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(57) Abstract

(54) Titlee BALLOON CATHETER OVER-INFLATION PROTECTION DEVICE

There is provided a device (20) for preventing over-inflation of a balloon catheter (10). In one embodiment, a movable wall (48) is
attached to a spring (50) for defining a pressure release chamber (46) between the movable wall (48) and a pressure release port (44) of
the device. The movable wall (48) is biased in the direction of a pressure source so that increases in pressure above a threshold pressure
move the movable wall (48) a variable distance from the pressure release port (44). Over-inflation of the catheter balloon (32) is prevented
because pressures exceeding the desired maximum cause the movable wall (48) to move to a position in which the pressure release chamber
(46) is placed in communication with a vent (52). There is also provided a method for preventing balloon catheter over-inflation.
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_1_
BALLOON CATHETER OVER-INFLATION PROTECTION DEVICE
Background of the Invention

The present invention relates to over-inflation
protection devices and, more particularly, to balloon catheter
over-inflation protection devices.

Percutaneous transluminal coronary angioplasty is a
procedure for enlarging a narrowed coronary arterial lumen
using a balloon catheter. One concern regarding the use of
balloon catheters is the possibility of the inflatable
dilatation balloon bursting while inside the patient. The
purpose of over-inflation protection devices is to ensure that
the balloon catheter is not exposed to more than a specific
predetermined maximum pressure, which is less than the failure
pressure of the balloon.

One of the known over-inflation protection devices
involves the use of an externally placed latex balloon. The
externally placed latex balloon, however, has inherent burst
risk problems similar to those of the dilatation balloon
mounted on the catheter tip. Thus, there remains a need for
a reliable, yet low-cost, over-inflation protection device for
limiting dilatation balloon pressure at a level below the
failure pressure of the balloon.

Summary of the Invention

There is provided in accordance with one aspect of the
present invention a balloon catheter over-inflation protection
device, for minimizing the 1likelihood of balloon failure
during balloon dilatation procedures. The over-inflation
protection device comprises a housing, having an effluent port
for communication with a pressure source. The housing is
further provided with an effluent port for communication with
a balloon catheter. The effluent port and influent port are
in communication with each other, and with a pressure release
port on the housing.

A vent is provided in the housing for releasing inflation
media to maintain a predetermined maximum pressure. A movable
wall is positioned within the housing for defining a variable

volume pressure release chamber between the movable wall and
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the pressure release port. The movable wall is biased in the
direction of the pressure source, so that an increase in
pressure above a threshold pressure over comes the biasing
force and moves the movable wall from a £irst position
disposed towards the pressure, through a second position
between the first position and a third position, to the third
position in which the vent is placed in communication with the
pressure source. In this manner, access inflation media is
released through the vent when the movable wall is in the
third position, thereby minimizing the likelihood of balloon
failure.

In accordance with a further aspect of the present
invention, there is provided a method of minimizing balloon
catheter over-inflation. In accordance with the method, a
balloon catheter over-inflation device as described above is
selected, said device having a maximum or vent pressure which
is below the failure pressure of the balloon catheter.

The balloon catheter is connected to effluent port of the
housing, and a pressure source is connected to the influent
port of the housing. The balloon catheter is thereafter
percutaneously inserted and transluminally advanced to the
desired treatment site 1in accordance with conventional
techniques. The pressure source is activated to inflate the
balloon, and access inflation media beyond that required to
inflate the balloon to the predetermined maximum pressure is
vented through the vent, to minimize the risk of balloon
failure. The inflation balloon is thereafter deflated, and
the catheter is withdrawn from the treatment site in
accordance with conventional techniques.

Further features and advantages of the present invention
will become apparent to one of skill in the art in view of the
detailed description of preferred embodiments which follows,
when considered together with the attached figures and claims.

Brief Description of the Drawings

Figure 1 1is a partially exploded side elevational

representation of a balloon catheter system incorporating the

over-inflation protection device according to the present
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invention.

Figure 2 is a front elevational view of a first
embodiment of an over-inflation protection device according to
the present invention.

Figures 3A, 3B, and 3C are elevational cross-sectional
views taken along lines 3-3 of Figure 2.

