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A manually carriable digital inflation device for monitoring pressure in an angioplasty balloon catheter in a patient having
an elongated main housing (12) which has a pressure generating piston (26) and cylinder (28) adapted through a pressure sensor
(32), to digitally display (16) the pressure, elapsed time or duration of the pressure generated, and the number of cycles of pres-
sure generated and communicated to a balloon catheter. The distal display panel (16) receives this information through a proper
circuit connected to the sensor. The display panel (16) is canted at an angle with respect to the elongated housing (12) to make the

display easier to read and respond.
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DIGITAL INFLATION DEVICE
BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to apparatus for performing
angioplasty procedures opening up occluded blood vessels and

more particularly to an inflation device for dispensing

inflatable fluid into a balloon catheter.
2. Prior Art

Proper Inflation and Deflation of Balloons in Angioplasty
Balloon Catheters is an Absolute Necessity during 1life
threatening angioplasty procedures. The operating physician has
to know the pressure at which the balloon is being inflated, and

often has to leave them inflated for a very definite period of

time.

U.S. Patent 4,723,938 to Goodin et al discloses a single

plunger inflation device for inflating a balloon catheter.

U.S. Patent 4,815,313 to Beard shows a calibration
reference device for monitoring pressures developed by a
hypodermic syringe. A microprocessor is arranged to digitally
display the pressure developed within the syringe barrel as the

physician moves the plunger of the syringe. ﬁls. Patent
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4,370,982 to Reilly shows an apparatus and a method for
controlling the pressure of fluid injected into a catheter. A
controlled device is included to permit a rapid increase or

decrease in the fluid pressure to facilitate maintenance of a

particular pressure by a manual means with an analog device.

European Patent Application publication no. 0 290 770 to
Hajianpour, shows a pressure sensor device to be connected with
a needle or catheter using a diaphragm which is adapted to sense
the pressure within a needle or syringe. A microprocessor is
connected to the diaphragm which in turn feeds a series of LED
lights to indicate a particular pressure range reached by the
balloon attached to the sensing mechanism. Lights, are of

different colors to indicate a safe or unsafe pressure region.

European Patent Application publication no. 0 396 353 of
Shockey discloses a housing mounted digital display on an
inflation/deflation device, which fails however to develop a

full display of necessary data in a user friendly arrangement.

It is an object of the present invention to overcome the
shortcomings of the prior art. It is a further object of the
present invention to provide readily readable digitized
information to our physician operating angioplasty catheter

without any guesswork or interpretation of the results being

reviewed.
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BRIEF SUMMARY OF THE INVENTION

The present invention comprises a hand held pressure generated
monitor utilizing digital read out of a plurality of functions

related to a pressurized angioplasty balloon catheter.

The present invention is a fully self-contained pressure
generator and monitor with means for attachment to a connector
junction on the proximal end of a angioplasty catheter
arrangement. The digital inflation monitor comprises a
generally longitudinal housing having a plunger mechanism at one
end thereof. The housing has an angularly displaced readout
display disposed at the other end thereof. The angular
relationship of one end of the housing to the other permits ease
of display for the operating physician. The elongated housing
has a proximal end through which an axially displaceable plunger
rod is disposed. The plunger rod itself has a knob on its
proximalmost end extending out of the proximal end of the
housing. The rod is a threaded shaft going through an
adjustment nut in the housing. The plunger rod has a sealed
piston at its distalmost end which slides within a tubular
member to generate the desired pressure within the balloon
catheter. The distalmost end of the tubular member is fed

through a luer connector, which may connect via a high pressure
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tube fitting, to a connector at the proximal end of an
angioplasty balloon catheter assembly. A sensor is arranged
within the 1luer connector, to pick up particular pressure
signals generated therein. The sensor is electrically connected
to a printed circuit board confaining an analog to digital
converter and a microprocessor. The analog to digit converter
and the microprocessor are both in the electrical communication
with a liquid crystal display panel which keeps track of the
pressure on a real time basis, it keeps time in minutes and
seconds of the pressure as established within the balloon, and
it also keeps digital display of the number of inflations the

balloon has undergone within the angioplasty balloon catheter

assembly.

