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(57) 	 ABSTRACT 

A balloon catheter, for use with an introducer, includes an 
outer catheter, a telescopically disposed resilient inner cath-
eter and a high-aspect, distal, inflatable balloon having one 
end of the balloon coupled to the inner catheter and an oppos-
ing end of the balloon coupled to the outer catheter. The 
balloon is joined at its corresponding ends to the correspond-
ing inner and outer catheters, so that the balloon, when 
inflated, buckles and twists the inner catheter inside the outer 
catheter. This creates forces which automatically return the 
balloon to the wrapped configuration when deflated. The 
balloon diameter to length aspect ratio is equal to or greater 
than 1. The balloon is wrapped around the self adjusting inner 
catheter extended from the outer catheter when the balloon is 
deflated so that the outer and inner catheters with the deflated 
balloon fit and are disposable through the introducer. 
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BALLOON CATHETER AND METHOD OF 
MANUFACTURE OF THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The invention relates to the field of cardiac balloon 
catheters and the methods of manufacture of the same. 
[0003] 2. Description of the Prior Art 
[0004] Cardiac balloon catheters are well known in the art, 
having been introduced by Swan and Ganz in the 1970's as 
balloon flotation catheters. Versions of these catheters are 
currently used for temporary vascular occlusion; ie Swan-
Ganz and Pulmonary Angiography catheters by Edwards 
Lifesciences (Irvine, Calif.) and Corodyn Right Heart Cath-
eters by B. Braun (Bethlehem, Pa.). These catheters are dual 
lumen catheters with a distal compliant balloon bonded to the 
distal end in fluid communication with one of the lumens, 
with the other lumen being used for injection of radiopaque 
dye for performing angiography of the pulmonary arteries. 
The limitations of these catheters when being used for coro-
nary sinus venography in a patient with heart failure is that the 
balloon is inherently too small to occlude the coronary sinus 
vein, a larger balloon size will not fit through the standard size 
introducers, and the larger balloon sizes inflate at too high of 
pressures, risking dissection of the coronary sinus vein. 
[0005] Occlusive balloon catheters for performing coro-
nary sinus venography are delivered by a delivery catheter or 
introducer to the coronary ostium or inlet to the coronary 
sinus in the right atrium. The coronary sinus is a large vein 
into which blood returning from the heart muscles empties 
before flowing through the coronary ostium into the right 
atrium. Thus, the coronary sinus has a larger diameter or cross 
section than any of the several coronary branch vessels emp-
tying into it. In order to inject contrast agent into the coronary 
vessels to then fluoroscopically visualize and perform a car-
diac intervention of any kind, it is necessary to inflate a 
balloon in the sinus to block the flow of blood returning to the 
atrium. Conventional balloons have a limited ratio of the 
inflated-to-deflated balloon diameter. In conventional 
designs, the larger the inflated balloon diameter, the larger the 
deflated balloon diameter. However, due to the large average 
diameter of the coronary sinus and the restrictive diameter of 
the coronary sinus delivery catheters or introducers through 
which the deflated balloon must first pass, the largest inflated 
balloon diameter achievable is usually only effective for 
occluding small coronary sinus vessels resulting in less than 
ideal coronary sinus venograms. Even more troublesome is 
the tendency of balloons of conventional design to fail to 
deflate flatly after being inflated. The larger the balloon, the 
more likely it is that it will be difficult to deflate the balloon to 
a size which can be easily withdrawn into the delivery cath-
eter for removal from the vascular system. In addition, the 
balloon shape of conventional designs exhibits a length 
longer than the balloon diameter. This results in the potential 
to occlude the coronary branch vessels that are located near 
the coronary sinus ostium when performing coronary sinus 
venography. 
[0006] What is needed is some kind of a design for a bal-
loon catheter that will always allow its easy insertion into the 
coronary sinus, its inflation to a diameter effective to block 
the coronary sinus at any location in the sinus, to limit the 
balloon inflation forces that might cause dissection of the 
vein, to have a balloon shape whereby the diameter is equal to 
or larger than the balloon length, and the ability to thereafter 

