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Backaround Art During car

diac arrest, it is desirable to generate bl ood

flow by external neans in order to maintain brain and heart viability.
Traditionally, 15 t he external nmeans of generating blood flow has been
manual cardi opul nonary resuscitation (CPR). Using CPR, the rescuer tilts

the patient's head back,

lifts the chin to clear and straighten the airway,

and depresses the sternum1 1/2 to 2 inches 15 tines 20
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patient 2 full breaths.
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TITLE: CHEST COMPRESSION APPARATUS FOR CARDIAC
ARREST

Technical Field

This invention relates broadly to the field of
medical devices and more specifically to an
apparatus for increasing the blood flow by
compressing the chest cavity of a person suffering
from cardiac arrest.

Backoround Art

During cardiac arrest, it is desirable to
generate blood flow by external means in order to
maintain brain and heart viability. Traditionally,
the external means of generating blood flow has been
manual cardiopulmonary resuscitation (CPR). Using
CPR, the rescuer tilts the patient‘s head back,
lifts the chin to clear and straighten the airway,
and depresses the sternum 1 1/2 to 2 inches 15 times
(at a rate of 80 to 100 depressions per minute),
after which the rescuer gives the patient 2 full
breaths. This 15 depressions and 2 breaths is
repeated cyclically.

Currently, the CPR research community believes
that blood flow produced by external means can be
explained by one, or a combination of two,
theoretical mechanisms: the "cardiac pump" mechanism
and the "thoracic pump® mechanism.

This 15 depressions and 2 breaths is repeated
cyclically. Currently, the CPR research community believes 25 t hat

(at a rate of
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esmpresebdhy blovde,is squeezed out of the heart
chambers, and during release of the compression
(relaxation) blood flows into the heart chambers.
Backflow of the blood is prevented by the valving of
the heart and vessels.

According to the thoracic pump mechanism, blood
is pumped by external means as a result of the
cyclical increase and decrease of intrathoracic
pressure, During compression, the intrathoracic
pressure rises, which causes blood to be forced out
of the blood vessels and organs located in the
thorax, and the bloecd flows intoc the peripheral
tissues. During release, blood flows back into the
thorax wvia the normal venous return. In this

-method, backflow is prevented by the valving of the
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veins.

Most researchers believe that both mechanisms
are active to some degree. However, the methods
presently in use, and the devices currently in use,
for promoting blood flow by the application of an
external force are directed toward only one of the
two mechanisms. In order to maximize blood flow, a
device which takes advantage of both mechanisms is
needed.

A variety of devices have been developed to
increase blood and/or air flow in the chest cavity
of a cardiac arrest patient.

U.S. Pat. No. 2,071,215 to Petersen shows a
piston and cylinder arrangement attached to two ends
of a girdle which encircles a patient’s chest. The
expansion or compression of a fluid in the piston
and cylinder combination tightens and loosens the



for pronoting blood flow by the application of an external force are
directed toward only one of the 25 two nmechanisns. In order to
maxi m ze bl ood flow, a device which takes advantage of both nmechanisns is
needed. A variety of devices have been devel oped to increase bl ood and/or
air flow in tveeghsmt cavity 30 of a cardiac arrest patPSHUSISISS2 Pat .
No. 2,071,215 to Petersen shows a piston and cylinder arrangenent attached
to two ends of a girdle which encircles a patient's chest. The expansi on or
conpression of a fluid in the piston 35 and cylinder conbination

ti ghtens and | oosens the WO 97/ 22327

ECT/U896/18882 3 girdle to ventilate the I 8ngs. This device is |large and

eavy, and is dependen} upon a c ressed.fluid for., drivin 0 u. S

Pat. No. 3,425,409 %f‘ilfagt’s%ﬁn‘éﬁ%‘? ﬁ“e lunggp SC|T81$1 sdgﬁlgol%p]gsra l%gef or

conpressing the steamiiheayya dodniardependsatgupenaseccomyresssidifdnidA bel t

is placed around thfbf*H?ﬁ#'B% gbger.to mnimze bodily damage, and air is
f th

applied to the air passages e patient. 10 . S. . .
5?287, 846 to Capj onpet ‘.S‘S . Ng. 3,425,409 to IsaacUsoSn ept?'t alNo
5 discloses an apparatus for compressing the sternum

by a downward force generated by a piston. A belt
is placed around the chest in order to minimize
bodily damage, and air is applied to the air
passages of the patient.

10 U.S. Pat. No. 5,287,846 to Capjon et al. shows
an upper frame that rests on a patient, whose back
rests on a lower frame. Retractable straps extend
from the upper frame and attach to the lower frame.
A hydraulic cylinder in the upper frame presses

15 downwardly on the chest.

Barkalow, in U.S. Pat. No. 3,461,860, discloses
a device using a pneumatic plunger to mechanically
compress the sternum a predetermined distance. A
mechanical ventilator was added to this device in

20 U.S. Pat. No. 4,326,507 to insure proper ventilation
and increase the volume of the chest. This device
was limited in its success due to complexity which
requires trained personnel to use it.

A similar device was disclosed in U.S. Pat. No.

25 4,060,079 to Reinhold. This device is merely a
similar portable unit.

Bloom, in U.S. Pat. No. 4,338,924, shows a
sternum compression device using an air cylinder to
depress the chest of the cardiac arrest patient.

30 This device, 1like many others wusing a chest
compression design, is large and heavy.

Newman et al., in U.S. Pat. No. 4,424,806, show
a pneumatic vest for generating a rise in thoracic
pressure. This vest uses the "thoracic pump"

35 concept of exerting greater force over a larger area



an upper frane that rests on a patient, whose back rests on a | ower frane.
Retractabl e straps extend fromthe upper franme and attach to the | ower
frame. A hydraulic cylinder in the upper frame presses 15 downwar dl y on
-the chest. Barkalow, in U S. Pat. No. 3,461,860, discloses a device using a
pneumat i ¢ pwoweeyo mechanically conpress the sternum a ppexessensgsned
di stance. A nechanical ventilator was added to this device in 20 u. S
Pat. No. 4,326,507 to insure proper ventilation and increase the vol une of
the chest. This device was limted in its success due to conplexity which
requires trained personnel to use it. A simlar device was disclosed in
US Pat. No. 25 4,060,079 to Rei nhol d This device is nerely a
simlar portable unit. Bloom in U 'S Pat. No. 4,338,924, shows a sternum
conpressi on devi ceuRAgH Fhgnagprmplion ddat 4L Jagre SRIoKeC¥gRRE Gfuldhe

cardi ac arrest pathedompressed diid reldasieds, gréater blaod fbdélafcduldising a
chest conpression lan, is, | h y. . | I n S. Pat.
No. 4, 424, 806, shoélvg%ﬁ%neur% i %éggas%rggénecroa %gﬁ‘i gngﬁ’t htglreaci c
pressure. Thi s vekestgenld peturp Hep déiscnopiab 'si3® and duae dpoast

exerting grester fps6e oNed 8hbamdgbraidgans. Positive blood flow
would occur due to the one-way valves in the
vascular network. The Newman device is not readily
portable, in addition to having substantial'
complexity. In U.S. Pat. No. 4,928,674, Halperin et
10 al. disclose a similar vest which is similarly not
portable. _

Lach et al., in U.8. Pat. No. 4,770,164,
disclose a circumferential band and take-up reel
used to generate a rise in thoracic pressure.

15 Although either manually or mechanically driven,

this apparatus requires the use of a backboard for
guiding the band around the chest.

The use of bands or belts to generate a rise in
intrathoracic compression for the purpose of

20 assisting respiratory ailments is disclosed in U.S.
Pat. No. 651,962 to Boghean. This device is for
periodic loosening and tightening of the band around
a2 patient’'s chest for treating respiratory disease
by regulating periods of breathing as well as the

25 size or depth of breath.

In U.S. Pat. No. 3,777,744, Fryfogle et al.
disclose a breathing aid consisting of a belt and a
handle which tightens the belt for expelling
excessive residual air in the lungs.

30 Other devices known to the Applicants using
circumferential bands for generating a compression
force on the abdomen and lower chest to assist in
compression of lungs for respiratory purposes
include U.S. Pat. No, 2,899,955 to Huxley, U.S. Pat.

35 No. 3,368,550 to Glascock and U.8. Pat. No.
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the assunption that if nore major organs could be conpressed and rel eased,

greater bl ood flow would occur. By rel easing the conpression force, the
-chest would return to its normal size and draw bl ood 5 back into the
maj or or gans.wo stz i ve bl ood fl ow woul d occur due to the BOBUSRGISERA| ves
I n the vascul ar network. The Newran device is not readily portable, I n
addition to having substantial conplexity. In U S. Pat. No. 4,928,674,
Hal perin et 10 al. disclose a simlar vest which is simlarly not
portable. Lach et al., in US. Pat. No. 4,770,164, disclose a

circunferenti al band and take-up reel used %0 generate a rise in thoraci C
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conpression for tgﬁesPUBPO%ﬁe gfbaaﬁen ha%as'b%tehngnrs%i%@at QR @Isi ments is
di sclosed in U S. Pat 65 to Bog(Bean This_device is fo

peri odi c | ooseni ng BAH- tl%’t er?i rﬁ Lof27he arRF%ﬂ*ld Y-Bati Bt s It‘?‘rest f or
treating respisrator$g,t2ec22® by Hoalley,i 1) SherPads ¥b.br3g®42i, 084axonel | as

the 25 size or §eRib1&bn PrEM Npak b5 2 Rda, o vd Ehérddd; dl9/fogle et
al. Pat. No. 2,780,222 to Polzin, U.S. Pat. No.
2,071,215 to Petersen, U.S. Pat. No. 4,424,806 to
Newman and U.S. Pat. No. 4,928,674 to Halperin.
10 U.S. Pat. No. 2,699,163 to Engstrdm, shows a
resplrator'dev1ce for ventilating a patient’s lungs.
U.S. Pat. No. 5 295,481 to Geeham shows a chest
compression device comprising a T-shaped mechanical
chest compression apparatus with a suction cup. The
15 central shaft attached to the cup may be compressed
beyond the lips of the cup and bruise or otherwise
injure the patient due to the concentration of force
on the patient by the shaft tip. |
U.S. Pat. Nos. 4,397,306 to Weisfeldt et al.
20 and 1,399,034 to Taplin show large mechanical
devices for compressing the chest of a cardiac
arrest patient.
Szpur, in U.S. Pat. No. 5,407,418, discloses a
power-driven, pulsating compressor apparatus for
25 stimulating blood flow within vessels of a person’'s
foot or hand. The device periodically applies a
concentrated force against a localized region of the
foot or hand.
In spite of the prior art, the need still
30 exists for a device which effectively increases the
flow of blood in the organs of a cardiac arrest
patient. This device should be truly portable and
useable by a person of average strength and skill.

35
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the patient’s chest. Also included are a manual
actuator and a substantially inelastic belt which is
for wrapping around the patient’s chest. The
invention further cowmprises a force converter
mounted to the base. The force converter is
connected to the actuator and has belt connectors
for connecting to opposite extremities of the belt.
The £force converter is for converting a force
manually applied to the actuator and directed toward
the chest into a chest compressing resultant. The
chest compressing resultant is directed through the
base toward the chest. The force manually applied
to the actuator is converted, in addition to the
chest compressing resultant, into belt tightening
resultants applied to the belt connectors, and
directed tangentially to the chest.

The invention contemplates the converter
comprising first and second assemblies. The first
assembly has a pair of spaced, parallel arms rigidly
connected at handle ends by a first hand-grippable

"handle. The arms of the first assembly are further

30

35

rigidly connected at opposite, belt ends by a first
strut. The first assembly arms are pivotally
mounted to the base at a first assembly fulerum
intermediate the handle and belt ends. The second
assembly is substantially similar to the first
assembly and both assemblies are pivotally mounted
to the base, forming a scissors arrangement. A
force applied to the handle ends pivots the
scissoring assemblies, which form a pair of levers.

in

No.