Figure 4 is an enlarged view of the vent depicted in
Figure 3C.

Figure 5 is an exploded side elevational view of a second
embodiment of an over-inflation protection device according to
the present invention.

Figure 6 is a front elevational view of the second
embodiment of the over-inflation protection device.

Figure 7 is an elevational cross-sectional view taken
along line 7-7 of Figure 6.

Figure 8 is an exploded side elevational view of a third
embodiment of an over-inflation protection device according to
the present invention.

Figure 9 is a front elevational view of the third
embodiment of the over-inflation protection device.

Figure 10 is an elevational cross-sectional view taken
along line 10-10 of Figure 9.

Detailed Description of Preferred Embodiments

Referring to Figure 1, there is disclosed a schematically
illustrated balloon catheter system 10 incorporating a balloon
catheter over-inflation protection device 20. " The over-
inflation protection device has an influent port 40, which can
be connected to any of a variety of known pressure sources 22,
such as a source of pressurized carbon dioxide gas, fluid or
other media. Other conventional pressure sources, such as an
Indeflatof or a syringe 24, can also be used.

A connector 25 is preferably provided on influent port 40
for releasably placing influent port 40 in communication with
pressure source 22. Connector 25 is preferably a standard
luer connector, such as for connection to a corresponding luer
28 on effluent port 26 from pressure source 22.

The over-inflation protection device 20 also has an
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effluent port 42, which can be connected to a catheter 30,
such as a conventional balloon catheter with an inflatable
balloon 32 near the distal tip. The balloon 32 can be made
from any of a number of materials, such as latex or
polyethylene, depending on the type of procedure being
performed. Compressed gas such as pressurized carbon dioxide
is preferably used to inflate a latex balloon as may be used
in right heart/pulmonary artery catheterization, while a fluid
pressure source is preferably used to inflate a polyethylene
balloon in other percutaneous transluminal coronary
angioplasty procedures.

The catheter 30 is connected to the over-inflation
protection device 20 with a connector 33. The catheter
connection is preferably a standard luer connection, such as
that obtained using a male luer lock 34.

Figures 3A-3C illustrate side elevational cross-sectional
views of a first embodiment of the over-inflation protection
device 20 in sequential stages of operation. A housing 38 is
provided with influent port 40 for communication with a
pressure source. An effluent port 42 is provided for
connection to a balloon catheter and placing the balloon
catheter in communication with influent port 40 through the
housing 38 as has been discussed. The housing is also
provided with a pressure release port 44. The influent port
40, effluent port 42, and pressure release port 44 are in
communication with each other. )

A vent 52 is provided in the housing 38 downstream from
the release port 44 for releasing inflation media, if
necessary, to maintain a precalibrated maximum pressure. The
maximum pressure is preferably calibrated during the
manufacturing stage of the device using conventional means as
will be apparent to one of skill in the art in view of the
disclosure herein.

A movable wall 48 is disposed within the housing 38 for
defining a variable volume pressure release chamber 46 between
the movable wall and the pressure release port 44.
preferably, the movable wall 48 comprises an elastomeric plug
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such as the plunger in a conventional syringe, for providing
slidable sealing engagement within a tubular wall. The
pressure release chamber 46 is in communication with the
pressure release port 44, and normally positioned in between
the port 44 and the vent 52.

The movable wall 48 is biased in the direction of the
pressure source 22 by a spring 50 in the housing 38. Any of
a number of other conventional sources for providing a biasing
force can also be used, such as compressible foams, resilient
materials and the like. 1In addition, the movable wall can be
biased by a pull spring in the housing positioned on the
pressure release port 44 side of the movable wall 48. 1In the
preferred embodiment, the coil 50 is disposed on the
downstream side of movable wall 48 as illustrated.

The dimensions and configuration of the over-inflation
protection device 20 can be varied considerably to suit the
particular design criteria desired for a particular
application and still embody the present invention. For
example, in a typical percutaneous transluminal coronary
angioplasty procedure, the device is adapted for use with a
conventional dilatation balloon having a working pressure
within the range of from about 120 p.s.i. to about 160 p.s.i
and a failure pressure of greater than 180 p.s.i.