deflate the balloon and fold it flatly to allow easy withdrawal 
into the delivery catheter or introducer regardless of its 
inflated diameter. 
[0007] Shah, U.S. Patent Application Publication 2008/ 
0188802 is directed to a multi-lumen lay-flat tubing, catheter 
articles comprising same, and methods of manufacture 
thereof. The balloon catheter as seen in FIG. 1 includes a 
multi-lumen tube formed of a polymeric material such as 
polyurethane that is formed by beginning with two super-
posed sheets followed by the welding of the sheets. The 
resulting structure is a main tubular body 12 that is secured to 
an inflatable balloon 28 wherein the main tubular body 12 
may have additional tubular passages such as shown at 
numerals 16 and 18. The additional tubular passages 16 and 
18 may communicate with the balloon 28, as well as the main 
feed 226 which may be coupled to a pressurized gas source so 
that the gas flow may pass into the interior volume of the 
balloon 28. The manufacturing process involves the utiliza-
tion of two superposed sheets of a polymeric material such as 
polyurethane which is then followed by a welding process 
that seal portions of the sheets together in order to form 
passages and seal off other portions of the superposed sheets. 
[0008] Shah, U.S. Pat. No. 6,712,832, is directed to a low-
pressure medical balloon and the method of making same, is 
also included wherein thin films of thermoplastic polymeric 
material are used to form a balloon where a welding process 
that involves radio-frequency welding is utilized. 
[0009] Shah, U.S. Pat. No. 5,833,915, is directed to a 
method of welding polyurethane thin film. 
[0010] Koehn, U.S. Pat. No. 3,050,066, is directed to reten-
tion catheters. Referring to the Figures, the catheter com-
prises an outer tube 16 and an inner tube 17 with an attached 
sleeve 18 made of a thin flexible material and sealed to the 
forward ends of the inner and outer tubes respectively. This is 
clearly seen in FIG. 3. When the inner tube is extended from 
the outer tube as seen in FIG. 5, the sleeve 18 may be inflated 
to form an annular enlargement 28 at the end of the catheter. 
FIG. 4 shows the flexible sleeve 18 in a folded condition 
within outer tube 16. 
[0011] Joergensen, U.S. Pat. No. 7,022,106, directed to a 
catheter having enhanced distal pushability. Referring to the 
Figures, the catheter 40 comprises an outer tube 42 and an 
inner tube 44 that extends coaxially within outer tube 42. A 
balloon 46 is attached to the distal end or inner tube 44. 
Balloon 46 is also attached proximally to outer tube 42 which 
may be inflated by means of lumen 43 which lies between 
outer tube 42 and inner tube 44. The tapered portion of outer 
tube 42 may include radiopaque marker bands 48. 
[0012] Burgmeier, U.S. Patent Application Publication 
2005/0215950 is also included for being directed to balloon 
catheter with a radiopaque portion. The catheter 10 is a struc-
ture that includes an inner tubular member 22 and an outer 
tubular member 26 that are coaxial with one another, and the 
balloon portion 28 is attached distally to the inner tube at 
numeral 32 and proximally to the outer tube 26 at numeral 30. 
[0013] Dehdashtian, U.S. Pat. No. 6,379,372, is directed to 
an endovascular delivery system. Referring to the Figures, the 
catheter assembly 10 includes an elongated catheter 130 
which has a dual tube construction that includes an inner tube 
142 and an outer tube 132. The inner tube 142 is slidably 
extensible distally and retractable proximally relative to the 
outer tube 132. A balloon 156 is attached at its proximal end 
160 to outer tube 132 and its distal end 158 of balloon 156 is 
attached to sleeve 150, hence the inner tube 142, and thus the 
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extension of inner tube 142 relative to the outer tube 132 
facilitates the longitudinal stretching of the balloon 156. 
[0014] Neary, U.S. Patent Application Publication 2005/ 
0075711, is directed to a balloon catheter with selectable 
diameter and expandable length, is also included and com-
prises a coaxial bit-lumen design. A catheter body 210 and an 
internal inflation lumen 226 with attached inflatable balloon 
220 gives rise to a variable expansion balloon catheter in 
order to provide a preselected diameter and length for the 
balloon. 
[0015] Hijlkema, U.S. Pat. No. 5,792,415, is directed to a 
method for manufacturing a balloon catheter. Hijlkema 
shows a balloon that may be folded into a small diameter. 
Referring to FIG. 7, the balloon is seen in its deflated con-
figuration for introduction into the introducer sheath 26 
which has a relatively small inside diameter, and thus the 
balloon member 9 may be folded into the small diameter in 
order to fit within the sheath 26. 
[0016] Kilpatrick, U.S. Pat. No. 6,972,024, is directed to a 
method of treating vulnerable plaque, and Chemomorsky, 
U.S. Pat. No. 6,302,839, is directed to a device and method for 
radiation therapy. Both include a provision for inflating a 
balloon catheter that has a pressure release valve in order to 
limit the inflation pressure for the volume of inflation in the 
balloon portion. 

BRIEF SUMMARY OF THE INVENTION 

[0017] A catheter balloon of the illustrated embodiment is 
characterized by a collar or pillow-shape giving it a high 
aspect ratio and may be made of any type of material and 
made by any type of process, although welding processes are 
preferred. The material may be extensible or nonextensible 
(compliant/noncompliant). Any material may be theoreti-
cally used for the balloon, although urethane and isoprene are 
preferred. The butt welding of the balloon material to the 
butt-ends of the inner and outer catheters allows for an unex-
pected flatness or closeness in wrapping the balloon material 
around an inner catheter so that the outer diameter of the outer 
catheter is closely approximated by the outer envelope of the 
wrapped balloon. Two flat squares of polyurethane are butt 
solvent-welded to pliable catheters and a hole punch out 
through the hollow catheter. The butt welding allows a much 
smaller diameter to be realized of the folded balloon on the 
catheter than is realizable through lap welding used in the 
prior art. The two hollow catheters are telescoped together 
with their squares and then the two squares are a circularly 
heat welded together. The excess material outside the circular 
weld is trimmed away. The thickness of the circular heat weld 
is easily and precisely controllable. The manufacturing 
method is substantially less costly than the prior art method of 
blow molding extensible biomedical occlusion balloons. The 
resulting manufactured balloon can be readily made with a 
high diameter to length aspect ratio and be attached to small 
catheters 6 F and below, which was not a prior art capability. 
[0018] The collapsed balloon is wrapped or folded around 
the inner catheter extended out of the inner catheter. An air 
syringe is then used to inflate the balloon which assumes the 
disk-pillow shape so that it can be employed in the coronary 
sinus system for occlusion near vein branches without block-
ing the adjacent branch. The high-diameter-to-axial-length 
ratio of the balloon, and a high-diameter-of-the-balloon-to-
catheter diameter ratio, both of which are significant for small 
diameter catheters. This allows a larger diameter balloon to be 
realized at a smaller inflation volume for coronary sinus ves- 

sels up to 2.0 cm in diameter while not requiring additional 
amounts of balloon material, which would be the case with 
latex balloons on fixed attachments to the catheter, which 
inflate to spherical or long length shapes. This makes it easier 
to withdraw the balloon catheter into a small diameter deliv-
ery catheter or introducer. 

[0019] The inner catheter is pulled inward or compressed 
into the outer catheter, but stays substantially on center on the 
inner catheter to stabilize and keep the balloon centered when 
and as it is inflated. The balloon has a selective stiffener or a 
short section of thin heat-shrink tubing on the distal portion of 
the inner catheter that enables the appropriate amount of axial 
stiffness to prevent balloon deflection, while maintaining a 
soft tip and flexible inner catheter. It is important that the inner 
catheter be as flexible as possible to avoid vessel trauma, but 
the distal portion extending through the balloon needs to be 
stiffened in order to achieve the shortening or pistoning action 
described as follows. Softness is also needed to allow the 
inner catheter to piston as described below. The inner catheter 
is hollow and is used to inject fluoroscopic dyes. Hence, the 
distal end of the inner catheter is kept free in the vessel and not 
occluded or blocked by being bent and having its orifice 
abutted against the vessel wall and hence must be stiff to avoid 
buckling. 

