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57 ABSTRACT

‘The invention is an apparstus for increasing intruthoracic
pressure for resuscitating cardive arrest patients. The appara-
tus comprises a Nlexible, substuntially inelustic belt wrapped
around the paticnt’s chest and attached to a foree converter.
The force converter converts @ downwardly directed foree
into a chestward resultant, which depresses the sterman, and
two belt tightening resultants. "The foree converter comprises
apair of arm assemblics, cach having i pair of spaced arms,
which are pivotably mounted to i base. The basce is positioned
near the patient’s steernum and the ends of the belt atiach to
one ead of each arm assembly. The opposite, handle ends of
the anm assemblics are depressed toward the chest causing
tightening of the helt and compression of the chest cavity.

134 Claims, 11 Drawing Sheets
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CHEST COMPRESSION APPARATUS FOR U.S. Pat. No. 2,071.215 (o Petersen shows a piston and
CARDIAC ARREST cylinder armingement attached to two ends of a girdle which

‘The present application is a continuation of U.S. patent
application Ser. No. 09/818,102, filed Mur. 27, 2001 now 1).S.
Pat. Nu. 6,645,163, which is (1) a division of U.S. paent
application Ser. No. 09/0539,497, filed Apr. 13, 1998, and
issucd as ULS. Pat. Nu. 0.234.984 on May 22, 2001, which
was acontinuation of ULS, patent application Scr. No. 08/373,
465, liled Dee, 15, 1995, and issued as U.S. Pat. No, 5,738,
637 on Apr. 14, 1998, and (2) a continuation of LS. patent
application Ser. No. 09/546.519, filed Apr. 1, 2000, and
issued as U.S. Pat. No. 0,325,771, on Dec. 4. 2001, which was
acontinuation of U.S. patent application Ser. No. 09/059.497,
filed Apr. 13, 1998, and issved as U.S. Pat. No. 6.234,984 on
May 22,2001, which wasa continuation of U.S. patent appli-
cation Scr. No. 08/573.465, filed Dec. 15, 1995, and issued as
U.S. Pat. No. 3,738.637 on Apr. 14, 1998,

TECHNICAL FIELD

‘This invention relotes broadly 1o the ficld of medical
devices and more specilically to an apparatos for increasing
the blood flow by compressing the chest cavity of a person
suffering from cardiac arrest,

BACKGROUND ART

During cardiae arrest. it is desirable to generate biood flow
by external means in order to maintain brain and heart viabil-
ity. Traditionally, the external means of generating blood flow
has been manual cardiopulmonary  resuscitation (CPR).
Using CPR, the rescuer tilts the patient’s head back, lifis the
chin 1o clear and straighten the airway, and depresses the
slernum 1% (o 2 inches 15 tmes (at a rate of 80 o 1X)
depressions per minute). after which the rescuer gives the
patient 2 full breaths. ‘This 15 depressions wnd 2 breaths is
repeated cyclically.

Currently, the CPR research community believes that
blood flow produced by external means can be cxplained by
one, or & combination of twa, theoretical mechanisms: the
“cardiue pump” mechanism and the “thoracic pump™ mecha-
nism.

Acconding o the cardiac pump mechanism, blood flow
caused by external means is due to direet mechanical com-
pression of the heant. During compression, blood is squeczed
out of the heart chambers, and during release of the compres-
sion (rekaxation) blood flows into the heart chambers, Buck-
flow of the blood is prevented by the valving of the heart and
vessels.

According 10 the thoracic pump mechanism, blood is
pumped by external means as a result ol the eyclical increase
and deerease of intrathoricic pressure, Duoring compression,
the intrathorucic pressure rises, which causes blood to be
forced out of the blood vessels and organs located in the
thorax, and the blood flows into the peripheral tissues. During
release. blood flows buck into the thorax vig the normal
venous return. In this method. backllow is prevented by the
valving of the veins.

Muost rescarchers believe that both mechanisms are active
to some degree. However, the methods presently in use, and
the devices currently in use, for promoting blood Now by the
application of an extemal foree are dirceted toward only one
of the two mechanisms. In order to maximize blood low, a
device which tukes advantage of both mechanisms is needed.

A variety of devices have been developed 1o increase blood
andfor air flow in the chest cavity of a candine arrest patient.
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eacireles a paticnt’s chest. The expansion oF compression of
a fuid in the piston und cylinder combination tightens and
loosens the girdle to ventilate the lungs, This device is farge
and heavy, and is dependent upon a compressed Ruid lor
driving power.

LS. Pal. No. 3425409 1o Isaacson et al. discloses an
apparitus tor compressing the stemum by a downward loree
generated by a piston. A belt is placed around the chust in
order to minimize bodily dumage, and air is applied w the air
passages of the patient.

LLS. Pat. No. 5,287,840 to Capjon et al. shows an upper
Trame (hat rests on a patient, whose back resls on a lower
framwe. Retractable straps extend from the upper frame and
attach to the lower frame. A hydraulic cylinder in the upper
frame presses downwardly on the chest.

Burkalow, in U.S. Pat. No. 3.461.860. discloses a device
using a poesmatic plunger to mechanically compress the
sternuin a predetermined distance. A mechanical ventilator
was added to this device in ULS. Pat. No, 4.326,507 to insure
proper ventilation and increase the volume of the chest. This
device was limited in its success due 1o complexity which
requires trained personned o use it

A similar device was disclosed in ULS. Pat. No, 4060079
1o Reinhiold. This device is merely a similar pontable unit,

Bloom. in LS. Pat. No. 4,338,924, shows a stermum com-
pression device using an air cylinder to depress the chest of
the cardiae arrest patient, This device, fike many others using
a chest compression design, is large and heavy.

Newman ¢t al., in U.S. Pat, No. 4424800, show a pneu-
matic vest for generiting a rise in thoracic pressure. This vest
uses the “thorucic pump”™ concept of exerting greater force
over i lurger area under the assumption that iF more major
organs could be compressed and released, greater blood flow
wauld oceur, By releasing the compression loree, the chest
would return 1o its normal size and draw blood back into the
major organs. Positive blood flow would oceur due 1o the
one-way valves in the vascular network. The Newmin device
is not readily portable, in addition to having substantial com-
plexity. In US. Pat. No. 4,928,674, Halperin ct al. disclose a
simifar vest which is similarly not ponable.

Lach et al.. in U.S. Pual. No. 4,770,164, disclose a circum-
fercatial band and take-up reel used to generate a rise in
thoracic pressure. Although cither manually or mechanicaily
driven, this apparatus requires the use of o backboard for
guiding the band around the chest.

The use of bands or belts to generite a rise in intrathorucic
compression for the purpose of assisting respiratory ailments
is disclosed in ULS. Pat. No. 651962 1o Boghean, "This device
is for periodic loosening and tightening of the band around a
palien’s chest for treating respiratory discase by regulating
periods of breathing as well as the size or depth of breath.

In U.S. Pat. No. 3.777,744, Fryfogle et al. disclose a breath-
ing aid consisting of a belt and a handle which tightens the
belt Tor expelling excessive residual air in the lungs.

Other devices known to the Applicants using circumferen-
tial bands for generating a compression foree on the abdomen
and lower chest Lo assist in compression of lungs for respira-
tory purpuses include ULS, Pat. No. 2,899,955 e Huxley. U.S.
Pat. No. 3.308.581 to Glaseock and ULS, Pat. Nu. 2,754.817 10
Nemeth. Furthermore, the use of inflatable blicders posi-
tioned around cither the chest or the abdomen have been
disclosed in 1.8, Pat. Na. 3.481.327 10 Drennen. ULS. Pat. No.
3,120,228 10 Huxley. U.S. Pat. No. 3.042,024 to Mendelson,
LS. Pat. No, 2,853,998 10 Emerson, LS. Pat. No, 2,780,222
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1o Polzin, LS. Pat. No. 2.071.215 1o Petersen, 1.8, Pat. No.
44248006 1o Newman and 1.8, Pat. No, 4,928,674 1o Halp-
erin.

U.S. Pat. No. 2,099,163 o Engstriim, shows u respirator
device for ventilating a patient”s lungs.

U.S. Pat. No. 5.295481 1o Geeham shows a chest compres-
sion device comprising a -shaped mechanical chest com-
pression upparatus with o suction cup. The central shaft
attached to the cup may be compressed beyond the lips of the
cup and bruise or otherwise injure the paticnt due o the
cuncentrition of foree on the patient by the shalt tip.

U.S, Pat. Nu, 4,397,306 10 Weisfeld et al. and U.S. Pat. No.
1,399,034 1o Taplin show large mechanical devices for com-
pressing the chest of u cardine arrest patient.