No.
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t is an objective of the present invention to
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
intrathoracic pressure, enhancing blood flow.

ri egcription O rawi

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

Fig. 2 is a side view in section illustrating
the extreme positions of the arm assemblies of the
embodiment of the present invention shown in Fig. 1;

Fig. 3 is a diagrammatic view illustrating a
force diagram;

Fig. 4 is a diagrammatic view illustrating an
alternative force converter;

Fig. 5 is a diagrammatic view illustrating an
alternative force converter;

Fig. 6 is a diagrammatic view illustrating an
alternative force converter;

Fig. 7 is a diagrammatic view illustrating an
alternative force converter;

Fig. 8 is a diagrammatic view illustrating an
alternative force converter;

Fig. 9 is a view in perspective illustrating an
alternative embodiment of the present invention;

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

Fig. 11 is a view in perspective illustrating

increa5|n%:the flow of blood in_a patient, for exanple a



suffering cardiac arrest. The apparatus conprises 5 a base contoured to
seat near a central region of the patient's chest. Al so included are a
manual actuator and a substantially inelastic belt which is for wapping
-around the patient's chest. The invention further. conprises a force

converter l@®oemzzypunted to the base. The force convefinsoe1iss:
connected to the actuator and has belt connectors for connecting to

opposite extrenmties of the belt. The force converter is for converting a
force manually applied to the actuator and directed toward 15 t he chest
into a chest conpressing resultant. The chest conpressing resultant is
directed through the base toward the chess. The force manually applied to
the actuator is converted, in addition to the chest conpressing resultant,
into belt t|ghtemamgazsernatré%mmﬂ@en&ppm the tpresentpdinventdnnect or s,

and directed tangenti afliy.to2tie a:lms;gramgtibnyféwlﬂrlusq;q@tgﬁgl ahes the
converter corrprlsgl f|r t andlﬁg %en‘% he first assenbly has a
pair of spaced, p ?ﬂ’ﬁse (@‘? ecBﬁﬁﬁ‘c’:?'éd”é‘f ’}ﬁi‘rﬂﬂ'e ends by a
first hand-gri ppabl e hé‘ngl el3The ar me\sf 1nhpetsp@¢t:la&eﬂﬁmﬁta‘a§1hgrt her

rigidly conngcted 3 ebpagmbAL @E'Eh@rﬁ%é&mtalhbéﬁhéﬁr ut. ~ The first
assenbly arns are plvg,tallyi m)untedtfthe I rst assenhly

ful crum 30 i nt er red*8r e 1th&Sh3RgPB-AFIR ‘%e‘(’ce"érf‘d% per‘Fﬁ’@‘%&Hﬁnﬂ assenbl y
is substantially sinnembpodivenheofitiye present invention;

Fig. 15 is a side view in section illustrating
the extreme positions of the arm assemblies of the
10 embodiment of the present invention shown in Fig.
13;
Fig. 16 is a side view in section illustrating
a sole of the base; and
Fig. 17 is a side view in section illustrating
15 another sole of the base.

' In describing the preferred embodiment of the
invention which is illustrated in the drawings,
specific terminology will be resorted to for the
sake of clarity. However, it is not intended that

20 the invention be limited to the specific terms so
selected and it is to be understood that each
specific term includes all technical equivalents
which operate in a similar manner to accomplish a
similar purpose.

25
Detailed Description

Fig. 1 shows the apparatus 10, which is an
embodiment of the invention, in its operable
position on and around a patient’s chest 12. The

30 base 14 is a semi-rigid (preferably plastic) plate
or block, preferably having a cushioned outer
surface contoured to seat against the central region
of the patient’s chest 12 near the sternum. The
sole 92 of the base 14 is seated against the upper

35 surface of the chest 12 and may have an adhesive pad



assenbly and both assenblies are pivotally nounted to the base, formng a
'sci ssors arrangenent . A force applied to the handl e ends pivots the 35
sci ssoring assenblies, which forma pair of |evers. WO 97/ 22327 :

. PCT/ US96/ 18882 7 The strut ends of the assenblies are |evered toward one
anot her, tigwesinem he belt attached to the struts. It is BEI/UH6A8Eve of
the present invention to 5 provi de an apparatus having a flexible belt
whi ch waps around the chest of a cardiac arrest patient. The apparatus
tightens the belt while depressing the chest, the conbination of which
raises the intrathoracic pressure, enhancing blood flow. 10 Bri ef
Description O Drawings Fig. 1 is a vieM/ingperspective Illustrating an

enbodi nent of the p ent. i nventiQn i n _operabl e.position.. 1
Fig. 2is a side vi GEP . honem 43, E%Iq'urs}téaatollﬁg BlstiBRotin %%zsi ?‘?%%"sn of the
arm assenbl i es of the d&igodiWnt tof adhene ecenthenhestonl2héan $hatFig. 1;

Fig. 3 is a diagranggiisfnyicivehkl Babéai4 Rg1a £aLSE tha@ha®: 12 to be
pulled for decompression.

5 The base 14 contains a switch 70 and a pair of
lights 72. Additionally, the base 14 contains a
battery, a battery charge indicator and a sound
generator (not visible in Fig. 1) which sound
generator emits an audible, periodic signal. The

10 visible and audible signals indicate the frequency
to a rescuer of a compressive force he or she is to
apply to the apparatus 10. One or more of the
audible or visible signals could also prompt the
rescuer to apply ventilation. The base 14 also

15 contains a force sensor, such as a strain gauge, and
an indicator 74 which indicates the force exerted on
the chest 12 to warn the rescuer of potential injury
due to excessive force. A limiter could be added to
limit some of the force applied to the patient to a

20 specified maximum.

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

25 substantially similar spaced, parallel arms 26 and
28. A pair of rods 37 and 38 rigidly fasten the
spaced parallel arms of the assemblies 16 and 18,
respectively. A pair of manual actuators, which are
preferably two cylindrical, hand-grippable handles

30 30 and 32, are rotatably mounted between the spaced,
parallel arms of the first and second arm assemblies
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 to
35 the ends of the spaced arms, opposite the handles 30



20 Fig. 4 is a diagrammatic viewillustrating an alternative force
converter; Fig. 5is a diagrammtic view illustrating an alternative force
converter; Fig. 6 is a diagrammatic view illustrating an 25 alternative
force converter; Fig. 7 is a diagranmatic view illustrating an alternative
force conveddmnayd- 8 is a diagrammatic view illustratingepiisighbggsnati ve
force converter; 30 Fig. 9 1is aviewin perspective illustrating
an alternative enbodi nent of the present invention; Fig. 10 is an end view
in section illustrating a prinme nover actuator as part of the present

I nvention; 35 Fig. 11 is a viewin perspective illustrating WO
97/ 22327 ' 10 PCT/ US96/ 18882 8 an

alternative enbodi nrent of the present invention; Fig. 12 is
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i nvention; Fig.

13 is a view in perspecijeerighdStdA | REsembliedN APQATENE iddie present

i nventi on;
t he present

Fig. 14 is an enlarged view.In rspective of an
igvent¥?}?é§ve to gme.another R 9
which is preferably a stainless steel bolt.

enbodoi ment of

t the pivot pin 20,

The pin

5 20 extends longitudinally through the base 14 and
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extends out of each longitudinal end to pivotally
attach to each arm 22, 24, 26 and 28.

The arm assemblies 16 and 18 are arranged in a
scisgor-like configuration. This configuration is
designed to convert a small force into a larger
force. This is done by the scissor-like
configuration having a pair of levers with a common
fulcrum, where the fulcrum is located a distance
from the center of the levers. A large displacement
of the handles 30 and 32 causes a relatively small
displacement of the struts 34 and 36. In elementary
physics, it is understood that work equals force
times distance and the force applied to cause a
displacement at one end of a lever should equal the
product of force and displacement at the opposite
end of the lever. Conservation of work gives

F.D_ = F,D, Equation 1
where the subscript s indicates the force or
displacement at the struts 34 and 36 and the
subscript h indicates the force or displacement at
the handles 30 and 32. Solving Equation 1 for the
force at the struts 34 and 36 obtains

FyD,
Fy = D”

. Equation 2
E4

The displacement at the struts 34 and 36 (D, in
Equation 2) will always be smaller than the
displacement at the handle (D, in Equation 2). By
separating the displacement part of Equation 2 in
parenthesis, the following is obtained:



Fig. 15 is a side viewin section illustrating the extrene positions of the

arm assenblies of the 10 enbodi nent of the present invention shown in
Fig- 13; Fig. 16 is a side viewin section illustrating a sole of the base;
cand Fig. 17 is a side viewin section illustrating 15 anot her sol e of
t he base. | nwoaseziebi ng the preferred enbodi ment of the i nPEMUSH61888% ch i s
illustrated in the drawi ngs, specific termnology will be resorted to for
the sake of clarity. However, it is not intended that 20 the invention

be limted to the specific terns so selected and it is to be understood

t hat each specific termincludes all technical equival ents which operate in
a simlar manner to acconplish a simlar pdrpose. 25 Detailed Description
Fig. 1 shows the apparatus 10, which is an enbodi nent of the invention, in
its operable position on and around a pat|Qﬂt ﬁégt 12 gqae 139 3 base
14 is a sem-rigid (preferably plastic) plat’e OW Hsock, preferably havi ng a
cushi oned outer surface contoured to seat against the central region of the

patient's chest 12gisge the dilsplacement e tied st?idtofid kmalaee GHans seated
ggg.‘ nst the upper 3% qiepihbaR€nl’ at"ene"%3hales2NtndR Y1 B ScdReAres Ve
portion of Equation 3 will be a number greater than
5 1 which, when multiplied by the £force at the
handles, will obtain a force at the struts which is
greater than the force at the handles. It is this
greater force at the struts 34 and 36, effected by
the force applied to the handles, which is used to
10 artificially induce or enhance blood flow in a
patient.

The pivoting motion of the arm assemblies 16
and 18 is a simple and reliable action which
virtually any person can effectuate. Doing so

15 requires a small force, and creates a larger force
that is to be applied 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 cardiac arrest patient, without the help of

20 a mechanical device.

Two stainless steel stroke limiters 52 and 54
are pivotally mounted to the arms 22 and 24 and
slidingly attach to the arms 26 and 28. The
limiters 52 and 54 serve the purpose of limiting the

25 relative pivoting displacement of the assemblies 16
and 18 by mechanically restricting their movement.
Unlimited displacement between the two assemblies 16
and 18 could result in an excessive compression
force on the chest 12 which could injure the

30 patient.

An alternative to the arm assemblies 16 and 18
shown in Fig. 1 is the arm assemblies 416 and 418
shown in Fig. 13. The arm assemblies 416 and 418
are made up of the spaced, parallel arms 422, 424,

35 426 and 428, respectively. The curved shape of the
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(shown-in Fig. 16) or a suction cup 502 (shomn in Fig. 17) to adhere to the
chest 12 so that pulling on the base 14 will cause the chest 12 to be
-pull ed for deconpression. 5 The base 14 contains a switch 70 and a

pair of |igphor4327 Additionally, the base 14 contains a baihRisysnsggdattery
charge indicator and a sound generator (not visible in Fig. 1) which sound

generator emts an audible, periodic signal. The 10 vi si bl e and
audi bl e signals indicate the frequency to a rescuer of a conpressive force
he or she is to apply to the apparatus 10. One or nore of the audible or
visible signals could also pronpt the rescuer to apply ventilation. The
base 14 al so 15 contains a force sensor, such as a strain gauge, and an
i ndi cator 74 whi chringdi@at428t makingcuvpekbet aumonssémbliest41® amdwarn t he

rescuer of potentigghg thLﬁééﬂhfbdﬂa Qéﬁﬁéshsﬁeféﬁééhtdﬁédd@ EﬁénCQHéd be
added to limt sone ﬁfdthe orce €: plied to thgﬁﬁﬁtlent to g
speci fi ed maxi munPRPhEs | FRRPS, o SHhi | AT | 88 uPPof L8 pafF™of

spaced, parallel assemBliesdl@anghiléhshown nad&igt hi nghteeadwaatage engt h,

l'ightweight grateri;al el $rimarily in the means for limiting the
relative displacement of the arm assemblies 416 and
418. The preferred means for limiting the relative
displacement is shown in greater detail in Fig. 14.

As the arms 422 and 426, shown in Fig. 14,

10 pivot about the common fulcrum located at the pivot
pin 430, they pivot toward the stop pin 432. The
stop pin 432 extends through one of three holes
formed in an upright 434 which extends rigidly from

the base 414. The arm 422 has three shoulders 440,
15 442, and 444 which face the stop pin 432. The arm
426 has three similar shoulders 446, 448 and 450.