[0020] The inner catheter accordions inside the outer cath-
eter along the entire length inside the outer catheter to allow 
this "pistoning" of the inner catheter as its extended portion is 
shortened when the balloon inflates. The proximal ends of 
both catheters are fixed. The diameter of the balloon and 
hence the amount of extended inner catheter will vary on each 
application depending on vein diameter and the design auto-
matically adjusts the two catheters accordingly. This ability to 
shorten is necessary to obtain the high aspect ratio of the 
balloon and the ability to have different amounts of shorten-
ing is necessary to have such a high aspect ratio balloon of 
differently adjusted diameters. The only way different diam-
eter balloons of the prior art can be provided is by providing 
different lengths and different starting diameters of an 
expanding balloons. The prior art latex balloon is attached to 
a fixed length of the catheter and inflates in a generally spheri-
cal shape so that a greater diameter necessitates a greater 
length of the catheter to be provided as the balloon attachment 
base. This in tarn requires a larger balloon making the balloon 
more difficult to withdraw into a small diameter delivery 
catheter (not shown) and is more prone due to the length to 
occlude branch coronary sinus vessels near the coronary 
sinus ostium. This limitation is not current in the self-adjust-
ing high aspect ratio pillow balloon, which pulls or pushes the 
inner catheter into the outer catheter by amounts varying on 
the degree of the radial expansion of the balloon, always 
keeping the attachment base on the inner catheter to a length 
appropriate for the oblateness of the balloon depending on its 
degree of inflation. 

[0021] More generally, the illustrated embodiments of the 
invention can be characterized in several alternative ways, 
which are summarized as follows. The illustrated embodi-
ment is a balloon catheter for use with an introducer having an 
inner diameter comprising an outer catheter, a resilient inner 
catheter telescopically disposed in the outer catheter and 
extending distally therefrom, an annular space defined 
between the inner and outer catheters; and a high-aspect, 
distal, inflatable balloon having one end of the balloon 
coupled to the inner catheter and an opposing end of the 
balloon coupled to the outer catheter, the balloon having an 
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interior fluidicly communicating with the annular space 
between the inner and outer catheters, the balloon being 
joined at its corresponding ends to the corresponding inner 
and outer catheters, so that the balloon when inflated buckles 
the inner catheter inside the outer catheter, is characterized by 
an outer diameter approximately 8 times the introducer inner 
diameter, a balloon diameter to length aspect ratio equal to or 
greater than 1, and a self adjusting inner catheter that auto-
matically folds the balloon about the inner catheter as it 
distally extends from the outer catheter when the balloon is 
deflated so that the outer and inner catheters with the deflated 
balloon fit and is disposable through the introducer. 
[0022] The illustrated embodiment is a coronary sinus bal-
loon catheter for use with an introducer having an inner 
diameter of 6.5 French or less comprising an outer catheter, a 
resilient inner catheter telescopically disposed in the outer 
catheter and extending distally therefrom, an annular space 
defined between the inner and outer catheters, and a high-
aspect, distal, inflatable balloon having one end of the balloon 
coupled to the inner catheter and an opposing end of the 
balloon coupled to the outer catheter, the balloon having an 
interior fluidicly communicating with the annular space 
between the inner and outer catheters, the balloon being 
joined at its corresponding ends to the corresponding inner 
and outer catheters, so that the balloon when inflated buckles 
the inner catheter inside the outer catheter, is characterized by 
a shape and size having an outer diameter equal to or greater 
than 1.5 cm, a balloon diameter to length aspect ratio equal to 
or greater than 1, and a self adjusting inner catheter that 
automatically folds the balloon about the inner catheter as it 
distally extends from the outer catheter when the balloon is 
deflated so that the outer and inner catheters with the deflated 
balloon fit and is disposable through the introducer having an 
inner diameter of 6.5 French or less. 
[0023] The illustrated embodiment is a balloon catheter 
comprising an outer catheter, a resilient inner catheter tele-
scopically disposed in the outer catheter and extending dis-
tally therefrom, and a high-aspect, distal, inflatable balloon 
having one end of the balloon coupled to the inner catheter 
and an opposing end of the balloon coupled to the outer 
catheter, so that the balloon when inflated buckles the inner 
catheter inside the outer catheter, is characterized by a shape 
and size having an outer diameter equal to or greater than 1.5 
cm, a length less than the diameter, and a self adjusting inner 
catheter that automatically folds the balloon about the inner 
catheter as it distally extends from the outer catheter when the 
balloon is deflated. 
[0024] The illustrated embodiment is a balloon catheter 
comprising an outer catheter, a resilient inner catheter tele-
scopically disposed in the outer catheter and extending dis-
tally therefrom, and a high-aspect, distal, inflatable balloon 
having one end of the balloon coupled to the inner catheter 
and an opposing end of the balloon coupled to the outer 
catheter, so that the balloon when inflated rotates the inner 
catheter inside the outer catheter, is characterized by a shape 
and size having an outer diameter equal to or greater than 1.5 
cm, a length less than the diameter, and a self adjusting inner 
catheter that automatically rotationally folds the balloon 
about the inner catheter as it distally extends from the outer 
catheter when the balloon is deflated. 
[0025] The illustrated embodiment is a balloon catheter for 
use with an introducer having an inner diameter comprising 
an outer elongate means for delivery through the introducer, a 
telescopic resilient inner elongate means telescopically dis- 

posed in the outer means and extending distally therefrom, an 
annular space defined between the inner and outer elongate 
means, and a high-aspect, distal, inflatable balloon means 
coupled between the inner and outer elongate means, an infla-
tion means for communicating with the balloon means, so 
that the balloon means may be inflated with a fluid commu-
nicated the inflation means and when inflated is characterized 
by a shape and size having an outer diameter equal to or 
greater than 1.5 cm, a diameter-to-length aspect ratio equal to 
or greater than 1, where the inner elongate means automati-
cally folds the balloon means when the inner elongate means 
distally is extended from the outer elongate means when the 
balloon means is deflated, where the balloon means when 
deflated is disposable through the introducer having an inner 
diameter of 6.5 French or less, and where the balloon means 
is inflated the inner elongate means shortens by buckling 
inside the outer elongate means. 

[0026] The illustrated embodiment is a balloon catheter 
comprising an outer elongate means, a telescopic resilient 
inner elongate means telescopically disposed in the outer 
elongate means and extending distally therefrom, a high-
aspect, distal, and an inflatable balloon means coupled 
between the outer and inner elongate means; means for selec-
tively inflating the balloon means; so that the balloon means 
when inflated it is characterized by a shape and size having an 
outer diameter equal to or greater than 1.5 cm a length less 
than the diameter, and where the inner elongate means is 
automatically self-adjusting to fold the balloon means about 
the inner elongate means when the inner elongate means is 
distally extended from the outer elongate means and when the 
balloon is deflated, and where the balloon is inflated the inner 
elongate means is automatically self-shortening. 