Szpur, in US. Pal. No, 5407418, discloses a power-
driven, pulsating compressor apparatus for stimulating blood
flow within vessels of a person’s Toot or hand. The device
periadically applics a concentrated force against a localized
region of the Toot or had,

In spite of the prior an, the need sull exists for a device
which cffcctively increases the low of blood in the organs of
a cardine arrest patient. This device should be truly portable
and uscable by a person of average strength amd skill,

BRIEF DISCLOSURE OF INVENTION

The invention is an appuritus for increasing the flow off
blood in o patient. for example a person suffering cardiac
arrest. The apparatus comprises a base contoured 1o seat near
a central region of the patient’s chest. Also included are a
manual aciuator and a substantially inclastic belt which is for
wrapping around the patient’s chest. The invention further

comprises a foree converter mounted to the base. The foree
converter is connected to the actuator and has belt connectors -

for connecting to opposite extremities of the belt, The force
converter is for converting o foree manually applicd (o the
actustor and direcled toward the chest into a chest compress-

ing resultant. The chest compressing resultant s directed |

through the base toward the chest. The Torce manually applied
tothe actuator is converted, inaddition to the chest compress-
ing resultant, into belt ghtening resultants applied to the belt
connectors, and direcled tingentially 1o the chest.

‘The invention contemplates the converter comprising first -

and second assemblics. The first assembly has a pair of
spaced, parallel anns rigidly connected at handle ends by o
first hand-grippable handle, ‘The arms of the first assembly are
further rigidly connected at opposite. belt ends by a lirst strut.
‘The first assembly arms are pivotally mounted to the base at
a first assembly (ulcrum intermediate the handle and bel
cnds. The second assembly is substantially similar 10 the fisst
assembly and both assemblies are pivotally mounted to the
base. forming a scissors wrangement, A force applied to the
handle ends pivots the scissoring assemblies, which form a
pair of levers. The strut ends of the assemblies are levered
toward une another. tightening the helt attached 10 the struls.

It is an objective of the present invention 1o provide an
apparatus having a flexible belt which wraps around the chest
of a cardiac arrest patient. ‘The apparatus tightens the belt
while depressing the chest. the combination of which raises
the intrathoricic pressure. enhuncing blood low.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a view in perspective illustrating an embodiment
of the present invention in an operable position:

2

30

50

55

LY

06s

4

FIG. 2 is a side view in seetion illusigtting the extrenwe
positions of the arm assemblies of the embodiment of the
present invention shown in FIG. 1;

FIG. 3 is a diagrammatic view ilustrating a force dingram;

FIG. 4 is o diagrammatic view iHustraling an aliernative
force converter:

FIG. § is @ disgrammatic view illustrating an
loree converter;

FIG. 6 is a disgrammutic view illustrating an
Turce converter;

FIG. 7 is a dingrammatic view illustrating an
force converter;

FIG. 8 is a diagrammatic view illustrating an
force converter;

FIG. 9 is a view in perspective illustrsting an aliemative
embodiment of the present invention;

FIG. 10is an end view in section illustrating a prime mover
actuator as part of the present invention;

FIG. 11 is o view in perspective illustrating an alicrmative
cmbaodiment of the present invention:

(1G. 12 is a diagrammatic view illustrating an altemative
embodiment of the present invention;

FIG. 13 is a# view in perspective fHustrating an embodiment
of the present invention;

FIG. 14 is an enlarged view in perspective of an embodi-
ment of the present invention:

FIG. 15 is a side view in section illustrating the extreme
positions of the arm assemblics of the embudiment of the
present invention shown in FIG. 13;

FIG. 16 is a side view in section iHustring o sole of the
bise; and

FIG. 17 is a side view in section illustrating another sole of’
the base.

In describing the preferred embodiment of the invention
which is illustruted in the drawings, specific terminology will
be resorted o lor the sake of clarity. However, it is not
intended that the invention be fimited ta the specilic terms so
selected and it is (o be understood that cach specilic tenm
includes all technical equivalents which openite 1n o similar
maunner 1o accomplish a similar purpose.

altermative
altemative
alternative

altemative

DETAILED DESCRIPTION

FIG. 1 shows the apparatus 10, which is an cibodiment of
the invention, in its operable position on and sround a
patent’s chest 12. The base 14 is & semi-rigid {preferably
plastic) plate or block, prelerably having o cushioned outer
surface contoured 10 seat against the contral region of the
patient’s chest 12 near the sternum. “The sole 92 of the base 14
is scated against the upper surface of the chest 12 and may
have an adhesive pad 500 (shown in FIG. 16) or a suction cup
502 (shown in FIG. 17) 0 adhere (0 the chest 12 so that
pulling on the base 14 will cause the chest 12 1o be pulled for
decompression.

The base 14 contains a switch 70 and u pair of lights 72.
Additivnally, the base 14 contains a battery, a bauery charge
indicator and a sound generator (not visible in FIG. 1) which
sound generator emits sin audible, periodic signal. The visible
and audible signals indicate the frequency o i rescuer of a
compressive foree he or she is w apply to the apparatus 10,
One or more of the audible or visible signais could also
prompt the rescuer 10 apply ventilation. The base 14 also
conlains & force sensor, such as a strain gauge. and an indi-
cator 74 which indicates the foree exerted on the chest 12 to
warn the rescuer of potential injury due to excessive foree, A
limitercoudd be added to limit skome of the foree applicdto the
patient o a specificd maximum.
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‘The first arm assembly 16 is made up of a pair of spaced,
parallel arms 22 and 24 which are made of high tensile
strength, lightweight material such as plastic. ‘The second arm
assembly 18 has substantially similarspaced, parsflel arms 26
antt 28. A pair of rends 37 and 38 rigidly fasten the spaced
paratict arms of the assemblics 16 and 18, respectively. A pair
of manual actuators, which are preferably two cylindrical,
tand-grippuble handles 30 and 32, are rotatably mounted
between the spaced, parallel arms of the first and second arm
assemblics 16 and 18, around the rods 37 and 38, respectively.
A pair of rod-like, preferably metal struts 34 and 36 (strut 36
not visible in FIG. 1) rigidly mount 1o the ends of the spaced
anms, oppuosite the handles 30 and 32,

The rigid arm assemblics 16 and 18 pivol relative (o one
another about the pivol pin 20, which is preferably a stainkess
steel bolt. The pin 20 extends longitudinally through (he base
14 and extends out of each longitudinal end to pivotally attich
o cach arm 22, 24, 26 and 28.

The arm assemblies 16 and 18 arc arranged inascissor-like
configuration. ‘This configuration is designed 1o convert
small foree into a larger force, This is done by the scissor-like
configuration having a pair of levers with a common fulerum,
where the fulerum is tocated a distance from the center of the
levers. A farge displacement of the handles 30 and 32 causes
a relatively sinall displacement of the struts 34 and 36. In
clementary physics, it is understoad that work equals force
times distance and the foree applied to cause a displucement
at one end of a lever should egual the product of foree and
displacement at the opposite end of the lever. Conservation of
work gives

KD 0, Pagsution }

where the subseript s indicates the foree or displacement

the struts 34 and 36 and the subscript b indicates the foree or

displacementat the handles 30 and 32, Solving Equation 1 lor
the foree at the struts 34 and 36 obtains

)y Eyguation?

)
The displacement at the struts 34 and 36 (D, in Equation 2)
will always be smaller than the displacement at the laindle (1D,

in Equation 2). By separating the displacement part of Eyua-

tion 2 in parenthesis, the following is oblained:

2% laguition3

F o ﬁ;(-j»)’),

Since the displacement at the struts is smaller than the dis-
plucement at the handles, the displacement portion of Equa-
tion 3 will be a mumber greater than 1 which, when multiplied
by the Toree at the handles, will oblain a force at the struts
which is greater than the foree ut the handles. I is this greater
foree at Lhe struts 34 and 36, effected by the foree applicd to
the handies, which is used to artificially induce or ephance
blood Row in a puticnt.

The piveting motion of the arm assemblics 16 and 18is a
simple and reliable action which virually any person can
effectuate. Doing so requires a smal) foree, and creales 2
larger force that is o be upplied to a patient’s chest 12, The
force at the struts 34 and 36 could not be generated by an
average person for the time period required to treat a cardiae
arrest patient. without the help of a mechanical device,
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“Pwor stainless steel stroke limiters 52 and 54 are pivotally
mounted to the arms 22 and 24 and slidingly attach o the arms
26 and 28, The limiters 52 and 54 sceve the purpose of
limiting the relative pivoting displaceinent of the assemblics
16 and 18 by mechanicafly restricting (heir movement.
Unlimited displacement between the lwo assemblics 16 and
18 could resultin an excessive compression foree on the chest
12 which could injure the patieat.

