolature, ¢.g.,
grafts, stent-grafis, eic., which are delivered through the vasculature at a reduced dimension for
case of navigation mn, and reduced chance of injury to, the tortuous vasculature from entry point
to the discased location,  Such treatment may inclade angioplasty performed by expanding a
compliant, semi-compliant, or non-comphiant balloon in narrowed vessels to dilate them, which
may be narrowed for one or more reasons mcluding the presence of a calcified tesion. These
treatments are delivered using a catheter designed to be advanced through the vasenlature from
a point of entry to the site where the treatment is needed.  Such catheters typically inclade an
clongated shaft with a distal end, which 18 the end furthest from the medical professional
advancing the catheter. Such shafts may have variable designs as best suited to deliver the
desired treatment from the point of entry to the vasculature to the intended implantation site.
Some devices include additional features such as tips that taper from the outer diameter of the
clongated shaft or distal balloon leg to a smaller diameter distal tip on the distal ends of the
clongated shafts, sheaths or outer members disposed about much of the length of the clongated
shaft and about the vascular implant, and various features on the proximal end, that is, the end
closest to the medical professional to perform varied functions, ¢.g., release of dye or other
visualization agent, valved access to a lumen running through the clongated shaft for inserting a

guide wire, scaled attachment of a pressurized fhuid to inflate balloons at the distal end, or other
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mechanisms involved in the controlled delivery of the treatment to its intended site. This
disciosure describes an agent delivery system having features on interfacing parts of the system.

[08]. Delivery of agents to localized sections of body lumen walls via selectively expandable
and contractible devices, such as for cxample, balloons for angioplasty of arteries, is currently
practiced in Europe. Comumercially available drug delivery balloouns are loaded with paclitaxel
in dosages of two (2) to five (3) micrograms (g} per squarc millimeter (mm®), and said
paclitaxcl cither covers the entire expanded cylindrical surface of such a balloon (360 degrees of
the circular circumicrence, along the entive working length), or just in the folds of a pleated
balloon, which balloon, when fully inflated to its nominal diameter, has pachitaxcel on less than
360 degrees of the circular circumference of the balloon, along the entire working length,  Said
balloon catheters are introduced to the artery through a catheter sheath mtroducer and advanced
over a previously placed guoide wire that crosses the lesion to be treated with an agent. Afte
exiting the distal end of the catheter sheath introducer, the balloon tracks along the guide wire
until it crosses the lesion, at which time, 1t 18 inflated and once in contact with the lesion and/or
vessel walls upon nominal expansion of the balloon, the paclitaxel in its excipient is pressed into
the lesion and separates from the halloon outer surface. At least some of the loaded paclitaxel
washes off or dissolves from the balloon into the blood stream during the tracking along the
guide wire and during the effort to cross the lesion, which is often a stenosed section of artery,
and which may require effort {and corresponding time} to safely cross. Puring this time, the
drug continues to wash off or dissolve into the blood. Thus, the efficacy of the treatment
depends on time to transfer the paclitaxel to the body lumen wall, as well as the initial
concentration of paclitaxel, pre-insertion into the blood vessel. Paclitaxel has a local toxicity
fimit, which has been reported as 100 micromole per liter (100 pmol/l} tissue volume, and
which chemotherapeutic level may be approached at the current commercial initial loadings
with long balloons (20-30cm) having large diameters {c.g., &6 mm).

{391, In some drug chuting balioons, paclitaxel is loaded directly onto the balloon surface,
without any cxcipient. In other drug eluting balloon, paclitaxel is loaded along with an
excipicnt onto the balloon surface. In most cases, a solvent used to assist in dispensing and/or
dispersing the paclitaxel and/or excipient. Such solvent then evaporates leaving a solid layer on
the balloon. Commercially used excipients include urca, lopramid, shellac, butyryl-trihexyl-

citrate (BTHC), and polyethylencglycol (PEG), among others.
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[10]. Non-commercialized devices, described in prior art patent publications, such as that
described in USP 5,304,121 to Sahatjian, which deseribes the local delivery of drug from a
hydrogel coated balloon, delivered to the lesion cite in a sheath, which “protects the coating and
inhibits premature release of the coating.” The sheath s proximally retracted and the balloon
catheter held in place, or the device is advanced until the tip 18 proximal to the lesion and then
the sheath is held in place and the balloon catheter is distally advanced to cross the Iesion, and
expanded to transfer the drug to the lesion and vessel surfaces, However, no more details about
sheath arc disclosed other than a partial illustration in FI1G. 2.

1] USP 6,146,638 to Rowe describes another drug delivery balloon delivered to a
coronary artery in an miroducer catheter 18 of generally conventional design in 1989, However,
no more details about the ntroducer catheter 18 are disclosed other than a partial illastration in
FIG. 1.

121 USP 5,868,719 to Tsukemnik describes a sheath for protecting the coating of a drug
coated balloon and inclode modifications to help keep the balloon in the sheath during
positioning of the balloon, like a collar with a smaller diameter than the rest of the sheath and
mndentations fraverse to the longitudinal axis of the balloon distal to the balioon. The inner
diameter of the sheath proximal to the collar is shghtly larger than the outer diameter of the
folded balioon. However, the collar terminates in an opening, and as depicted in FIG. 7 and the
distal tip of the balloon is within the modified sheath and does not extend distal to it during
delivery, The distal end of the sheath does not contact the much smaller distal tip of the catheter
body, at any time.

[13]. More recently published, US 2010/0228333 Al describes a retractable, thin walled
tubular sheath with an inverted distal ond, said tubular sheath terminating in an end proximal to
the proximal end of the balloon. The sheath extends distally from the proximal end of the
catheter and then inverts and cxtends proximally where it terminates proximal to the proximal
end of the balloon. Variations of this arrangement are described, but in alf embodiments the
inner diameter of distal end of the sheath has a larger diamcter than the outer diameter of the
catheter {¢.g., pleated and wrapped balloon and/or distal tip) within it such that blood flow
therein 18 not inhibited. Also, in all embodiments, retraction of the sheath is designed to peel or

roll {cvert) proximally rather than slide proximally relative to the balloon.
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[14]. In many cases, the balloon catheter is an elongated device, which includes one or more
clongated tubular members. |t may have an clongated balloon at or near its distal end. It may
have a tubular member having a lumen through which the catheter follows the path of a
previously placed guide wire in the vasculature.  Such a tubular member is often referred to as a
guide wire tube. The catheter may additionally have another tubular member having a proximal
end and a distal end and a umen therethrough, and surrounding a length of the goide wire tube,
but having a different inner diameter than the outer diameter of the guide wire tube such that a
roughly anmular lomen romains between the goide wire tube and the other member. Such a
tubular member is sometimes referred to as an outer member, and the guide wire tube may then
alternately be referred to as an joner member. The guide wire tube or inner member may extend
distally of the distal end of the outer member.  An inflatable member may sealingly surround at
its proximal end the external surface of the distal end of the outer member and the external
surface of the distal end of the mner member at 1is {the inflatable member’s) distal end. Such
sealing may be accomplished by thermal bonding of bondable materials or through the use of a
tie tayer or adhesive between concentric surfaces. Such a flud-tight attachment of the mflatable
roember to the inner and outer member places the interior of the inflatable member m flaid
communication with the substantially anmalar fomen formed between the inner member and the
outer member, A typically much shorter length (than either the inner or outer member’s length)
and separate tubular member having a8 proximal end and a distal end and a lumen therethrough
may have a tapered outer surface and may be attached to the distal end of the clongated shaft,
cither through a butt joint with the annular surface of the distal end of the inner member or
through a lap joint with the outer cylindrical swrface of the distal end of the inner member.
Alternate attachment constructions of distal tips to the distal end of the catheter are known in the
art, For cxample, see ULS. Pat, Pub. No. 2003/0114794 Al and US. Pat. No. 5964778 to
Fugoso et al., which arc expressly incorporated by reference to the extent not contradictory to
the remainder of the present specification.