[0027] The illustrated embodiment is a method of using a 
balloon catheter with an introducer having an inner diameter 
of 6.5 French or less comprising the steps of providing a 
high-aspect, distal, inflatable balloon having one end of a 
balloon coupled to an inner catheter and an opposing end of 
the balloon coupled to an outer catheter, the inner catheter 
being telescopically disposed within the outer catheter, and 
folding the balloon when deflated flatly around a portion of 
the inner catheter distally extending from the outer catheter so 
that the inner and outer catheters with the folded deflated 
balloon is capable of being telescopically disposed through 
the introducer. 

[0028] The method further comprises the steps oftelescopi-
cally disposing the folded deflated balloon and inner and 
outer catheters through the introducer, manipulating the 
introducer into a proximity of an anatomical site of applica-
tion, extending the folded deflated balloon and inner and 
outer catheters distally from the introducer to the anatomical 
site, and inflating the balloon at the anatomical site of appli-
cation until the balloon has a shape characterized an outer 
diameter equal to or greater than 1.5 cm, a balloon diameter to 
length aspect ratio equal to or greater than 1 or less as may be 
restricted by the anatomical site of application, inflation of the 
balloon simultaneously automatically adjusting the inner 
catheter length by buckling the inner catheter inside the outer 
catheter. 

[0029] The method further comprises the step of deflating 
the balloon and simultaneously automatically adjusting the 
inner catheter length by unbuckling the inner catheter inside 
the outer catheter so that the balloon automatically flatly folds 

7



US 2010/0274189 Al 
	

Oct. 28, 2010 
Ld 

around the inner catheter, so that the balloon, inner catheter 
and outer catheter can be telescopically withdrawn into the 
introducer. 

[0030] The illustrated embodiment is a method of using 
balloon catheter in combination with an introducer compris-
ing the steps of providing an outer catheter, providing a tele-
scopic resilient inner catheter telescopically disposed in the 
outer catheter and extending distally therefrom, providing a 
high-aspect, distal, inflatable balloon having one end of the 
balloon coupled to the inner catheter and an opposing end of 
the balloon coupled to the outer catheter and flatly folded 
around a distal portion of the inner catheter, telescoping dis-
posing the balloon, and inner and outer catheter within the 
introducer, delivering the balloon, and inner and outer cath-
eter using the introducer to an application site ready for place-
ment of the balloon in a patient, inflating the balloon so that 
the balloon when inflated is characterized by being capable of 
assuming a shape and size having an outer diameter equal to 
or greater than 1.5 cm a length less than the diameter or less 
as may be restricted by the application site, simultaneously 
shortening the inner catheter by buckling it within the outer 
catheter; subsequently deflating the balloon and automati-
cally folding the balloon about the inner catheter as it distally 
extends from the outer catheter; and simultaneously length-
ening the inner catheter by unbuckling it within the outer 
catheter. 
[0031] The illustrated embodiment is a balloon catheter 
comprising an outer catheter, an inner catheter telescopically 
disposed in the outer catheter and extending distally there-
from, a high-aspect, distal, inflatable balloon having one end 
of the balloon coupled to the inner catheter and an opposing 
end of the balloon coupled to the outer catheter, the balloon 
being wrapped onto the inner catheter so that when inflated 
the balloon rotates and/or pulls the inner catheter inside the 
outer catheter, and means for storing rotational and/or axial 
energy when the balloon is inflated and releasing the stored 
energy when the balloon is deflated to collapse and to closely 
wrap the balloon back onto the inner catheter. 

[0032] The inner catheter is resilient and the means com-
prises buckling of the resilient inner catheter, the means com-
prises torsion of the resilient inner catheter, the means com-
prises a separate compression or torsion spring coupled to the 
inner catheter or outer catheter, the means comprises an air 
piston coupled to the inner or outer catheter, or the means 
comprises a mechanical, pneumatic, hydraulic or electrical 
device for reciprocating axial and/or rotational relative move-
ment between to the inner and outer catheters. 

[0033] The balloon catheter further comprises a distal stiff-
ener coupled to the distal portion of the inner catheter to 
reduce deflection of the inner catheter when the balloon is 
inflated. 

[0034] The balloon catheter further comprises radiopaque 
markers disposed on or near a proximal or distal end of the 
balloon. 

[0035] The balloon catheter further comprises a source of 
fluidic pressure communicated to the balloon for inflating 
balloon and a pressure relief valve communicating with the 
balloon for automatically limiting fluidic pressure supplied to 
the balloon to a level below that which would rupture the 
balloon. 

[0036] The balloon catheter further comprises a hub for 
defining a common manifold intercommunicating fluidic 
pressure among the source of fluidic pressure, the pressure 