An aliernative o the arm asseiblics 16 and 18 shown in
FIG. 1 is the arm assemblics 416 and 418 shown in FIG. 13,
‘The arm assemblics 416 and 418 are made up of the spaced.
parallcl arms 422, 424, 426 and 428, respectively. The curved
shape ol the arms 422-428 making up the arm assemblics 416
and 418 has been found to be more advantageous than the
angled shape of the arms making up the arm assemblies 16
and 18 shown in FIG. 1. The advantage is found primarily in
the meuns for limiting the reltive displacement of the arm
ussemblics 416 and 418, The preferred means for limiting the
relative displacemuent is shown in greater detail in FIG. 14,

As the arms 422 and 426, shown in FIG, 14, pivolabout the
common fulcrum located at the pivot pin 430, they pivot
toward the stop pin 432, The stop pin 432 extends through one
ol three holes formed in an spright 434 which extends rigidly
Irom the base 414, The arm 422 has three shoulders 440, 442,
and 444 which face the stop pin 432. The arm 426 has three
similar shoulders 446, 448 and 450. [n their relaxed position
shown in FIG. 14, the arms 422 and 426 is have gaps of a
predetermined distance between corresponding shoulders,
For example. the gap between shoulder 442 and shoulder 448
is i predetermined size when the arms 422 and 426 are in theie
relaxed position. As the arms 422 and 426 are pivoted toward
one another. the gaps between the shoulders decrease in sive.
i order o insure that the gap between a particular pair off
shoulders does not decrease below aspecilicd minimum, the
stop pin432is placed inone of the three holes 452, 454 or 456
tormed in the upright 434. Each hole has an axis which
extends into a particular gap. Since the three gaps between the
six shoulders 440-450 ure of different length, the position of
the stap pin 432 in the upright 434 will affect the distance the
arms 422 and 426 can travel until two associated shoulders
seat against the stop pin 432, restricting funther displacement,

For example. FIG. IS shows the arm assemblics 416 and
418 in their relaxed positions and in phantom in an extended
position. In the extended position, when the stop pin 432 is
pusitioned in the hole 456 of the upright 434, the shoulders
440 and 446 scat against the stop pin 432 tolimit the extension
ol the arm assemblics 416 and 418.

The helt 40, which extends areund the front, sides and back
ol the chest, is substantinlly inclastic and flexible, A ploratity
ol indicia 50 is imprinted on the exposed surface of the beh
50.The belt 40 attaches to the strut 34 an one side of the chest
12, and extends around a major portion of the circumference
ol the chest 12 to anach to the other strut 36, When the
assemblies 16 and 18 pivol around the pivot pin 20, the beli 40
is tightened by the struts 34 and 36 10 which the belt 40
attaches.

Although the belt 40 is deseribed as extending around the
Trant, sides and back of the chest, the belt may be made up of
two or more component parts, such as u pair of belts. This pair
ul helts could extend from attachment (o the struts 34 and 36,
extending downwardly past the sides of the patient’s chest 1o
rigid attachment 1o a bourd which spans the width of the back
of the chest. Therefore, “a belt wrapped around the chest™ can
be made up of two or more belt components which exiend
around portions ol the chest circumferenee in combination
with other rigid or flexible components.
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‘The relaxed and mid-actuated positions of the srms of the
apparatus 1 are shown in FIG. 2. The first and second assem-
blics 16 and 18 are shown in their relaxed position and (in
phantom) a1 the mid-puint of their acluated position. The
assemblics 16 and 18 are biased into the relaxed position by
spring (not showa) which could be a torsion spring exteading
around pin 20 and connecting 1o the assemblics 16 and 18.
The handie ends 80 and 82 of the arms 22 and 26 pivot along
an arcuate path downwardly and away Irom each other, und
the belt ends 84 and 86 of the arms 22 and 26 pivor upwardly
and toward one another in an arcuate path subtending the
same angle us the handle ends 80 and 82. The belt extremitics
88 and 90 (which are the louped ends of the beli 40 which
attach (o the struts 34 and 36) follow the belt ends 84 and 86
of the arms 1o un upwand and more proximally spaced posi-
tion. Since the belt 40 is substantially inclastic, its circumfer
cnee will deercase under the force applied to it by the struts 34
and 36, thereby tightening the belt 40 around the chest 12.

The beit 4D extends through slots 44 formed ina buck board
42 which, when in use, is positioned beneath the chest 12 of
the patient. The belt 40 preferably seats against s sliding
mechunism 43 which permits sliding of the belt 40 along the
length of the chest 12 {or positioning ol the belt 40 on the
chest 12, The backboard 42 is made of a strony, lightweight
material such as plastic and is wide enough 1o span the width
of the chests of a large majority of the population. The back-
board 42 has a pudded. raised portion 46 which clevates the
patient’s neck abuve his head for opening the breathing pas-
sages., and the backboard 42 preferably has hundles 250 and
252 (shown in FIG. 9) fur carrying the backboard 42 with or
without & patient lying on it. The backboard 42, the sttached
belt $0 and the assemblics 16 and 18, are all bung on a wall by
extending houks through the handles 250 and 252 or by some
uther conventional hanging meams, and may be hinged near
the center for folding during storage.

Anoxygen taok 100 and u mask 102 are showa in hidden
lines in FIG. 2 a8 contained within a chamber 104 formed in
the hackboant 42. A gaupe 103, indicating the amount of
uxygen in the ok 100, is visible through the port 101, The
raised portion 46 of the backboard 42 is suited to the forma-
tion of & cylindrical chamber 104 in which the oxygen tank
100 can be casily stored. I aceded. the mask 102 can be
withdrawn from the chamber 104 and placed over the
putient’s muuth for enhanced ventilation of the patient’s
fungs.

‘The appartius 10 is operated in the following manner,
referring o FIGS. 1 and 2. The victim is placed onto the
backbuard 42 with his orher chest 12 inthe position shown in
FIG. 1. The back of the patient’s chest 12 seats against the
surfuce of the buckboard 42 with the patient’s neck resting on
the raised portion 46 and his head lying on the horizontal
surface on which the backbouard 42 lies, such as a floor. The
base 14 of the apparatus 10 is placed at approximately the
center of the patient’s chest 12 near the sternum. The belt 40
is then extended upwardly from the backboard 42, between
the arms and chest 12, and around opposite sides of the chest
12 1o match the retaxed contour of the chest 12, The belt 40 is
positioncd as high on the chest 12 and as high under the
underanns as possible.

The belt 40 is next extended around the struts 34 and 36,
passing lirst between cach strut 34 and 36 and the base 14, The
base 14is more exactly positioned near the center of the chest
12 by matching the indicia 50 on the helt 40 on opposite sides
of the base 14. The indicis 50 arc aiphanumeric characters
spaced equally along the length of the belt 40 in a preferably
identical arrangement at both ends of the belt 40. The indicia
could. of course, be colored bands or other symbols.
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Onee the belt 40 exiends around the stnits 34 and 36. the
cends of the belt 40 are folded back aver onto the purtion of the
helt 40 contacting the chest 12 and are awsched thereto by
fasteners. Before fastening, though, the indicia $0 at both
struts 34 and 36 must match. For example, the number 3" is
shown as the highest number on the belt 40 visible in FIG. 1
in this cxample. the same number (3”) should be the highest
number visible a1 hoth struts 34 and 36, which indicates that
an equal fength of the belt 40 extends from the backboard 42
w the strut 34 as to the strut 36, and therelore that the base 14
is centered on the chest 12,

Afler fastening the belt 40 to the struts 34 and 36. the stroke
limiter pins 60 and 62 extend into the holes 1 and 4 in the arms
26 und 28. Since the number “3” is the highest visible number
on the belt 40, the limiler pins 60 and 62 are placed in the
distal of the six holes 1-6 in arms 26 and 28. 1T the number *2"
were the highest number visible on the helt 40, the center
holes 2 and 5 of the six holes 1-6 on the pivot anms 26 and 28
would be used, since the number 12" would indicate a larger
chest circumference than when 37 is the highest visible
number. The stroke when the sumber “2” is the highest visible
number is greater than when “3” is the highest visible number,
This means for a farger chest circumberence. the apparmus
would be permitted to cause greater displacement of the chest
12.

