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[57] ABSTRACT

Oscillatory chest compression apparatus to aid in loos-
ening and eliminating mucus from the lungs of a cystic
fibrosis patient. The apparatus includes a mechanism for
applying pressurized air to a bladder covering the chest
of a person and a mechanism for venting pressurized air
from the bladder. In addition, the apparatus includes a
mechanism for supplying the air to the bladder in a
pattern of pulses having high rise times like square
waves. The application of the pressurized pulses and the
pulse rate is controllable by the patient.

4 Claims, 5 Drawing Sheets
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CHEST COMPRESSION APPARATUS

This application is a continuation-in-part of applica-
tion Ser. No. 07/366,686, filed Jun. 12, 1989, now
abandoned, which is a continuation of application Ser.
No. 07/045,888, filed May 1, 1987, now issued as U.S.
Pat. No. 4,838,263.

FIELD OF THE INVENTION

The present invention relates generally to medical
devices and, more specifically, to chest compression
devices which aid in the loosening and elimination of
mucus from the lungs of a person, particularly people
affected by cystic fibrosis.

BACKGROUND OF THE INVENTION

Cystic fibrosis is a deadly hereditary disease. With
one in 20 people carrying the recessive gene, concep-
tion of a child having cystic fibrosis results in approxi-
mately one in every 400 child-bearing marriages. No
cure for the disease has been discovered. Cystic fibrosis
affects the mucus secreting glands of the body so that
there is an overproduction of mucus. The lungs are
continuously filled with the excess mucus, and it must
be removed daily to reduce the build-up and the risk of
infection. Presently, treatment involves an aerosol ther-
apy three or four times a day to obtain bronchial drain-
age and a daily physical pounding on the chest wall to
loosen mucus for expectoration. Daily treatment can
range from four to six hours plus and necessitates a
respirator therapist or at least a trained individual to
provide the pummeling of the chest.

The present invention rests on a premise derived
from past research with dogs. Oscillating pressure aids
mucus clearance in airways and concurrent vibrations
decreases the viscosity of the mucus thereby enhancing
motility. The research on dogs made use of a modified
blood pressure cuff wrapped around the dog in the
region of the rib cage. The air bladder in the cuff was
pressurized by an oscillating pump.

The art in the area of mechanical vibrations to the
body shows such things as inflatable jackets or garments
to put on a person to aid in respiration, such as artificial
respiration. U.S. Pat. No. 3,043,292, U.S. Pat. No.
2,354,397, U.S. Pat. No. 2,588,192 are representative.
Additionally, a garment which provides oscillations for
the purpose of massaging the body is shown in U.S. Pat.
No. 3,310,050. The art, however, does not address the
indicated cystic fibrosis treatment problem.

SUMMARY OF THE INVENTION

The present invention is directed to compression
apparatus for the thoracic region of a person. The appa-
ratus includes mechanism for applying a force to the
thoracic region of the person. The force applying mech-
anism includes a bladder for receiving pressurized air.
The apparatus further includes mechanism for supply-
ing pressure pulses of the pressurized air to the bladder.
The pulses supplied have a rise time at least twice as fast
as the rise time of a sinusoidal pulse of equivalent ampli-
tude frequency. Additionally, the apparatus includes
mechanism for venting the pressurized air from the
bladder.

In the preferred embodiment, a rotary valve deter-
mines the rate of air pulses entering the bladder from
the pressure side and allows air to evacuate the bladder
on the depressurizing side. A blower is used on the
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pressurizing side of the rotary valve. The valve advan-
tageously provides a substantially square pulse. In this
regard, the valve has a port leading from the blower to
the bladder which has straight forward-most and rear-
ward-most edges, while the rotary shutter of the valve
has substantially parallel, straight leadirig and trailing
edges. In that way, as the port is opened to provide
communication between the blower and the bladder,
the port is opened across a wide front thereby creating
a fast rise time in the pressure pulse in the form of a
substantially square wave. Although not necessary, the
preferred embodiment also includes a control switch to
function a solenoid valve on the pressurizing side of the
rotary valve to stop pressurization during the inspira-
tion portion of the patient’s breathing cycle, depending
on the desire of the patient.

In an alternative embodiment, a primary bellows is
oscillated to provide air to the bladder adjacent to the
chest of a person. In addition, the secondary bellows is
oscillated to fill an air reservoir which can rapidly fill
the bladder after it has been emptied during an inspira-
tion.