Fi5]. Rather than co-axial arrangement of a guide wire lumen and an inflation lumen in a
balloon angioplasty catheter, it is known in the art to have two tubes with parallel axes, and such
“side by side” construction is somctimes called a “bi-axial” catheter. Stated another way, an
otherwise “outer’” surface of one tube 18 in contact with another otherwise “outer” surface of a

second, parallel tube. One tube provides the lumen for the guide wire and the other for inflation
-4 -
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of the balloon. In bi-axial constructions, the proximal leg of the balicon seals to guter surfaces
of both the guide wire tube and the inflation tube, and the distal end typically scals to the guide
wire tube {ounly}), becausc the distal end of the inflation tube torminates at the proximal portion
of the balloon.

fi6]. Balioon catheters used to perform angioplasty in peripheral arterics arc somctimes
referred to as percutancous transluminal angioplasty (“PTA™} catheters. Balloon catheters used
to perform angioplasty in coronary artorics arc sometimes referred to as percutancous
transhuminal coronary angioplasty ("PTCA™} catheters. PTCA cathcters are commercially
available and sized to track over a 0.014” (outer) diameter guide wire. PTA catheters are
comumnercially available and sized to track over one of three different {outer) diameter guide
wires: 0.0147, 0.0187, and 0.0357,

HH71. PTCA catheters are inserted at a point of entry in a peripheral artery, ¢.g., a radial or
fernoral artery, and advanced “opstream” through the arteries to the aorta and to the ostium of
the specific coronary artery 1n need of treatment. PTA catheters are inserted at a point of entry
i a peripheral artery, and advanced through that or other connected arteries to the specific
arterial location in need of treatroent. In cither type of catheter, the force to advance the cathete
is applied external to the patient on an external (proximal) portion of the catheter, and the force
is transferred to the distal tip of the catheter as a result of the colomn strength or axial stiffness
of the catheter. The stiffer the catheter, the easier to advance the distal tip and any therapeutic
device or beneficial agent to the desired site. The quality of being able to push a proximal
portion of the clongated shaft and have the distal tip move along an artery the same distance is
commonly referred to as “pushability.” However, a vascular balloon catheter also has the nee
to track closely to a guidewire that is resident in the arterial network and follows the tortuous
path of the arterics, That quality is commonly called “trackability.” Axial flexibility is needed
to have high trackability, and thercfore closcly track a tortuously curved guidewire. Yet another
desirable characteristic of a vascular balloon catheter designed to traverse a caleified lesion or
other stenotic arca in a coronary artery or other blood vessel is called “crossability,” or, i.c., the
catheter’s ability to have the distal tip cross the stenosis by the medical professional pushing on
the proximal end or some cxternal (to the patient) portion of the catheter.

[18]. PTCA catheters that advance through the arteries by shiding over a previcusly placed

guide wire have two commercially available variations, in terms of whether the entire {or almost
-5
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the entire) length of the catheter slides over the guide wire, or whether only a shorter length of
the catheter, at its distal end, slides over the guide wire. With the usc of radial arterics as the
entry point for reduced complications and time to recover from catheter procedures, treating the
peripheral vasculature in the legs will require even longer length catheters than PTCAs. Such
PTAs may be up to onc hundred and nincty {190} centimeters (om) in length, and it is desirable
to have only a shorter portion of the catheter run over the guide wire. Another way to express
the difference between the two constructions is whether the guide wire lumen runs the entire
length of the catheter and has a proximal port in the proximal end {or in one of the two ports
present in the commonly used Y connectors) of the catheter, or whether the proximal port of the
guide wire lumen 15 closer to the distal end of the catheter than the proximal end, and generally
between 9 and 20 centimeters, for PTCAs, and between 10 and 60 centimneters, for PTAg,
proximal of the distal end, or even closer, such as at the proximal end of the inflatable member.
The case where the goide wire runs through the entire catheter, or t.e., the goide wire lumen rans
through the entire length of the catheter 15 commonly called an “over-the-wire” ("OTW™)
catheter, The case where the guide wire runs through a shorter length of the catheter near the
distal end, or i.¢., the guide wire lumen has a proxiroal port closer to the distal end than the
proximal end is commonly called a “rapid-exchange” or “Rx” catheter.  Another known term
for the second case is single-operator-exchange (“SOE”) catheter.

fi91. It is common in cither type of angioplasty catheter, OTW or Rx, to have a proximal
portion with greater axial stiffness and a distal portion with a lower relative axial stiffness. This
may be accomplished by a tapered support mandrel extending from the proximal end to a point
proximal of the distal end, or sclection of tubular segments with gradually decreasing column
strength. In Rx catheters, it 1s common to use a relatively stiff proximal tubular mentber (shaft},
such as a metal hypotube, and to attach a relatively less stiff {more flexible} polymer shaft to the
distal segment of the hypotube. There may be additional metal or polymer members {c.g.,
stiffening wires, support tubes, reinforcing tubes, support mandeels, coils, patterned perforations
in or “skived” scctions of the hypotube, ctc.} in Rx designs to provide a gradual transition in
axial stiffness to the catheter as a whole from a relatively constant high stiffness proximal shaft
to at lcast the proximal port of the guide wire lumoen, which is present along side, or in the side
of, the outer member. Without such a transition, the abrupt change in column strength betwee

the end of the hypotube and the proximal port of the guidewire results in a tendency of the
-6 -
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catheter to close the inflation lumen when the catheter buckles or kinks in that scction of the
catheter as a result of the axial loading, which closure of the inflation lumen is undesirable. The
distal shaft of an Rx PTCA catheter, as with the distal portion of an OTW PTCA catheter, 18
generally more flexible, as this is the part that follows the aortic arch and is advanced through
small coronary arteries, which tend to be rather tortuous in addition to having a much smaller
diamcter,

[20]. PTAs that arc designed to treat iliac, and arterics of the legs often do not require the
same amount of flexibility as those to treat coronary arterics do to relatively less tortuosity of the
vessels of the legs than those of the heart,

(21} Two of the factors that influence the current angioplasty (PTCA or PTA) catheter
crossability are flexibility and pushability of the distal shaft of an Rx catheter or of the distal
portion of an OTW catheter. For example, the more flexable a distal shaft or distal portion s,
the higher the crossability of a catheter given the same axial stiffness, or ie., pushability.
Mechanically, however, a shaft that is flexible coough to track through tortuons vessels may not
have the column strength to transmit sufficient force axially, while a stift shaft can transout
greater foree axially, but not be flexible enough track along the guidewire through a tortuous
vessel. The trade off with increasing flexibility is the reduction of pushability and vice versa.