IT the anm assemblics 416 and 418 shown in FIG. 13 are
used rather than the arm assemblics 16 und 18 shown in FIG.
t, then the highest number visible on the beh 40 would
indicale the positioning of the stop pin 432 in the upright 434,
For example, since the number 3 is the highest number visible
on the belt 40 in FIG. 1, the stop pin 432 would be placed in
the hole 456 which has the indicium 11311 next w it The
indicium “3” is visible in FIG. 15, but only the indicia 1" and
2" can be seen in FIGS. 13 and 14,

Once the apparatus 10 is positioned with the belt 40 around
thechest 12, the base 14 s centered and the limiters 52 and 54
are in the cosrect position for the visible indicia S0 on the belt
40, the rescuer depresses the switch 70, ‘This causes the lights
72 to begin emilting a periodic, visible signal and the base 14
to emil a periadie, audible signal in synchronization with the
lights 72. The reseuer then grips handles 30 and 32 with his or
her hands and, with a downwardly direcied force oward the
chest 12, pushes the handles 30 and 32, pivoting them about
the pivat pin 20, thereby pivoting the arms 22, 24, 26 and 28
through arcuate paths sbout the pin 20. This pivoting motion
causes the struts 34 and 36 at the opposite ends of the arms
tfrom the handles 30 and 32 to pivot about the pivot pin 20 in
a direetion away from the chest 12, but with a smaller dis-
placement than the handies 30 and 32. Pivoting of the struts
34 and 36 draws the ends of the belt 40 closer ogether.,
thereby tightening the belt 40 sround the chest 12, Since the
beldt 40 is inclastic, tightening of the belt 40 conspresses the
chest 12, The arcuate motion of the handles 30 and 32 is
limited 1o a maximuen displacement by the stroke Bmiters 52
and 54, when the pins 60 and 62 contiet the ends of the slots
64 and 66. The force on the handles 30 and 32 is released and
then exerted agiin by the rescucr after the handles 30 and 32
lave retumed to their original positions.

By cyclically depressing with & downwardly  dinected
force, und releasing the handles 30 and 32 (preferably in is
phutse with the lights 72), the rescuer cyclically tightens und
lovsens the belt 40 around the patient’s chest 12, The basc 14
concentrates some of the ightening foree of the belt in the
chest 12 center and prevents pinching of the chest by the
scissor-like assemblics 16 und 18. The helt 40 tightening
aroundthe chest 12 represents the “thorucic pump™ method of
artificially inducing blood flow in a cardiae arrest patient by
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applying a circumfesential compressive foree to a Jarge area.
“The lurge force is from the leverage created by the scissor-like
assemblics 16 and 18, and the large arca is the circumicrence
of the chest 12,

As the fisst assembly 16 and the second assembly 18 are
forced downwardly toward the chest, the base sole 92 is
farced downwardly along a path dirceted into, and preferably
perpendicular to, the chest surface by the downwardly
directed foree on the handles 30 and 32. Therelore, cach
depression of the firstand second assemblics 16 and 18 results
in a downward compression of the cenler of the chest by the
base 14. This is the “cardiac pump” method of inducing blood
flow by compressing the hean between the spine and the
slernum.

Compressing the organs vsing the present invention takes
advantage of both the “thoracic pump” (belt tightening and
loosening) und “candiac pump” (chest depression by the base
14) methods to convey blood through the blood vessels and,
upon release, draw blood back into the organs. Upon cach

increase in pressure, the blood is compressed out of the organs 2

(and wir out of the lungs) and along the vascular system. Upon
release, other blood is pulled in, Since the veins have a serics
of onc-way valves, the periodic raising and lowering of tho-
rucic pressure with the present invention creates an artificial
blood flow supplying necessary clements to the vital organs,
such as the brain, which increases the patient’s chances of
survival.

The pivoting assemblics 16 and 18 comprise a loree con-
verter which convents the downwardly directed chest com-
pressing foree applicd to the handles 30 and 32 into multiple
resultant forees. These resultant forees include a downwardly
dirceted force applied from the base 14 into the chest 12 and
two equal tungential forces applicd by the struts 34 and 36 to
the belt 40. The forees are applicd tangentially 1o the chest 12
since the belt 40 wrapped around the chest 12 and pulled ta
sust be tangential to the chest 12 surface i it contacts the
chest at the chest sides as shown in FIG, 1. The assemblics 16
and 18 comprise the force converter which is a device that
convents the force manually applied to the handles 30 and 32,
and directed toward the chest 12, into the resultants described
above (specifically, a chest compressing resultant and a pair
of belt tightening resultants).

A converter for converting the above described applicd
force into the resultunts includes all equivalents 1o the pre-
ferred loree converter. A converter need not merely redireet a
specitic force but could amplify. reduce or signal a device 1o
generale other forees, by the application of a lorce.

The force necessary to generate sulticient pressure in the
chest cavity to create blood flow can be generated by an
average person if a device utilizes an applied toree comectly.
In the position in which a cardiac arrest paticnt is normally
found, a reseuer cannot normally, without leverage, generate
a downwand force into the patient’s chest suflicient to gener-
ale the necessary intrathoracic pressune without the risk off
injury. ‘The apparatus of the present invention uses the force
which an average person can apply and converts the applied
force into resultant furees in the directions needed while
limiting the maximum displacement of the chest to prevent
injury.

The foree converter deseribed above can be considered as
a free body shown in FIG. 3 having an applicd foree 112
directed downwardly unto the coaverter 110. An oppusile
force 114 is applied by the chest against the converter 110 as
areaction ko the opposite force 112, Fhe tangential torces 116
and 118 ure the forces of the belt, extending circumlferentially
around the chest. pulling on the converter 110, The converter
HOconvers the downwardly directed foree 112 into resultant
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forces 120, 122, and 124, The resultant force 120 is directed
into the chest along a direction similar to the applied forec
N2, The resultant forces 122 and 124 apply o tangential
lension foree 1o the bell which is tangential to the patient’s
chest.,

The prelerred embodiment of the present invention is one
device the Applicants have found advantageous for convert-
ing the downward force 112 into the three resultant forees
120, 122 and 124. The Applicants know that many appara-
tuses are equivalent to, and could be substituted for, the pre-
ferred apparatus w provide the foree conversion described in
associglion with FIG. 3. Although it is impossible to list every
mechanical device which one skilled in the art will know can
convert an applied foree into the desired resultant forees,
some of the many equivalents are described herein. However,
this s not an exhaustive list, and other equivalents existas will
become apparent to those skilled in the an,

FIG. 4 shows a diagrammatic illustration of a cum 140 and
a pair of cam followers 142 and 144. Upon the application of
a downward lorce by the cam 140 onte a pair of inclined
surlaces 143 and 145, the follower 142 will slide rightwardly
amd the follower 144 will stide leltwardly. thereby exerting
forces on the belt ends attached thereto, tightening the belt,
“The cam 140 will slide down the inclined surtuces of follow-
ers 142 and 144, and upon reiching the horizontal surfuces
146 and 148, wili stop abruptly—exerting a downward force
onlo the surface beneath the followers 142 and 144°, which
could be the base of the present invention, ‘The apparatus of
FIG. 4 is equivalent 16 the preferred foree conventer appani-
s,

1G5, 5 shows a disgrammatic Hlusteation ol a lirst eceentric
150 and a second eceentric 152 pivotally mounted to a base
154, A manual actuator 156 attuches tw a second pivot oncach
cueentric. A pair of belt ends 158 and 160 wrap around the
eceentrics 150 and 152, respectively. Upon the application off
a downwardly direeted foree on the actuator 156, the veeen-
trics 150 and 152 pivot abuout the pivol points, exerting a force
on the belt ends 158 and 160 causing a tighicning of the belt.
The cccentrics 150 and 152 will, upon a sufficient down-
wardly directed force on the actuator 156, impact upon the
base 154, exerting a downwardly directed foree on the base
154 as in the preferred embodiment. The apparstus of F1G. §
is equivatent 1o the preferred embodiment.

IF1G. 6 illustrates a diagrammatic illustration of another
equivalent 1o the preferred embodiment including an actuator
170 to which a downwardly directed force is applicd. The
actuator 170 has a two-sided toothed surface 172 which inter-
engages with a pair of gears 174 and 176. Gears 174 and 176
are pivotally mounted to a base 178 and a pair of belt ends 180
wid 182 wrap around 2 pair of drums 184 and 186 at cach of
the gears 174 and 176, The toothed surface 172, upon a
downwardly applied foree to the actuator 170, causes the
inter-cngaging gears 174 and 176 1o rotate, thereby applying
a foree 1o the ends 180 and 182 of the belt. The actuator 170
impacts the base 178 upon being actuated to a certain exirem-
ity, thereby exenting a downwardly directed foree 10 the base
178 as in the preferred embodiment.