The manually held digital inflation device for monitoring
pressure in an angioplasty balloon catheter in a patient, of the
present invention comprises: a main housing having pressure
generation means disposed ‘through a proximal end thereof; a
fluid conduit adaptable for fluid communication with an
angiopl;sty balloon catheter; a pressure sensor in
communication with the fluid conduit, for the receipt of fluid
pressure characteristics within the conduit; and a digital
display of the fluid pressure characteristics at a digital
display panel, through a circuit means arranged between the
sensor and the display panel, to conveniently show the operator

of the device the critical pressure characteristics generated in
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a balloon catheter associated with the device the panel
digitally displays the pressure of fluid in the fluid conduit,
the time of duration of the pressure in the fluid conduit and

the number of pressure cycles generated within the fluid conduit

by the pressure generating means in said device.

The present invention also includes the digital display panel
being disposed in a display housing at the-proximal end of the
main housing, said display housing beihg arranged at an acute
angle with respect to the main housing, to facilitate operator

viewing of the panel.

The manually held digital inflation device includes a switch
arranged with the circuit to start and stop and reset the

display panel.

A releasable engaging mechanism is adapted to hold or
selectively release said pressure generator means so as to
effect the pressure in a balloon catheter pursuant to a display

panel readout.

The pressure generator means comprises a piston on a shaft and
a cylinder arrangement, and the releasable engaging mechanism
comprises a partially threaded split .nut which is contractable
and separable from said the shaft so as to engage or release the

shaft to permit the effectuation of pressure within the cylinder
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The method for monitoring pressure applied to an angioplasty
balloon catheter now comprising the steps of providing a

pressure generating piston and cylinder arrangement in an

elongated housing with a fluid conduit from the cylinder,
attachable to a balloon catheter; arranging a pressure sensor
in fluid communication with the fluid conduit from the cylinder;
interconnecting the pressure sensor through a controllable
circuit which is displayable as digitized information on a
display panel arranged at one end of the elongated housing;
displaying important pressure, elapsed duration of pressure
and number of pressure cycles of the pressure generating piston
and cylinder arrangement sensed at the fluid conduit by said
sensor and converted into a digital display by the circuit, for

easily controlling the pressure applied to any balloon catheter

attached to the device.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the present invention will
become more apparent when viewed in conjunction with the

following drawings in which:

Figure 1 is a isometric view of the digital inflation

device constructed according to the principles of the present
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Figure 2 is a side elevational view in section of the

digital inflation device;

Figure 3 is a side view of one-half of a locking nut

adapted within the housing on the proximal end of the elongated

plunger rod;

Figure 4 is a view taken along the lines IV - IV of Figure

2; and

Figure 5 is a block diagram of the circuitry for the

digital inflation device herewith.

Description of The Preferred Embodiments

Referring now to the\drawings in detail, and particularly
to figure 1, there is shown a digital inflation device 10 which
comprises a fully self contained hand held pressure monitor
utilizable in conjunction with balloon catheter angioplasty
devices, not shown.

The digital inflation device 10 comprises a generally
elongated main housing 12 having a plunger mechanism 14 thereat.
A readout display housing 16 has a longitudinal axis 15 shown in

figure 2 which is angularly disposed at the other end of the
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main housing 12, at an angle "A" of about 20 degrees to about 60
degrees with respect to the longitudinal axis 18 of the main
housing 12.

The plunger mechanism 14 comprises an elongated threaded
shaft 20 rotatably disposed through an adjustment nut 22 as
partially shown in figures 2 and 3. The threaded shaft 20 has
a knob 24 on its proximalmost end, and a piston 26 attached to
its distalmost end. The piston 26 and its attendant threaded
shaft 20 are slidably disposed in a cylinder or tubular pressure
member 28. The pressure member 28 has an opening 30 at its
distalmost end, which is in fluid communication with a sensor
conduit 32, as shown in figqures 2 and 4.