In their relaxed position shown in Fig. 14, the arms
422 and 426 have gaps of a predetérmined distance
between corresponding shoulders. For example, the
20 gap between shoulder 442 and shoulder 448 is a
predetexrmined size when the arms 422 and 426 are in

their relaxed position. As the arms 422 and 426 are
pivoted toward one another, the gaps between the
shoulders decrease in size. In order to insure that

25 the gap between a particular pair of shoulders does
not decrease below a specified minimum, the stop pin
432 is placed in one of the three holes 452, 454 or
456 formed in the upright 434. Each hole has an
axis which extends into a particular gap. Since the

30 three gaps between the gix shoulders 440-450 are of
different length, the position of the stop 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
35 further displacement.



pl asti c. The second arm assenbly 18 has 25 substantial ly
simlar spaced, parallel arnms 26 and 28. A pair of rods 37 and 38 rigidly
fasten the spaced parallel arnms of the assenblies 16 and 18, respectively.
-A pair of manual actuators, which are preferably two cylindrical

hand- gri ppablwolzrIzEes 30 30 and 32, are rotatably nountPEE/USE/IREN t he
spaced, parallel arnms of the first and second arm assenblies 16 and 18,
around the rods 37 and 38, respectively. A pair of rod-like, preferably
nmetal struts 34 and 36 (strut 36 not visible in Fig. 1) rigidly nount to 35
the ends of the spaced arns, opposite the handl es 30 WO 97/ 22327

PCT/ US96/ 18882 10 and 32. The rigid arm asseénbl i es 16 and 18 pi vot relative

to one anot her about the,pivol_ nin 2Q,., whi s preferably_a stainless
steel bolt. The pin 5 Fgéog’é?‘?%.nedsOql(ﬂ]'gilt@ucﬁhnogr@sl glf’hﬁﬁgﬁsﬁ@g%é%sé 14 and
extends out of each4léngdrdidAA8l ¥nhdtheipi wrlaxed apoathions caod aimn 22,

24, 26 and 28. The gphanéssend! hﬁseicﬁei]i-ﬂédlﬁogi@i&if Sn?ﬁdthé éxféhéé@rl-: i ke
Font Lauration, T SREBELGHT Ul e lom g 55008 L SOE Sy
5 hole 456 of the upright 434, the shoulders 440 and
446 seat against the stop pin 432 to limit the
extension of the arm assemblies 416 and 418.
The belt 40, which extends around the front,
sides and back of the chest, is substantially

10 inelastic and flexible. A plurality of indicia 50 is
imprinted on the exposed surface of the belt 50.
The belt 40 attaches to the strut 34 on one side of
the chest 12, and extends around a major portion of
the circumferende of the chest 12 to attach to the

15 other strut 36. When the assemblies 16 and 18 pivot
around the pivot pin 20, the belt 40 is tightened by
the struts 34 and 36 to which the belt 40 attaches.

Although the belt 40 is described as extending
around the front, sides and back of the chest, the

20 belt may be made up of two or more component parts,
such as a pair of belts. This pair of belts could
extend from attachment to the struts 34 and 36,
extending downwardly past the sides of the patient’s

© chest to rigid attachment to a board which spans the

25 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 extend around portions of
the chest circumference in combination with other
rigid or flexible components.

30 The relaxed and mid-actuated positions of the
arms of the apparatus 10 are shown in Fig. 2. The
first and second assemblies 16 and 18 are shown in
their relaxed position and (in phantom) at the mid-
point of their actuated position. The assemblies 16

35 and 18 are biased into the relaxed pogition by a



configuration having a pair of levers wwth a common ful crum where the
fulcrumis | ocated a distance fromthe center of the |evers. A large

di spl acenent 15 of the handles 30 and 32 causes a relatively snall

-di spl acenent of the struts 34 and 36. In elenmentary physics, it is
under st ood wHatniaer k equal s force tines distance and t he fperasegisesy ed to

cause a displacenent at one end of a | ever should equal the 20 pr-oduct
of force and displacenent at the opposite end of the | ever. Conservation of
work gives [err] where the subscript s indicates the force or displacenent
at the struts 34 and 36 and the 25 subscript h indicates the force or
di spl acenent at the handles 30 and 32. Sd4ing Equation 1 for the force at
the struts 34 and 36 obtains [err] The displacenent at the struts 34 and 36
(Derr] in 30 spging; dpot 2showR) | whighgouldybe gnkorsiont BREinghe
di spl acenent at tlegtbaaghg (fFouda Egdat i 20 Znd BYoswectfid Ned Nehe
i Splacemont Part QLeRREl ofk fudd' HR" CHhhbia d NedsLldiWha0sh o0t a1 ned:.
the arms 22 and 26 pivot along an arcuate path
5 downwardly and away £from each other, and the belt
ends 84 and 86 of the arms 22 and 26 pivot upwardly
and toward one another in an arcuate path subtending
the same angle as the handle ends 80 and B2. The
belt extremities 88 and 90 (which are the looped
10 ends of the belt 40 which attach to the struts 34
and 36) follow the belt ends 84 and 86 of the arms
to an upward and more proximally spaced position.
Since the bhelt 40 is substantially inelastic, its
circumference will decrease under the force applied
15 to it by the struts 34 and 36, thereby tightening
the belt 40 around the chest 12.
The belt 40 extends through slots 44 formed in
a backboard 42 which, when in use, is positioned
beneath the chest 12 of the patient. The belt 40
20 preferably seats against a sliding wmechanism 43
which permits sliding of the belt 40 along the
length of the chest 12 for positioning of the belt
40 on the chest 12. The backboard 42 is wmade of a
strong, lightweight material such as plastic and is
25 wide enough to span the width of the chests of a
large majority of the population. The backboard 42
has a padded, raised portion 46 which elevates the
patient’s neck above his head for opening the
breathing passages, and the backboard 42 preferably
30 has handles 250 and 252 (shown in Fig. 9) for
carrying the backboard 42 with or without a patient
lying on it. The backboard 42, the attached belt 40
and the assemblies 16 and 18, are all hung on a wall
by extending hooks through the handles 250 and 252
35 or by some other conventional hanging means, and may



Since the displacenent at the struts is smaller than the displacenent at

t he handl es, the displacenent portion of Equation 3 will be a nunber
greater than 5 1 which, when multiplied by the force at the
‘handl es, will obtain a force at the struts which is greater than the force
at the handl a®09122325 this greater force at the struts 34 amdr®896/188ect ed
by the force applied to the handles, which is used to 10 artificially
i nduce or enhance blood flowin a patient. The pivoting notion of the arm
assenblies 16 and 18 is a sinple and reliable action which virtually any
person can effectuate. Doi ng so 15 requires a small force, and
creates a larger force that is to be appli®8 to a patient's chest 12. The

force at the struts, 34 and 36 could not be generated n aveyage person
for the tinme periodP¥edt®ge tBe?Fea'IE}’% 1S&c §PFes?gb§’c‘i‘%nt‘{,“ P8hout the
hel p of 20 a nestmrdgeal device. Two stainless steel stroke limters 52

and 54 are pivotally noypt edhvb@nt BEnR! 1&0 dddkangs shidi b aktach to
The Ti 52 an %

the arns 26 and 28. mters serve the purpose o
limiting the 25  hjden LdBefi iRHig, & 3p| eRRAMCOIILREN A SHMEEs 16 and
18 by mechani sal |y 1@st fogied( ilmhethe NaeBoardUMa i t a0l datge aaeIpnt
e cnst b § orec SERRIAAAR MRSl U SR S0 EUGE 050
visible through the port 101. he raised portion 46
of the backboard 42 is suited to the formation of a
cylindrical chamber 104 in which the oxygen tank 100
10 can be easily stored. If needed, the mask 102 can
be withdrawn from the chamber 104 and placed over
the patient’s mouth for enhanced ventilation of the
patient‘s lungs.
The apparatus 10 is operated in the following
15 manner, referring to Figs. 1 and 2. The victim is
placed onto the backboard 42 with his or her chest
12 in the position shown in Fig. 1. The back of the
patient’s chest 12 seats against the surface of the
backboard 42 with the patient’s neck resting on the
20 raised portion 46 and his head lying on the
horizontal surface on which the backboard 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
25 extended upwardly from the backboard 42, between the
arms and chest 12, and around opposite sides of the
chest 12 to match the relaxed contour of the chest
12. The belt 40 is positioned as high on the chest
12 and as high under the underarms as possible.
30 The belt 40 is next extended around the struts
34 and 36, passing first between each strut 34 and
36 and the base 14. The base 14 is more exactly
positioned near the center of the chest 12 by
matching the indicia 50 on the belt 40 on opposite
35 sides of the base 14. The indicia 50 are



30 patient. An alternative to the armassenblies 16 and 18 shown in
Fig. 1 is the armassenblies 416 and 418 shown in Fig. 13. The arm
assenblies 416 and 418 are nade up of the spaced, parallel arnms 422, 424,
35 426 and 428, respectively. The curved shape of the WO 97/ 22327

PCT/ US96/ 18QRYorkdssar M8 422-428 maki ng up the arm assenbl i escrhlépsagude 418 has
been found to be nore advantageous than the angled shape of the arms making

up the armassenblies 16 and 18 shown in Fig. 1. The advantage 5 S
found primarily in the means for limting the relative displacenent of the
arm assenblies 416 and 418. The preferred nmeans for limting the relative
di spl acenent is shown in greater detail ipeFig. 14. As the arns 422 and
426, shown in Fig. 14, 10 pi vot. about the conmmon fulcrumlocated at the
pi vot pin 430, thelghammerdigarchatactersp spacaet3lequmblyt apopdn tA82 ext ends

through one of thregdta essf eheehdit afb UPhi @hiprETbradioh Raditidalrigidly
fromthe base 414. The arn1422 ha% &H:e hou%é)rs 440 1§P 3&8 and 444
whi ch face the stcﬂ?fﬁ ED 2 47§ﬁha§ e BFHY | *sho ers 446,
448 and 450. In thixndigis m&dpoeftcwmm mlprgd bands her atier

5 symbols.

Once the belt 40 extends around the struts 34
and 36, the ends of the belt 40 are folded back over
onto the portion of the belt 40 contacting the chest
12 and are attached thereto by fasteners. Before

10 fastening, though, the indicia 50 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 example, the same numbexr ("3")
should be the highest number visible at both struts

15 34 and 36, which indicates that an equal length of
the belt 40 extends from the backboard 42 to the
strut 34 as to the strut 36, and therefore that the
base 14 is centered on the chest 12.

After fastening the belt 40 to the struts 34

20 and 36, the stroke limiter pins 60 and 62 extend
into the holes 1 and 4 in the arms 26 and 28. Since
the number "3" is the highest visible number on the
belt 40, the limiter pins 60 and 62 are placed in
the distal of the six holes 1-6 in arms 26 and 28.

25 If the number "2" were the highest number visible on
the belt 40, the center holegs 2 and 5 of the six
holes 1-6 on the pivot arms 26 and 28 would be used,
since the number "2" would indicate a larger chest
circumference than when "3" is the highest wvisible

30 number. The stroke when the number "2" is the
highest visible number is greater than when "3" is
the highest visible number. This means for a larger
chest circumference, the apparatus would be
permitted to cause greater displacement of the chest

35 12.



422 and 426 have gaps of a predeterm ned di stance between correspondi ng
shoul ders. For exanple, the 20 gap between shoul der 442 and shoul der
448 is a predeterm ned size when the arns 422 and 426 are in their rel axed
‘position. As the arns 422 and 426 are pivoted toward one another, the gaps
bet ween t he 3W@W2337s decrease in size. In order to insure peEUSYBAS882 t he
gap between a particular pair of shoulders does not decrease bel ow a
specified mninum the stop pin 432 is placed in one of the three holes
452, 454 or 456 fornmed in the upright 434. Each hol e has an axi s which
extends into a particular gap. Since the 30 three gaps between the six
shoul ders 440-450 are of different |ength,1¥he position of the stop pin 432

in the upright 434 wll ct the d nce the a 422 and 426 .can travel
until two associated shoﬁf &gfs the a:ﬂég%lﬁl Ahgwn in FdGri cting
35 further di spthcaeensed raWIQM@ZBZEe arm assemblies 16 and 18

n their relaxed F"‘?‘ﬁ“@“ e e e e o 1 e
xt ended posi 11 on: SRSt 4 opplh ABLtars Fhe RARE oRipde of the ol o
456 of the upbight @3 Hlme‘lsaoiﬂldﬂ'resuwﬁghudﬂL For example, since

the number 3 is the highest number visgible on the

belt 40 in Fig. 1, the stop pin 432 would be placed

in the hole 456 which has the indicium "3" next to

it. The indicium "3" is visible in Fig. 15, but

10 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 the chest 12, the base 14 is centered
and the limiters 52 and 54 are in the correct

15 position for the visible indicia 50 on the belt 40,
the rescuer depresses the switch 70. This causes
the lights 72 to begin emitting a periodic, visible
signal and the base 14 to emit a periodic, audible
signal in synchronization with the lights 72. The

20 rescuer then grips handles 30 and 32 with his or her
hands and, with a downwardly directed force toward
the chest 12, pushes the handles 30 and 32, pivoting
them about the pivot pin 20, thereby pivoting the
arms 22, 24, 26 and 28 through arcuate paths about

25 the pin 20. This pivoting motion causes the struts
34 and 36 at the opposite ends of the arms from the
handles 30 and 32 to pivot about the pivot pin 20 in
a direction away from the chest 12, but with a
smaller displacement than the handles 30 and 32.

30 Pivoting of the struts 34 and 36 draws the ends of
the belt 40 closer together, thereby tightening the
belt 40 around the chest 12. Since the belt 40 is
inelastic, tightening of the belt 40 compresses the
chest 12. The arcuate motion of the handles 30 and

35 32 is limited to a maximum displacement by the



446 seat against the stop pin 432 to limt the extension of the arm.
assenblies 416 and 418. The belt 40, which extends around the front, sides
and back of the chest, is substantially 10 i nelastic and flexible. A
plurality of indicia 50 is inprinted on the exposed surface of the belt 50.
The belt 40waiémadres to the strut 34 on one side of the chestruddtinssamnd
extends around a major portion of the circunference of the chest 12 to
attach to the 15 ot her strut 36. Wen the assenblies 16 and 18 pivot
around the pivot pin 20, the belt 40 is tightened by the struts 34 and 36
to which the belt 40 attaches. Although the belt 40 is described as
extendi ng around the front, sides and bacR8f the chest, the 20 bel t
may be nmade up of two or npre conmponent_ parts, such as a pair of belts.