Another alternative, mechanical apparatus 260 which is
cyuivaleat to the preferred embodiment is shown in FIG. 11,
The apparatus 260 has a pair of pivoting arins 262 and 264
which pivot about a pivol axis 266 on a base 268. A belt 270
attaches at opposite longitudinal ends (o the arms 262 and
264. The base 268 is positioned on a patients chest 272, the
belt 270 is extended circumferentially around the chest 272
and attached to the handles 262 and 264. A downwardly
dirceted foree is applied Lo the handles 262 and 264, tighten-
ing the bell 270 as the arms 262 and 264 pivot about the pivot



Case 1:12-cv-00738-LMB-JFA Document 1-1 Filed 07/09/12 Page 19 of 24 PagelD# 30

US 8,092,404 B2

11

pin 266. In addition 10 the tightening of the bel 270. the base
268 is furced downwardly into the chest 272,

FIG. 12 shows atwo-chamber device having abase 360 and
twa pivoting arms 302 and 304. Two springs 306 and 308 keep
two arms 302 and 304 hiased upwardly within the chamber
310. A plunger 312 is biased away from the chamber 310 by
aspring 314.Fhe beh 316 is attached (o the arms 302 and 304,
Upan downward compression of the plunger 312, the arms
302 amd 304 are rotated counterclockwise and clockwise,
respectively. This rotation tightens the belt 316 and a patient's
chest is compressed with the tightened belt 316 and with the
base 300. especially when the plunger 312 reaches the lower
limit of the chamber 310,

Many illustrations show cquivalent substitinte devices for
converting an applied (oree into the desired resultant forees.
Muost of those described above show purely mechanical
equivalents to the preferred embodiment. As i person skilled
in the mechanical arts will quickly find, there are muny other
different substitwtes for the preferred embodiment. These
devices are equivadent o the preferred embodiment or one of
the altematives described above and shown in the drawings.
In addition to purely mechanical allematives 1o the preferred
embodiment, it is of course possible to combine mechanical,
clectrical, hydravlic and many other elements to arrive al an
cyuivalent substitute for the preferred embodiment. These
combination cquivadents are discussed below.

In FIG. 7 4 mechanical und electrical combination equiva-
lentis shown diagrammatically including an actuator 200 and
an electric motor 202 attached to a base 204. “1he maotor 202
has a pair ol belt ends 206 and 208 attached 1w a driveshalt
210. Upon depression of the actuator 200, a pressure-sensi-
tive switch 212 actuates the motor 202, rotating the driveshaf
210 and excning a lincar force on the belt ends 206 and 208.
As the foree is applicd to the actuator 2080, this downwardly

directed foree is transmitted through the base 204 10 the

patient’s chest which lies dircetly beneath the base 204, ‘The
embodiment of FIG. 7 is equivalent to the preferred embaodi-
ment.

FIG. 8§ shows still another equivalent 1o the present inven-
tion in & diasgrammatic illustration including a power unit
such as the hydraulic eylinder 220, fluid lines 222 and 224,
and pistons 226 and 228 slidingly mounted within the cylin-
der 220. The belt ends 230 and 232 are mounted to the pistons
226 and 228, Upon actuation of an actuator, hydraulic floid is
forced into the hydraulic cylinder 220, forcing the pistons 226
and 228 toward on another longitudinally, thereby exerting a
force on the belt ends 230 and 232, The actuation of the
actuator 234 is accomplished by i downwardly directed lorce
which exerts a simifar force wa patient’s chest lying dirceily
beneath the hydraulic cylinder 220,

The actuator 234 could be attuched 1o a power supply 236
such us a central piston which compresses a fluid within a
hydraulic cylinder. Upon acwsation of actustor 234, the
hydraulic luid within the cylinder is compressed and is con-
veyed through the tines 222 and 234 and the pistons 226 and
228 are driven inwardly as described above, This embodi-
ment is also equivalent (o the preferred embodiment.

Itis pussible to attach i power unit, such as a prisne mover,
to the apparatus 10 which could function as an actuator to
apply alateral foree 1o the arm assemblics 16 and 18 1w actuale
them autonutically and in regular, periodic intervals. As
shown in FIG. 9, the power unit 254 has o cable 256 which
altaches o a belt 258, The device providing a mechanical
furee to the belt 258 may be located in the power unit 254 and
the cable 256 is then rotatingly driven or longitudinally, recip-
rocatingly driven to tighien and loosen the belt 288, Alierna-
tively, the actuator which tightens and loosens the belt 258
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could be focated beneath the belt 258 and the cable 256 waould
merely convey clectrical power or fluid pressure to the actua-
tos. The power unit 254 may use computer controls totime the
application ol furce.

An example of a power unit 280 applying a foree which
lightens a bel 282 and depresses o base 284 is shown in the
development of another person appearing in FIG. 10. As the
rod 286 extends inwardly and outwardly of the power unit
280, the base 284 is displaced upwardly and downwardly,
depressing the chest 288 as described with the preferred
embodiment. Furthermore, this same mechanical motion of
the rod 286 tightens and loosens the belt 282 as with the
preferred embodiment.

In order to ensure that the patient’s lungs are allowed to
expand as much as desired, it may be necessary 1o include a
lull-release indicitor with the present invention. This indica-
tor should have some means for alerting the rescuer when full
release of the tension on the belt has not occumred. This
indicator may include u Jimit switch. a magnet reed relusy or
contacts on the base 14 against which the arm assemblics 16
and 18 rest in their relaxed position,

[nstead of an indicator of Rl release., a mechanism could
he added to the arm assemblics 16 and 18 for preventing the
application of force (o the handles 30 and 32 until Tull release
(and retum W the relaxed position) has occurred. A ratchet
mechanism haviag discreet spacings could be used for this
purpuse. Additionally, such mechanisms are commonly
found on clectrical crimping tools for loose terminals.

ttis pussible to build into the foree converter & mechanism
for storing and suddenly releasing energy during the applica
tion of a downward foree, The sudden release would be actu-
ated during the withdrawal of the downward foree, applying
ashort duration, high inteasity foree to the chest rather than a
long duration application of foree as with the preferred
embodiment,

Itis preferred that the apparatus which resis on thetop of a
patient’s chest beas light in weight as possible. The reason lor
this is that after the patient’s chest has been (ully compressed,
any weight which rests an top of the chest will tend to resist
decompression of the chest once the compression loree is
removed. Reducing this weight minimizes the amount of
unwanted compression during release and decompression of
the chuest.

‘The adhesive pad 500 shown in FIG. 16 could contain an
electridde which is clectrically attached to 4 voliage generat-
ing device as is conventionally known, "The adhesive pad 500
couldbe used in combination with one or more electrodes 504
interposed along the fength of the belt 506 or embedded in the
backboard 508. These clectrodes are used in the conventional
manner 10 induce a current through the chest 510 which is
used (or delibrillating the paticot’s heart. Any combination of
two or more clectrodes can be used o induce a current (o
delibrillate the heart.

The clectrodes S04 can be interposed al multiple positions
along the length of the belt 506 or in the backboard 508, but
there will preferably be o minimum of one electrode on the
base 512 (such as the adhesive pad 500 which {unctions as an
clectrade) in addition o at least one other clectrode 504, The
reason it is desirable to have an electrode at least on the base
$12 is that at the furthest extent ol compression of the chest
$10, the distance between the anterior and posterior outer
surfaces of the chest 510 will be at a minimum, and the base
512 will be positioned closer to the heart than at any other
point in the whole compression/decompression cycle. At this
point there is a minimum of resistance to the flow of current
which gives the greatest current flow through the heant with
the least likelihood of injuring the patient’s chest S10 tissue,
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The clectrodes 504 can be positioned not only circumier-
entially about the chest 510, but can also be positioned at the
same circumferential Jocation but at various Jongitudinal
spacings.

Itis preferred that i means be adapied to limit the travel of

the assemblics 416 and 418 shown in IF1G. 13 to only permit
the assemblics 416 and 418 1o move equal smounts relative 10
the base. It is undesirable for one assembly o move to one
side more than the other assembly. since this causes an imbal-
ance in the application of force, which may result in injury to
the patient. The injury arises whena greater foree is applicd to
one edge of the base than the opposite. ‘This can oceur il one
of the two assemblics 416 and 418 moves a substantially
greater distance than the other assembly. One means for lim-
iting their relative motion is i pin in aligned slots in the arms.
Another is a gear mechanism connected to both assemblics
416 and 418.