The inventive apparatus is a pioneering solution to
the treatment problem faced by people having cystic
fibrosis. The advantages of the invention relate to bene-

- fits derived from a treatment program utilizing the pres-
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ent apparatus rather than a conventional treatment pro-
gram. In this regard, a treatment program with the
present apparatus provides a cystic fibrosis patient with
independence in that the person can operate the ma-
chine alone. He/she is no longer required to schedule
treatment with a trained individual. This results in in-
creased psychological and physical freedom and self
esteem. The person becomes flexible in his/her treat-
ment and can add extra treatments if such would be
beneficial as in the case of fighting a common cold. An
additional benefit is the vast decrease in cost of treat-
ment.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages and objectives of the present inven-
tion are explained with particularity hereinafter by re-
ferring to the drawings briefly described as follows:

FIG. 1 is an illustration of a person operating the
alternate embodiment apparatus in accordance with the
present invention;

FIG. 2 is a schematic diagram of an apparatus in
accordance with the preferred embodiment of the pres-
ent invention;

FIG. 3 is a schematic diagram of an apparatus in
accordance with the alternate embodiment illustrated in
FIG. 1;

FIG. 4 is an illustration of pressure pulses superim-
posed on an oscillatory curve representing a patient’s
breathing cycle;

FIG. 5 is an exploded perspective of a rotary valve in
accordance with the present invention;

FIG. 6 is a side view of the rotor assembly for the
valve of FIG. §5;

FIG. 7 is a perspective view of the rotor for the as-
sembly of FIG. 6; and

FIG. 8 is an illustration of a series of square wave
pressure pulses appropriate with apparatus in accor-
dance with the present invention as compared to a sine
wave.
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DETAILED DESCRIPTION OF THE
PREFERRED AND ALTERNATE
EMBODIMENTS

Referring then to the drawings wherein like reference
numerals designate identical or corresponding parts
throughout the several views, and more particularly to
FIG. 2, an apparatus in accordance with the present
invention is designated generally by the numeral 10.
With reference to FIG. 1, an alternate embodiment
apparatus is designated generally by the numeral 10'. In
FIG. 1, person 12 is shown wearing a shell 14 with an
air vest or bladder 16 between the shell and his chest. A
hose 114 connects the pulse pumping system 18 with
vest bladder 16. Person 12 is shown with his left hand
regulating switch 162 which controls the supply of air
pulses to vest bladder 16, and with his right hand con-
trolling the venting of vest bladder 16 by opening or
closing the end of tube 116.

Embodiment 10 could be illustrated similarly to FIG.
1, except it is controllable with only one hand, as will
become apparent. As shown in FIG. 2, the air pulse
system 18 of apparatus 10 comprises a pair of high vol-
ume regenerative blowers 26 and 62 having output
which is controlled by a large bore rotary valve 22. The
pressure side blower 26 has been tested using a commer-
cially available unit capable of producing a pressure of
43 inches of water at a volume of 53 cubic feet per
minute. Blower 26 is driven by a motor 27. The test unit
was driven by a one-half horse-power AC motor at

1725 rpm. The evacuation side blower 62 is driven by a .

motor 63. The test blower was capable of producing a
pressure of 28.5 inches water at a volume capacity of 27
cubic feet per minute. The test blower was operated by
a one-eighth horsepower AC motor at 1725 rpm. Pref-
erably, the pressure side blower 26 is oversized relative
to the evacuation side blower 62, as indicated with
respect to the test units to accomplish fast reinflation of
vest bladder 16 after it has been evacuated.

Alternate positive and negative pressures are applied
to vest bladder 16 via a rotary valve 22. During the
positive input pulse through valve 22 the negative pres-
sure side of the system is closed. During the negative
pressure pulse the positive pressure side of the system is
closed. The rotary valve creates alternating positive
and negative pressure pulses to vest bladder 16 and is
driven by motor 53. During testing, a one-twentieth
horsepower DC motor 53 controlled by a conventional
DC controller 54 was used. An electronic tachometer
with a magnetic pickup was used to monitor valve rota-
tional speed. The blowers operated continuously, so
that pulse speed was regulated by controller 54.

A solenoid valve 24 is located between the positive
side blower 26 and the rotary valve 22. During testing,
solenoid valve 24 had a 1.25 inch bore and was operated
by 24 volt power. Valve 24 is normally closed and is
controlled by a patient held hand switch 30. In the open
position a positive 43 inches of water pressurized air
flow is applied to rotary valve 22 which in turn allows
the air in the form of a pressure pulse through to vest
bladder 15. Since rotary valve 22 opens and closes air
flow between positive side blower 26 and vest bladder
16, pulses are created. The pulsing rate is determined by
the rotational speed of rotary valve 22 which in turn is
determined by motor controller 54.