relief valve, and an axial coaxial lumen defined between the 
outer and inner catheters and communicating with the bal-
loon. 
[0037] While the apparatus and method has or will be 
described for the sake of grammatical fluidity with functional 
explanations, it is to be expressly understood that the claims, 
unless expressly formulated under 35 USC 112, are not to be 
construed as necessarily limited in any way by the construc-
tion of "means" or "steps" limitations, but are to be accorded 
the full scope of the meaning and equivalents of the definition 
provided by the claims under the judicial doctrine of equiva-
lents, and in the case where the claims are expressly formu-
lated under 35 USC 112 are to be accorded full statutory 
equivalents under 35 USC 112. The invention can be better 
visualized by turning now to the following drawings wherein 
like elements are referenced by like numerals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1 is a partial cutaway side view of the catheter 
system of the illustrated embodiment of the invention. 
[0039] FIG. 2 is a longitudinal side cross-sectional view of 
the distal end of the outer catheter and a portion of the balloon 
as seen in a first step of fabrication of the balloon where the 
outer catheter is solvent butt welded to a proximal half of the 
balloon. 
[0040] FIG. 3 is a longitudinal side cross-sectional view of 
the distal end of the outer catheter and a portion of the balloon 
as seen in a second step of fabrication of the balloon where the 
inner catheter is solvent butt welded to a distal half of the 
balloon. 
[0041] FIG. 4 is a plan distal view of the distal end of the 
inner catheter and a portion of the balloon as seen in a third 
step of fabrication of the balloon where a circular weld is 
formed and the collar or pillow shape of the balloon formed. 
[0042] FIG. 5 is a side plan view of the distal end of the 
catheter showing the inner catheter distally extended from the 
outer catheter and the balloon twisted or wrapped around the 
inner catheter. 
[0043] FIG. 6 is a side plan view of the distal end of the 
catheter showing the balloon inflated with the inner catheter 
being pulled into and buckled and twisted into the outer 
catheter by the inflation of the balloon. 
[0044] The invention and its various embodiments can now 
be better understood by turning to the following detailed 
description of the preferred embodiments which are pre-
sented as illustrated examples of the invention defined in the 
claims. It is expressly understood that the invention as defined 
by the claims may be broader than the illustrated embodi-
ments described below. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] The balloon catheter 10 of the illustrated embodi-
ment is a single use medical device designed to provide tem-
porary vascular occlusion or balloon catheter flotation while 
providing a port for distal contrast injection or guidewire 
placement. The catheter 10 may be used for procedures 
requiring angiography, wedge pressure measurements, or any 
other procedure where a vessel needs to be occluded while 
maintaining a distal lumen. The balloon catheter 10 in its 
deflated state passes through a small introducer, and in its 
inflated state increases to a size 8-10 times the diameter of the 
introducer ID. 
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[0046] The balloon catheter 10 that can fit through or be 
telescopically disposed in an introducer (not shown), such as 
a cardiac sinus introducer. The balloon catheter 10 as shown 
in partial longitudinal cross-sectional view in FIG. 1 is com-
prised of a telescoping inner catheter 12 and outer catheter 14 
with a folded or wrapped balloon 16 that is attached to the 
inner catheter 12 and outer catheter 14. The inner and outer 
catheters 12,14 are fixed at or near their proximal ends into a 
hub 18. The hub 18 is provided with at least intercommuni-
cating proximal ports 22. A pressure relief valve 20 is dis-
posed into one of the ports 22, inner catheter 12 is sealed in 
and extends through a second one of the ports 22 and an air or 
fluid supply line 24 is sealed or coupled to the third one of the 
ports 22. Line 24 is coupled to a control valve 26 to which an 
air or fluid syringe 28 is coupled. In the illustrated embodi-
ment syringe 28 is operated with a manual piston 30, but any 
conventional source of low pressure air or fluid may be sub-
stituted for syringe 28 and piston 30. 
[0047] The balloon 16 is assembled as usual with the distal 
end of the balloon bonded to the inner catheter 12 and the 
proximal end of the balloon 16 bonded to the outer catheter 
14. When the proximal ends of the inner and outer catheter 12, 
14 are being assembled into the molded manifold hub 18, the 
inner catheter 12 may be rotated with respect to the outer 
catheter 14 until the balloon 16 is completely wrapped, but 
not stressed or stretched. Then the proximal ends of both the 
inner and outer catheters 12, 14 are bonded to the manifold 
hub 18 and secured. 

[0048] An annular, coaxial gap is provided between the 
length of inner catheter 12 and outer catheter 14 along their 
parallel lengths into which air from syringe 28 is communi-
cated to the interior of balloon 16. Turn to FIG. 2 where the 
fabrication of balloon 16 is depicted. The balloon 16 is manu-
factured using a welding process instead of a blowing process 
so that it can have a more radially extending shape from the 
catheters 12 and 14 and is fabricated at a significantly lower 
cost. The balloon material is semicompliant, though both 
compliant and non-compliant balloon materials can also be 
used. In the illustrated embodiment the balloon material and 
catheters 12 and 14 are made of polyurethane, enabling their 
assembly to be solvent bonded creating a chemical bond. The 
longitudinal cross-sectional view of FIG. 2 shows that outer 
catheter has it distal butt ends flushly disposed against a flat 
square of balloon material 32 and is solvent welded thereto. A 
central hole 34 is defined through balloon material into the 
lumen of outer catheter 14. As shown in the longitudinal 
cross-sectional view of FIG. 3 a matching square of balloon 
material 36 is laid next to the square of balloon material 32 
and inner catheter 12 similarly butt solvent welded to the 
square of balloon material 36 with hole 34 also being extend 
between the lumen of inner catheter 12 and square of balloon 
material 36. As shown in the plan view of FIG. 4 the squares 
of balloon material 32 and 36 are then heat welded in a 
circular or other weld line 38 with the material exterior to the 
weld line 38 cutaway leaving in the case of the illustrated 
embodiment a flat, deflated circular disc. It is clear that if 
shapes other than circular are desired, weld line 38 can be 
appropriated shaped, e.g. into ellipses or freely contoured 
shapes. 
[0049] As diagrammatically depicted in the side plan view 
of FIG. 5, inner catheter 12 is then extended distally from 
outer catheter 14 to extend balloon 16 flatly along the length 
of inner catheter 12. At the same time inner catheter 12 is 
rotated to twist or wrap balloon 16 around inner catheter 12 as 