The movable wall 48 is axially movably positioned within
a generally cylindrical portion of the housing 38 as
illustrated to provide the variable volume chamber 46. The
housing can be made using any of a number of techniques known
in the art. For instance, the housing can be cast from
stainless steel, such as in a sterilizable, reusable model.
The housing can also be injection molded from polyethylene,
polycarbonate, or other medical grade polymer such as in a
disposable model. Use of a clear polymer permits
visualization of the position of the movable wall 48 within
the chamber. 1Indicia of pressure can also be provided on the
generally cylindrical portion of the housing containing the
movable wall.

In the illustrated embodiment, the main manifold portion
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of the housing 38 is integrally molded with the portion of the
housing which contains the movable wall 48 and chamber 46.
The distal end 49 of the housing 38 is provided with an open
end, for insertion of the movable wall 48 and spring 50.
Following assembly, a separate cap 51 is secured into place
such as through the use of conventional adhesives, thermal
bonding, solvent bonding or mechanical interfit techniques.

Any of a variety of combinations of housing dimensions
and spring constants can be utilized to accomplish the purpose
of the present invention. In general, the chamber size and
spring constant will be adapted to cooperate with the
coefficient of sliding friction of movable wall 48 within the
chamber to achieve venting at the appropriate maximum
pressure.

In a particular embodiment, the movable wall 48 is a
generally cylindrical elastomeric plug having a diameter of
about 0.250 inch to 0.400 inch and an axial length of about
0.250 inch. The movable wall 48 is slidably disposed in a
generally cylindrical chamber having an axial length of about
1.5 to 2.0 inches. 1In this embodiment, a coil spring having
a coil diameter of about 0.350 inch, a wire diameter of about
0.025 inch, and a relaxed length of about 1.3 to 1.9 inches is
used to bias the movable wall 48. 1In the absence of pressure
from the pressure source 22, the spatial orientation of the
movable wall within the chamber causes partial compression of
the spring so that the spring length in the chamber is
somewhat less than the relaxed length of the spring. The
stroke length of the spring is generally about 1.00 to 1.50
inches. The chamber preferably has an inside diameter of
0.360 inch, with a pressure release chamber variable volume
between 0.75 cc and 1.0 cc.

Calibration of the device can be readily accomplished by
pressurizing the system to the desired maximum pressure, and
observing and/or marking the location of the movable wall 48
within the chamber. Following release of pressure, the vent
52 can be conveniently drilled at the appropriate location.
Alternatively, the vent 52 can be predrilled or molded if the
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various components of the device are available within
acceptable manufacturing tolerances to produce a desired
precision in the final product. Preferably, the movable wall
has an axial travel of at least about 0.75 inch, and
preferably at least about 1.0 inch between the onset of
pressure and the release of inflation media through the vent
52.

A The aforementioned axial travel of the movable wall
creates a damper effect. This damper effect is beneficial for
a number of reasons. For example, axial travel of the movable
wall ensures gradual inflation of the catheter balloon 32. 1In
addition, the damper effect lowers the peak pressure received
by the catheter balloon in response to a given pressure
delivered from the pressure source 22. Further, visualization
of the axial position of the movable wall enhances the user’s
ability to gauge the degree of inflation while the balloon is
inside the patient.

In Figure 3A the movable wall is in a first position.
The movable wall 48 will remain in the first position until
being exposed to pressures above a threshold pressure
necessary to overcome the initial biasing force and thereby
move the wall. When the movable wall 48 is in the first
position, the spring 50 is partially compressed (pretensioned)
so that the movable wall will return to the first position
when the pressure drops below the threshold pressure.

Figure 3B illustrates the movable wall 48 in a second,
intermediate position. The second position of the movable
wall 48 can be anywhere between the first position and a third
position as discussed below. The vent 52 is not in
communication with the pressure release chamber 46 when the
movable wall 48 is in either the first or second position.
Pressure increases above the threshold pressure, however,
cause the variable volume of the pressure release chamber 46
to increase. The increased volume of the pressure release
chamber 46 allows the over—inflation protection device to
absorb excess pressure while the movable wall 48 is advancing

through the second position, even though the vent 52 is not
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yet in communication with the pressure release chamber 46.