[221. SUMMARY

231, A drug delivery system consistent with one aspect of the present invention is a balloon
catheter having a drug coated balloon and an enlarged portion distal to the drug coated balloon,
the enlarged portion having a diameter larger than the diameter of the pleated balloon when
wrapped {aka folded) about the inner shaft of the balloon catheter, and a sclectively retractable
tubular member surrounding at least the pleated and wrapped balloon and having a distal end
located in circumferential contact with the enlarged portion distal to the dmg coated balloon to
inhibit blood flow proximally into the distal end of the sclectively retractable tubular member.

[24]. An agent delivery system consistent with one aspect of the present invention has a
balloon angioplasty catheter having a longitudinal axis having a catheter shaft having proximal
end, a distal end, and a length inbetween, an inflatable balloon pleated and wrapped about a
distal portion of the catheter shaft, the pleated and wrapped inflatable balloon with therapeutic
agent disposcd thercon having a first circumference transverse to the longitudinal axis,  an

cnlarged portion with a circumference transverse to the longitudinal axis greater than the first
-
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circumference of the pleated and wrapped inflatable balloon, the enlarged portion located distal
to the pleated and wrapped inflatable balloon on the catheter shaft, and  an  clongated tubular
member having a proximal ond and a distal end and a lumen therchetween, whercin the balloon
angioplasty catheter is located within the lumen therebetween, the distal end of the tubular
member is proximal to the distal end of the distal tip of the balloon angioplasty catheter, and the
distal end of the tubular member is in contact with a circumfercnce of the enlarged portion
transverse to the longitudinal axis.

[251. These and other features, benefits, and advantages of the present invention will be
made apparent with reference to the following detatied description, appended claims, and
accompanying figures, wherein like reference nmumerals refer to structures that are either the

same structures, or perform the same functions as other structures, across the several views.

[26]. BRIEF DESCRIPTION OF THE FIGURES:
[27]. The figures are merely exemplary and are not meant to limit the present invention,
[28]. FIG. | ithustrates a first embodimoent of a drug delivery system with the retractable

tubular roember in the protective position in contact with an colarged region distal to the
balloon.
[291. FIG. 2 illustrates the embodiment of FIG. 1 with the retractable tubular member

retracted to a position for inflating the balloon.

(301 FIG. 3 Hustrates a retractable tubular member of drug delivery system.
(311 FIG. 4. ilhustrates a simplified cross-section along section A-A in FIG. 1.
321 FIG. 5 dlustrates a cross-section of a retractable tubular mewber with an anunular gap

between its inner surface and a pleated and wrapped uninflated balloon with therapeutic agent
disposed thereon (the inner member and other parts of the catheter shaft arc not shown for
simplicity).

1331 FIGS. 6A, 6B, & 6C illustrate three variations in the arrangement of the wall of the
refractable tubular member,

1341 FIGS. 7A, 78, & 7C illustrate a first enmibodiment of a distal tip for assembly over an
inner member distal to a balloon to create an enlarged portion for circumferential contact with

the retractable tubular member and a distal tip.
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[35]. FIGS. 8BA, 88, and 8C illustrate a sccond embodiment of a distal tip for assembly over
an mner member distal to a balloon to create an enlarged portion for circumferential contact
with the retractable tubular member and a distal tip.

361 FIGS. 9A, 9B, and 9C illustrate a third embodiment of a distal tip for assembly over an
inner member distal to a balloon to create an enlarged portion for circumferential contact with
the retractable tubular member and a distal tip.

(371 DETAILED DESCRIPTION

[38]. The terms “tube” and “tubular” are used in thewr broadest sense, that is, any object
which is arranged at a radial distance about a longitudinal axis. Accordingly, the terms “tube”
or “tubular” inchude any structure that s (i) cylindrical or not, such as for example having an
elliptical or polygonal transverse cross-section, or any other regular or wregular cross-section;
(11} has a changing or different cross-section along its length; (i) 18 arranged around a straight,
curved, bent, or discontimuous axis; (iv) has an imperforate, or a periodic or other perforate,
irregular, or gapped surface or cross-section; (V) is spaced uniformly or irregularly, including
being spaced varying radial distances from the longitudinal axis; or {vi) has any desired length
ot cross-sectional size.

[39]. A drug delivery system consistent with one aspect of the present invention is a balloon
catheter having a drug coated balloon and an enlarged region distal to the drug coated balloon,
the enlarged region having a diameter larger than the diameter of the pleated balloon when
wrapped {aka folded) about the inner shaft of the balloon catheter, and a selectively retractable
tubular member surrounding at least the pleated and wrapped balloon and having a distal end
located in circumterential contact with the enlarged region distal to the drug coated balicon to
inhibit blood flow proximally into the distal end of the sclectively retractable tubular member.

[40]. In some embodiments, the retractable protective tubular member can have the same
construction as a guide catheter. In some embodiments, the retractable protective tubular
member can have the same construction as a diagnostic catheter. In some ¢mbodiments, the
retractable protective tubular member can be a single material extrusion tubing. In some
embodiments, the retractable protective tubular member can have a composite tubular structure.

411 In some embodiments, the retractable protective tubular member comprises a multiple
co-axial layer construction, with a lubricious inner layer and a nylon or nylon copolymer outer

layer either bonded directly together chemically or mechanically via an intermediate “tic” layer.
-
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In some embodiments, the retractable protective tubular member compriscs a multiple co-axial
layer construction, with a lubricious innermost layer and a nylon or nvlon copolymer outermost
layer and an intermediate reinforcing layer. Examples of the inner most lubricious layer include
HDPE, anhydride modified HDPE, PTFE, carbon loaded nvlon, carbon loaded PEBAX® brand
polyether block amide copolymer. Examples of the intermediate reinforcing layer may be
braided metal or alloy wires or a spiral cut metal or alloy tube or coil. In some embodiments,
the retractable protective tubular member comprises a single layer extrusion of nylon tubing,
such as nylon 12, a polyamide homopaolymer.

[421. The length of the retractable, protective sheath may be between 90-150 cm. In some
embodiments, perhaps for treatment of arteries in the leg from an entry point in the radial artery,
the retractable, protective tubular member may be about 190 ¢ from hub to distal tip. In soroe
embodiments, the sheath is shorter than the balloon catheter that it 1s disposed about by an
amount at least equal to the length of the hub and or Y connector plus the working length of the
balloon plus the distal leg of the balloon, so that when retracted, the proximal end of the sheath
s distal to the proxamal end of the balloon catheter and the distal end of the sheath 1s proximal
to the proximal end of the working length of the balloon of the balloon catheter. Thus, in a
certain ewbodiment, if the balloon catheter 15 190 ¢m long and has a 30 cm balloon, for
example, the retractable, protective tubular member would be about 155 om long,

[431. In some embodiments, a retractable, protective tubular member may be coated
internally and externally with a lubricious or low friction compound, and thereby have a
lubricious coating or a low friction coating on the surface that was coated.  In some
embodiments, a retractable, protective tubular member may be coated internally with a
lubricicus or low friction compound, and thereby have a lubricious coating or a low friction
coating on the surface that was coated. In some embodiments, a retractable, protective tubular
member may be coated externally with a lubricious or low friction compound and thereby have
a luobricious coating or a low friction coating on the surface that was coated. In some
embodiments, a retractable protective tubular member may be coated only on an internal surface
with a lubricious or low friction compound and thereby have a lubricious coating or a low
friction coating on only the surface that was coated.  In some embodiments, a retractable

protective tubular member may be coated only an external surface with a lubricious or low
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friction compound, and thereby have a hubricious coating or a low friction coating only the
surface that was coated.