The fluid pressure within the pressure member 28 is
generated in a known way, by advancing the piston 26 therein to
compress any fluid in the pressure member 28. The threaded
shaft 20 may be rotatively advanced‘ (or retracted) through the
adjustment nut 22. The half of the adjustment nut 22 not shown
in figure 2 comprises a,U—s‘haped nember 32 having a smooth semi-
annular surface which is in close proximity to the threaded
shaft 20. The half of the adjustment nut 22 which is shown in
figure 2 also comprises a U-shaped member 34 also having a semi-
annular surface 36, but also having a plurality of semi-circular
threads 38 disposed thereacross, as shown in figqure 3. a
spring, not shown, is placed between thé thréaded member 34 and
the inside of the split housing 12, in which half the threaded

member 34 mates. The smooth (non-engaging) member, net shown in
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the other half of the split housing 12, and together surround
the threaded shaft 20 therebetween. The U-shaped members mate
together by projections 40, and receiving openings on the_other
member, not shown. A button 42, shown in figure 1, when pushed,
pushes the smooth U-shaped member which has room to move and
allow shaft 20 to still move as well, displacing the threads 38
on the other half of adjustment nut 22 from engagement with the
threads in the shaft 20, permitting rapid advancement or
retraction of the piston 26 in the tubular member 28.

The sensor fluid conduit 32 comprises a tubular shaft 50
which extends between the opening 30 in the downstream end of
the pressure member 28, and a high pressure tube 52, shown in
figure 2. The high pressure tube 52 is in fluid communication
with a balloon angioplasty catheter assembly, not shown, for
supplying and withdrawing pressurized fluid from the balloon on
the catheter. |

The sensor fluid conduit 32 is secured to a printed circuit
board 56, and a back-up ﬁlate 58. The shaft 50 has an opening
60 which exposes any pressured fluid within the shaft 50 to a
pressure monitor 62 disposed on the printed circuit board 56.
The pressure monitor 62, shown schematically ‘in figure 5, is
connected, through a circuit 64 to an analogue to digital
converter 66. The converter 66 is linked to a microprocessor 68
through a control line 70. The microprocessor 68 has memory
capabilities to store procedure data and is outputable through

a standard computer port 69 disposed through the housing 12, and
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is attachable to a strip recorder or other computer, not shown,
to further facilitate medical treatment of a patient being

treated. An audible beeper 72 is in electrical communication

with the micorprocessor 68, to an on-off switch 74 and a start-

stop switch 76. The microprocessor 68 and the converter 66 are

each connected to a display panel 78 having liquid crystal read-
out display characters which provide the pressure of the fluid
within the high pressure tube 52(as read by the pressure
monitor) to give all of the critically important information,
which is the pressure reading 80 of an attached balloon
catheter, the time lapsed during which that pressure is
maintained, by a time display ﬁeans 82, and a counter which
tracks the number of times the pressure has been reduced and
repressurized, as an inflation counter display means 84. The
microprocessor 68 also provides a back-light means 86 for liquid
crystal display panel 78, all of which circuitry is powered by
a battery 89.

Thus an operator of such a digital inflation device 10
attaches the high pressure tube 52 to a connector, not shown,
which is in communication with a balloon feed lumen in a balloon
catheter after the catheter has been properly emplaced within a
stenotic lesion of a patient. By turning the proper circuitry
on through the on switch 74, the physician is able to begin to
advance and hence create pressure within the cylinder/pressure

member 28 and hence a balloon catheter, not shown, which would

be thereattached. The pressure monitor 62 supplies analogue

v,
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signals through a proper circuit 64 to a proper analogue to
digital converter 66 which transmits the digital signal to a

proper microprocessor 68.

The display paﬁel 78 then flashes-out in a digital format
the measured pressure, time and number of inflations at the
liquid crystal display. The beeper 72 may be programmed within
the microprocessor 68 to audibly alert the physician once a
particular pressure, time or number of inflation count has been
reached.