When solenoid valve 24 is in the closed position, no
air flow from the positive side blower 26 passes to vest
bladder 16. Rather, vest bladder 16 is evacuated by
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4

negative pressure side blower 62. Such evacuation re-
duces the efforts required by a patient during inhalation.
Some patients may find a negative pressure is not
needed to evacuate the vest for comfortable inhalation.
For such patients, the vacuum or negative pressure
blower 62 is optional. :

A manual flow valve 46 is located between positive’
pressure blower 26 and vest bladder 16 to provide ad-
justment for regulating the flow volume or pulse
strength to vest bladder 16. Likewise, a manual flow
valve 64 is located between rotary valve 22 and nega-
tive side blower 62 to provide control relating to evacu-
ation. That is, for some patients total evacuation of vest
bladder 16 may be unnecessary or undesirable. Since
rotary valve 22 rotates at a constant speed and since
negative side blower 62 operates at a constant speed,
when flow valve 64 is set to constrict the flow commu-
nication line between rotary valve 22 and blower 62, it
will in effect reduce the volume of air which is evacu-
ated during a revolution of rotary valve 22. Therefore,
depending on how long the pressure side of apparatus
10 is closed, complete evacuation by the evacuation side
may not occur.

With reference to FIG. 2, apparatus 10 is hereinafter
described even more particularly. Pressure side blower
26 is in flow communication through hose 28 with nor-
mally closed, solenoid valve 24. It is understood that
any reference to a hose could as well be a pipe or other
mechanism for directing air from one point to another.
Solenoid valve 24 is in flow communication with rotary
valve 22 through a flow control valve 46, preferably
manually operable, wherein hose 44 connects solenoid
valve 24 with flow control valve 46 and hose 48 con-
nects flow control valve 46 with rotary valve 22. One
or more lines shown as hose 50 connect rotary valve 22
with vest bladder 16. On the negative pressure side,
rotary valve 22 is in flow communication through flow
control valve 64 with evacuation fan 62. Hose 66 con-
nects rotary valve 22 with flow control valve 64, while
hose 68 connects valve 64 with fan 62.

AC motor 27 drives pressurizing fan 26 and is con-
nected via electrical lines 70 and 72 to electrical power
source 42. AC motor 63 drives evacuation fan 62 and is
connected via lines 74 and 76 to power source 42. DC
motor 53 is connected via lines 57 and 58 with control-
ler 54. Controller 54 includes a manual control 56 for
varying speed of motor 53. Motor controller 54 receives
power via lines 59 and 60 from source 42.

Solenoid valve 24 is connected through an isolation
transformer 36 to power source 42. More particularly,
solenoid valve 24 is connected to one side of trans-
former 36 via line 38 and to the other side of trans-
former 36 via lines 32 and 34 through patient control
switch 30. The other side of transformer 36 is connected
to power source 42 via lines 40 and 41.

A cystic fibrosis patient is generally weak and has a
weak cough and cannot clear mucus from his/her hungs,
sometimes hardly at all. A high frequency vibration aids
in decreasing the viscosity of the mucus, freeing it from
lung walls and thus making it much more likely that a
weak cough will be able to clear mucus. As some mucus
is cleared, the cough will likely strengthen thereby
allowing more and more mucus to be cleared.

A more graphic representation is shown in FIG. 4.
The lower frequency line 78 represents the breathing
cycle of the patient. The higher frequency line superim-
posed on portions of the low frequency line represents
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the pulsing motion administered by vest bladder 16 to
the patient’s chest.
Initially, the patient breathes rather shallow and uses
only a small percentage of his/her total lung capacity as

represented by the region between the inspiratory re-

serve capacity line 82 and the expiratory reserve capac-
ity line 84. As some mucus clears, the patient begins
using a greater percentage of his/her lung capacity. A
treatment goal is to get the patient breathing so deeply
that he/she reduced his/her residual volume as repre-
sented by line 86, thereby increasing his/her vital ca-
pacity.

To use apparatus 10, first a vest bladder 16 and a shell
14 are custom made for the particular patient 12. The
vest bladder 16 must cover the region of the chest
which covers the lungs. The vest bladder has a single air
chamber with at least one and preferably two air ports
located near the upper portion of the chest. The vest, on
a test model, was made of 15 mil polyurethane with
hook and loop closures in. front.

Shell 14 may be any one of several possible types. For
example, the hard shell may be made from a polypro-
pylene body cast to have split sides to allow for an easy
fit. On the other hand, shell 14 may be made as a soft
vest from a non-stretch cloth material. Or, shell 14 may
be made of non-stretch cloth material, but made to have
front and back panels forming pockets to receive rigid
polypropylene plates. All shell types preferably include
hook and loop closures.

After the patient has been fitted with a vest bladder
16 and shell 14 such that vest bladder conforms to the
patient’s chest snugly, but not tightly, hose 50 is con-
nected thereto. The three motors 27, 53 and 63 are then
turned on. Since solenoid valve 24 is normally closed,
fan 26, although operating, is not yet pressurizing vest
bladder 16. Evacuation fan 62, also now operating, is
functioning to evacuate vest bladder 16. The patient
then closes switch 30 which opens solenoid valve 24
and allows for pressurization of vest bladder 16 and
does so with air pulses at a frequency set by control 56
of motor controller 54. If the volume of air from either
the pressure side or the evacuation side of the system is
too great or not enough, hand control valves 46 and 64
are appropriately functioned.