[44]. In some cmbodiments, the drug delivery system includes a distal tip on the balloon
cathcter that has a lubricious coating or is made of intrinsically lubricious material to exhibit low
triction or slick propertics and a retractable, protective tubular member with a lubricious coating
on at least the outer surface of the distal portion.

[45]. In some embodiments, the retractable sheath terminates at its proximal end distal to
the proximal end of balloon catheter. In some embodiments, the sheath may comprise a hub
with which to grip the proximal end, a luer lock to tighten the valve and scal between the sheath
and the outer diameter of the balloon catheter outer member, a length of nylon tubing joined to a
radiopaque tip at the distal end, and a strain relief co-axially surrounding the nylon tubing
adjacent the proximal attachment to the hub and tuer lock,

[46]. In some embodiments, the sheath bas a radiopaque distal tip. Being able to see the
distal tip on a flooroscopic screen in a catheter laboratory permits an operator to know when the
distal tip of the sheath has been retracted {(moved proximally) sufficiently to clear the proximal
skirt or proximal cone or proximal shoulder of the balloon. This judgment of “clearing” the
proximal end of the expandable portion of the balloon is made by seeing a gap of recommended
distance between a marker aligned with the proximal end of the working length of the balioon.
In some embodiments, the radiopaque distal tip is five {5) millimeters (mm) long. In some
embodiments, the length of the radiopague distal tip 15 shorter than five mm, and in some it is
longer than five mm.  In some embodiments, the radiopaque distal tip is constructed of
polyurcthane with a radiopague material, such as, for example, bismuth stearate. In some
embodiments, the radiopaque distal tip of the sheath is constructed of a nvlon copolymer, such
as, for example, Grilamid ELG 5930, with radiopague material, such as, for example, bismuth
stearate.  In some embodiments, the radiopaque distal tip is constructed of material having a
Shore hardness value of 80A. In some cmbodiments, the sheath has a 5 mm long, radiopaque
distal tip comprising polyurethane and bismuth stearate, having a Shore hardness value of 80A.

[471. In some cmbodiments, the catheter tip may be made from a nylon copolymer, such as
PEBAX®, with a hardness on the Shore D scale from 25 1o 75, In some embodiments the
enlarged portion may consist of a nylon copolymer, such as PEBAX®, with a hardness on the

Shore [ scale from 25 t0 75,
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48] In some embodiments, the enlarged portion is a tubular member between 2 and 10
millimeters long. In some embodiments the enlarged portion is between 2.5 mm and 5.0 mm
long.

[491. The mterface between the distal end of the retractable, protective tubular member and
the enlarged portion provides a scal to prevent significant blood flow from cntering the lumen of
the reiractable, protective tubular member. In some ombodiments, the interface is
circumfcrential contact of just the distal ond against a plane orthogonal to the longitudinal axis
of the balloon catheter. In some embodiments, the interface is eylindrical contact between the
inner circumference of the retractable, protective tubular member and an outer cylindrical
surface of the enlarged portion.  In some embodiments, the distal tip of the retractable,
protective tubular member siretches bevond its free (unstressed) dimensions to conform to the
outer surface of the enlarged portion, forming a conical section or a spherical section. Because
of the relative sizing and contact between the inner circomference of the retractable, protective
tubular member and the enlarged portion, the retractable, protective tubudar merober does not
distort {aka fishmouth) when tracking over curves in the guide wire. In some embodiments, the
maximum outer dimension of the refractable protective tobular member s less than the
maximum diameter of the enlarged portion, which assists the distal end to stay in contact with
the enlarged portion when crossing lesions or other stenosed sections of the vasculature.

1501, Al. An agent delivery system comprising a balloon angioplasty catheter having a
longitudinal axis comprising a catheter shaft having proximal end, a distal end, and a length
inbetween; an inflatable balloon pleated and wrapped about a distal portion of the catheter shaft,
the pleated and wrapped inflatable balloon with therapeutic agent disposed thercon having a first
circumterence transverse 1o the longitudinal axis; an enlarged portion with a circumference
transverse to the longitudinal axis greater than the first circumference of the pleated and
wrapped inflatable balloon, the enlarged portion located distal to the pleated and wrapped
inflatablc balioon on the catheter shaft; and an clongated tubular member having a proximal end
and a distal end and a lumen therebetween, wherein the balloon angioplasty catheter is located
within the lomen therebetween, the distal end of the tubular member s proximal to the distal
end of the distal tip of the balloon angioplasty catheter, and the distal end of the wibular member

is in contact with g circumference of the enlarged portion transverse to the longitudinal axis.
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(511, AZ. The agent delivery system of the previous paragraph Al, wherein a distal end of
the enlarged portion and the distal end of the catheter shaft are in one plane transverse to the
longitudinal axis.

(521 A3, The agent delivery system of the previous paragraph Al, wherein the distal end
of the enlarged portion and the distal end of the catheter shaft arc one and the same,

531 A4, The agent delivery systom of paragraph Al, wherein a distal end of the enlarged
portion and the distal end of the catheter shaft are located in different transverse plancs to the
longitudinal axis.

[541. AS. The agent delivery system of any of paragraphs Al through the previous
paragraph, wherein the catheter shaft comprises: a first tubolar member having a proximal end
and a distal end and tumen therebetween; a second tubular member having a proximal end and
a distal end and a lumen therebetween, disposed about at least a portion of the first tubular
member, such that the first tubular member is located within the lumen of the second tubular
moember and an annular inflation lumen i formed between the first and second tubular
members; wherein the inflatable balloon has a proximal leg, a distal leg, and a working length,
the proximal leg is sealably connected to a distal portion of the second tubular member and the
distal leg is disposed about a distal portion of the first tubular member and the annular inflation
fumen s in flnid communication with an interior of the inflatable balioon.

[551. Ab, The agent delivery system of any of paragraphs Al to A4, wheren the
catheter shaft comprises: a first fubular member having a length, a proximal end and a distal
end, and lumen therebetween; a second tubular member having a length, a proximal end and a
distal end, and a lumen therebetween, disposed alongside at least a portion of the first tubular
member, such that the first tubular member and the second tubular member are substantially
paraliel and connected to cach other for at least a portion of their respective lengths; wherein the
inflatable balloon has a proximal leg, a distal leg, and a working length, the proximal leg is
scalably connected to a distal portion of the second tubular member and a portion of the first
tubular member, and the distal leg is disposed about a distal portion of the first tubular member
and the lomen of the second tubular member is in thuid communication with an interior of the
inflatable balloon.

[56]. A7, The agent delivery sysiem of any of the previous paragraphs Al-AS,

wherein an inner diameter of a distal portion of the clongated tubular member multiplicd by pi
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(m) is greater than the first circumterence of the pleated and wrapped inflatable balloon with
therapeutic agent disposed thereon and is constant or increasing proximally from the distal tip of
the clongate tubular member to a point proximal to the proximal cnd of the working length of
the inflatable balioon.