While centain preferred embodiments of the present inven-
tion have been disclosed in detail, it is (o be understood that
various modifications miay be adopted without departing
from the spirit of the invention or scope of the following
claims,

‘The invention claimed is:

1. Anapparatus lor increasing the Bow of Bloodin a patient,
the apparatus comprising:

(A) substantially inclastic belt means with tirst and second
upposite extremilics conligured to wrap around and in
contact with said patient’s chest near said patient’s ster-
num, with said belt means being in continuous contact
with the patient’s chest including the front, sides, and
portion of the back of said patient’s chest, said belt
means (1) extending sround and being in contact with a
portion of the circumference of said chest, (2) extending
around and being in contact with the Trony, sides and
back of said chest, and (3) heing substantially inclastic
and fexible;

(B) actuator means, coupled to said belt means inchading
any of said extremities of said bell mcans not already
lastencd around said patient’s chest. for. upon the receipt
of power. moving said belt means in a direction to
tighien said belt means around said pistient’s chest:

(C) power means coupled 1o said actuator means and hav-
ing tirst and second states amd, when in said first state,
providing power to said actuator means; and

(1) aswitch, coupled to said power means and having first
and second contigusations, said switch being movable
between said first and second configurations and, when
in said second configuration. placing said power means
in said first stale.

2. The appanstus of claim I further including computer
control means, coupled to said switch, for liming the move-
ment of said switch between said lirst and second conliguns-
tions.

3. The apparatus of claim 1 further comprising delibrillat-
ing means coupled to said belt mcans.

4. The apparaws of claim 3 further including detector
means coupled to said belt meuns for determining when said
paticat’s chest is under compression anid wherein said
detibrilliting means is coupled (o said detector means and
induces an clectric current through said patient’s chest when
said chest is under compression,

5. The apparatus of clhim 4 whercin suid detector means
determines when said chest is about under maximal compres-
sion and said defibrillating means induces said clectric cur-
rent through said patient’s chest when said chest is about
under maximal compression,
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6. ‘The apparatus of claim 1 wherein said power means,
whea in said lirst state, moves said belt means in said diree-
tion to tighten said belt means substantially equally around
said patient’s left and right sides.

7. ‘Ihe apparatus ol claim I wherein said power means
includes an clectric motor.

8. ‘The apparatus of claim T whercin said power means
includes a fluid-pressure motor,

9. ‘The apparatus of claim 8 wherein suid power means
includes a hydraulic motor.

10. The apparatus of claim 8 wherein said power means
includes a pneumatic motor,

11. A method of CPR treating paticnts comprising:

(A) wrapping 2 belt, with lirst and second opposite
extremities, around and in contact with a patient’s chest
nearsaid patient’s stemum, said belt being in continuous
contact with the patient’s chest. including the front,
sides, and a portion of the back of said putient’s chest,
suid helt (1) extending around and being in contict with
a portion of the circumference of said chest. (2) extend-
ing around and being in contact with the frone, sides and
back of said chest, and (3) being substantinlly inclastic
and flexible:

(B) fastening to a power unit said belt including any of said
extremitics of said belt nol already fastened around said
puticnt’s chest;

(C) placing an actuator having first and sccond states in
suid lirst state; and

(1) with said actuator in sadd first state, providing power
from u power supply to said power unitand moving said
belt in a dircction to tighten said belt around suid
patient’s chest 1 perform CPR.

12. The method of ¢luim 11 further including periodically

repeating steps (C) ad (1),

13.The method of claim 12 further comprising defibrillat-
ing the chest of said patient undergoing CPR.

14, 'The method of claim 13 further including detecting
when said belt has placed said patient’s chest under compres-
sion, and, when said belt has placed said chest under com-
pression, inducing a defibrillating clectric current through
siid chest,

15. The method of claim 14 Turther including detecting
when said belt has placed said patieat’s chest about under
maximal compression and, when said belt has placed said
chest about under maximal compression, inducing said
defibrillating electric current through said chiest.

16. The method of ¢laim 12 further including contacting
two spaced outer chest surfaves with a first electrode and a
second clectrode.

17. ‘The method of claim 12 further including contacting
two spaced outer chest surfaces with a first electrode and a
second electrode.

18. An apparatus (or increasing the flow of blood in a
paticat, said appuratus comprising:

(A) substantially inclastic belt means with fiest and sccond
opposite extremitics, configured to wrap around and in
contact with said patient’s chest near said pagient’s ster-
num, said belt being in continuous contact with the
paticat’s chest, including the froat. sides, and a portion
of the back of said patient’s chest, said belt (1) extending
around and being in contact with 4 major portion of the
circumference of said chest, (2) extending around and
being in contact with the front, sides and back of said
chest, and (3) being substantially inclastic and fexible;

(B) a powered helt means tightener. coupled to suid belt
means including any of said extremitics of said bell
means nol alrexdy lastened around said patient™s chest,
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for, upon the receipt of a particular signal, moving said
belt. means in a direetion to tighten said belt means
around said patient’s chest; and

€y control means. coupled to said bell means lightener, for

periodically providing said particular signal to said belt
means tightener, }

19. The apparatus of claim 18 further comprising defibril-
lating means conpled to said beh neans,

20. The apparatus of claim 19 further including detector
means coupled to said belt means for determining when said
paticnt’s chest is ander compression and  wherein soid
delibrillating means is coupled 1o said detector means and
induces an clectric current through said patient’s chest when
said chest is under compression,

21 The apparatus of claim 20 wherein said detector means
determines when said chest is shout under maximal compres-
ston and suid defibriliating means induces said cieetric cur-
renl through said patient’s chest when said chest is about
under maximal compression.

22. The apparatus of claim 19 further comprising lirst and 2

second spaced electrodes mounted 1o said apparatus for con-
tucting two spaced outer chest surfaces.

23. The apparatus of ciuim 19 wherein said belt means
tightener, when in said on state, maves two bell smeans in said
dircetion to tighien said belt means substantially cqually
around said patient’s Jet and right sides,

24. The apparatus of claim 23 whercin said belt means
tightener includes an electric motor,

25, The apparatus of cluim 23 wherein said belt means
tightener includes a fluid-pressure motor.

26. The apparstus of claim 25 wherein said helt means
tightener includes a hydraulic motor.

27. The apparatus of claim 25 wherein said belt mcans
tightener includes a pneumatic motor.

28. A methed of CPR treating patients comprising:

(A) wrapping a bell, with fimst and second opposite
extremilies, round and in contact with a patient’s chest
near said patient’s sternum, said belt being in continuous
contact with the patient’s chest. including the front,
sides. and a portion of the back of said paticnt’s chest,
said belt (1) extending around and being in contact with
a portion of the circumicrence of said chest, (2) extend-
ing around and being in conlact with the front, sides and
buck of said chest, and (3) being substantiofly inelastic
and llexible;

(B) fustening to an apparatus any of said extremitics of said
belt not already fastened to said appurtus;

(C) providing i particulur signal v a powered belt tightener
coupled to said belt extremitics; and

{13) upon the receipt of said particular. signal by said belt
tightener, moving with said belt tightener, said belt
extremitics in directions Lo lighten said belt around said
patient’s chest to perform CPR.,

29. The methed of claim 28 further including periodically

repeating steps (C) and (D).

30. The method of chiim 29 further comprising defibrillal-
ing the chest of suid patient undergoing CPR.

31 The method of chim 30 Turther including detecting
when said helt bas placed said patient’s chest under compres-
sion; and. when said belt has placed said chest under com-
pression, inducing « defibrillating clectric current through
suid chest.

32. The method of ¢laim 31 further including detecting
when said belt has placed said patient®s chest about under
maximal compression and, when said belt has placed said
chest about under maximal compression, inducing said
defibrillating electric current through said chest.
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33. The methed of claim 30 further including contacting
two spaced outer chest surfaces with a first electrode and a
second clectrode,

3. e method of claim 28 funther including contacting
two spaced outer chest surtaces with a first elecirode and a
second electrode.

35. The wnethod of cluim 28 whercin said belt tightener,
when said belt tightener moves said belt extremities in said
dircctions, moves said belt in said directions to tighten said
helt substantiaully equally around said patients left and right
sides.

36. The method of claim 35 whercin suid belt lightener
includes an cleciric mutor.

37. The method of claim 35 wherein said bell tightener
includes a (uid-pressure motor.

38. The method of claim 37 wherein said belt tightener
includes a hydrautic motor.

39. ‘The method of claim 37 wherein said belt tightener
includes a preumatic motor.

40. An apparatus for increasing the flow of hood in a
paticnt, suid apparitus comprising:

(A) substantially inclastic belt means with fisst and sccond
upposite extremitics and configured o wrap around and
in contact with a patient’s chest neur said paticnt's ster-
num, said belt being in continuous contact with said
patient’s chest. including the front, sides. and a portion
ol the back of suid patient’s chest, said belu (1) exiending
around and being in contact with a portion of the cir-
cumference of suid chest. (2) extending around and
being in contact with the front, sides and back of said
chest, and (3) being substantially inclastic and flexible:

(B) actuator means, coupled to said belt means including
any of said extremities of said belt means not already
fastened around said patient’s chest, for, upon the receipt
of power, moving said belt means in directions to aler-
mtely tighten and loosen said belt means around said
paticnt’s chest;

(C) a cable coupled Lo sitid actuator mewns for providing
said power to said actuator means: and

(D) u power unit, coupled 10 said cable, for providing said
power Lo said cable 1o cause said actuator to move said
bell means in said direetions to tighten and loosen said
belt means around said patieat.

