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Description

FIELD OF THE INVENTION

[0001] The present invention pertains generally to
medical catheters. More particularly, the present inven-
tion pertains to catheters having inflatable balloons. The
present invention is particularly, but not exclusively, use-
ful for folding a balloon onto a catheter tube during a
balloon deflation.

BACKGROUND OF THE INVENTION

[0002] Arterial blockages caused by the build up of
plaque in the arteries of a patient can have grave conse-
quences. Specifically, the build up of plaque in arteries
can reduce and eventually block blood flow through the
affected vessel. When blood flow is reduced in a coronary
artery, the heart muscle becomes deprived of oxygen,
and the patient is prone to suffer angina. In severe cases
of coronary artery blockage, the patient can suffer a heart
attack.
[0003] Many modern surgical techniques have been
developed to alleviate the stenoses that are formed when
plaque builds up in a patient’s arteries. For example, a
large number of balloon angioplasty devices exist for re-
lieving arterial stenoses by compression of the stenosis.
In several respects, balloon angioplasty devices afford
numerous advantages over alternative methods. Fore-
most among these advantages is that open heart bypass
surgery can often be avoided by using angioplasty sur-
gical techniques to relieve stenoses in the arteries that
supply blood to the heart. For obvious reasons, it is pref-
erable to avoid open heart surgery when possible be-
cause such surgery, as is well known, is invasive and
typically requires a significant post-operative recovery
time. Accordingly, it is preferable to use relatively simpler
angioplasty surgical procedures when such procedures
are feasible. Importantly, angioplasty procedures are ef-
ficacious in the peripheral arteries as well as in the arter-
ies that supply blood to the heart.
[0004] In angioplasty surgery, the balloon of a balloon
catheter is initially attached to a catheter tube in a deflated
configuration, with the catheter tube connecting a fluid
source in fluid communication with the balloon. The bal-
loon is then positioned at the desired location in the af-
fected artery by advancing the catheter through the artery
until the balloon is positioned across a stenosis that is to
be treated. Once the balloon has been properly posi-
tioned, fluid is infused into the balloon. As the balloon
expands, it dilates the lumen of the artery and compress-
es the plaque which may then break up or flatten out
against the arterial wall. The balloon is then deflated and,
once in its deflated configuration, it is either withdrawn
from the artery or placed across another stenosis, to re-
store normal blood flow through the artery.
[0005] A particular problem associated with an angi-
oplasty procedure exists during the deflation stage of the

balloon, prior to its removal from the artery. Specifically,
it is desirable that the balloon be deflated as tightly as
practicable to facilitate its removal from the arterial pas-
sageways. In any case, the key to removing the balloon
catheter with ease is having the balloon collapse evenly
and compactly during balloon deflation. Once deflated,
the balloon catheter must often travel through the tortu-
ous vasculature of the patient and it is, therefore, impor-
tant for the balloon to deflate uniformly into a predictable
configuration. If the balloon fails to deflate in a uniform
manner, an irregular bulge in the balloon may cause dif-
ficulties in withdrawing the balloon catheter from the ar-
tery.
[0006] In addition to the conventional, percutaneous,
transluminal coronary angioplasty (PTCA) and percuta-
neous, transluminal angioplasty (PTA) procedure de-
scribed above, cutting balloons are currently viewed by
many as the next generation treatment option for the
revascularization of both coronary and peripheral ves-
sels. The cutting balloon mechanism is unique in that the
balloon pressure is distributed over one or more blades
(i.e. microtomes). The blade(s) function as stress con-
centrators and cut initiators in PTCA and PTA proce-
dures. Consequently, PTCA and PTA procedures have
been proven to minimize vessel recoil, lessen vessel in-
jury and lower the rate of restenosis, as compared to
conventional PTCA and PTA procedures. However, the
cutting blades used in cutting balloons are extremely
sharp (e. g. three to five times sharper than a conven-
tional scalpel), and in the absence of special precautions,
have the potential to inadvertently incise non-target tis-
sue during in vivo movement of the cutting balloon to and
from a stenosis.
[0007] From US 2003/0153870 A1 a balloon catheter
for performing an angioplasty procedure on a lesion in a
vessel is known. A flexible elongate element is provided
which extends over the outer surface of a catheter bal-
loon. According to an embodiment, the flexible elongate
element has elastic proximal and distal extremities.
[0008] US 4,723,549 A describes a catheter for dilating
occluded or stenotic blood vessels including a collapsible
filter device disposed between a dilating balloon and the
distal end of the catheter. The collapsible filter device
comprises a plurality of resilient ribs secured to the cath-
eter at or adjacent the distal end thereof and extending
generally axially towards the dilating balloon.
[0009] In light of the above, it is an object of the present
invention to provide a device that is useful for folding a
balloon predictably and compactly onto a catheter tube
during balloon deflation to facilitate in vivo movement of
the balloon catheter. Another object of the present inven-
tion is to provide a device for maintaining the balloon
tightly wrapped on a balloon catheter when the balloon
is in a deflated configuration. It is yet another object of
the present invention to provide a device that is useful
for folding a cutting balloon during balloon deflation into
a configuration in which the blades become nestled within
a pair of adjacent balloon pleats to prevent the blades
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from inadvertently incising tissue during an in vivo move-
ment of the balloon catheter. Yet another object of the
present invention is to provide a device which is relatively
simple to manufacture, easy to use, and comparatively
cost effective.