it is distally extended, thereby closely folding or wrapping 
balloon 16 around the length of inner catheter 12. Alterna-
tively, inner catheter 12 can be extended without rotation so 
that any slack in the balloon 16 is elongated. Then when the 
balloon 16 is inflated, it pulls the inner catheter 12 inside the 
outer catheter 14. As described above in connection with the 
fabrication steps of the balloon 16, it is to be noted that it is 
attached to the face or butt end of each the inner and outer 
catheters 12,14 to enable balloon 16 to maintain a low profile 
for insertion and withdrawal from a small cardiac sinus intro-
ducer (not shown). The twisting or wrapping of balloon 16 
around inner catheter 12 also assists in its close folding 
around inner catheter 12 thereby allowing it to assume an 
effect deflated outer diameter approximately equal to that of 
outer catheter 14 or at least to easily fit within the inner 
diameter of the introducer through which outer catheter 14 
will later be telescopically disposed. In extending and twist-
ing balloon 16 onto the distal length of inner catheter 12 
extended distally from outer catheter 14, balloon 16 is not 
stretched to any substantial extent. The material of balloon 16 
is chosen so that it is pliant to deformation and twisting prior 
to being stretched without creating a high resisting or restor-
ative elastic or resilient force. As a result, when balloon 16 is 
configured in the extended and twisted or wrapped configu-
ration of FIG. 5 there is no or very little torsion or compres-
sion on inner catheter 12 from balloon 16 tending to either 
pull inner catheter into outer catheter 14 or to rotate inner 
catheter 12 to any appreciable extent. The elements of the 
entire system are relaxed and balloon 16 is able to easily 
return to its original untwisted configuration, if so driven by a 
force, without substantial resistance from the material of bal-
loon 16 even after a long shelf life in the twisted configuration 
of FIG. 5. Once configured as shown in FIG. 5, inner and outer 
catheters 12, 14 are then fixed into position by glue or other 
means into hub 18. Balloon 16 thus stays in its wrapped 
configuration until driven by a force into a different configu-
ration by inflation. 
[0050] FIG. 6 is a diagrammatic side cross-sectional view 
of balloon 16 after it has been inflated. Air is supplied from 
syringe 18 into the coaxial space 40 between catheters 12 and 
14. As balloon 16 is inflated it is forced away from inner 
catheter 12 and will both pull inner catheter 12 into outer 
catheter 14 as well as simultaneously rotating it at the same 
time. Since inner catheter 12 is fixed both longitudinally and 
rotationally with respect to outer catheter 14 at its proximal 
end by both being fixed to hub 18, the inflation of balloon 16 
causes inner catheter 12 to twist like a torsional spring thereby 
storing rotational energy into the catheter 12 and causes it to 
longitudinal buckle as shown in greatly exaggerated form in 
FIG. 6 along its length storing translational energy into cath-
eter 12. 

[0051] When the balloon 16 is inflated, as described below 
it unwraps and the balloon inflation causes axial and/or rota-
tional motion of the inner catheter 12 relative to the outer 
catheter 14. The energy of inflation is stored, so when the 
balloon 16 is deflated, the movement is reversed causing the 
balloon 16 to resume its original folded or wrapped shape as 
driven by the energy stored in catheter 12 to resume the 
wrapped configuration of FIG. 5. It is possible to store the 
inflation-driven movement (kinetic energy) into converted 
potential energy by many different means, however in the 
preferred embodiment the means used is primarily the resil-
ient nature of the inner catheter 12. For example, in addition 
to the torsional or compression of inner catheter 12, a separate 
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compression or torsion spring maybe provided in catheter 10, 
an air piston, or any other known mechanical, pneumatic, 
hydraulic or electrical device for reciprocating the axial and/ 
or rotational movement relative to the inner and outer cath-
eters 12, 14. 

[0052] Unlike prior art balloons which exhibited an 
increased reluctance or resistance to folding flatly after inflat-
ing the higher the aspect ratio of the balloon (i.e. balloon 
radial diameter to longitudinal length), the balloon catheter 
10 of the illustrated embodiment prefers to be closely 
wrapped or folded and is driven by the spring action of cath-
eter 12, which can be chosen to have a longitudinal and/or 
torsional resiliency of any magnitude necessary to obtain a 
close or tight rewrapping of balloon 16 upon deflation. This in 
turn allows balloon catheter 10 to be easily withdrawn 
through very small ID introducers nearly without regard to 
the magnitude of the aspect ratio of the balloon when inflated. 

[0053] It can now be appreciated that the balloon radial 
diameter in a direction perpendicular to the catheters' longi-
tudinal axes is larger than a typical vascular occlusion bal-
loons allowing it to occlude vessels up to 1.75 cm (though any 
size balloon is conceived). The balloon and catheter design of 
the illustrated embodiment permit the catheter 10 to be 
inserted and removed from a small diameter introducer sys-
tem (6 F for the illustrated embodiment). The balloon 16 is 
mounted on a "floating" coaxial (telescoping) catheter 12,14 
enabling the inner and outer catheters 12,14 to automatically 
adjust to the balloon shape as it is inflated and deflated, i.e. the 
higher the inflation and higher the aspect ratio achieved, inner 
catheter 12 is pulled inwardly into catheter 14 and rotates by 
automatically and exactly by the right amount to accommo-
date the degree of inflation or unwrapping. The automatic 
telescoping, self adjusting catheter design allows the balloon 
to fold and fit through a small inner diameter delivery catheter 
while allowing the balloon to inflate to its maximum diameter 
with the minimum length, thereby enabling a smaller volume 
which is desirable in the event of balloon rupture. In other 
words, it is a property of an oblate or high aspect ratio balloon 
to decrease volume as the degree of its aspect ratio increases 
with increasing inflation. 
[0054] The balloon inflation port 22 coupled to syringe 28 
is in fluid communication with a fixed pressure relief valve 20 
in hub 18 to regulate the pressure to the balloon 16 enabling 
precise occlusion pressure while preventing vessel trauma or 
dissection. If the surgeon pushes on piston 30 too much or too 
fast creating an overpressure which might tend to lead to 
rupture of balloon 16, pressure relief valve 20 automatically 
opens at a pressure well below the rupture limit of balloon 16 
thereby rendering rupture impossible and making the use of 
catheter 10 fail-safe. 

[0055] The catheter injection lumen 42 in inner catheter 12 
is also sized to allow a 0.025" diameter guidewire to be placed 
(though smaller or larger lumens are also conceived), thereby 
increasing the utility and guidability of catheter 10 into car-
diac sinus applications. 

[0056] In one embodiment balloon 16 has a selective stiff-
ener 44 shown in FIG. 6 added to the distal portion of inner 
catheter 12 to enable the appropriate amount of axial stiffness 
of catheter 12 to prevent undesired deflection in the vessel 
when the balloon is inflated, while maintaining a soft tip of 
and a flexible overall length of catheter 12. Stiffener 44 is 
comprised of a short length of shrink-wrap tubing to provide 
radial stiffness to the distal portion of catheter 12. 

[0057] In another embodiment the balloon 16 has radio-
paque markers or coils (hot shown) added to its surface or 
embedded into the balloon material, or disposed on the outer 
and inner catheter at the proximal and distal ends of the 
balloon for exact balloon placement under x-ray. 

[0058] Many alterations and modifications maybe made by 
those having ordinary skill in the art without departing from 
the spirit and scope of the invention. Therefore, it must be 
understood that the illustrated embodiment has been set forth 
only for the purposes of example and that it should not be 
taken as limiting the invention as defined by the following 
invention and its various embodiments. 