This pair of beltsSEERIfY miderst 5%manc S8hnwhen: shen@ing r6R Ay &hd 36,
ext endi ng downwar degnpestt tiHee ediddeafothé helpwd ieNtand 6Best The foxpel

attachnment to a bogrd i S e | dt f he
chest . Therefore,%at\ggl %V\I%%%ed“;rgﬁﬁd 3t2he%he%eaega%8b%%%d§%% of two
or nore belt conpof¥R¥EehRIRin Y nEher BeReuporafesns e t handirs 30

circunference i n candi Iatiave Wethraebetor tgeilr Wrididsilbpessenpasents. 30
shown in Fig 2. The f o 4s3i2a11sy adieadiedl "l o ToBRPGREE, T
their rel axed posi giveckedl faneephandorpleasing thelhandles 30 and 32
(preferably in phase with the 1lights 72), the
rescuer cyclically tightens and loosens the belt 40
10 around the patient’s chest 12. The base 14
concentrates some of the tightening force of the
belt in the chest 12 center and prevents pinching of
the chest by the scissor-like assemblies 16 and 18.
The belt 40 tightening around the chest 12
15 represents the *thoracic  pump" method of
artificially inducing blood flow in a cardiac arrest
patient by applying a circumferential compressive
- force to a large area. The large force is from the
leverage created by the scissor-like assemblies 16
20 and 18, and the large area is the circumference of
the chest 12.

As the first assembly 16 and the second
assembly 18 are forced downwardly toward the chest,
the base scole 92 is forced downwardly along a path

25 directed into, and preferably perpendicular to, the
chest surface by the downwardly directed force on
the handles 30 and 32. Therefore, each depression
of the first and second assemblies 16 and 18 results
in a downward compression of the center of the chest

30 by the base 14. This is the "cardiac pump" method
of inducing blood flow by compressing the heart
between the spine and the sternum.

Compressing the organs using the present
invention takes advantage of both the "thoracic

35 pump” (belt tightening and loosening) and "cardiac



poi nt of their actuated position. The assenblies 16 35 and 18 are

bi ased into the rel axed position by a WO 97/ 22327

PCT/US96/ 18882 14 spring (not shown) which could be a torsion spring
.extendi ng around pin 20 and connecting to the assenblies 16 and 18. The
handl e ends S® 223282 of the arns 22 and 26 pivot al ong an RETUSHAHht h 5
downwardly and away from each other, and the belt ends 84 and 86 of the
arnms 22 and 26 pivot upwardly and toward one another in an arcuate path
subt endi ng the sanme angle as the handle ends 80 and 82. The belt
extremties 88 and 90 (which are the | ooped 10 ends of the belt 40
which attach to the struts 34 and 36) fol I®v the belt ends 84 and 86 of the

arnms to an upward and re, proxi.mal |y spaced .position. Since.the pbelt 40 is
substantially inel é’é‘l“\prcn,) (Fpgsgi FEW%?%‘%}&’M%G &@@Fe&éi ﬁ‘ﬁgg?g?hgof or ce
applied 15 to iconyeyt doodr nhrRgharthegebladibrepgseigyhardi ngypehe bel t
40 around the chestrghgaséheahal tb1HdbErheRIEntd tPe0BreaRs S 4honOkaBH iNn a

backboard 42 which,, when in, use, is 0S| i qned beneat h thee%?est 12 of the
patient. The belt #§Frsgse 10 &%%I'y é%gfr}s""égéﬁng?m%reﬁ? RYEnBEhani sm
43 which pern$ts slthéi oggahst kandealir 4litaloénghe hkungs) and along the
vascular system. Upon release, other blood is
pulled in. Since the veins have a series of one-way
valves, the periodic raising and lowering of
thoracic pressure with the present invention creates
10 an artificial blood flow supplying necessary
elements to the vital organs, such as the brain,
which increases the patient’s chances of survival.
The pivoting assemblies 16 and 18 comprise a
force converter which converts the downwardly
15 directed chest compressing force applied to the
handles 30 and 32 into multiple resultant forces.
These resultant forces include a downwardly directed
force applied from the base 14 into the chest 12 and
two egual tangential forces applied by the struts 34
20 and 36 to the belt 40. The forces are applied
tangentially to the chest 12 since the belt 40
wrapped around the chest 12 and pulled taut must be
tangential to the chest 12 surface if it contacts
the chest at the chest sides as shown in Fig. 1.
25 The assemblies 16 and 18 comprise the force
converter which is a device that converts 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
30 resultant and a pair of belt tightening resultants).
A converter for converting the above described
applied force into the resultants includes all
equivalents to the preferred force converter. A
converter need not merely redirect a specific force
35 but could amplify, reduce or signal a device to



| ength of the chest 12 for positioning of the belt 40 on the chest 12. The
backboard 42 is nade of a strong, |ightweight material such as plastic and
is 25 wi de enough to span the width of the chests of a large majority
-of the popul ation. The backboard 42 has a padded, raisedhportion 46 whi ch
el evates th ' 's neck above his head for opening the
passages, aﬁg@?ﬁggggckboard 42 preferably 30 has handlggigﬁ%ﬁgn 252
(shown in Fig. 9) for carrying the backboard 42 with or wi thout a patient
lying on it. The backboard 42, the attached belt 40 and the assenblies 16
and 18, are all hung on a wall by extendi ng hooks through the handl es 250
and 252 35 or by sone other conventiomgl hangi ng neans, and may WO
97/ 22327 PCT/ US96/ 18882 15 be hi nged
near the center fogenrerakegotbernfanassageby AthexygeplicatdickOofinck a nask
102 are shown in hggdges, lines in'Fig. 2 as contained wthin a chanber 5

104 forned in the backhgard 42. A‘%au e 103, indicating the anmount of

oxygen in the tank 100, %% FPEFHI F£9%7 the BerRse  FHeLiedand portion
46 of the backboarprdgsuxe sintthetchese favityiom cfeaste\blowh i £ldw chanber

104 in whichsthe oxygeBe! g8kedded by an average person if a device
utilizes an applied force correctly. In the
position in which a cardiac arrest patient is
normally found, a rescuer cannot normally, without
leverage, generate a downward force into the

10 patient’s chest sufficient to generate the necessary
intrathoracic pressure without the risk of injury.
The apparatus of the present invention uses the
force which an average person can apply and converts
the applied force into resultant forces in the

15 directions needed while 1limiting the maximum
displacement of the chest to prevent injury.

The force converter described above can be
considered as a free body shown in Fig. 3 having an
applied force 112 directed downwardly onto the

20 converter 110. An opposite force 114 is applied by
the chest against the converter 110 as a reaction to
the opposite force 112. The tangential forces 116
and 118 are the forces of the belt, extending
circumferentially around the chest, pulling on the

25 converter 110. The converter 110 converts the
downwardly directed force 112 into resultant forces
120, 122, and 124. The resultant force 120 is

directed into the chest along a direction similar to
the applied force 112. The resultant forces 122 and

30 124 apply a tangential tension force to the belt
which is tangential to the patient’s chest.

The preferred embodiment of the présent
invention is one device the Applicants have found
advantageous for converting the downward force 112

35 into the three resultant forces 120, 122 and 124.



10 can be easily stored. |If needed, the mask 102 can be w thdrawn from
t he chanber 104 and pl aced over the patient's nmouth for enhanced
vent.ilation of the patient's lungs. The apparatus 10 is operated in the
follow ng 15 manner, referring to Figs. 1 and 2. The victimis placed
onto the backwmweswxds»2 with his or her chest 12 in the positPCHUSHAGE2| n

Fig. 1. The back of the patient's chest 12 seats against the surface of the
backboard 42 wi.th the patient's neck resting on the 20 rai sed portion
46 and his head lying on the horizontal surface on which the
backboard 42 lies, such as a floor. The base 14 of the apparatus 10 is

pl aced at approxi mately the center of the B&tient s chest 12 near the

sternum The belt 40 ISHﬁ*E exte upwardly fromthe backboard
42, between the ar mE*&nd §t"m'i§ ’é?l‘a"’ar H%BXSN'E‘ RTHHEHT AFE chest
12 to match the reIequmhaﬂnﬂﬂnnoxﬁammecohkétbQZSuEBelbated4ﬁors pgdsi t i oned

as high on the che ¢ n a 30
The bolt 40 is next ﬁ?&dﬂﬁpﬁkﬂéu&né’@ prdia deNeRk Eaﬁcésc&ﬂr%?é%%

around the struts 34, and ﬁfq§>lng Jirst
bet ween each strut @%5 et i, @sgpgiphien With Tﬂkaé§e i Cexact |y
posi ti oned ne&r theiseinpossibleheochest eiery mewhahioglt devicmliwhiizh50 on
the belt 40 on oppoghdesRPilea thithe Yre tPf11 PRAGw L4n conllc Rdicia

50 are
applied force into the desired resultant forces,

some of the many equivalents are described herein.
However, this is not an exhaustive list, and other
i0 equivalents exist as will become apparent to those
skilled in the art.
Fig. 4 shows a diagrammatic illustration of a
cam 140 and a pair of cam followers 142 and 144.
Upon the application of a downward force by the cam
15 140 onto a pair of inclined surfaces 143 and 145,
the follower 142 will slide rightwardly and the
follower 144 will slide leftwardly, thereby exerting
forces on the belt ends attached thereto,
tightening the belt. The cam 140 will slide down
20 the inclined surfaces of followers 142 and 144, and
upon reaching the horizontal surfaces 146 and 148,
will stop abruptly --exerting a downward force onto
the surface beneath the followers 142 and 144, which
could be the base of the present invention. The
25 apparatus of Fig. 4 is equivalent to the preferred
force converter apparatus.
Fig. 5 shows a diagrammatic illustration of a
first eccentric 150 and a second eccentric 152
pivotally mounted to a base 154. A manual actuator
30 156 attaches to a second pivot on each eccentric.
A pair of belt ends 158 and 160 wrap around the
eccentrics 150 and 152, respectively. Upon the
application of a downwardly directed force on the
actuator 156, the eccentrics 150 and 152 pivot about
35 the pivot points, exerting a force on the belt ends
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al phanuneric characters spaced equally along the Iength of the belt 40 in a
preferably identical arrangenment at both ends of the belt 40. The indicia
coul d, of course, be colored bands or other 5 synbols. Once the belt 40

ext ends ar ogfbrkesstruts 34 and 36, the ends of the belt ded
back over onto t%g portion of the belt 40 contacting the cﬁp"?g’%éédgind are

attached thereto by fasteners. Bef ore 10 fasteni ng, though, the
indicia 50 at both struts 34 and 36 nust match. For exanple, the nunber
"3" is shown as the highest nunber on the belt 40 visible in Fig. 1. In
this exanple, the sane nunber ("3") shoulshkbe the highest nunber visible at
both struts 15 34 and 36, which indicates that an equal |ength of the
belt 40 extends frisé tand ﬂ&@kbeasﬁnQZatDighmeningﬂof&¢hasbb&ttheThérut 36,

and therefore thatgddagcRasg lfsd Sapantay-ed es f ast eni ng
the belt 40 to the strut 2 fyl w@ﬂ% QIro e%|;H%fE§%Egﬁﬁs 60 and

62 extend into t hSWRWBE }Yan‘g“ﬂe‘ftr?q h§°§FPﬂs o5 &R 2ACctuatre £RE. nunber
"3" is the hi ghestimpasitblwponinbbe dasehelsm texdértile &i Mownivagdly 60 and

62 are placed | ihrolkshazodbel B tht BoLESdl Bl LAV PRHU-H 2

I f the nunber "2" were nunbe
embodiment. The apparatus of Fig. 5 is equivalent

to the preferred embodiment.
Fig. 6 illustrates a diagrammatic illustration
of another equivalent to the preferred embodiment

10 including an actuator 170 to which a downwardly
directed force is applied. 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

15 belt ends 180 and 182 wrap around a pair of drums
184 and 186 at each of the gears 174 and 176. The
toothed surface 172, upon a downwardly applied force
to the actuator 170, causes the inter-engaging gears
174 and 176 to rotate, thereby applying a force to

20 the ends 180 and 182 of the belt. The actuator 170
impacts the base 178 upon being actuated to a
certain extremity, thereby exerting a downwardly
directed force to the base 178 as in the preferred
embodiment.