SUMMARY OF THE INVENTION

[0010] The present invention is directed to a device for
folding a balloon of a balloon catheter onto a catheter
tube during a balloon deflation. The device includes a
first band that is positioned on the catheter tube distal to
the balloon and a second band that is positioned on the
catheter tube proximal to the balloon. The device further
includes one or more elastic member (s) that are posi-
tioned for interaction with the outer surface of the balloon.
Each elastic member extends between a distal end that
is attached to the first band and a proximal end that is
attached to the second band.
[0011] In a typical embodiment, the device includes
three or four elastic members that are uniformly distrib-
uted around the circumference of the balloon. In addition,
each elastic member assumes a substantially straight
shape and is axially aligned (i. e. aligned with an axis
defined by the catheter tube) when the balloon is in a
deflated condition. On the other hand, during inflation of
the balloon, each elastic member expands on the balloon
in substantial conformation with the shape of the bal-
loon’s outer surface. When the balloon is subsequently
deflated, each elastic member recovers its original shape
(e.g. becomes straight), and in the process folds the bal-
loon onto the catheter tube. Specifically, the balloon is
folded into a plurality of axially aligned pleats with each
pleat being formed between a pair of adjacent elastic
members.
[0012] In one particular embodiment, the device may
be configured for use on a cutting balloon having a plu-
rality of longitudinally aligned blades that extend radially
from the surface of an inflatable balloon. In this embod-
iment, each elastic member is formed with a slot to allow
a respective blade to extend through the elastic member.
With this cooperation of structure, the elastic members
fold the cutting balloon into a configuration in which the
blades become nestled within a pair of adjacent balloon
pleats. This nestled configuration prevents the blades
from inadvertently incising tissue during a movement of
the balloon catheter through the vasculature of a patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The novel features of this invention, as well as
the invention itself, both as to its structure and its oper-
ation, will be best understood from the accompanying
drawings, taken in conjunction with the accompanying
description, in which similar reference characters refer
to similar parts, and in which:

Fig. 1 is a perspective view of a balloon catheter with

the balloon shown in the inflated condition;
Fig. 2 is a perspective view of a folding device shown
in the expanded condition;
Fig. 3 is a perspective view of a folding device shown
operationally positioned on a balloon catheter with
the balloon shown in the inflated condition;
Fig. 4 is a perspective view of a folding device shown
operationally positioned on a balloon catheter with
the balloon shown in the deflated condition;
Fig. 5 is a cross sectional view as seen along line
5-5 in Fig. 4;
Fig. 6 is a perspective view of an embodiment of a
folding device for use on a cutting balloon, shown
with the folding device in the expanded condition;
Fig. 7 is a perspective view of a balloon catheter
having a cutting balloon, shown with the cutting bal-
loon in the inflated condition;
Fig. 8 is a cross sectional view as seen along line
8-8 in Fig. 7 after the folding device shown in Fig 6
has been operationally positioned on the cutting bal-
loon shown in Fig. 7;
Fig. 9 is a cross sectional view as in Fig. 8 shown
with the cutting balloon deflated; and
Fig. 10 is a cross sectional view as in Fig. 8 showing
another embodiment of a folding device in which
blades are mounted on the folding device.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0014] Referring to Fig. 1, the distal portion of a typical
balloon catheter is shown and is generally designated
11. As shown in Fig. 1, the catheter 11 includes an in-
flatable balloon 12 that is mounted on an elongated cath-
eter tube 14, which defines a longitudinal axis 15. It can
be further seen that the exemplary inflatable balloon 12
extends from a distal end 16 to a proximal end 18 and
includes a substantially cylindrical working section 20.
Those skilled in the pertinent art will appreciate that the
catheter tube 14 can be used to establish fluid commu-
nication between the inflatable balloon 12 and a fluid
pump / fluid source (not shown), which in turn, can be
selectively activated to inflate and deflate the balloon 12
from an extracorporeal location. Functionally, the cathe-
ter 11 can be used to position the balloon 12 across a
stenosis whereupon the balloon 12 can be inflated to
revascularize a diseased vessel such as a clogged ar-
tery.
[0015] Fig. 2 shows a folding device which is generally
designated 22. Functionally, the folding device 22 is pro-
vided to fold an inflatable balloon 12 (Fig. 1) of a balloon
catheter 11 onto a catheter tube 14 during a balloon de-
flation. As shown in Fig. 2, the folding device 22 includes
a first cylindrical band 24, second cylindrical band 26 and
a plurality of elastic members 28. For the exemplary em-
bodiment shown, the plurality of elastic members 28 is
four elastic members 28a-d. It can be further seen that
each elastic member 28 extends between a distal end
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30 that is attached to the first band 24 and a proximal
end 32 that is attached to the second band 26.
[0016] The folding device 22 can be prepared from a
starting tube (not shown) that is made of a low durometer,
elastic material such as a silastic material. The tube 14
can then be cut, for example using a laser beam to create
the elastic members 28. In some methods, the tube 14
can be expanded prior to cutting. In one embodiment, a
starting tube 14 having an inner diameter, d, that is larger
than the outer diameter, D, of the catheter tube 14 is
used. The bands 24, 26 (which have an inner diameter,
d, in the relaxed state) are then expanded to fit on the
catheter tube 14. The residual tension in the bands 24,
26 is then used to hold the bands 24, 26 in place.
[0017] Fig. 3 shows the folding device 22 positioned
on the balloon catheter 11. As shown, the band 24 is
positioned on the catheter tube 14 distal to the balloon
12 and the band 26 is positioned on the catheter tube 14
proximal to the balloon 12. The bands 24, 26 can be
bonded to the catheter tube 14, or as indicated above,
the bands 24, 26 can be held in place using expanded
bands 24, 26. Fig. 3 further shows that with the folding
device 22 installed on the balloon catheter 11, the elastic
members 28 are positioned for interaction with the outer
surface 34 of the balloon 12. For the folding device 22
shown in Fig. 3, the four elastic members 28 are uniformly
distributed around the circumference of the balloon 12.
[0018] As best seen in Fig. 4, each elastic member 28
assumes a substantially straight shape and is axially
aligned when the balloon 12 is in a deflated condition.
On the other hand, during inflation of the balloon 12 (in-
flated balloon 12 shown in Fig. 3), each elastic member
28 expands (i.e. stretches) on the balloon 12 in substan-
tial conformation with the shape of outer surface 34 of
the balloon 12. As best seen in Fig. 5, when the balloon
12 is subsequently deflated, each elastic member 28 re-
covers its original shape (e.g. becomes straight), and in
the process folds the balloon 12 onto the catheter tube
14. Specifically, as shown, the balloon 12 is typically fold-
ed into a plurality of axially aligned pleats 36 with each
pleat 36 being formed between a pair of adjacent elastic
members 28.
[0019] Fig. 6 shows an alternate embodiment of a fold-
ing device 22’ in which the folding device 22’ is configured
for use on a balloon catheter 11’ (Fig. 7) having a cutting
balloon 38 and inflation tube 14’. As further shown in
Figs. 7 and 8, the exemplary cutting balloon 38 has a
plurality of longitudinally aligned blades 40 that extend
radially from the surface 34’ of an inflatable balloon 12’.
As best seen in Fig. 8, each blade 40 is typically embed-
ded in a compliant blade pad 42, which in turn is bonded
to the surface 32’ of the inflatable balloon 12’.
[0020] For the folding device 22’ shown in Fig. 6, each
elastic member 28’ is formed with a slot 44, which is typ-
ically elongated and axially aligned. Cross-referencing
Figs. 6 and 8, it can be seen that the slot 44 allows a
respective blade 40 to extend through the elastic member
28’. As Fig. 9 shows, the elastic members 28’ fold the

cutting balloon 38 into a configuration in which the blades
40 become nestled within a pair of adjacent balloon pleats
36’. This nestled configuration prevents the blades 40
from inadvertently incising tissue during a movement of
the balloon catheter 11’ through the vasculature of a pa-
tient (patient and patient vasculature not shown).
[0021] Fig. 10 shows another embodiment in which
blades 40" are mounted onto the elastic members 28".
For the embodiment shown, the blades 40" are embed-
ded in blade pads 42" which in turn are bonded to the
elastic members 28".
[0022] While the particular balloon refolding device as
herein shown and disclosed in detail is fully capable of
obtaining the objects and providing the advantages here-
in before stated, it is to be understood that it is merely
illustrative of the presently preferred embodiments of the
invention and that no limitations are intended to the de-
tails of construction or design herein shown other than
as described in the appended claims.