[571. A8. The agent delivery systemn of paragraph A7, wherein the inner diamcter of the
clongated tubular member 15 constant over the length disposed about the inflatable balloon to
the distal end of the clongated tubular member.

[58]. A9, The agent delivery system of paragraph AS, whercin the inner circumference of
the clongated tubular member is equal to the transverse circumference of the pleated and
wrapped inflatable balloon.

[591. AlD. The agent delivery system of paragraph AR, wherein the inner circumierence of
the elongated tubular member 18 greater than the transverse circumference of the pleated and
wrapped inflatable balloon.

1601 All. The agent delivery system of paragraph A10, wherein a sabstantially anmular gap
between the mner circumference of the portion of elongated tubular member that 15 disposed
about the pleased and wrapped mflatable balloon and the transverse circumference of the
pleated and wrapped inflatable balloon is greater than 0.0000 inches and less than 0.050 inches.

611 A12. The agent delivery system of paragraph All, wherein the substantially annular
gap is between 8.002 inches and 0.003 inches.

[62]. A3, The agent delivery system of paragraph A7, wherein the lumen of the ¢longated
tubular member is tapered from the distal end of the clongated tubular memwber and increases
proximally.

1631, Ald, The agent delivery system of paragraph A 13, wherein a substantially annular gap
between the inner circumference of the clongated tubular member and a circumforence of the
balloon catheter transverse to the longitudinal axis of the balloon catheter is greater than 0.0000
inches and less than 0.050 inches.

[641. A1S. The agent delivery system of paragraph Al4, wherein the substantially annular
gap between the inner circumference of the portion of clongated tubular member that is
disposed about the pleased and wrapped inflatable balloon and the transverse circumference of

the pleated and wrapped inflatable balloon is between 0.002 inches and 0.003 inches.

- 14 -



WO 2015/077545 PCT/US2014/066788

[65]. Al6. The agent delivery system of any of the previous paragraphs A1 —-AlS, wherein a
wall thickness of the clongated tubular member is constant.

[66]. Al17. The agent delivery system of any of the previous paragraphs Al —A16, whercin a
wall thickness of the clongated tubular member is between 0.0005 inches and 0.050 inches.

[67]. AlR. The agent delivery system of any of the previous paragraphs Al —Al7, wherein
the distal cnd of the clongated tubular member is radiopaque.

[68]. Al19.The agent delivery system of any of the provious paragraphs Al —AIS, further
comprising lubricious coating on the outer surface of a distal portion of the wbular member
terminating at the distal end.

1691 AZ0. The agent delivery system of any of the previous paragraphs Al —A19, further
coraprising hubricious coating on the inner surface of a distal portion of the tubular member
terminating at the distal end.

[70]. A21. The agent delivery system of any of the previous paragraphs Al —A20, wherein
the tubular merober includes a metal reinforcing layer.

[71]. A22 The agent delivery system of any of the previous paragraphs Al —A21, wherein
the tubular merober is free of a metal reinforcing layer.

1721, A23. The agent delivery system of any of the previous paragraphs At —A22, wherein
the therapeutic agent is paclitaxel or strolimus or their analogs.

1731, A24. The agent delivery system of any of the previous paragraphs At —A23, wherein
the therapeutic agent is present in an exgipient.

741 A2S. The agent delivery system of any of the previous paragraphs At —A24, wherein
the excipicnt is selected from the group consisting of urca, polycthyieneglyeol, a terpenoid,
fopramid, butyryl-trihexyl-citrate (BTHC} and any compound disclosed in a patent application
assigned to SurModics.

1751, A26. The agent delivery system of any of the previous paragraphs At —A25, wherein
the enlarged portion comprises a conical distal portion.

[761. A27. The agent delivery system of any of the previous paragraphs Al —A26, wherein
the enlarged portion comprises a maxinmm diameter proximal to the conical distal portion.

1771 A28, The agent delivery system of paragraph A27, wherein the cnlarged portion
comprises a portion proximal to the maximum diameter that tapers from the maximum diameter

to a smaller diameter.
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[78]. AZ9. The agent delivery system of paragraph A28, wherein the enlarged portion
comprises a portion proximal to the maximum diameter that tapers proximally from the
maximum diameter to a smaller diameter.

[791. A30.The agent delivery systom of paragraph A29, wherein the taper of the portion
proximal to the maximum diameter is constant,

[801. A31. The agent delivery system of paragraph A30, wherein the portion proximal to the
maximum diameter 18 now the first proximal portion and the cnlarged portion comprises a
second proximal portion proximal to the first proximal portion.

[81]. A32. The agent delivery system of paragraph A31, whercin the second proximal
portion has a constant outer diameter.

R2]. A33. The agent delivery system of paragraph A31, wherein the second proximal
portion has a radiused cross section, forming a section of a sphere.

R3] A34.The agent delivery system of any of paragraphs Al to A25, wherein the enlarged
portion compriscs a sphere having a diameter on the longitudinal axis and a cylindrical lumen
co-axial with the longitudinal axis.

(841 A35, The agent delivery system of any of the previous paragraphs A1-A34, wherein
the enlarged portion has a cylindrical lumen co-axial with the longitudinal axis, which is a part
of the lumen of the catheter shaft,

851 A36. The agent delivery system of any of the paragraphs A3 to A3S5, wherein the
distal leg of the balloon is sealably connected to the distal end of the first tubular member of the
catheter shaft,

[86]. A37. The agent delivery system of any of paragraphs A5 to A36, wherein the enlarged
portion comprises a distal tip sealably connected to the distal ond of the first tubular member of
the catheter shaft,

871, A3S. The agent delivery system of any of the previous paragraphs A1-A37, wherein a
bare metal expandable stent is disposed about the pleated and wrapped inflatable balloon, over
the therapeutic agent disposed on the balloon.

[88]. A39. The agent delivery system of any of the previcus paragraphs Al fo A37,
wherein the system is frec of a stent disposed about the pleated and wrapped inflatable balloon,
over the therapeutic agent disposed on the balloon, when the clongated tubular member i

disposcd about the balloon.
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[891]. Detailed Drescription of the Figures

901, FIG. | illustrates a first embodiment of a drug delivery system.  As illustrated, drug
delivery system 100 has a balloon angioplasty catheter 102 having a longitudinal axis 104 and a
proximal end 106, a distal end 108, a length 110 inbetween, Balloon angioplasty catheter 162
has catheter shaft 112 and a pleated inflatable balloon 114 {(scen in FIGS. 2, 4, and 5) wrapped
around an nner mermber 116 (seen in FIG. 4) of catheter shaft 112, Pleated inflatable balloon
114 has an initial loading of therapeutic agent 1€ (scen in FIG. 5} disposed thercon. Balloon
angioplasty catheter 102 has an enlarged portion 120 distal to the pleated and wrapped inflatable
balloon 114. Drug delivery system 100 has a retractable tubular member 122 with a proximal
end 124, a distal end 126, and a humen 128 therebetween (scen best in FIGS. 4, 64, 6B, and 6C)
and a length 130, Distal end 126 of retractable tubolar member 122 is distal to pleated and
wrapped inflatable balloon 114 (seen best in FIG. 4) and is in contact with enlarged portion 120
of balloon catheter 102, Balloon catheter 102 has a hub 132 that includes two lumens 134, 136,
one (134) for inflating the balloon and one (136} for receiving a guide wire, n a standard Y
connector configuration.  As illastrated 1n FIG. 1, balloon catheter 102 may also have a strain
relicf 140, Retractable tubular roember 122 has a hub 142 with flanges 144 for case of gripping
and twisting the proximal end. Retractable tubular member 122 has a strain rehief 146,
Retractable tubular member 122 has a radiopague tip 148, The circomference, here a diameter,
of distal end 126 of retractable tubudar member 122 (which 18 the distal end of radiopague tip
148) is in contact with a matching circumference 130, as seen in FIG. 4, of enlarged portion 120
of baloon catheter 102, Retractable tobular member 122 s selectively retractable from a
position surrounding pleated and wrapped inflatable balloon 114, as shown in FIG. 2.
Retractable tubular member 122 may be selectively secured in place to prevent unintentional
transiation or rotation of retractable tubular member with respect to balloon catheter 102, Such
selective securing device may also provide scaling contact between retractable tubular member
122 and balloon catheter shaft 112.