41. The apparatus of claim 40 further comprising defibril-

lating means coupled to said belt means.

42. The apparatus of claim 41 further including detector
means coupled to said belt means for determining when said
paticnt’s chest is under compression and wherein said
detibrillating means is coupled 1o said detector means and
induces, an clectric current through said patient’s chest when
said chest is under compression,

43. The apparatus of claim 42 wherein said detector means
determines, when said chest is about under maximal com-
pression and said defibritlating means induces said clectrie
current through said patient’s chest when said chest is about
under maximal compression.

44, The apparatus of claim 41 further comprising first and
second spaced electrodes mounted to said apparatus for con-
tucting two spuced outer chest surfaces with said first clec-
trodde being mounted 1o an apparatus chest-contacting surfice
and said second electrode being mounted to an apparatus
chest-contacting surface which is spaced from said first elec-
trode.

48, The apparatus of claim 40 further comprising (irst and
second spaced electrodes mounted (o said apparatus Tor con-
tucting two spaced auter chest surfaces with said fisst clec-
Irode being mounted to an apparatus chiest-contacting surface
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and said second clectrude being mounted 1o an apparatys
chest-contacting surface, which is spaced from said first elee-
troge.

46. The apparatus of claim 40 whercin said power unit
causes said actuator means 10 mové said belt means in said
directions to tighten said belt means substantiadly equally
around said paticnt’s let and right sides.

47. 'The apparatus of claim 46 whercin said power unil
includes an clectric motor.

48. 'The apparaws of claim 46 wherein said power unit
includes a fluid-pressure motor.

49. The apparatus of claim 48 whercin said power unit
includes o hydraslic motor.

30. The apparatus of claim 48 whercin said power unit
includes & pneumatic motor.

51, ‘The appartus of claim 40 wherein said power unit
includes computer controls for timing the application of said
force 10 said actuator.

52. The appacatus of claim 40 whercin said cable conveys
cleetrical power to said actuator,

53.The apparatus of cliim 40 wherein said cable conveys
fluid pressure to said actuator,

34. A method of CPR treating patients comprising:

(A) wrapping a belt, with lirst and second opposite
extremities, around and in contact with a patient’s chest
near said patient’s sternum, siaid belt being in continuous
contact with the patient’s chest, including the front,
sides, und a portion ol the back of sak! patient’s chest,
satied belt (1) extending around and being in contact with
a portion ol the circumference of said chest. (2) extend-
ing around and being in contact with the (ront, sides and
back of said chest, and (3) being substantially inclastic
and Nexible:

{B) fastening to a pawer unit said belt including any of said
extremitics of said belt not alrendy fastened around said
patient’s chest;

(C) conveying power from a power supply to said power
unit along a cable: and

(D) when sadd power reaches said power unit. moving said
belt in a direction 10 tighten said belt around said
paticnt’s chest to perform CPR.

§5. The method of claim 34 further including periodically

repeating steps (C) and (D).

56. 'The method of cluim 58 further comprising defibrillat-

ing the chest of said patient undergoing CPR.

57. ‘The method of claim 56 further inchwding detecting
when said belt has placed said patient’s chest under compres-
sion; and, when said belt has placed said chest under com-
pression, inducing a defibrillating clectric current through
said chest,

58. The method of claim 57 (urther including detecting
when said belt has placed said patient’s chest about under
maximal compression and, when said belt has placed said
chest about under maximal compression, inducing said
defibrillating electric current through said chest.

§9. The method of claim 56 further including contacting
two spaced owvter chest surfaces with a fimst clectrode and a
sccond electrode.

60. The method of claim 54 Turther including contacling
two spaced outer chest surfaces with o first clectrode and a0
seeond clectrode.

61. The method of claim 54 wherein said belt is moved in
said direction 1o tighten said belt extremitics substantially
cqually around said patient’s tefl and right sides.

62. ‘The method of claim 61 wherein said power unit
includes an clectric motor.
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63. The method of claim 61 wherein said power unit
includes a fluid-pressure mator,

64. The method of claim 63 wherein said power unit
includes a hydraulic motor,

65. ‘e method of claim 63 wherein said power unit
includes i preuntic motor,

66. A CPR apparatus for inceeasing the flow of blood in «
patient, said apparatus comprising: B

(A) substantiadly inclustic belt means, with first and second

opposile extremities, configured to wrap sround and in
contact with said paticnt’s chest near said patient’s ster-
num, said belt means being in continuous contact with
the patient’s chest, including the front, sides, and a por-
tion of the back of suid paticnts chest, said bely (1)
cxlending around and heing in contact with a portion of
the circumierence of said chest, (2) extending around
and being in contact with the froat, sides and back of said
chest, und (3) being substantially-inclustic and flexible:

(B} cuble means coupled 1o said belt means including any

of said extremities of said bell means not already fas-
tened around suid paticnt’s chiest for, upon the receipt of
amechanical Toree, tightening and loosening said belt
means,;

() a foree device, coupled to said cable means, for apply-

ing said mechanical foree 1o said cable means; and

(1) a power uail, coupled to said foree device, for provid-

ing power to said force device to enable said foree device
1o apply said mechanical force o said cable means.

67. The apparatus of claim 66 wherein said foree device
drives suid cable rotatingly.

68. The apparutus of claim 66 wheretn said force device
drives said cuble tongitudinally, reciprocatingly.

69. e apparatus of claim 66 wherein said furee device is
located in said power unit.

70. The apparatus of claim 66 lurther comprising defibril-
Lting means coupled to said hase.

7L The apparatus of claim 70 further including detector
means coupled (o said belt means for determining when said
patient’s chest is under compression and wherein said
delibrillating means is coupled to said detector means and
induces an clectric current through said patient’s chest when
said chest is under compression.

72. The apparatus of claim 71 wherein said detector means
determines when said chestis about under maximal compres-
sion and said delibrillating means induces said electric cur-
rent through suid patient’s chest when said chest is about
under maximal compression.

73. The apparatus of claim 70 further comprising first and
seeond spaced electrodes mounted to said apparatus for con-
tcting (wo spaced outer chest surfaces with said first elee-
trade being mounted 1o an appanitus chest-contacting surface
and said second clectrode being mounted 1o an apparatus
chest-contacting surface which is spaced from said tirst clec-
trode.

74. The apparatus of clain 66 further comprising lirst and
second spaced electrdes mounted 1o said apparatus for con-
tacting two spaced outer chest surfices with said first clec-
trade being mounted to an apparius chest-contacting surface
and said second electrode being mounted o an apparatus
chest-contacting surtiice which is spaced lrom said first ¢lee-
trode.

75. ‘The apparats of claim 66 wherein said lorce device
siuses said cable means to move said belt means in said
direction w tighten said belt means substantially cqually
around suid patient’s lelt and right sides.

76. The apparatus of claim 66 wherein said pawer unit
includes an electric motor.
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77. The apparatus of claim 66 whercin said power unit

includes a fluid-pressure motor.

78. ‘The apparatus of claim 77 wherein said power unil

includes o hvdraslic motor.

79. The apparatus of ¢laim 77 wherein said power unit

includes a preumatic motor,

80. A method of CPR treating patients comprising:

{A) wrapping o belt, with lirst and second opposite
extremilics, around and in contact with a patient’s chest
near said patient’s sternum, said belt being in continuous
contact with the patient’s chest, including the front,
sides, and a portion of the back of said paticnt’s chest,
said belt (1) extending around and being in contact with
a portion of the circumference of said chest. (2) exiend-
“ing, around and being in contact with the front, sides and
back of said chest. and (3) being substantially inclastic
and fexible;

(B) fastening to a power unit said belt including any of said
extremities of said belt not already Fastened around said
patient’s chest;

(C) conveying power from a power supply to said power
unit along u tine: and

(1)) when suid power reaches said power unil, moving said
belt extremitics in directions to tighten said belt around
said patient’s chest 1o perform CPR,

81. The methed of claim 80 further including periodically

repeating steps (C) and (D).

82. The method of claim 81 further comprising detibrill-

ing the chest of said paticnt undereoing CPR.

83. The method of claim 82 Jurther including detecting,

when said belthas placed said patient’s chest under compres-
sion; and, when said belt has placed said chest under com-
pression. inducing u delibrihating cleetric current through
said chest.