Claims

1. A system comprising:

- a catheter (11, 11’) having a balloon (12, 12’),
and
- a balloon folding device (22, 22’) for folding the
balloon onto the catheter tube during deflation,
comprising:

- a first band (24) positionable on the cath-
eter (11, 11’) tube distal to the balloon (12,
12’),
- a second band (26) positionable on the
catheter (11, 11’) tube proximal to the bal-
loon (12, 12’),
- characterized in that the balloon folding
device (22, 22’) further comprising
- at least one elastic member (28, 28’, 28")
extending between a distal end (30) that is
attached to the first band (24) and a proxi-
mal end (32) that is attached to the second
band (26) for expansion on the balloon dur-
ing a balloon inflation and to fold the balloon
onto the catheter tube during a deflation of
the balloon.

2. The system of claim 1, wherein the balloon (12, 12’)
further comprises a blade (40, 40") that extends
through said elastic member (28,28’, 28").

3. The system of claim 1, further comprising a blade
(40, 40") mounted on said elastic member (28, 28’,
28").

4. The device of claim 1, 2 or 3, comprising a plurality
of elastic members (28, 28’, 28").
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5. The device of claim 4, wherein the plurality of elastic
members (28, 28’, 28") are uniformly distributed
around the circumference of the balloon (12, 12’).

6. The device of claim 1, comprising a plurality of elastic
members (28, 28’, 28"), wherein the balloon (12, 12’)
further comprises a plurality of blades (40, 40"), each
blade (40, 40") extending through an elastic member
(28, 28’, 28").

7. The device of claim 6, wherein said plurality of elastic
members (28, 28’, 28") and said plurality of blades
(40, 40") are uniformly distributed around the circum-
ference of the balloon (12, 12’).

8. The device of any of the above claims, wherein the
catheter (11, 11’) has an outer diameter, D, said
bands (24, 26) are made of an elastic material, and
each said band (24, 26) has an inner diameter, d, in
an unstressed condition, wherein D>d.

9. The device of any of the above claims, wherein the
catheter (11, 11’) defines a longitudinal axis and
each said elastic member (28, 28’, 28") is axially
aligned with the longitudinal axis when the balloon
(12, 12’) is in a deflated condition.

10. The device of any of the above claims, wherein each
said elastic member (28, 28’, 28") is made of a low
durometer, elastic material.

Patentansprüche

1. System, umfassend

• einen Katheter (11, 11’) mit einem Ballon (12,
12’), und
• eine Ballonfaltvorrichtung (22, 22’) zum Falten
des Ballons auf das Katheterrohr während der
Entleerung, umfassend:

• ein erstes Band (24), positionierbar auf
dem Katheterrohr (11, 11’) distal zu dem
Ballon (12, 12’),
• ein zweites Band (26), positionierbar auf
dem Katheterrohr (11, 11’) proximal zu dem
Ballon (12, 12’),
• dadurch gekennzeichnet dass die Bal-
lonfaltvorrichtung (22, 22’) ferner umfasst
• mindestens ein elastisches Element (28,
28’, 28"), das sich zwischen einem distalen
Ende (30), das an dem ersten Band (24)
befestigt ist, und einem proximalen Ende
(32) erstreckt, das an dem zweiten Band
(26) befestigt ist, zur Ausdehnung auf dem
Ballon während einer Aufblähung des Bal-
lons, und zum Falten des Ballons auf das

Katheterrohr während einer Entleerung des
Ballons.

2. System gemäß Anspruch 1, wobei der Ballon (12,
12’) ferner eine Klinge (40, 40’) umfasst, die sich
durch das elastische Element (28, 28’, 28") hindurch
erstreckt.

3. System gemäß Anspruch 1, ferner umfassend eine
auf dem elastische Element (28, 28’, 28") ange-
brachte Klinge (40, 40’).

4. Vorrichtung gemäß Anspruch 1, 2 oder 3, umfassend
eine Vielzahl von elastischen Elementen (28, 28’,
28").

5. Vorrichtung gemäß Anspruch 4, wobei die Vielzahl
von elastischen Elementen (28, 28’, 28") gleichmä-
ßig über den Umfang des Ballons (12, 12’) verteilt ist.