o1} FI1G. 2 illustrates drag debivery system 100 of FIG. 1 with retractable tubular member
122 in a (fully} retracted position with proximal end 124 in mechanical contact with strain relief
140 of balioon catheter 102, If retractable tubular member 122 was secured to balloon catheter
shaft 112 when in the protective position, the sclective securing device was relcased pormitting

at least proximal translation of retractable tubular member 122 with respect to balloon catheter
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102 or, additionally or alternatively, the distal translation of balloon catheter1 02 with respect to
retractable tubular member 122, When retractable tubular member 122 and the pleated and
wrapped inflatable halloon 114 are no longer co-axial (i.c., retractable tubular member 122 no
longer surrounds balloon 114}, balloon 114 may be inflated to bring s working surface in
contact with the lesion surface to dilate the stenosis and transfer at least some of the intially
loaded therapeutic agent 118 to the vessel wall,

[921]. In FIG. 2, enlarged portion 120 may be fully scen n side view, showing its radinsed
longitudinal profile both proximal and distal to its maximuwm dimension, and its location distal
to the pleated and wrapped balloon 114,

[93]. FIG. 3 sHustrates an embodiment of a retractable tubular member 122 which has a
proximal end 124, a distal end 126, a length 130, and a humen (128) therebetween. Retractable
tubular member 122, which is elongated, has a hub 142 with flanges 144, and a strain relief 146,
A distal section 156 of retractable tubular member 122 s radiopaque. Such radiopaque material
ray be a band embedded in a polymer tube or may be dispersed in a polymeric tubular member
{148} of the same wall thickuess as the remainder of the tubular member.

(941 FIG. 4 illustrates a cross-section in the same plane as the longitudinal axis 104 of
balloon catheter 102, along the section A-A of FIG. 1. Here, retractable tubular member 122 i3
shown with its distal end 126 m circumferential contact with enlarged portion 128, In
embodiments where the distal section 156 of tubular member 122 is clastomeric polymer, it may
streteh to merease in diameter and conform to the outer surface of enlarged portion 120, creating
a greater arca of contact between the two. A first shaft or tubular member 116 of catheter shaft
112 is swrrounded by distal balloon leg 162, which is scaled around it. First tubular member 116
is illustrated with a lomen 164 therethrough, which i3 intended to receive a guide wire (aka
guide wire lumen). A second shaft or tubular member 166 of catheter shaft 112 surrounds at
least a portion of first tubular member 116, and the two creatc an anmular lumen 168
therchbetween, which is intended to serve as an inflation lumen for the fluid used to inflate
balloon 114 (aka inflation lumen). Proximal balloon leg 170 is sealed to a distal portion of
sccond tubular member 166, Inflation lumen 168 15 in fluid commumication with the interior
172 of inflatable balloon 114, Pleated and wrapped balloon 114 has an cffective diamcter,
which is the diamcter of the smaliest circle which can enclose the shape in the cross-section

transverse to the longitudinal axis 104 {like shown in FIG. 5},
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[95]. FIG. 4 also iliustrates the gap 174 between the pleated and wrapped balloon 114 and
the inner surfacel76 of the retractable tubular member 122, It is noted that the actual gap on the
opposite side of a pleated and wrapped balloon may not be the same dimension, duc to the
number of pleats and/or the non-circular circumference of a pleated and wrapped balloon.
Howgver, if the gap 174 is calculated assuming a circle having the effective diamcter of the
pleated and wrapped balloon 114 18 co-axial with the circle on the inner surface 176 of tubular
member 122, then the gap 174 on either side will be equal to one half of the inner diameter 178
of the tubular member 122 and the effective diameter 180 of the pleated and wrapped balloon
114, In FIG. 4, the gap 174 is constant along the entire working length of balloon 114,

[96]. FIG. 4 also illustrates an enlarged portion 120 having a spherical shape 182 with
maximum cross-sectional (fransverse o the longitadinal axis 104) diameter Dayax, labeled as
152, Enlarged portion 120 may be constructed of a separate piece bounded to, by heat or
adhesive, the first tubular member 116 and/or to the previously scaled distal balloon leg 162 and
first tubular member 116, FIG. 4 shows a constant taper tapered portion 184 distal to the
spherical portion 182,

1971 FIG. 5 illustrates a cross-section taken transverse fo the longitudinal axis of the balioon
catheter, The retractable tubular member 122 can be scen with a circular cross section and
balloon 114 has three pleats which have been wrapped clockwise about first tubular member
{not shown for simplicity, but co-axial with retractable tubular member 122}, FIG. § illustrates
with “x” the mitially loaded therapeutic agent, optionally in a carrier or excipient. FIG. S
lustrates the annular gap 174 between the cirele with the effective diameter 180 of the pleated
and wrapped balloon 114 and the inner surface 176 of retractable tubular member 122

981, FIG. 6A illustrates a constant wall thickness retractable tubular member 186 that tapers
from a larger proximal end 190 to a smaller distal end 188 with a lumen 128 thercthrough.
While iflustrated with a single tubular composition, alternate embodiments have a composite
construction as described earlier.

991, FIG. 6B ilustrates a proximally increasing wall thickness retractable tubular member
192 that has a constant inner diameter, dip, a distal outer diameter, dpop, and a proximal outer
diameter, dpop, and lumen 128 thercthrough. While illustrated with a single tubular

composition, alternate ermbodiments have a corposite construction as described carlier.
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[106]. FIG. 6C illustrates a constant wall thickness retractable tubular member 194 that has a
constant inner diameter and a constant outer diamceter and a lumen 128 therethrough. While
dlustrated with a single tubular composition, alternatc embodiments have a compaosite
construction as described carlier.