The physical configuration of the display canted at an
angle with respect to the main housing 12 of the digital
inflatino device 10 permits ease of reading the display panel 78

and good access to the switch means 74 and 76 therewith.
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I claim:

1. A.manually'héld self-contained digital inflation device for
displaying in a digital format the pressure, time and number of
inflations of a balloon angioplasty catheter, comprising:

a main housing having a pressure generating chamber

therewithin and a displacable piston for effectuating pressure

within that chamber;

a fluid pressure conduit in fluid communication with said

chamber, said fluid pressure conduit connectable to a balloon

catheter;

a pressure sensor in fluid communication with said fluid
pressure conduit to signal through circuit means, a display
panel to display important pressure, elapsed time of pressure
maintained and number of pressure cycles information in a

digital manner to an operator of said device.

2. A manually held digital inflation device as recited in
claim 1, wherein said main housing has a proximal and a distal
end, said distal end having a display housing angularly arranged

thereon so as to facilitate operation of said device.

v,
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3. A manually held digital inflation device as recited in
claim 1, wherein said display housing has a longitudinal axis
disposed at an angle of about 20 to about 60 degrees from the

longitudinal axis of said main housing.

4. A manually held digital inflation device for monitoring
pressure in an angioplasty balloon catheter in a patient,
comprising:

a main housing having pressure generation means disposed
through a proximal end thereof;

a fluid conduit adaptable for fluid communication with an
angioplasty balloon catheter;

a pressure sensor in communication with said fluid conduit,
for the receipt of fluid pressure characteristics within said

conduit; and

a digital display of said fluidvpressure characteristics at
a digital display panel, through a circuit means arranged
between said sensor and saia display panel, to conveniently show
the operator of said device the «critical pressure
characteristics generated in a balloon catheter associated with
said device said panel digitally displays the pressure of fluid
in said fluid conduit, the time of duration of said pressure in
said fluid conduit and the number of pressure cycles generated
within said fluid conduit by said preséure generating means in

said device.
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5. A manually held digital inflation device as recited in

claim 4, wherein said digital display panel is disposed in a
display housing at the proximal end of said main housing, said
display housing being arranged at an acute angle with respect to

said main housing, to faciliate operator viewing of said panel.

6. A manually held digital inflation device as recited in claim
5, including a switching means arranged with said circuit means

to start and stop and reset said display panel.

7. A manually held digital inflation device as recited in
claim 6, including a releasable engaging means adapted to hold
or selectively release said pressure generation means so as to

effect the pressure in a balloon catheter pursuant to a display

panel readout.

.

8. A manually held digital inflation device as recited in

claim 7 wherein said pressure generation means comprises a
piston on a shaft and a cylinder arrangement, and said
releasable engaging means comprises a partially threaded split
nut which is contractable and separable from said shaft so as to
engage or release said shaft to permit the effectuation of

pressure within said cylinder arrangement.

9. A method for monitoring by a manually carried device, the

“w
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pressure applied to an angioplasty balioon catheter comprising
the steps of:

providing a pressure generating piston and cylinder
arrangement in an elongated housing with a fluid conduit from
said cylinder, attachable to a balloon catheter; N

arranging a pressure sensor in fluid communication with
said fluid conduit from said cylinder;

interconnecting said pressure sensor through a controllable
circuit means which is displayable as digitized information on
a display panel arranged at one end of said elongated housing;

displaying important pressure, elapsed duration of pressure
and number of pressure cycles of said pressure generating piston
and cylinder arrangement sensed at said fluid conduit by said
sensor and converted into a digital display by said circuit, for
easily controlling the pressure applied to any balloon catheter

attached to said device.

10. A method for monitoring, by a manually carried device, the
pressure applied to an angioplasty balloon catheter as recited
in claim 9, including the step of:

signaling by an audible alarm energized by said circuit,
when said pressure sensor reports to said circuit a

predetermined pressure, time or quantity of pressure cycles.

11. A method for monitoring, by a manually carried device, the

pressure applied to an angioplasty balloon catheter -as recited
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in claim 10, comprising the step of:
arranging said digital display at an acute angle with
respect to the longitudinal axis of said elongated main housing

so as to present said display in an easily read manner.

12. A method for monitoring, by a fully self contained manually

carried device, the pressure applied to an angioplasty balloon

catheter as recited in claim 10, including the step of:
outputing procedure data through said circuit means, to an

outside computer device so as to further facilitate medical

treatment of a patient.

w
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