25 ' Another alternative, mechanical apparatus 260
which is equivalent to the preferred embodiment is
shown in Fig. 11. The apparatus 260 has a pair of
pivoting arms 262 and 264 which pivot about a pivot
axis 266 on a base 268. A belt 270 attaches at

30 opposite longitudinal ends to the arms 262 and 264.
The base 268 is positioned on a patient’s chest 272,
the belt 270 is extended circumferentially around
the chest 272 and attached to the handles 262 and
264. A downwardly directed force is applied to the

35 handles 262 and 264, tightening the belt 270 as the



the belt 40, the center holes 2 and 5 of the six holes 1-6 on the pivot
arns 26 and 28 woul d be used, since the nunber "2" would indicate a | arger
chest circunference than when "3" is the highest visible 30 nunber .

The stroke when the nunmber "2" is the highest visible nunber is greater

t han when " 3" wosom2b®7hi ghest vi si bl e nunber. This neans for BCTI/USI§E8882 hest
circunference, the apparatus would be permtted to cause greater

di spl acenent of the chest 35 12. WO 97/ 22327

PCT/ US96/ 18882 17 If the arm assenblies 416 and 418 shown in Fig. 13 are
used rather than the arm assenblies 16 and 18 shown in Fig. 1, then the

hi ghest nunber visible on the belt 40 woul &3 ndi cate the positioning of the

5 stop pin 432 in the upri&ht 434, For exanRJe,,since,the nunber 3 is
the highest nunber RFEEHPEZANEHEEHPIVatD 3hPUE She) PI¥RE BiBp28e n W82 woul d
be placed in the holadddSbonhie ltheasigheenimy cofurhe3beliex@7d,0the. badde

indicium"3" is ViSiyle:LnekEl Au%$ : 0 ' icia "1" and "2"
" can be seen in Fi gs.zlgf?)lgnﬁgﬁ%dg%we t gjlgpag}:gt gégl ﬁ?ssé prbcoyszﬁti.oned W th
the belt 40 around the cRéSt 12, showspfctwe-shamkeh Hegice having a

5 base 300 and two pivoting arms 302 and 304. Two
springs 306 and 308 keep two arms 302 and 304 biased
upwardly within the chamber 310. A plunger 312 is
biased away from the chamber 310 by a spring 314.
The belt 316 is attached to the arms 302 and 304.

10 Upon downward compression of the plunger 312, the
arms 302 and 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,

15 especially when the plunger 312 reaches the lower
limit of the chamber 310.

Many illustrations show equivalent substitute
devices for converting an applied force into the
desired resultant forces. Most of those described

20 above show purely mechanical equivalents to the
pre.ferred embodiment. As a person skilled in the
mechanical arts will quickly find, there are many
other different substitutes for the preferred
embodiment. These devices are quuivalent to the

25 preferred embodiment or one of the alternatives
described above and shown in the drawings. In
addition to purely mechanical alternatives to the
preferred embodiment, it is of course possible to
combine mechanical, electrical, hydraulic and many

30 other elements to arrive at an equivalent substitute
for the preferred embodiment. These combination
equivalents are discussed below.

In Fig. 7 a mechanical and electrical
combination equivalent is shown diagrammatically

35 including an actuator 200 and an electric motor 202



and the limters 52 and 54 are in the correct 15 position for the
visible indicia 50 on the belt 40, the rescuer depresses the switch 70.
This causes the lights 72 to begin emtting a periodic, visible signal and
.the base 14 to emit a periodic, audible signal in synchronization with the

lights 72. {B&2837 rescuer then grips handl es 30 and 3%c#iisdeidsgz Or her
hands and, wth a downwardly directed force toward the chest 12, pushes the
handl es 30 and 32, pivoting them about the pivot pin 20, thereby pivoting
the arns 22, 24, 26 and 28 through arcuate paths about 25 the pin 20.
This pivoting notion causes the struts 34 and 36 at the opposite ends of
the arns fromthe handles 30 and 32 to pia#®wt about the pivot pin 20 in a
direction away fromthe chest 12, but with a smaller displacenent than the
handl es 30 and 32.at¥@ched pp\@thare 304t heThe mator320anbas@ ®edwsofhe ends

of the belt 40 cl oAk kaast es. ard @ Aatthehbant 8% tdxe vaiHa 40 2a00und the

chest 12. Since tre{&obel 40 i s 1nelastic, t{': ht'g_enig of thg: b%It 40

conpresses the chedtP™ .epﬁﬁegsd‘ro&aﬁ’g Wt i 3% 'g? The ﬂ%ﬁd?e? &55%A8 35 32

is limted to a nmeensitisespbuibobnt 2by taetuatedD Fhe223@kor 202,

PCT/ US96/ 18882 18 3@ fgl ithe! @rivesndft 240 WRAN kBStPhHS 264 :3REr62
force on the belt ends 206 and 208. As the force is
applied to the actuator 200, this downwardly
directed force is transmitted through the base 204
to the patient’s chest which lies directly beneath

10 the base 204. The embodiment of Fig. 7 is
equivalent to the preferred embodiment.

Fig. 8 shows still another equivalent to the
present invention in a diagrammatic illustration
including a hydraulic cylinder 220, fluid lines 222

15 and 224, and pistons 226 and 228 slidingly mounted
within the cylinder 220. The belt ends 230 and 232
are mounted to the pistons 226 and 228. Upon
actuation of an actuator 234, hydraulic fluid is
forced into the hydraulic cylinder 220 forcing the

20 pistons 226 ' and 228 toward one another
longitudinally, thereby exerting a force on the belt
ends 230 and 232. The actuation of the actuator 234
is accomplished by a downwardly directed force which
exerts a similar force to a patient’s chest 1lying

25 directly beneath the hydraulic cylinder 220.

The actuator 234 could be attached to a central
piston which compresses a fluid within a hydraulic
cylinder. Upon actuation of actuator 234, the
hydraulic fluid within the cylinder is compressed

30 and is conveyed through the lines 222 and 224 and
the pistons 226 and 228 are driven inwardly as
described above. This embodiment is also equivalent
to the preferred embodiment.

It is possible to attach a power unit, such as

35 a prime mover, to the apparatus 10 which could



contact the ends of the slots 64 and 66. The force on the handl es 30 and 32
S rel eased and then exerted again by the rescuer after the handles 30 5
and-32 have returned to their original positions. By cyclically depressing
-Wwth a downwardly directed force,_and releasingstha handl es 30 and 32
(preferably woopmsg®e with the |ighigiseblseTidis sesiUer cycl iRCATUS6/I8BENt ens
and | oosens the belt 40 10 aiound REbBeace@ti entfls chest 12. The
base 14 concentrates sone of thét==gter=rg~Forec—of the belt in the chest
12 center and prevents pinching of the chest by the scissor-like assenblies
16 and 18. The belt 40 tightening around the chest 12 15 represents

t he "t horacic punp" nmet hod of arti®®icially inducing blood flowin a

cardiac arrest patient by applying.,a circunferential co essive force to a
| arge area. The | aFB@ch%/r&egﬁosax’f Ia%ﬁ:gﬁgﬂ i’/e?%PS'Q’ & é‘gtggg'g%y§?ﬁéée to
scissor-like assenbhpesaé 2@sewblind 13 and t ke |te g@csusbe sthewe
circunference of thgreh&eicdAy Asndenf He?maﬁsegmkyoé@c apdtébearecond
assenbly 18 are forced down rg%¥ t&mqg? he chest. Egg Base sol.e 92 is
forced downwardly APoRECHRpiRHTiE: 9. RS KAVEX BB, 23fdRPT P THNS
per pendi cul ars to, 256 ordsth sartackedytoher dbehharaiisy. di riet edevieee on the
handl es 30 and 32. ¥Bﬁiéiﬂ?ea, ndeaiessted & die elkSbsantay asond
assenblies 16 and §8 resgl s in a dowward %npre si on of ihe gnier of the
chest . located in the power unit e 2 is

then rotatingly driven or longitudinally,

reciprocatingly driven to tighten and loosen the

10 belt 258. Alternatively, the actuator which
tightens and loosens the belt 258 could be located
beneath the belt 258 and the cable 256 would merely

convey electrical power or fluid pressure to the

4 and the cab

actuator. The power unit 254 may use computer
15 controls to time the application of force.

An example of a power unit 280 applying a force
which tightens a belt 282 and depresses a base 284
is shown in Fig. 10. As the rod 286 extends
inwardly and outwardly of the power unit 280, the

20 base 284 is displaced upwardly and downwardly,
depressing the chest 288 as described with the
preferred embodiment. Furthermore, this same
mechanical motion of the xod 286 tightens and
locsens the belt 282 'as with the preferred

25 embodiment . '

In order to ensure that the patient’s lungs are
allowed to expand as much as desired, it may be
necessary to include a full-release indicator with
the present invention. This indicator should have

30 some means for alerting the rescuer when £full
release of the tension on the belt has not occurred.
This indicator may include a limit switch, a magnet
reed relay or contacts on the base 14 against which
the arm assemblies 16 and 18 rest in their relaxed

35 position. '

This Sheet Has Been Replaced

AT




30 by the base 14. This is the "cardiac punp" nethod of inducing bl ood
fl ow by conpressing the heart between the spine and the sternum
Conmpressing the organs using the present invention takes advantage of both

the "thoracic 35 pump” (belt tightening and | oosening) and "cardi ac
WO 97/ 22327 PCT/ US96 1882 PUMD”
(chest depre"‘éos??(;zr?3 7y t he base 14) nmethods to convey bl ood ?ﬁrﬁgﬁ%{] %ﬁe bl ood

vessel s and, upon rel ease, draw bl ood back into the organs. Upon each
increase in pressure, the blood is conpressed out of 5 t he organs (and
air out of the lungs) and along the vascul ar system Upon rel ease, ot her
blood is pulled in. Since the veins have ggseries of one-way val ves, the
periodic raising and |lowering of thoracic pressure with the present
invention creates 10 Insteadiroff ian alndidaoadt &6f ofuliuplgase, necessary

elenents to the vih@éhgﬁ%s?oﬂ%}gsa&% PLRi Pre :H?ha%%gﬁ ide

patient's chances of _surviva | vot1 ng assenbli es conprise a
force converter whfBf tBnfert Qrﬁﬂéngbmvﬁ*%ll grabicatinn of ckPrdfesio
conpressing force ahplhatilen Biocahdrsll emtlQ 8401 Freldiise (uhli pdtukesul t ant

forces. Thesg resupbaphe§ 0b§5Rea"BbEE: G ONON LAY Hid €t £ at chet
mechanism having discreet spacings could be used for
this purpose. Additionally, such mechanisms are
commonly found on electrical crimping tools for
loose terminals.
10 It is possible to build into the force
converter a mechanism for storing and suddenly
releasing ‘energy during the application of a

downward forc_e. The sudden release would be
actuated during the withdrawal of the downward
18 force, applying a short duration, high intensity

force to the chest rather than a long duration
application of force as with the preferred
embodiment.

It is preferred that the apparatus which rests

20 on the top of a patient’s chest be as light in

weight as possible. The reason for this is that

after the patiént's chest has been fully compressed,

any weight which rests on top of the chest will tend

- to resist decompression of the chest once the

25 compression force is removed. Reducing this weight

minimizes the amount of unwanted compression during
release and decompression of the chest.

The adhesive pad 500 shown in Fig. 16 could

contain an electrode which is electrically attached

30 to a voltage generating device as is conventionally

known. The adhesive pad 500 could be used in

combination with one or more electrodes 504

interposed along the length of the belt 506 or

embedded in the backboard 508. These electrodes are

35 used in the conventional manner to induce a current



force applied fromthe base 14 into the chest 12 and two equal tangenti al
forces applied by the struts 34 20 and 36 to the belt 40. The forces
are applied tangentially to the chest 12 since the belt 40 wapped around
. the chest 12 and pulled taut nust be tangential to the chest 12 surface if
it contacts worekmst at the chest sides as shown in Fig. IPCTAS96/13882The
assenblies 16 and 18 conprise the force converter which is a device
that converts the force manually applied to the handles 30 and 32, and
directed toward the chest 12, into the resultants described above
(specifically, a chest conpressing 30 resultant and a pair of belt
tightening resultants). A converter for c®Werting the above descri bed

applied force into the resultants jncludes all yuivalents to the preferred
force converter. r&’BﬂUert‘é"F nege®ot Relel Wl}’gﬁ? ret® av8seci f¥¥ force 35
but could anplify, deédbrélbatingthe patibentc'ss heart. V\mrﬁﬂbaﬂBiﬂatn.on

PCT/ US96/ 18882 20 ganehil 8,0hiek LALEESoabY LUE ARPLLEA!LONRhude for ce. The

force necessary to generate sufficCient pressure rn tTeavTty to
create bl ood flow Surrenghoflekihrdldate fPeaheaver age person if a device
5 The electrodes 504 can be interposed at

multiple positions along the length of the belt 506

or in the backboard 508, but there will preferably

be a minimum of one electrode on the base 512 (such

as the adhesive pad 500 which functions as an

10 electrode) in addition to at least one other

electrode 504. The reason it is desirable to have

an electrode at least on the base 512 is that at the

furthest extent of compression of the chest 510, the

- distance between the anterior and posterior outer

15 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

20 current which gives the greatest current flow

through the heart with the least 1likelihood of
injuring the patient’s chest 510 tissue.