6. Vorrichtung gemäß Anspruch 1, umfassend eine
Vielzahl von elastischen Elementen (28, 28’, 28"),
wobei der Ballon (12, 12’) ferner eine Vielzahl von
Klingen (40, 40’) umfasst, wobei jede Klinge (40, 40’)
sich durch ein elastische Element (28, 28’, 28") hin-
durch erstreckt.

7. Vorrichtung gemäß Anspruch 6, wobei die Vielzahl
von elastischen Elementen (28, 28’, 28") und die
Vielzahl von Klingen (40, 40’) gleichmäßig über den
Umfang des Ballons (12, 12’) verteilt sind.

8. Vorrichtung gemäß irgendeinem der vorhergehen-
den Ansprüche, wobei der Katheter (11, 11’) einen
äußeren Durchmesser D aufweist, die Bänder (24,
26) aus einem elastischen Material hergestellt sind
und jedes Band (24, 26) in einem nicht gespannten
Zustand einen inneren Durchmesser d hat, wobei
D>d gilt.

9. Vorrichtung gemäß irgendeinem der vorhergehen-
den Ansprüche, wobei der Katheter (11, 11’) eine
Längsachse definiert und jedes elastische Element
(28, 28’, 28") axial zu der Längsachse ausgerichtet
ist, wenn der Ballon (12, 12’) in einem geleerten Zu-
stand ist.

10. Vorrichtung gemäß irgendeinem der vorhergehen-
den Ansprüche, wobei jedes elastische Element (28,
28’, 28") aus einem elastischen Material mit niedri-
gem Durometerwert hergestellt ist.

Revendications

1. Système, comportant

• un cathéter (11, 11’) ayant un ballonnet (12,
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12’), et
• un dispositif de repli de ballonnet (22, 22’) pour
replier le ballonnet sur le tube de cathéter pen-
dant le dégonflement, comportant:

• une première bande (24), positionnable
sur le tube de cathéter (11, 11’) distalement
au ballonnet (12, 12’),
• une deuxième bande (26), positionnable
sur le tube de cathéter (11, 11’) proximale-
ment au ballonnet (12, 12’),
• caractérisé en ce que le dispositif de repli
de ballonnet (22, 22’) comporte en outre
• au moins un élément élastique (28, 28’,
28"), qui s’étend entre une extrémité distale
(30), qui est attachée à la première bande
(24), et une extrémité proximale (32), qui
est attachée à la deuxième bande (26), pour
dilatation sur le ballonnet pendant un gon-
flement du ballonnet, et pour replier le bal-
lonnets sur le tube de cathéter pendant un
dégonflement du ballonnet.

2. Système selon la revendication 1, le ballonnet (12,
12’) comportant en outre une lame (40, 40’), qui
s’étend à travers ledit élément élastique (28, 28’,
28").

3. Système selon la revendication 1, comportant en
outre une lame (40, 40’) montée sur l’élément élas-
tique (28, 28’, 28").

4. Dispositif selon la revendication 1, 2 ou 3, compor-
tant une pluralité d’éléments élastiques (28, 28’,
28").

5. Dispositif selon la revendication 4, dans lequel la plu-
ralité d’éléments élastiques (28, 28’, 28") est unifor-
mément distribuée autour de la circonférence du bal-
lonnet (12, 12’).

6. Dispositif selon la revendication 1, comportant une
pluralité d’éléments élastiques (28, 28’, 28"), le bal-
lonnet (12, 12’) comportant en outre une pluralité de
lames (40, 40’), chaque lame (40, 40’) s’étendant à
travers un élément élastique (28, 28’, 28").

7. Dispositif selon la revendication 6, dans lequel la plu-
ralité d’éléments élastiques (28, 28’, 28") et la plu-
ralité de lames (40, 40’) sont uniformément distri-
buées autour de la circonférence du ballonnet (12,
12’).

8. Dispositif selon l’une quelconque des revendications
précédentes, le cathéter (11, 11’) ayant un diamètre
extérieur D, les bandes (24, 26) étant faites d’un ma-
tériau élastique et chaque bande ayant un diamètre
intérieur d dans la condition sans tension, avec D>d.

9. Dispositif selon l’une quelconque des revendications
précédentes, le cathéter (11, 11’) définissant un axe
longitudinal et chaque élément élastique (28, 28’,
28") étant axialement aligné à l’axe longitudinal,
quand le ballonnet (12, 12’) est dans une condition
dégonflée.

10. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel chaque élément élastique
(28, 28’, 28") est fait d’un matériau élastique avec
une valeur basse de duromètre.
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