With the system operating, the patient must learn to
control apparatus 10 in accordance with his/her breath-
ing cycle. That is, switch 30 must be held down during
expiration and released during inspiration so as to pro-
vide pulsing during expiration and evacuation during
inspiration. The effect is shown graphically in FIG. 4 by
the smooth line 78 directed toward inspiratory reserve
capacity line 82 and the superimposed wave line 80 on
line 78 directed toward expiratory reserve capacity line
84. The high frequency pulse rate appropriate for any
particular patient is obtained by empirically measuring
either the flow rate or the volume of air breathed by the
patient at different frequencies and at different time
durations of the treatment with apparatus 10. The pres-
ent apparatus is particularly advantageous in this regard
since the pulsing frequency can be tuned to a particular
patient to optimize energy transmission to the lungs.
Typically, the breathing cycle is a relatively low fre-
quency and for a healthy person is commonly about 0.2
to 0.4 hertz. For a person having cystic fibrosis or other
sickness, the breathing frequency may range up to one
or two hertz. The high frequency pulsing is generally
tuned between 10 to 30 hertz and could go as high as the
30 hertz rate for a small child. In any case, the low

20

30

35

40

45

50

55

60

65

6

frequency breathing cycle will be below 5 hertz, while
the high frequency pulsing cycle will be above $ hertz.

After using briefly apparatus 10" described hereinaf-
ter and then after using more extensively apparatus 10
described hereinbefore, we determined that the pressure
pulse wave form was an extremely important character-
istic of the system. That is, quick impact is much more
important than gradual compression. Hence, we real-
ized the quick rise time of a pulse in a form of substan-
tially a square wave is necessary. As a result of our
testing, our preferred embodiment is essentially the
system shown in FIG. 2 without exhaust blower 62 and
flow valve 64. Also, we have found that a shell 14 is
unnecessary.

In this regard, although not shown in the drawings in
the detail described, the vest 16 in the preferred embodi-
ment is tailored for each patient to cover the entire
torso from over the shoulder to the iliac crest. The vest
16 is made of non-stretch vinyl coated polyester fabric
18 mil thick. Each vest 16 has two input ports located
on each side of the upper front panels. The connect
tubes are 1.85 cm internal-diameter, flanged vinyl el-
bows facing down to facilitate connecting by the pa-
tient. The front of the vest 16 is secured with hook and
loop straps to assure a snug fit vest at total lung capacity
along with quick release and closure. The straps overlap
the left side of the vest 16 and are easily released by a
small outward pull. The vest 16 has two anti-ride up
loops located on the lower margin under each arm.
These allow attachment of a loop strap on which the
patient may sit during use when vest ride-up is a prob-
lem. The vest 16 is inflated over the entire thorax in-
cluding air passages over the shoulders and under the
arms. Construction of the vest 16 is accomplished using
an industrial sewing machine and vinyl glue. All seams
are double row stitched with heavy duty nylon thread.
Input vinyl tubes are flanged inside the vest and sewn
and glued in place. The input tubes 50 of the vest 16 are
connected to the rotary valve 22 with 2.3 cm inside
diameter and 2.6 cm outside diameter clear polyvinyl
tubing. The vest 16 is not required to be air tight be-
cause a long time constant leak will not diminish pulse
pressure in a high volume air stream.

The air pulse generator consists of a high volume
regenerative blower 26 wherein output is controlled by
a large bore rectangular port, rotary valve 22. The
pressure blower 26 has a 1.5 cubic meters/min. capac-
ity, capable of generating a maximum pressure of 130
mm Hg per sq. cm at 60 Hertz and operates off a 4 hp
AC motor at 3450 RPM. Alternating positive and atmo-
spheric pressures are applied to the vest 16 via the ro-
tary valve 22. During inspiration, the atmospheric
phase, the positive pressure side of the system can be
blocked.

The rotary valve 22 which allows alternating positive
and zero pressure, is driven by a 1/20 hp DC motor 53
controlled by a standard DC speed controller 54. Cali-
bration of the speed controller 54 is done with a me-
chanical tachometer (not shown). The blower 26 oper-
ates continuously and puise frequency is regulated by
the rotary valve speed controller 54.

A 24 volt, 1.25 inch bore solenoid 24 is located be-
tween the positive pressure blower 26 and the rotary
valve 22. This valve 24 is normally closed and is con-
trolled through an isolation circuit by a patient held
hand or foot dead mans switch 30. Should the patient
drop the switch or fall, no pressure is applied to the vest
16 which then deflates through the rotary valve 22 and