The electrodes 504 can be positioned not only

circumferentially about the chest 510, but can also

25 be positioned at the same circumferential location

but at various longitudinal spacings.

It is preferred that a means be adapted to

limit the travel of the assemblies 416 and 418 shown

L in Fig. 13 to only permit the assemblies 416 and 418

30 to move ggual amounts relative to the base. It is

undesirable for one assembly to move to one side

more than the other assembly, since this causes an

imbalance in the application of force, which may

result in injury to the patient. The injury arises

35 when a greater force is applied to one edge of the



utilizes an applied force correctly. In the position in which a
cardiac arrest patient is normally found, a rescuer cannot nornally,

wi t hout | everage, generate a downward force into the 10 patient's chest
sufficient to generate the necessary intrathoracic pressure wthout the

ri sk of inj wooemihe apparatus of the present invention usepefiiSoshgdsse Whi ch
an average person can apply and converts the applied force into resultant
forces in the 15 directions needed while Ilimting the maxinmm

di spl acenent of the chest to prevent injury. The force converter described
above can be considered as a free body shown in Fig. 3 having an applied
force 112 directed downwardly onto the 2028 converter 110. An opposite
force 114 is applied by the chest against the converter 110 as a reaction
to the opposite fdase than the opRp@iteal Mhisesan ®cgna ifgomeec ofhe forces

of the belt, extengid@wei ass&hisT el isalsl anarmm%dv@@ shasdstapitilaing on the
25 converter onvert.er 0 nverts downwar dl dlrected
force 112 into resql‘lpt?aé-’rﬁr ngggggciztdaan %‘%? %Irfffemgi?'h s M t force
120 is directed irfiexr t himéhirg Lhedy xe:llarl:é(yel omotsian | &8 8o pim dppl i ed

force 112. The re%ﬂi%‘{&i fo16es 122 adl 30ms. 12doRRELY 13 tANGRALI al
tension force to the .t which |s%éahg ntial to Egegatlent's chest. The

preferred embodi M§fbBandEm cRANeSE %Peﬁtslsﬁ LY ARL &18he

Applicants have found While certain preferred embodiments of the
present invention have been disclosed in detail, it
is to be understood that various modifications may

10 be adopted without departing from the spirit of the
invention or scope of the following claims.



advant ageous for converting the dowward force 112 35 |
resul tant forces 120, 122 and 124. WD 97/ 22327 U 'IU ﬂl mjum |
PCT/ US96/ 18882 21 The Applicants know that many apparatuseSs, W dls

to, and could be substituted for, the preferred apparatus to provide the

force converswor7@rgzri bed in association with Fig. 3. A theooglussérnsss2 IS
I npossible to list every nechani cal device which one skilled in the art

wi || know can convert an applied force into the desired resultant forces,
sone of the many equival ents are described herein. However, this is not an
exhaustive list, and other 10 equi val ents exist as will becone apparent
to those skilled in the art. Fig. 4 shows &%iagrammatic illustration of a
cam 140 and a pair of camfollowers 142 and 144. Upon the application of a
downward force by the cam 15 140 onto a pair of inclined surfaces 143

and 145, the follower 142 wll slide rightwardly and the follower 144 w |
slide leftwardly, thereby exerting forces on the belt ends attached
thereto, tightening the belt. The cam 140 will slide down 20 t he

i nclined surfaces of followers 142 and 144, and upon reaching the

hori zontal surfaces 146 and 148,

CLAIMS
1. An apparatus for increasing the flow of blood
in a patient, the apparatus comprising:
{a) a base contoured to seat near a central
region of the patient’s chest;
5 (b) a manual actuator;
(c) a substantially inelastic belt for
wrapping around the chest; and
(d) a force converter mounted on the base,
connected to the actuator and having belt
10 connectors for connecting to opposite f£irst and
second extremities of the belt, for converting
a force manually applied to the actuator and
directed toward the chest into a chest
compressing resultant directed through the base
i5 toward the chest and belt tightening resultants

applied to the belt connectors directed
tangential to the chest.

2. An apparatus in accordance with claim 1,
20 wherein the wmanual actuator comprises first and
second hand grippable handles.

3. An apparatus in accordance with claim 2,
wherein the converter comprises:
25 {(a} a first arm having a handle end to which

the first handle is mounted and having an
opposite, belt end to which a first extremity
of the belt is attached, said first arm being



will stop abruptly --exerting a dowmmward force onto the su}f
foll owers 142 and 144, which could be the base of the presej wﬁm “me
The - 25 apparatus of Fig. 4 is equivalent to the preferreds R T

-converter apparatus. Fig. 5 shows a diagrammatic illustration of a first

eccentric J@{}M%?a second eccentric 152 pivotally nount e‘iic{‘/%sﬁmlﬂ?ﬁe 154. A

manual actuat or 3 156 attaches to a second pivot on each eccentric. A
pair of belt ends 158 and 160 wap around the eccentrics 150 and 152,
respectively. Upon the application of a dowmmwardly directed force on the
actuator 156, the eccentrics 150 and 152 pivot about 35 t he pivot
points, exerting a force on the belt endgg WO 97/22327

PCT/ US96/ 18882 22 158 and 160 causing a tightening of the belt. The

eccentrics 150 and 15Z%indtallyup@unteduftiol thentbadewrtarsll f4by enined force
on the actuator 156, i p 4 | n dly 5
directed force on the ggg%‘fg4ﬁgksé%e$%§%pre eerﬁé'gé%énbgﬁlangﬁwva{]ee
apparatus of Fig. 5 i Pelfuienlie@dio the preferred enbodiment. Fig. 6
illustrates a di agranmy ¢ d |dedwhBabimhabing el hthdeguenal eatwiicH he
preferred egbodlnent the second handle is mounted and having an
opposite, belt end to which a second extremity
of the belt is attached, said second arm
pivotally mounted to the base at a second arm
fulcrum intermediate the handle end and the
10 belt end.

4. An apparatus in accordance with claim 2,
wherein the converter comprises:
(a) a first assembly having a pair of spaced,
15 parallel arms rigidly connected at handle ends
by the first handle, the arms rigidly connected
at opposite, belt ends by a first strut, and
the arms pivotally mounted to the base at a
first assembly fulcrum intermediate the handle
20 and belt ends; and
(b) . a second assembly having a pair of spaced,
parallel arms rigidly connected at handle ends
by the second handle, the arms rigidly
connected at opposite, belt ends by a second
25 strut, and the arms pivotally mounted to the
base at a second assembly fulcrum intermediate
the handle and belt ends.

5. An apparatus in accordance with claim 4,
30 wherein one of the arms of the first assembly pair

and one of the arms of the second assembly pair are

mounted to a side of the base, and the other arm of

the first assembly pair and the other arm of the

second assembly pair are mounted to an opposite side
35 of the base.



10 i ncl uding an actuator 170 to which a downwardly direc
applied. The actuator 170 has a two-sided toothed surface 17Bmmﬂmmmlll““l
inter-engages with a pair of gears 174 and 176. Cears 174

pivotally nmounted to a base 178 and a pair of 15 belt ends 180 and 182
wap around awpemzzng druns 184 and 186 at each of the gear pch7dsoemassil 76.

The toothed surface 172, upon a downwardly applied force to the actuator

170, causes the inter-engaging gears 174 and 176 to rotate, thereby

applying a force to 20 the ends 180 and 182 of the belt. The actuator
170 inpacts the base 178 upon being actuated to a certain extremty,

t hereby exerting a domnmardly directed fordd to the base 178 as in the
preferred enbodi nent. Anot her alterpative, -nechapi cal apparatus

260 which is eqU|vaFent %Q)tQR?ﬂﬁaépérréB eRBRK e | withouRla iM%y, 11.
The apparatus 260 habemejxai the)fapsenﬁu}ngfwlmxﬁ&kmm athizhpivotot about

a pivot axis 266 ony §nhééﬁéﬁﬁ¥%§é Qgéﬁ %?%) %Etgase§§?%h§0as ite

Iongltudlnal ends to0 the arns 'S posI |oned on a
patient's chest 2723ngnpEhyRiigh :Fﬂ? P@sgxt ended circunferentially around the
chest 272 andsattached to the handl es 262 and 264. A downwardly directed

force is applied tosthe 25 appahaRdles 262 a06kdhitke t WIRRENLTg:f e bel t 270
as the
wherein the belt ends and the handle ends of the
arms have longitudinal axes, and the belt end axis
of each arm is transverse to the handle end axis of
10 the same arm.

8. An apparatus in accordance with claim 7,

wherein an angle of about 120° is formed between the

belt end axis of each arm and the handle end axis of
15 the same arm.

9. An apparatus in accordance with c¢laim 4,
wherein the first belt extremity is conformed to
attach to the belt end of at least one arm of each

20 assembly and the second belt extremity is conformed
to attach to the belt end of at least one arm of
each assembly.

10. An apparatus in accordance with c¢laim 4,

25 wherein the first belt extremity is conformed to
attach to the first strut, the second belt extremity
is conformed to attach to the second strut.

11. An apparatus in accordance with claim 10,
30 further comprising fasteners mounted to the
extremities of the belt.

12. An apparatus in accordance with claim 11,
wherein the fasteners comprise hooks and loops
35 material.
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262 and 264 pivot about the pivot pin 266. In addition to th II m Hﬂg |"
the ‘belt 270, the base 268 is forced downwardly into the ches

'shows a two- chanber device having a 5 base 300 and two plvotlng ar s
302 and 304 prings 306 and 308 keep two arns 302 arngbratkbs/pdsased
upwar dl y mf?ﬁln %ﬁi chanber 310. A plunger 312 is biased away fromthe
chanber 310 by a spring 314. The belt 316 is attached to the arns 302 and
304. 10 Upon downward conpression of the plunger 312, the arns 302 and
304 are rotated countercl ockw se and cl ockwi se, respectively. This rotation
tightens the belt 316 and a patient's che is conpressed with the
tightened belt 316 and with the base 300, 15 especially when the

pl unger 312 reaches.thsn| epparatwst o tdvecrdamcer @ith Mlayim | Lustrations
show equival ent sy P§Eh&¥t€on&ﬁ:‘5'sﬁ?z§ iﬁalepéwl%{ﬁﬂmeggoﬁ%puu%awste into the

desired resultant torces hqQse descri abqve sgom/purely

bed
mechani cal equi vatBft Pelt (FRFIRSRORAIDY fhoRi HERFthASE, SRS oReLki 1 1ed in
t he nechani cal arextwehitgui ckly find, there are many other different
substitutes fJor the preferred enbodi nent. These devices are equivalent to

the 25 preferred enbodi nent or one of the alternatives
14. An apparatus in accordance with c¢laim 13,

wherein the indicia are c¢olored bands oriented
transverse to a longitudinal axis of the belt.

10 . 15. An apparatus in accordance with c¢laim 5,
wherein a pair of stroke limiting bars is pivotally
mounted to the pair of arms of the first assembly,
between the fulcrums and the handle ends of each of
the arms, extending to sliding attachment with the

15 pair of arms of - the second assembly, each of said
stroke limiting bars extending between arms mounted
to the same end of the base for 1limiting the
relative displacement of the attached arms.

20 16. An apparatus in accordance with claim 15,
wherein the stroke limiting bars are adjustably,
slidably attached to the pair of arms of the second
assembly, for adjusting stroke limitation.

25 17. An apparatus in accordance with c¢laim 4,
further comprising a rigid, substantially planar
backboard to which the belt is attached.

18. An apparatus in accordance with claim 17,
30 wherein the backboard has two spaced, parallel slots
through which the belt extends.

19. An apparatus in accordance with claim 18,
wherein the backboard has a raised portion, integral
35



descri bed above and shown in the draw ngs. In addition t
mechani cal alternatives to the preferred enbodi nent, it |smﬁmghﬁ/munmull!ll
possi bl e to conbi ne nechani cal, electrical, hydraulic and "
elements to arrive at an equival ent substitute for the preferred

enbodi nent. WOIR¥2Tonbi nati on equi val ents are di scussed belcTrisss/1sss2i g.