Figure 3C illustrates the movable wall in the third
position. When the movable wall reaches the third position,
the vent is placed in communication with the pressure release
chamber so that inflation media is released through the vent
52, as indicated by the curved arrow in Figure 3C, thereby
maintaining a stable maximum inflation pressure within the
system.

Figure 4 is an enlarged view of a portion of Figure 3C,
illustrating the release of pressure through the vent 52 when
the movable wall 48 is in the third position. When fluid is
used as the pressure source, fluid escaping through vent 52
can be collected by any of the variety of structures apparent
to those skilled in the art.

A procedure for preventing balloon catheter over-
inflation within an artery is generally accomplished as
follows. The surgeon selects an over-inflation protection
device of the present invention having a desired vent
pressure. The vent pressure selected depends on the type of
procedure being performed. For instance, for use with certain
percutaneous transluminal coronary angioplasty catheters, an
over-inflation protection device 20 with a vent pressure of at
least about 14 atmospheres or less may be used to dilate a
highly calcified lesion, while an over-inflation protection
device 20 having a vent pressure on the order of about 10
atmospheres may be used to dilate a soft thrombosis or less
calcified lesion.

The influent port 40 of the housing 38 is connected to a
conventional pressure source 22, such as a syringe 24. A
conventional balloon catheter is connected to the effluent
port 42 of the housing 38. For example, in right
heart/pulmonary artery balloon catheterization, a seven French
Swan-Ganz catheter is preferably used for adults, while a five
French Swan-Ganz catheter is preferably used for pediatric
patients.

The surgeon positions the balloon catheter at a vascular

treatment site using conventional techniques.
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The surgeon then transmits pressure from the pressure
source 22 to inflate the balloon 32 at the treatment site.
The seven French Swan-Ganz catheter balloon will normally
inflate to its recommended size at a nominal 17 p.s.i., while
the corresponding pressure for a five French Swan-Ganz
pediatric catheter is approximately 21 p.s.i.

The over-inflation protection device 20 is calibrated so
that the catheter balloon is not exposed to more than the
pfeselected vent pressure, which is less than the failure
pressure of the balloon 32, thereby preventing over-inflation.
In addition, depending on the relative threshold pressures
needed for movement of the movable wall 48 and inflation of
the catheter balloon 32, the physician can determine whether
the balloon 32 is inflated or deflated based on the position
of the movable wall. This decreases the risk of the physician
unknowingly withdrawing a catheter having a partially inflated
balloon. Moreover, visualization of the movable wall enables
the physician to assess catheter function. For instance,
movement of the movable wall towards the pressure release port
in response to a constant pressure from the pressure source
22, may be indicative of catheter malfunction, such as a leak
in the catheter system. '

Figures 5-7 illustrate a second embodiment of the present
invention. Unlike the first embodiment, in which the pressure
release chamber 46 of the over-inflation protection device 20
is integrally molded with the manifold portion of the housing,
in the second embodiment, a subassembly 56 is releasably
attached to pressure release port 44. A standard luer
connector 58 or other connector adapted for convenient
attachment can be used to bring the subassembly 56 in
communication with pressure release port 44. In all other
respects, the first and second embodiments are functionally
identical.

The procedure for using the second embodiment depicted by
Figures 5-7 is the same as that of the first embodiment
depicted by Figures 2-4 with the exception of the second

embodiment requiring additional steps. The additional steps
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required to use the embodiment of Figures 5-7 involve
selecting a subassembly 56 having a desired vent pressure and
attaching the subassembly 56 to the pressure-release port 44
before transmitting pressure from the pressure source 22.
This releasable attachment can be accomplished using a
standard luer connector 58 or other connector adapted for
convenient attachment. Alternatively, this step can be
accomplished at the point of manufacture of the over-inflation
protection device.

Figures 8-10 illustrate a third embodiment of the present
invention. In this embodiment, the entire spring, movable
wall and pressure release chamber are disposed within a
integrally molded cap 60. The cap 60 is press fit to the
pressure release port 44 during the manufacturing stage of the
device and secured using conventional techniques such as snap
fit or net tolerance fit preférably together with any of a
variety of ways to maintain a seal such as thermal bonding,
solvent bonding or suitable adhesives known in the art.