[101]. FIG. 7A illustrates a side view of a first distal tip 196 that may be asscmbled to first
tubular member 116 of halloon cathcter and/or to distal leg 162 of balloon 114 to provide a
sccond embodiment 198 of enlarged portion. First distal tip 196 has a proximal end 200 and a
distal end 202 and a maximum dimension portion 204 in between the proximal and distal end.
Proximal to the maximum dimension portion 204 is a proximally tapering proximal tapercd
section 206, Distal o the maximoum dimension portion 204 18 a distally tapering proximal
tapered section 208, with reduced angle and greater length than the proximal tapered portion.
Proximal to the proximal tapered section 206 is a constant diameter portion 210 having an outer
diameter equal to the minimum diamcter in the proxamal tapered portion 206, The maximum
dimension portion 204 has a length and 3 of constant diameter. Maximum dimnension portion
has a glue port 212, which is a hole from the outer surface to the proximal tamen through which
adhesive may be injected fo the annular space between the distal tip and the tubular meember to
which is it to be sealed. Glue ports are optional, and may be omitted if heat bonding is to be
used for sealing. Enlarged portions that are integral to the first tubular member will have the
same outer dimensions and shape as the distal tip iHustrated here (but will have material instead
of the glue port).

f1021 FIG. 7B ilustrates a cross-section along view lines A-A of FIG. 7A. Lumen 214
between the proximal and distal ends may be seen. Lumen 214 includes a proximal lumen 216
and distal fumen 218 in fluid communication. The diamcter of distal lamen 218 matches the
inner diameter of the distal end of first tubular member 116, The diameter of proximal lumen
216 matched the outer diameter of the first tubular member 116, or if being sealed to the distal
leg 162 ot the balloon 114, the outer diameter of the distal leg 162 of the balloon 114,

[1031]. FIG. 7C is a perspective view of the distal tip of FIGS. 7A and 7B, showing the conical
shape of the proximal and distal tapercd portions, and the cylindrical shape of the maximum
dimension portion and the second proximal portion.

[104] FIG. 8A illustrates a side view of a sccond distal tip 222 that may be assembled to first

tubular member 116 of balloon catheter or to distal leg 162 of balloon 114 to provide a third
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embodiment 224 of enlarged portion.  Sccond distal tip 222 has a proximal end 226 and a distal
end 228 and a maximum dimension portion 230 in between the proximal and distal end.
Proximal to the maximum dimension portion 230 is a proximally tapering first proximal tapered
portion 232. The length of the proximal tapered scction is very short compared to the first distal
tip, on the order of one-fourth the length. Proximal to the first proximal tapered portion 232 is a
proximally tapering sccond tapered portion 234, The proximal taper of the sccond tapered
portion is not constant but follows a radius from the larger diameter to the terminating smaller
diamcter. The maximum dimension portion 230 has a length and is of constant diamcter.
Maximum dimension portion has a ghue port 236 , which is a hole from the outer surface to the
proximal lumen through which adhesive may be injected to the anmular space between the distal
tip and the tubular member to which is it to be scaled. Glue ports arc optional, and may be
omitted if heat bonding is to be used for sealing.  Distal to the maximum dimension porfion is a
distally tapering proximal tapered section 238, with reduced angle and greater length than the
first proximal tapered portion 232. Enlarged portions that are micgral to the first wbular
member will have the same outer dimensions and shape as the distal tip iHustrated here (but will
have material instead of the ghue port),

[105] FIG. &B ilustrates a cross-section along view lines A-A of FIG. 8A. Lumen 242
between the proximal and distal ends may be seen. Lumen 242 includes a proximal lomen 244
and distal lumen 246 n fhud communication. The diameter of distal lamen 246 matches the
inner diameter of first tubular member 116, The diameter of proximal lumen 244 matches the
outer diameter of the first tubular member 116, or if being sealed to the distal leg 162 of the
balloon 114, the outer diameter of the distal leg 162 of the balloon 144,

[106]. FIG. 8C is a perspective view of the distal tip of FIGS. 8A and ¥B, showing the conical
shape of the first proximal tapercd portion and distal tapercd portion, and the cylindrical shape
of the maximum dimension portion, and the spherical taper of the second proximal tapered
portion,

[107] FIG. 9A illustrates a side view of a third distal tip 248 that may be assembled to first
tabular member 116 of balloon catheter or to distal leg 162 of balloon 114 to provide a fourth
embodiment 250 of enlarged portion. Distal tip 248 has a proximal end 252 and a distal end
254, a length 256 and a lumen therethrough, Distal tip 248 has a maximum dimension portion

260 and a first proximal tapered portion proximal 261 to maximum dimension portion 260.
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Proximal to the first proximal tapered portion 261 is a cylindrical section 262 of length 264 and
distal tip terminates at the proximal ond with a beveled proximal tip 264, Distal to maximum
dirmnension portion 260 is a first distally tapering distal tapered portion 266, Distal to first distal
tapered portion 266 18 a sccond distally tapering distal tapered portion 268, The angle of the
sccond distal tapered portion 268 is less than that of the first distal tapered portion 266 and its
length is longer. Distal to the sccond distal tapered portion 268 is a constant outer diameter
section 270 over a length greater than the length of the second distal tapered portion. The distal
tip 248 terminates with a rounded portion that is a third distal tapered portion 272, where the
taper follows a radius from the constant outer section’s diameter to the diameter of the lumen.

[108]. FIG. 9B illustrates a cross-section along view lines A-A of FIG. 9A. Lomen 274
between the proximual and distal ends roay be seen. Lumen 274 includes a proximal fumen 276
and distal lumen 278 in fluid communication. The diamcter of distal humen 278 maiches the
wmner diameter of the distal end of first tubular member 116, The diameter of proximal lomen
276 matches the outer diaroeter of the first tubular member 116, or if being sealed to the distal
leg 162 of the balloon 114, the outer diameter of the distal leg 162 of the balloon 144,

L1091 FIG. 9C 15 a perspective view of the distal tip of FIGS. 9A and 9B, showing the conical
shape of the proximal tapered portion and first and second distal tapered portions, and the
cyvlindrical shape of the maxtmum dimension portion, and the third distal portion and second
proximal portion, and the spherical taper of the third tapered portion.

(1101 Aspects of the present invention have been described herein with reference to certain
exemplary or preferred embodiments. These embodiments are offered as merely illustrative, not
limiting, of the scope of the present invention. Certain alterations or modifications which are
possible include the substitution of sclected features from one embodiment to ansther, the
combination of selected features from more than one embodiment, and the climination of certain
features of described embodiments. Other alterations or modifications may be apparent to those
skifled in the art in light of instant disclosure without departing from the spirit or scope of the

present invention, which is defined solely with reference to the following appended claims.
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CLAIMS
i. An agent delivery system comprising:
a balloon angioplasty catheter having a longitudinal axis comprising
a catheter shaft having proximal end, a distal end, and a length inbetween;
an inflatable balloon pleated and wrapped about g distal portion of the catheter shaft,
the pleated and wrapped inflatable balloon with therapeutic agent disposed thercon having a first
circumference transverse to the longitudinal axis;
an cnlarged portion with a circumfercnce transverse to the longitudinal axis greater
than the first circumfercnce of the pleated and wrapped inflatable balloon, the cnlarged portion
located distal to the pleated and wrapped inflatable balloon on the catheter shaft; and
an clongated tubolar member having a proximal end and a distal end and a lumen
therebetween, wherein the balloon angioplasty catheter is located within the lumen therebetween,
the distal end of the tubular mewmber is proximal to the distal end of the distal tip of the balloon
angioplasty catheter, and the distal end of the tubular member is in contact with a circomference of

the enlarged portion transverse to the longitadinal axis,

2. The agent delivery system of claim 1, wherein a distal end of the enlarged portion and the

distal end of the catheter shaft are in one plane transverse o the longitudinal axis.