7 a nechanical and electrical conbination equivalent is shown

di agrammatically 35 i ncl udi ng an actuator 200 and an el ectric nmotor 202
WD 97/ 22327 PCT/ US96/ 18882 24
attached to a base 204. The notor 202 has a pair of belt ends 206 and 208
attached to a driveshaft 210. Upon depr essi¥h of the act uator 200, a
pressure- sensitive_ s tch 2%2 actuat es the notor rotatipg the
driveshaft 210 and §’>’< t P heBPTFOPRe 6R ﬂE‘“‘B F°erﬁf§°z‘d€ aﬁa‘?zos As
the force i s appli eSupporheaspatient 20kck tabm@o@mapdibyarllpe:tm:‘orce S
transmtted through the base 204 to the patient s chest Wnich Iies directly
beneath 10 t he ase, 204. The ,e

equival ent to the pF@f’er%d ARRSTRAENt mFl"&""g"ag‘Hﬁﬁs "é‘t‘"thrl c&ﬁbt“hep

equi val ent to & he pfszthericompriisimg a prefiswpizedegas dontaihes ilosse
and breathing wmask housed within the backboard,
beneath the raised portion.

21. An apparatus in accordance with claim 20,

10 further comprising a force sensor on a chest
contacting surface of the base, and a force
indicator mounted to the base.

22. An apparatus in accordance with claim 21,
15 further comprising a signal generator, mounted to
the base, for producing periodic signals.

23. A method of treating patients comprising:

(a) seating a base of a blood flow increasing
20 apparatus on a patient’s chest near a central

region of the chest;

(b) wrapping a belt around the patient’'s

chest;

(c) fastening first and second opposite
25 extremities of the belt to the apparatus;

(d) applying a force, directed toward the

chest, to a manual actuator mounted to a

converter, said converter connected to the base

and the belt, configured to convert the force
30 ' into a chest compressing resultant directed

toward the chest and belt tightening resultants

directed tangentially to the chest.

24. A method in accordance with claim 23, wherein
35 applying the force further comprises grasping a pair



i ncluding a hydraulic cylinder 220, fluid |ines 222

15 and 224
pi stons 226 and 228 slidingly nounted within the cylinder 2231“ ﬁll
U *

ends 230 and 232 are nounted to the pistons 226 and 228.

‘of an actuator 234, hydraulic fluid is forced into the hydraulic cy

220 forci ngwd$r3sd7

attached to a central

cylinder. Upon actuation of actuator 234,

ﬂ

pi st ons 226 and 228 toward
il

| ongitudinally, thereby exerting a force on the belt ends
actuation of the actuator 234 is acconplished by a downwardly directed
force which exerts a simlar force to a patient's chest |lying 25
directly beneath the hydraulic cylinder 220. The actuator 234 coul d be

pi ston which conpresges a fluid within a hydraulic

il

i nder
t her
2. The

the hydraulic fluid within the

cylinder is conpresehand grippables banddssedahtr appliting | andor2a2 and 224
and the pistons 23R %2§°ﬁ§gnéﬁ{-_vg{lrééﬁl@§ cgé%aqn.;a gﬁgcgzﬁggﬁ above.
enbo

enbodi nent is also equivalent to the preferre I ment .

Thi s

I s possible

to attach a power unit, such as 35 a prinme nover, to the apparatus 10
whi ch coul d WO 257/ 2232 apparatus for increasing the flow of blood

PCT/ US96/ 18882 25;ﬁy@p%@@geﬁg,aeh@cgﬁggfgtgé)éymyﬁgsgnbgteral force to

10

15

20 26.

(a) a base configured to seat near a central
region of a patient’s chest;

{(b) an actuator;

{c) a substantially inelastic belt configured
to wrap around the chest; and

(d) a force converter mounted on the base,
connected to the actuator and having belt
connectors for connecting to opposite
extremities of the belt, for converting a force
applied by the actuator into a chest
compressing resultant directed toward the chest
and belt tightening resultants directed
tangentially to the chest.

An apparatus in accordance with claim 25,

wherein the actuator comprises a prime mover.

27.

An apparatus in accordance with claim 286,

wherein the force converter comprises:

25

30

35

(a) a first arm having a handle end and an
opposite, belt end to which a first extremity
of the belt is attached, said first arm being
pivotally mounted to the base at a first arm
fulcrum intermediate the handle end and the
belt end; and

(b} a second arm having a handle end to which

‘the second handle is mounted and having an

opposite, second belt extremity to which a
second end of the belt is attached, said second
arm pivotally mounted to the base at a second



the arm assenblies 16 and 18 to actuate them automatically
periodic intervals. As shown in Fig. 9, the power unit 254|mﬂ !m .IE L!!I
256 whi ch attaches to a belt 258. ° The device providing a

-to the belt 258 may be located in the power unit 254 and the cable 256 is

t hen r ot at wegdne2327dri ven or | ongi tudi nal Iy, reci procaRGIMS9%/18882 ven to
tighten and | oosen the 10 belt 258. Alternatively, the actuator
whi ch tightens and | oosens the belt 258 could be | ocated beneath the belt
258 and the cable 256 would nerely convey electrical power or fluid
pressure to the actuator. The power unit 254 may use conputer 15

controls to tinme the application of force.33An exanple of a power unit 280

applying a force mhlch tigh belt 282. and S a pas 84 is
shown in Fig. 10. ﬁg %@f%m&?mﬁ a‘m}a&aed# ﬁ dr§®of the
power unit 280, the 20 beltbesd. 284 is displaced upwardly and downwardly,

depressing the chest 288 as described with the preferred enbodinent.

Furthernore, this sane mechani cal notion of the , rod 286 tightens
and | oosens the B8t ADgAPRAXatys ning pecqpdance, Wity claimyheinent. In
order to ensuwg e thatheiriednpahe ecdineerttiings menasakbopeilsésn: expand as nuch as

desired, it nmay be necegagrya tf’li‘é@'é%%a@%&“héviﬁb%%ﬁ;?@fcgbgf:ewth t he

present invention. This I ndicator
parallel arms rigidly connected at handle ends

by the first handle, the arms rigidly connected
at opposite, belt ends by a first strut, and
10 the arms pivotally mounted to the base at a
first assembly fulcrum intermediate the handle
and belt ends; and-
(b) a second assembly having a pair of spaced,
parallel arms rigidly connected at handle ends
15 by the second handle, the arms xigidly
connected at opposite, belt ends by a second
strut, and the arms pivotally mounted to the
base at a second assembly fulcrum intermediate
the handle and belt ends.
20
29. An apparatus in accordance with claim 28,
wherein one of the arms of the first assembly pair
and one of the arms of the second assembly pair are
mounted to a side of the base, and the other arm of
25 the first assembly pair and the other arm of the
second assembly pair are mounted to an opposite side
of the base.

30. An apparatus in accordance with claim 29,

30 wherein the assembly fulcrums coincide at a pivot
pin extending through all the arms of the assemblies
and through the base.

31. An apparatus in accordance with claim 6,
35 wherein the arms are curved.



30 sone neans for alerting the rescuer when full re
tension on the belt has not occurred. This indicator may in ml “ ll““l
switeh, a magnet reed relay or contacts on the base 14 agai

arm assenblies 16 and 18 rest in their relaxed 35 posi ti on.

97/ 22327 PCT/ US%/Q.?%{%‘%QZI nst ead

of an |nd|cator o?zfull rel ease, a nmechani sm coul d be added e arm
assenblies 16 and 18 for preventing the application of force to the handl es
30 and 32 until full release (and return 5 to the rel axed position) has
occurred. A ratchet nechani sm havi ng di screet spacings could be used for
thi s purpose. Addi tionally, such nmechanrjgsns are commonly found on
electrical crinping tools for |oose termnals. 10 It is possible
to build into tB2. fancapparatuser ia necberdared owithor cbgimnds suddenly

rel easi ng energy dﬂﬁff‘ﬂeﬂ; heof Pghgggy Qt Ofed QO‘M}; dg aif OLEe f%c'*‘%%vmward

sudden rel ease be actuated duri ng t awa
15 force, appl?Pﬂﬁﬁ%ﬁ%ﬁmﬁ?rmﬁﬁa?Foﬁ Hﬂﬁﬁw9@“?939%%Pﬁ(ﬁ¥ﬂﬁdcp4ﬁe chest
rather than a | ongsbomidewnfamed cat ieach afrm,f @bCE€ormSa Gap hbetvsen

preferred g the facing shoulders into which a stop pin extends,
for limiting the relative displacement of the
opposing arms.

33. An apparatus in accordance with c¢laim 5,

10 further comprising:

' {(a) three shoulders formed on each of two
opposing arms, forming three gaps of different
length between three pairs of facing shoulders;
(b) an upright mounted to the bése and having

15 three holes formed through the upright, each
hole corresponding to one gap; and
(c) a stop pin extending from insertion in one
of the holes into one qf the gaps, for
adjustably limiting the relative displacement

20 of the opposing arms.

34. An apparatus in accordance with claim 4,
further comprising a means mounted on a chest-
contacting surface of the base for adhering the
25 chest-contacting surface of the base to the chest.

35. An apparatus in accordance with claim 34,
wherein the means for adhering comprises a suction
cup.

30
36. An apparatus in accordance with claim 34,
wherein the means for adhering comprises an
adhesive.



enbodinment. It is preferred that the apparatus which rests
top of a patient's chest be as light in weight as possi bl eﬂ“l“HHI'FENHﬂm““‘
for .this is that after the patient's chest has been fully corpressedns amy *
-wei ght which rests on top of the chest will tend to resist deconpression of
t he chest onagobheads conpression force is renoved. Reggeiusgs/isge2s

wei ght m nim zes the anmount of unwanted conpression during release and
deconpression of the chest. The adhesive pad 500 shown in Fig. 16 could
contain an el ectrode which is electrically attached 30 to a voltage
generating device as is conventionally known. The adhesi ve pad 500 coul d
be used in conbination with one or nore el 8%trodes 504 interposed al ong the
| ength of the belt 506 or enbedded in the backboard 508. These_ el ectrodes
are 35 used in BRe c¥hvaRRBZFEMSARera¢ePTdRNRSE Fithr r ehpin o

95/ 223ﬁ7 Wgurtr:]her comprigin a 4 pfair ?lf’CTéﬂéi%@:] 18882t 2ddédr ﬁugh
the chest 510 e i e or. . defibrillating.the_patient' eart.
Any conbi nati on of fn%n%?d n%:r’ etlig eﬁg%l('f‘etémcaf%rbgoﬁrggggf‘%gi R ﬁcégaé%ir rent

to defibrillate theonbgrtchest surfacesthe e|ectrodes 504 can be
i nterposed at

38. An apparatus in accordance with claim 37,
wherein a first electrode is mounted to a base
outer, chest-contacting surface, and a second
electrode is mounted to an apparatus chest-
contacting surface which is spaced from the first
electrode.

39. An apparatus in accordance with c¢laim 38,
wherein the second electrode is mounted to the belt.

_40. An apparatus in accordance with claim 39
further comprising a plurality of electrodes
interposed along a belt longitudinal axis.



mul tiple positions along the length of the belt 506 or in the backboard
508, but there will preferably be a m ni num of one el ectrode on the base
512 (such as the adhesive pad 500 which functions as an 10 el ectrode)
in addition to at I|east one other electrode 504. The reason it is
desirabl e to wa9m22ar el ectrode at | east on the base 512 is poawsswisgize
furthest extent of conpression of the chest 510, the distance between the

anterior and posterior outer 15 surfaces of the chest 510 will be at a
m nimum and the base 512 will be positioned closer to the heart than at
any ot her poi nt I n the whol e conpression/deconpression cycle.