The procedure for using the third embodiment depicted by
Figures 8-10 is identical to the procedure for using the first
embodiment depicted by Figures 2-4.

Although this invention has been described in terms of
certain preferred embodiments, other embodiments which will be
apparent to those of ordinary skill in the art in view of the
disclosure herein are also within the scope of this invention.
Accordingly, the scope of the invention is intended to be
defined only by reference to the appended claims.
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I CLATM:

1. A balloon catheter over-inflation protection device,

comprising:

a housing having an influent port for communication
with a pressure source, an effluent port for
communication with a balloon catheter, and a pressure
release port, the influent port, effluent port, and
pressure release port being in communication with each
other;

a vent in the housing for releasing inflation media
to maintain a predetermined maximum pressure; and

a movable wall within the housing for defining a
pressure release chamber between the movable wall and the
pressure release port, the movable wall being biased in
the direction of the pressure source so that an increase
in pressure above a threshold pressure overcomes the
biasing force and moves the movable wall from a first
position disposed towards the pressure release port,
through a second position between the first position and
a third position, to the third position in which the vent
is placed in communication with the pressure release
chamber, so that excess inflation media is released
through the vent when the movable wall is in the third
position, thereby preventing over-inflation of the
balloon.

2. A balloon catheter over-inflation protec{iion device,

comprising:

a housing;

an influent port in the housing for communication
with a pressure source;

an effluent port in the housing for communication
with a balloon catheter;

a first flow path for communication between the
influent port and the effluent port;

a pressure release port in the housing;

a second flow path for communication between the

pressure release port and the first flow path;
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a vent in the housing for releasing excess inflation
media; and

a movable wall normally disposed within the housing
in between the pressure release port and the vent, the
movable wall being biased in the direction of the
pressure source so that an increase in pressure above a
threshold pressure overcomes the biasing force and moves
the movable wall from a first position disposed towards
the pressure release port, to a second position between
the first position and a third position, to the third
position in which the vent is placed in communication
with the pressure release chamber, so that excess
inflation media is released through the wvent when the
movable wall is in the third position, thereby preventing
over-inflation of the balloon.
3. A balloon catheter over-inflation protection device,

comprising:

a housing;

an influent port in the housing for communication
with a pressure source;

an effluent port in the housing for communication
with a balloon catheter;
’ a pressure release port, the influent port, effluent
port, and pressure release port being in communication
with each other;

a cap on the housing;

a vent in the cap for releasing excess pressure; and

a movable wall for defining a pressure release
chamber in the cap between the movable wall énd the
pressure release port, the movable wall being biased in
the direction of the pressure source so that an increase
in pressure above a threshold pressure overcomes the
biasing force and moves the movable wall from a first
position disposed towards the pressure release port to a
second position between the first position and a third
position to the third position in which the vent is

placed in communication with the pressure release
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chamber, so that inflation media is released through the
vent when the movable wall is in the third position,
thereby preventing over-inflation of the balloon.

4. A method of preventing balloon catheter over-

inflation, comprising the steps of:

providing a housing having an influent port, an
effluent port, and a pressure release port in
communication with each other, the housing having a
movable wall for defining a pressure release chamber
between the movable wall and the pressure release port,
the movable wall biased in the direction of a pressure
source connected to the influent port so that an increase
in pressure from the pressure source above a threshold
pressure overcomes the biasing force and moves the
movable wall from a first position disposed towards the
pressure release port, to a second position between the
first position and a third position, to the third
position in which the vent is placed in communication
with the pressure release chamber, so that inflation
media is released through the vent when the movable wall
is in the third position, thereby preventing over-
inflation of the balloon;

connecting a balloon catheter to the effluent port
of the housing;

positioning the balloon catheter at a treatment
site; and N

transmitting pressure from the preésure source to
inflate the balloon at the treatment site.
5. A method of preventing balloon catheter over-

inflation, comprising the steps of:

providing a balloon catheter over-inflation device
of the type defined in Claim 3;

connecting a balloon catheter to the effluent port
of the housing;

positioning the balloon catheter at a treatment
site; and

transmitting pressure from the pressure source to
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inflate the balloon at the treatment site.
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