3. The agent delivery systemn of claim 2, wherein the distal end of the enlarged portion and the

distal end of the catheter shaft are one and the same.

4. The agent delivery system of claim 1, wherein a distal end of the enlarged portion and the
distal end of the catheter shaft are located in different transverse planes to the longitudinal axis,
5. The agent delivery system of any of the previous claims, wherein the catheter shaft
COMPrises:

a first tubular member having a proximal end and a distal end and fumen therebetween,

a second tubular member having a proximal end and a distal end and a lumen therebetween,

disposcd about at least a portion of the first tubular member, such that the first tubular member is
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iocated within the lomen of the second tubular member and an annular inflation lumen is formed
between the first and second tubuiar members;

wherein the inflatable balloon has a proximal leg, a distal leg, and a working length, the
proximal leg s scalably connected to a distal portion of the sccond tubular member and the distal
icg is disposed about a distal portion of the first tubular member and the annular inflation lomen is

in thaid comumuntcation with an interior of the inflatable balloon.

6. The agent delivery system of any of claims 1 to 4, wherein the catheter shaft comprises:

a first tubular member having a length, a proximal end and a distal end, and lumen
therebetween;

a second tubular member having a length, a proximal end and a distal end, and a lumen
therehetween, disposed alongside at least a portion of the first tubular member, such that the first
tubular merober and the second tubular member are substantially parallel and connected to cach
other for at least a portion of their respective lengths;

wherein the inflatable balloon has a proximal leg, a distal leg, and a working length, the
proximal leg 1s sealably connected to a distal portion of the second tubular member and a portion of
the first tubular member, and the distal leg s disposed about a distal portion of the first tubular
member and the lumen of the second tubular member i in finid communication with an interior of

the inflatable balloon.

7. The agent delivery system of any of the previcus claims, wherein an inner dlameter of a
distal portion of the clongated tubular member multiplied by pi () is greater than the first
circumforence of the pleated and wrapped inflatable balloon with therapeutic agent disposed
thereon and is constant or increasing proximally from the distal tip of the clongate tubular member

to a point proximal to the proximal end of the working length of the inflatable balioon.
8. The agent delivery system of claim 7, wherein the inner diameter of the elongated tubular

member is constant gver the fongth disposed about the inflatabie balloon to the distal end of the

clongated tubular member.
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9. The agent delivery system of claim &, wherein the inner circumference of the clongated
) P 2 )

tubular member is equal to the transverse circumference of the pleated and wrapped inflatable

balloon.

10.  The agent delivery system of claim 8, wherein the inner circumnference of the clongated
tubular member is greater than the transverse circumfercnce of the pleated and wrapped inflatable

balloon.

{1, The agent delivery system of claim 10, wherein a substantially annular gap between the
imer circurnference of the portion of clongated tubular member that is disposed about the pleased
and wrapped mflatable balloon and the transverse circumference of the pleated and wrapped
inflatable balloon 1s greater than 0.0000 inches and less than 0.050 inches.

12, The agent delivery system of claim 11, wherein the substantially annular gap is between

0.602 inches and 0.003 inches.

13 The agent delivery system of claim 7, wherein the lamen of the elongated tubular member is

tapered from the distal end of the clongated tubular member and increases proximally.

4. The agent delivery system of claim 13, wherein a substantially annular gap between the
imner eircumference of the elongated tubular member and a circumference of the balloon catheter
transverse to the longitudinal axis of the balloon catheter is greater than (.0000 inches and less than

(1.050 inches.

i5. The agent delivery system of claim 14, wherein the substantially annular gap between the
inner circumicrence of the portion of clongated tubular member that is disposed about the pleased
and wrapped inflatable balloon and the transverse circumfercnce of the pleated and wrapped

inflatable balloon is between §.002 inches and 0.003 inches.

16 The agent delivery system of any of the previous claims, wherein a wall thickness of the

clongated tubular member is constant.
295 .
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17. The agent delivery system of any of the previous claims, wherein a wall thickness of the

clongated tubular member is between 0.0005 inches and (.050 inches.

8. The agent delivery system of any of the previous claims, wherein the distal end of the
elongated tubular member is radiopaque.

19. The agent delivery system of any of the previcus claims, further comprising lubricious

v

coating on the outer surface of a distal portion of the tubular member terminating at the distal end.

20. The agent delivery system of any of the previous claims, further comprising lubricious

coating on the inner surface of a distal portion of the tubular member termunating at the distal end.

21. The agent delivery system of any of the previous claims wherein the tubular member

includes a metal reinforcing laver.

22, The agent delivery system of any of the previous claims, wherein the tubudar member is free

of a metal reinforcing layer.

23. The agent delivery system of any of the previous claims, wherein the therapeutic agent is

paclitaxel or sirolimus or their analogs.

24. The agent delivery system of any of the previous claims, wherein the therapeutic agent is

prosent in an excipicnt.

25. The agent delivery system of any of the previgcus claims, wherein the excipient is selected
from the group consisting of wureca, polyethyiencglycol, 2 terpenoid, lopramid, butyryl-trihexyl-

citrate {(BTHC).

20. The agent delivery system of any of the previous claims, whercin the cnlarged portion

comprises a conical distal portion.
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27. The agent delivery system of any of the previcus claims, wherein the enlarged portion

comprises & maximum diamcter proximal to the conical distal portion.

28. The agent delivery system of claim 27, wherein the enlarged portion comprises a portion

proximal to the maximum diameter that tapers from the maximuom diameter to a smaller diameter.

29. The agent delivery system of claim 28, wherein the enlarged portion comprises a portion
proximal to the maximum diameter that tapers proximally from the maximum diameter fo a smaller

diameter.

30. The agent delivery system of claim 29, wherein the taper of the portion proximal to the

maximom diameter 15 constant,

31, The agent delivery system of claim 30, whercin the pottion proximal to the maximum
diameter 18 now the first proximal portion and the eolarged portion comprises a second proximal

porttion proximal to the first proximal portion.

32. The agent delivery system of claim 31, wherein the second proximal portion has a constant

outer diameier.

33, The agent delivery system of claim 31, wherein the second proximal portion has a radiused

cross section, forming a section of a sphere.

34. The agent delivery system of any of claims 1 to 25, wherein the enlarged portion comprises
a sphere having a diameter on the longitudinal axis and a cylindrical lamen co-axial with the

longitudinal axis.

35, The agent delivery system of any of the previous claims, wherein the enlarged portion has a
cylindrical lumen co-axial with the longitudinal axis, which is a part of the lumen of the catheter

shafi,
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36. The agent delivery system of any of the claims 5 to 35, wherein the distal leg of the balloon

is scalably connected to the distal end of the first tubular member of the catheter shaft.

37. The agent delivery system of any of claims 5 to 36, wherein the enlarged portion comprises

a distal tip scalably connected to the distal end of the first tubular member of the catheter shaft,

38. The agent delivery system of any of the previous claims, wherein a barc metal expandable
stent is disposed about the pleated and wrapped inflatable balloon, over the therapeutic agent

disposed on the balloon.
39, The agent delivery system of any of the previous claims | to 37, wheremn the system s free

of a stent disposed about the pleated and wrapped inflatable balloon, over the therapeutic agent

disposed on the balloon, when the elongated tubular member 15 disposed about the balloon.
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