[0059] Therefore, it must be understood that the illustrated 
embodiment has been set forth only for the purposes of 
example and that it should not be taken as limiting the inven-
tion as defined by the following claims. For example, not-
withstanding the fact that the elements of a claim are set forth 
below in a certain combination, it must be expressly under-
stood that the invention includes other combinations of fewer, 
more or different elements, which are disclosed in above even 
when not initially claimed in such combinations. A teaching 
that two elements are combined in a claimed combination is 
further to be understood as also allowing for a claimed com-
bination in which the two elements are not combined with 
each other, but may be used alone or combined in other 
combinations. The excision of any disclosed element of the 
invention is explicitly contemplated as within the scope ofthe 
invention. 

[0060] The words used in this specification to describe the 
invention and its various embodiments are to be understood 
not only in the sense of their commonly defined meanings, but 
to include by special definition in this specification structure, 
material or acts beyond the scope of the commonly defined 
meanings. Thus if an element can be understood in the context 
of thi s specification as including more than one meaning, then 
its use in a claim must be understood as being generic to all 
possible meanings supported by the specification and by the 
word itself. 

[0061] The definitions of the words or elements of the fol-
lowing claims are, therefore, defined in this specification to 
include not only the combination of elements which are lit-
erally set forth, but all equivalent structure, material or acts 
for performing substantially the same function in substan-
tially the same way to obtain substantially the same result. In 
this sense it is therefore contemplated that an equivalent sub-
stitution of two or more elements may be made for any one of 
the elements in the claims below or that a single element may 
be substituted for two or more elements in a claim. Although 
elements may be described above as acting in certain combi-
nations and even initially claimed as such, it is to be expressly 
understood that one or more elements from a claimed com-
bination can in some cases be excised from the combination 
and that the claimed combination may be directed to a sub-
combination or variation of a subcombination. 

[0062] Insubstantial changes from the claimed subject mat-
ter as viewed by a person with ordinary skill in the art, now 
known or later devised, are expressly contemplated as being 
equivalently within the scope of the claims. Therefore, obvi-
ous substitutions now or later known to one with ordinary 
skill in the art are defined to be within the scope of the defined 
elements. 

[0063] The claims are thus to be understood to include what 
is specifically illustrated and described above, what is con- 
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ceptionally equivalent, what can be obviously substituted and 
also what essentially incorporates the essential idea of the 
invention. 

We claim: 
1. A balloon catheter for use with an introducer having an 

inner diameter comprising: 
an outer catheter; 
a resilient self-adjusting inner catheter telescopically dis-

posed in the outer catheter and extending distally there-
from, an annular space defined between the inner and 
outer catheters; and 

a high-aspect, distal, inflatable balloon having one end of 
the balloon coupled to the inner catheter and an oppos-
ing end of the balloon coupled to the outer catheter, the 
balloon having an interior fluidicly communicating with 
the annular space between the inner and outer catheters, 
the balloon being joined at its corresponding ends to the 
corresponding inner and outer catheters, so that the bal-
loon when inflated buckles the inner catheter inside the 
outer catheter, the balloon being characterized by an 
outer diameter approximately 8 times the introducer 
inner diameter, a balloon diameter-to-length aspect ratio 
being equal to or greater than 1, and the self-adjusting 
inner catheter automatically folding the balloon about 
the inner catheter as the inner catheter distally extends 
from the outer catheter when the balloon is deflated, so 
that the outer and inner catheters with the deflated bal-
loon fit through and are disposable through the intro-
ducer. 

2. A coronary sinus balloon catheter for use with an intro-
ducer having an inner diameter of 6.5 French or less compris-
ing: 

an outer catheter; 
a self-adjusting resilient inner catheter telescopically dis-

posed in the outer catheter and extending distally there-
from, an annular space defined between the inner and 
outer catheters; and 

a high-aspect, distal, inflatable balloon having one end of 
the balloon coupled to the inner catheter and an oppos-
ing end of the balloon coupled to the outer catheter, the 
balloon having an interior fluidicly communicating with 
the annular space between the inner and outer catheters, 
the balloon being joined at its corresponding ends to the 
corresponding inner and outer catheters, so that the bal-
loon when inflated buckles the inner catheter inside the 
outer catheter, the balloon being characterized by a 
shape and size having an outer diameter equal to or 
greater than 1.5 cm, and a balloon diameter-to-length 
aspect ratio equal to or greater than 1, the self-adjusting 
inner catheter automatically folding the balloon about 
the inner catheter as it distally extends from the outer 
catheter when the balloon is deflated, so that the outer 
and inner catheters with the deflated balloon fit and are 
disposable through the introducer having an inner diam-
eter of 6.5 French or less. 

3. A balloon catheter comprising: 
an outer catheter; 
a self-adjusting resilient inner catheter telescopically dis-

posed in the outer catheter and extending distally there-
from; and 

a high-aspect, distal, inflatable balloon having one end of 
the balloon coupled to the inner catheter and an oppos-
ing end of the balloon coupled to the outer catheter, so 
that the balloon when inflated buckles the inner catheter 

inside the outer catheter, the balloon being characterized 
by a shape and size having an outer diameter equal to or 
greater than 1.5 cm, a length less than the diameter, the 
self-adjusting inner catheter automatically folding the 
balloon about the inner catheter as it distally extends 
from the outer catheter when the balloon is deflated. 

4. A balloon catheter comprising: 
an outer catheter; 
a self-adjusting resilient inner catheter telescopically dis-

posed in the outer catheter and extending distally there-
from; and 

a high-aspect, distal, inflatable balloon having one end of 
the balloon coupled to the inner catheter and an oppos-
ing end of the balloon coupled to the outer catheter, so 
that the balloon when inflated rotates the inner catheter 
inside the outer catheter, the balloon being characterized 
by a shape and size having an outer diameter equal to or 
greater than 1.5 cm, a length less than the diameter, the 
self-adjusting inner catheter automatically rotationally 
folding the balloon about the inner catheter as it distally 
extends from the outer catheter when the balloon is 
deflated. 