84. ‘The method of claim 83 further including detecting
when said belt has placed said patient’s chest abont under
maximal compression and. when said belt has plced said
chest about under maximal compression, inducing said
defibriliating electric cument through said chest.

85. The method of claim 82 fusther inchuding contacting
two spaced outer chest surfuaces with a lirst electrode and o
second electrude.

86. The method of clyim 80 further including contacting
two spaced outer chest surfaces with a first clectrode and a
second electrode.

87. The method of claim 80 whesein said belt is moved in
said disection to tighten said belt extremitics substantially
equally around said paticnt’s left and right sides.

88. The method of clyim 87 whercin said power unit
includes an clectric motor.

89. The method of claim 87 wherein said power unit
includes a fluid-pressure motor.

90. ‘The method of claim 89 wherein said power unit
includes a hydraslic motor.

91. The method of claim 89 whercin said power unit
includes a pneumatic motor.

92. The method of claim 80 wherein said power is con-
veyed from said power supply to said power unit along said
line automatically and in regular periodic intervals,

93. An apparatus for increasing the flow ol blood in a
patient, said apparatus comprising:

{A) a substantinlly inclastic belt means conligured to wrap
around and in contact with said patient’s chest near said
patient’s sternum, said belt means being in conlinuous
contact with the patient’s chest. including the Iront,
sides, and a portion of the back of said patient’s chest,
saidd belt means (1) extending around and being in con-
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tact with a portion of the circumference of said chest. (2)
extending around and being in contact with the frant.
sides and back of said chest, and (3) being substantially
inclustic and flexible;

(B)actuator meuns, coupled 10 said belt means, for moving
said belt means in a direction to tighten said belt means
around said patient’s chest and to place said patient’s
chest under compression;

(C) detector means coupled to said belt means for deter-
mining when said patient’s chest is under compression:
andd

(1)) defibrillating means, coupled to said belt means and
said detector means, for inducing an clectric current
through said patients chest when said chest is under
compression,

94. The apparatus of claim 93 whercin said detector means
determines when said chestis about under niximal compres-
sion and said defibrilfating means induces said electric cur-
rent through said patient’s chest when suid chest is about
under maximal compression,

95. The apparatus of claim 93 further comprising first and
second spaced clectrodes mounted to said apparatus for con-
tacting, two spaced ouler chest surfaces with said fiest elee-
trodke being mounted 1o an apparatus chest-contacting surface
and suid second clectrode being mounted to an apparitus
chest-contacting surface which is spaced from said first elec-
L.

96. The apparatus of claim 93 wherein said actuator means
moves said belt means in said direction 1 tighten said belt
reans substantindly equally around said patient's letand right
sides.,

97. The apparatus of claim 96 wherein said sctuator means
iacludes an electric motor.

98. The apparatus of claim 96 wherein suid actumtor means
nictudes a Auid-pressure motor,

99. The apparstus of claim 98 wherein said actuator means
includes 2 hydraulic motor.

100. ‘The apparatus of claim 98 whercin said actuator
mieans includes a pacumatic motor.

101, “The apparatus of claim 93 wherein said actustor
means includes compulter controls for timing the application
ol said foree Lo said actuator,

102. The apparstus of claim 93 whercin said actuator
means moves said belt means in said direction automatically
and in regular intervals,

103. The apparatus of claim 93 further including a base
coupled o said actuator means and said belt means and con-
toured to scat near a central region of a patieat’s chest. said
actuator means, when moving said belt means in said diree-
tion to lighten said belt means around said patient’s chest and
to place said paticnt’s chest under compression, moving said
buse towards said chest.

104. The apparatus of claim 103 wherein said detector
means determines when said chest is about under maximal
compression and said defibrillating means induces said clec-
tric cument Lhrough suid patient’s chest when said chest is
about under maximal compression.

105. "The apparaws of claim 103 further including a con-
verter, mounted on said base and coupled (o said actsator and
said belt means, for converting a foree applicd by said actua-
tarinto (1) s chest compressing resultant directed towand said
chest and (2) a belt means tightening resultant directed tan-
rentially to said chest.

106. The apparatus of claim 105 whercin said actuator
means is i manual actuator and said converter converts a force
manually applied 1o said actuator and directed wwards said
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chest into said chest resultant directed inwardly through said
base toward said chest and said belt lightening resultant
applicd to said belt means.

107. The apparatus of claim 106 whercin said detector
means determines when said chest is about under maximal
compression and said delibritlating means induces said elee-
iric current thmugh said paticnt’s chest when said chest is
about under maximal compression,

108. A miethod of CPR treating patients comprising:

(A) wrapping a bl around and in conlact with a patient’s
chest near said patient’s sternum. said helt being in
conlinuous contact with the patient’s chest, including
the front, sides. anda portion ol the back of suid paticnt’s
chest. said belt (1) extending around and being in contact
with a portion of the circumfcrence of said chest. (2)
extending around and being in contact with the front,
sidus and back of saidd chest, and (3) being substaniially
inclastic and flexible:

(3) moving said belt in a direction to tighten said bell
aroumd said patient’s chest and place said chest under
compression to perform CPR:

(C) detecting when suid belt has placed said paticnt’s chest
under compression; and

(I3 when said beli has placed said chest under compres-
sion, inducing a defibrillating electric corent through
said chest.

109. The method o claim 108 further including contacting
two spaced outer chest surfaces with a first clectrode and a
second clectsode.

HO. The method of claim 108 further including periodi-
cally repeating steps (B) through (13).

L1 The method of claim 108 lunher includes periodicatly
repeating step (B).

12."The method ol claim 111 further including detecting

when said belt has placed said patient’s chest about under

aaximal compression and when said belt has placed said
chest about under maximal compression, inducing said elee-
tric current through said chest.

H3.The method of claim 112 turther including contacting
two spaced outer chest surfaces with s first electrode and a
seeond electrode,

114. The method of claiim 112 wherein, when said bell is
moved in said direction w tighten said belt around said
patient’s chest and place said chest under compression, suid
kel extremitics are moved substantially equally around said
paticat’s leN and right sides,

115, The method of claim 114 wherein said belt is moved
by an clectric motor,

116. The method of claim 114 wherein said belt is moved
by a Muid-pressure motor,

117. The method of claim 116 whercin said belt is moved
by a hydraulic motor.

118. The method of claim 116 wherein said belt is moved
by 1 pneumatic motor,

119. The method of claim 114 further including detecting
when said belt has placed said patient’s chest about under
maximal compression and when said belt has placed said
chest about under maximal compression. inducing said
defibrillating electric current through said chest.
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120. The method of claim 114 further including seuting g
hase of a bload flow apparatus on said patient’s chest near o
central region of said chest, (astening suid belt (o said appa-
ritus, and moving said base towards said chest w move said
bell in said direction to lighten said belt around said patient’s
chest and to place said patient’s chest under compression,

121. The method of claim 120 further including coupling
an actuator o said base and said belt, applying a foree to said
ictuator, and converting said force applicd to said actuator
into (1) a chest compressing resultant directed through said
base and toward said chest and (2) a belt tightening resultant
dirceted tangentially (o said chest,

122.°The method of claim 121 whercio said force is mang-
ally applied to said actuator and directed towands said chest
and said method further comprises converting said foree
manually applied o said actuator into said chest resultant
directed inwardly through said base toward said chest and
said helt lightening resultant applied to suid belt,

123. The method of claim 122 further including contacting
two spaced outer chest surfaces with a first electrode and 3
second clectrode,

124, "The method of claim 122 (urther including detecting
when, said bell has placed said patient’s chest about under
maximal compression and when said belt has placed said
chest about under maximal compression. inducing said
defibrillating clectric current through said chest,

125. The method of claim 11 further including holding a
backbuard with said belt against the back of said patient’s
chest,

126. The method of claim 13 further including bolding a
buckboard with said belt against the back of said patient's
chest,

127. 'The method of cluim 28 further including holding a
buckboard with said bell against the back of said patient’s
chest.

128. The methad of claim 30 further including holding a
backhoard with said belt against the buck of said patient’s
chest,

129. The method of claim 54 further including holding a
backboard with said belt against the back of said patient’s
chest.

130. ‘The methad of claim 56 further including holding a
backbourd with said belt against the buck of said paticat®s
chest.

131. The method of claim 80 further including holding a
backboard with said belt against the back of said patient’s
chest.

132. The method of claim 82 further including holding a
backbourd with said belt against the back of said paticnt’s
chest.

133. The methad of claim 108 further including holding
buckbourd with said belt against the back of said patient’s
chest,

134. The method of cluim 110 fusther including holding »
backbaurd with said belt against the back of said patient’s
cheslt.