At this point there is a m ni num of resiitgﬁce to the fl ow of 20

current which gives the greatest cu ( t flow through the heart with
the least likelihood of injuring the patient's chest 510 tissue. The

el ectrodes 504 can be positioneg y circunferentially about the chest
510, but can also 25 be po the sanme circunferential |ocation
but at various Iongitud&pal Spe preferred that a nmeans be
adapted to limt the trevel g es 416 and 418 shown in Fig. 13
to nove equal anounts

s8¢ assenbly to nove to one
NSes an i nbal ance in the

relative to the base. I
side nore than the other




result in injury to the patient. The injury arises 35 when a greater
force is applied to one edge of the WO 97/ 22327

PCT/'US96/ 18882 28 base than the opposite. This can occur if one.of the two
‘assenblies 416 and 418 noves a substantially greater distance than the

ot her assenblWOS@@32heans for limting their relative noti orPOTAISHS/[H882 i N 5
aligned slots in the arns. Anot her is a gear nechani sm connected to both
assenblies 416 and 418. While certain preferred enbodi nents of the present

i nvention have been disclosed in detail, it is to be understood that
various nodifications may 10 be adopted w thout departing fromthe
spirit of the invention or scope of the follow ng clains. WO 97/ 22327
PCT/ US96/ 18882 29 CLAI M5 1. An apparatus for increasing the flow of bl ood
in a patient, the apparatus conprising: (#)3@ base contoured to seat near a
central region of the patient's chest;

42

43

FIG—-2



5 (b) a manual actuator; (c) a substantially inelastic belt
for wapping around the chest; and (d) a force converter nounted on the
base, connected to the actuator and having belt 10 connectors for
connecting to opposite first and second extremties of the belt, for
converting awgparesszmanual |y applied to the actuator and di rREOVISS6/1888%ar d t he
chest into a chest conpressing resultant directed through the base 15
toward the chest and belt tightening reddl@ants applied to the belt
connectors directed tangential to the Chii% 2. An apparatus in
accordance with claim 1, 20 wher ei he manual actuator conprises
first and second hand grippabl e handles. ¥. An apparatus in accordance
with claim 2, wherein the con . (a) a first
arm having a handle end to whidh the first handle is|mounted and having an
opposite, belt end to which a flirst extrgigy of thelbelt is attached, said

first arm bei ngEl@&Z 327
PCT/ US96/ 18882 I'vot alTy nount e‘iéf t he basiﬁ affirst arm
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fulcruminternedi ate the handle end and the belt end; and (b) a second arm
having a handle end to which 5 the second s, {jounted and
havi ng an opposite, belt end to which a se :wa"'qp@ﬁymy'“vv '
attached, said second arm pivotally nounted ﬂ&miﬁgg'qggy“[ma
ful crum i nt erwodzagr t he handl e end and thel{10 " =%

T PCe/US96/i882 AN
apparatus in accordance wth claim 2, wHeéreéin the converter conprises:
(a) a first assenbly having a pair of §Bﬁ@ed, 15 paral | el arns
rigidly connected at handle ends by the fiyst handle, the arns rigidly
connected at opposite, belt ends by a fir PB4 and the arnms pivotally
nmounted to the base at a firsg assenbly f ruminter late the handl e 20
and belt ends; and (b).284 d as@efbl yMavi ng a pai R2%ced, paralle
arnms rigidly connected at hand\\e end§ by tjhe second hghdl e, the arns

Y ,

rigidly connected at opposit el LBErT alals strut, and
the arns pivotally d teHthe Bpse at a secorf« y Lyggum
internedi ate the handle ayd b ——b- us n accordance
with claim 4, 30 erein oke of the jarns of fVé‘Tirst ssenbly pair

and one of the arms of yhe secopggassenbl yf pair areag

FIG-8
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mounted to a side of the base, and the other armof the first assenbly pair
and the other armof the second assenbly pair are nounted to an opposite
side 35 of thg‘gp%e. WD 97/ 22327

PCT/ US96/ 18882 31 6. 2437 apparatus in accordance wth claim 5,
wherein the assenbly ful crunms coincide at a pivot pin extending through all
the arns of the assenblies and through the base. 5 7. An  apparCaiusdeg
accordance with claim 6, wherein the beltsgggds and the handl e ends o
the arns have | ongitudinal axes, and the belt end axis of each armis
transverse to the handle end axis of 10 the sane arm 8. An
apparatus in accordance wth claim 7, V\/nerei angl e of about
120[err] is formed between the belt end axis of gfd rmand t he handl e end
axis of 15 the sane arm 9. An appar at us hccordance wth
claim 4, wherein the first belt extremty is coff Ad to attach to the
belt end of at |east one arm of each 20 asse d the second belt.
extremty is confornmed to attach to the belt end Ieast one ar m of

256

258



each assenbly. 10. An apparatus in accordance with claim4, 25 wherein
the first belt extremty is confornmed to attach to the first strut, the
second belt extremty is conformed to attach to the second strut. 11. An
apparatus in accordance with claim110, 30 - further conprising

fasteners moWolegghsz3 0 the extremties of the belt. 12. An papusoaisss i n
accordance with claim 11, wherein the fasteners conprise hooks and | oops 35
mat eri al . WD 97/ 22327

PCT/ US96/ 18882 32 13. An apparatus in ag;ordance with claim 11, further
conprising indicia inprinted on a surface®/%the belt corresponding to a

| ength of each belt extremty. 5 14. An apparatus in accordance with claim
13, wherein the indicia are colored bands oriented transverse to a

| ongi tudi nal axis of the belt. 10 15. An apparatus in accordance
with claim 5, wherein a pair of stroke limting bars is pivotally nounted
to the pair of arns of the first assenbly, between the fulcruns and the
handl e ends of each of

N\
o




the arns, extending to sliding attachnent with the 15 pair of arms of
the second assenbly, each of said stroke |imting bars extendi ng between
arnms nounted to the sanme end of the base for limting the relative

di spl acenent °§w%£ﬁ?%9taChed arnms. 20 16. An apparatus in accordance
with claim 15, erein the stroke limting bars are adjustab] sl idably
attached to the pair of arns of the second assenbly, for adju§¥vﬁﬂmﬂﬂ?6ke
limtation. 25 17. An apparatus in accordance wth claim 4,
further conprising a rigid, substantially planar backboard to which the
belt is attached. 18. An apparatus in accofdddce with claim 17, 30

wherei n the backboard has two spaced, parallel slots through which the belt
extends. 19. An apparatus in accordance with claim 18, wherein the
backboard has a raised portion, integral 35 WO 97/ 22327

PCT/ US96/ 18882 33 with a planar portion, confornmed to receive and support a
patient's neck above the planar portion. 20. An apparatus in accordance
with claim19, 5 further conprfstrg_a Rressurized gas container, hose
and breat hi ng mask housed within 5




beneath the raised portion. 21. An apparatus in accordance wth clai m 20,

10 further conprising a force sensor on a chest contacting
surface of the base, and a force indicator nmounted to the base. 22.
An apparatus in accordance with claim 21, 15 further conprising a

si gnal gener avow72mwunted to the base, for producing peri odipgeThistimsts. 23.
A nethod of treating patients conprising: (a) seating a base of a bl ood

fl ow i ncreasing 20 apparatus on a patient's chest near a centra
region of the chest; (b) wapping a belt around the patient's chest; (c)
fastening first and second opposite 25 g/10 extremties of the belt to
the apparatus; (d) applying a force, directed toward the chest, to a manual
actuator nmounted to a converter, said converter connected to the base and

the belt, configured to convert the force 30 into a chest
conpressing resultant directed toward the chest and belt tightening
resultants directed tangentially to the.che 24. A nethod in accordance
with claim23, wherein 35 appglyThg the force rther conprises grasping
a pair

416




WO 97/ 22327 PCT/ US96/ 18882 34 of

hand gri ppabl e handl es and applying a force having a conponent directed

toward the chest. 25. An apparatus for increasing the flow of blood 5

in a patient, the apparatus conprising: (a) a base configured to seat near

" a central region of a patient's chest; (b) an actuator; (B?“H$§G antially
i nel astic ¥ ?756ffigured 10 to wap around the chest; and (d) a

force converter nounted on the base, connected to the actuator and having

belt connectors for connecting to opposite extremties of the belt,

for converting a force 15 applkgg by the actuator into a
chest conpressing resultant directed t &"d the chest and belt ti ghtening
resul tants directed tangentially to the chest. 20 26. An appar at us

i n accordance with claim 25, wherein the actuator conprises a prinme nover.
27.. An apparatus in accordance with claim26, wherein the force converter
conprises: 25 (a) a first armhaving a handle end and an
opposite, belt end to which a first extremty of the belt is attached, said
first armbeing pivotally nounted to the base at a first armful crum

i nternedi ate the handl e end and the




30 belt end; and (b) a second arm having a handle end to which the
second handl e is nounted and having an opposite, second belt extremty to
whi ch a second end of the belt is attached, said second 35 arm
pivotally nounted to the base at a second WO 97/ 22327

PCT/ US96/ 1888¥0 8R23%7m f ul crum i nternedi ate the handl e end apdriabssnbsst end.

28. An apparatus in accordance wth IAm 26, 5 wherein the converting
means conprises: (a) a first assenbly 'having a pair of spaced, parall el
arms rigidly connected at handl gzenads by the first handle, the arns rigidly

t ut,{&ﬁo 10 t he arns
cpry—TUr creg) | Nt er medi ate the
_having 8pair of spaced,
2<epds. 45 " by the second
handl e, the rigigl connectéﬁ/r - ' belt ends by a second
strut, and thej?ﬂﬁ‘}p%vdf y noun 958 \at a second assenbly
ful cruminternediate ] !

connected at opposite, belt endl(B a
pivotally nounted to the bagg&lat a TTIsi

handl e and belt ends; and ( $éa"se00ﬁd

504 508




t he handl e and belt ends
*wherein one of the ar
t he second assenbly pai
armof 25 wobhgafy rst
assenbly pair are nount
in accordance with cl ai

eq: t.0 an-opposi t
m%;“gcr Y Traherer i EiE

< Qe of

of, The
r-asse

. Zéﬁigﬁmmﬁn@pggﬁg @S 1 & ac n ' hG2eS:
Ttheidih St ass gk éﬂ &l}{ a%%&QWEMﬁQ%ET
rparesopynted. to a‘§L..-.;-='re%f f he base,, and the other
senhl y. pal.r angy he oth& prm ofpiragseseasend

base. 30. An apparatus
bl y ful cruns coincide

at a pivot pin extendirg through all th 1 t hel assenbl i es and t hrough
the base. 31. An appar di2ATH | é@@f&h‘denﬁ-w&i%m 6, 35 wherein the
arnms are curved. WO 97/ 22327 25

PCT/ US96/ 18882 36 32. An apparatus in accordance with claim5, further

conprising at | eastunsitdopape ¥ IGUAFPLRSURBRIY 3 daReFadnEaresi o of

opposi ng ar s,
t he faci ng shoul de

oneckdhourrieragsamiidean EaCharY M1st otd OrabBtaiagep bkémeen 5

relative displace
with claimb5,
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As shown in Fig. 9, the power unit 254 has a cable
256 which attaches to a belt 258. The device
providing a mechanical force to the belt 258 may be
located in the power unit 254 and the cable 256 is
then rotatingly or longitudinally,
reciprocatingly driven to tighten and loosen the
belt 258. Alternatively, the actuator which
tightens and loosens the belt 258 could be located
beneath the belt 258 and the cable 256 would merely
convey electrical power or fluid pressure to the
actuator. The power unit 254 may use computexr
controls to time the application of force. '
An—example—of-apower-umnit—280-applyi
which tightens a belt 282 and depresses a b
is shown in"Fig. 10. As the rod
inwardly and outwardly of the p
base 284 is displaced u
depressing the ches
preferred embodi

driven

6 extends
T unit 280, the
rdly and downwardly,
88 as described with the

Furthermdre, this same
otion of the rod 286 tightens and
1phe belt 282 as with the preferred

ent.

In order to ensure that the patient’s lungs are
allowed to expand as much as desired, it may be
necessary to include a full-release indicator with
the present invention. This indicator should have
some means for alerting the rescuer when full
release of the tension on the belt has not occurred.
This indicator way include a limit switch, a magnet
reed relay or contacts on the base 14 agéinst which
the arm assemblies 16 and 18 rest in their relaxed
position.



L "
10- =~ further conprising: (a) three shoul ders formed on each: of %‘mb&Eér :
opposing arns, form ng three gaps of different |en E;&\@
of facing shoulders; (b) an upright nounted to'thegRge;EsPé and%%gﬁS
t hree hol es wosmaszhr ough the upright, each hol e corresponpdiriioé/fasgane gap;
and (c) a stop pin extending frominsertion in one of the holes into one of
the gaps, for adjustably liniting the #8l0ative di spl acenment 20 of
t he opposing arns. 34. An apparatus in acgordance with claim4, further
conprising a neans nounted on a chest- cogt )3y surface of the base for
adhering the 25 chest - cont acting sur e of the base to the chest. 35.
An apparatus in accord i h cl 220 34, erein the 22 or adhering
conprises a suction cup. 30 3 pparatus in acqgprdance with claim
34, wherein the neans for adfgk » Ve. WO 97/ 22327
PCT/ US96/ 18882 37 333 a il I n accordance ﬂ{ Lai m lagq
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further conpaising a pair of spaced el ectrodes nounted to the apparatus for

chest -

apparatus in acc

nount ed
conpri si
axi s.

contacting two spaced outer chest surfaces. 38. An apparatus qQr dance
with:claim37, wherein a first electrode is nounted to a baseVouf C%
chest-contacting surface, and a second el ectrode is nounted tod@fgRppara
contactin face which is, spaced from{)he first el ect\ G 39. An
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(57) Abstract

cavity.

(54) Title: CHEST COMPRESSION APPARATUS FOR CARDIAC ARREST

‘The invention is an apparatus for increasing intrathoracic pressure for resuscitating cardiac arrest patients. The apparatus comprises
a fiexible, substantially inelastic belt (40) wrapped around the patient’s chest (12) and attached to a force converter. The force converter
converts a downwardly directed force into a chest resultant, which depresses the sternum, and two belt tightening resultants. The force
converter comprises a pair of arm assemblies (16, 18), each having a pair of spaced arms (22, 24), which are pivotally mounted to a base
(14). The base is positioned near the patient’s sternum and the ends of the beit attach to one end of each arm assembly. The opposite,
handle ends (30, 32) of the arm assemblies are depressed toward the chest causing tightening of the belt and compression of the chest