5. A balloon catheter for use with an introducer having an 
inner diameter comprising: 

an outer elongate means for delivery through the intro-
ducer; 

a telescopic resilient inner elongate means telescopically 
disposed in the outer means and extending distally there-
from, an annular space defined between the inner and 
outer elongate means; 

a high-aspect, distal, inflatable balloon means coupled 
between the inner and outer elongate means, 

inflation means for communicating with the balloon 
means, so that the balloon means may be inflated with a 
fluid communicated the inflation means and when 
inflated is characterized by a shape and size having an 
outer diameter equal to or greater than 1.5 cm, a diam-
eter-to-length aspect ratio equal to or greater than 1, 

where the inner elongate means automatically folds the 
balloon means when the inner elongate means distally is 
extended from the outer elongate means when the bal-
loon means is deflated, 

where when the balloon means is deflated it is disposable 
through the introducer having an inner diameter of 6.5 
French or less, and 

where when the balloon means is inflated the inner elon-
gate means shortens by buckling inside the outer elon-
gate means. 

6. A balloon catheter comprising: 
an outer elongate element; 
a telescopic resilient inner elongate element telescopically 

disposed in the outer elongate element and extending 
distally therefrom; 

a high-aspect, distal, inflatable balloon coupled between 
the outer and inner elongate element; 

means for selectively inflating the balloon; and 
so that the balloon when inflated it is characterized by a 

shape and size having an outer diameter equal to or 
greater than 1.5 cm a length less than the diameter, and 
where the inner elongate element is automatically self-
adjusting to fold the balloon means about the inner elon-
gate element when the inner elongate element is distally 
extended from the outer elongate element when the bal- 
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loon is deflated, and where when the balloon is inflated 
the inner elongate element is automatically self-short-
emng. 

7. A method of using a balloon catheter with an introducer 
having an inner diameter of 6.5 French or less comprising: 

providing a high-aspect, distal, inflatable balloon having 
one end of a balloon coupled to an inner catheter and an 
opposing end of the balloon coupled to an outer catheter, 
the inner catheter being telescopically disposed within 
the outer catheter; 

folding the balloon when deflated flatly around a portion of 
the inner catheter distally extending from the outer cath-
eter so that the inner and outer catheters with the folded 
deflated balloon are capable of being telescopically dis-
posed through the introducer. 

8. The method of claim 7 further comprising: 
telescopically disposing the folded deflated balloon and 

inner and outer catheters through the introducer; 
manipulating the introducer into a proximity of an ana- 

tomical site of application; 
extending the folded deflated balloon and inner and outer 

catheters distally from the introducer to the anatomical 
site; and 

inflating the balloon at the anatomical site of application 
until the balloon has a shape characterized an outer 
diameter equal to or greater than 1.5 cm, a balloon diam-
eter to length aspect ratio equal to or greater than 1 or 
less as may be restricted by the anatomical site of appli-
cation, inflation of the balloon simultaneously automati-
cally adjusting the inner catheter length by buckling the 
inner catheter inside the outer catheter. 

9. The method of claim 8 further comprising deflating the 
balloon and simultaneously automatically adjusting the inner 
catheter length by unbuckling the inner catheter inside the 
outer catheter so that the balloon automatically flatly folds 
around the inner catheter, so that the balloon, inner catheter 
and outer catheter can be telescopically withdrawn into the 
introducer. 

10. A method of using balloon catheter in combination with 
an introducer comprising: 

providing an outer catheter; 
providing a telescopic resilient inner catheter telescopi-

cally disposed in the outer catheter and extending dis-
tally therefrom; 

providing a high-aspect, distal, inflatable balloon having 
one end of the balloon coupled to the inner catheter and 
an opposing end of the balloon coupled to the outer 
catheter and flatly folded around a distal portion of the 
inner catheter; 

telescoping disposing the balloon, and inner and outer 
catheter within the introducer; 

delivering the balloon, and inner and outer catheter using 
the introducer to an application site ready for placement 
of the balloon in a patient; 

inflating the balloon so that the balloon when inflated is 
characterized by being capable of assuming a shape and 
size having an outer diameter equal to or greater than 1.5 

cm a length less than the diameter or less as may be 
restricted by the application site; 

simultaneously shortening the inner catheter by buckling it 
within the outer catheter; 

subsequently deflating the balloon and automatically fold-
ing the balloon about the inner catheter as it distally 
extends from the outer catheter; and 

simultaneously lengthening the inner catheter by unbuck-
ling it within the outer catheter. 

11. A balloon catheter comprising: 
an outer catheter; 
an inner catheter telescopically disposed in the outer cath-

eter and extending distally therefrom; 
a high-aspect, distal, inflatable balloon having one end of 

the balloon coupled to the inner catheter and an oppos-
ing end of the balloon coupled to the outer catheter, the 
balloon being wrapped onto the inner catheter so that 
when inflated the balloon rotates and/or pulls the inner 
catheter inside the outer catheter; and 

means for storing rotational and/or axial energy when the 
balloon is inflated and releasing the stored energy when 
the balloon is deflated to collapse and to closely wrap the 
balloon back onto the inner catheter. 

12. The balloon catheter of claim 11 where the inner cath-
eter is resilient and the means comprises buckling of the 
resilient inner catheter. 

13. The balloon catheter of claim 11 where the inner cath-
eter is resilient and the means comprises torsion of the resil-
ient inner catheter. 

14. The balloon catheter of claim 11 where the means 
comprises a separate compression or torsion spring coupled 
to the inner catheter or outer catheter. 

15. The balloon catheter of claim 11 where the means 
comprises an air piston coupled to the inner or outer catheter. 

16. The balloon catheter of claim 11 where the means 
comprises a mechanical, pneumatic, hydraulic or electrical 
device for reciprocating axial and/or rotational relative move-
ment between to the inner and outer catheters. 

17. The balloon catheter of claim 11 further comprising a 
distal stiffener coupled to the distal portion of the inner cath-
eter to reduce deflection of the inner catheter when the bal-
loon is inflated. 

18. The balloon catheter of claim 11 further comprising 
radiopaque markers disposed on or near a proximal or distal 
end of the balloon. 

19. The balloon catheter of claim 11 further comprising a 
source of fluidic pressure communicated to the balloon for 
inflating balloon and a pressure relief valve communicating 
with the balloon for automatically limiting fluidic pressure 
supplied to the balloon to a level below that which would 
rupture the balloon. 

20. The balloon catheter of claim 19 further comprising a 
hub for defining a common manifold intercommunicating 
fluidic pressure among the source of fluidic pressure, the 
pressure relief valve, and an axial coaxial lumen defined 
between the outer and inner catheters and communicating 
with the balloon. 
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