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(57) ABSTRACT 
An apparatus for providing external assistance for the 
circulation of blood in a patient wherein a substan 
tially rigid housing encloses a portion of the patient's 
body, such as the legs, and a closed pneumatic pres 
sure actuation system is used to actuate a pressure me 
dium, at least a portion of which is gaseous, within the 
housing to cyclically apply pressure to the body in syn 
chronism with the patient's heartbeat. The housing 
may be fabricated to provide either a fixed volume or 
a variable volume therein. Means are provided for ef 
fecting an efficient transfer of energy from the actua 
tion system to the pressure medium and thence to the 
patient's body. 

29 Claims, 17 Drawing Figures 
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CARDIAC ASSIST APPARATUS 

This invention relates generally to apparatus for as 
sisting the circulation of blood in a human being and 
more pilrticularly to an aparatus for dying St exter 
nally by the utilization of counter-pulsation techniques. 

BACKGROUND OF THE IN VENTION 

Apparatus for providing externai assistance in the 
circulation of blood in patients has been lescribed in 
previously issued articles and patents, particularly U.S. 
Pat. No. 3,654,919 issued toy W. C. Birtwell wherein a 
rigid housing encloses a portion of the patient's hotly, 
such as the legs, and a non-compressible hydraulic fluiki 
is present within such housing. A suitable hydraulically 
ctuated compression and cle compression means is 
then utilized to cycle the pressure on sail holly portions 
Via the non-compressible hydraulic fluid. Means are 
provided therein specifically to assure that the environ 
ment within the rigid housing is gas free so that no ef 
fective dead space is present incl the efficiency of the 
comression ind keen pression energy transfer is 
maximizel. Further, in the decompression portion (f 
the cycle, a negative pressure is achieved immediately 
adjacent the holy nortion and means are provicled for 
Synchronously () & erriding the Suhstimispheric pressure 
which is so obtained. Such overriding being in appropri 
ite synchronism with the patient's heartbeat. 
A number of problems arise in the use of the device 

described in the ahove Birtwell patent. First of all, it is 
relatively climbersonne Structure to handle, the use of 
in n-compressible hydraulic fluic, such as water, innak 

ing the overall paratus quite heavy. Moreover, the 
hydraulic actuation equipment which is required to 
cause the compression and decompression flow of fluid 
within the housing must he placed relatively near the 
patient so us to avoid excessive hydraulic pressure 
drops along the fluid lines thereof, usually such actua 
tur being placed in the table (n which the patient him 
self lies. (ften substantially centrally located between 
the patient's legs, its shown in the patent. 
Not only is such apparatus therein difficult to use he 

cause of the large size and weight of the rigic housings 
in the hyclraulic fluid, together with the hydraulic c 
tuition equipment therefor, hut the presence of such 
elaborate equipment in the direct view of the patient 
may tent to produce an ill verse psychological reactin 
on the part of the patient when the apparatus is being 
applied to the patient's limbs. 
Moreover, the use of such rigic, fixecl volume hous 

ing requires that they he made sufficiently large to fit 
the limbs of the largest patient to which the apparatus 
is expected to he applied. Thus, for patients with reli 
tively small limbs, substantially more hydraulic liquid is 
required to fill the enclosure, a factor which inly acids 
to the weight of the overall levice and its clifficulty in 
St. 

In considering alternative structures for providing ef 
fective external assistance for the circulation of blood. 
the design thereof should provide for a reduction in the 
above disadvantages while still maintaining an effective 
energy transfer. The maintenance of such energy trans 
fer must take into account the clumping which may be 
present within the system, so that the effects thereof 
can be minimized and the overall efficiency of the sys 
tem can be preserved. 
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Such damping can he broudly identified as arising 

from two major sources discussed in more detail below. 
A first source lies in the apparatus which comprises the 
System for producing the cyclic compression and cle 
compression energy transfer to the patient's body. Such 
System dumping can arise hecause of the listensihil 

ity of the housing which is used as well as the clistensi 
bility of the unsupported areas of the sealed portion of 
the system which contains the actuating fluic at the in 
terface between the system and the portion of the pa 
tient's hotly to which the pulsating pressure is applied. 
Further, the instability of the shape of such sealed por 
tion (i.e., the fact that such sealed portion does not re 
tain its shape during the pulsilting cycle) also contrib 
lites to the overall system camping. The compressibility 
of the actuating medium which gives rise to the pres 
ence of dead space within the housing also contributes 
to the system damping. Finally, both the presence of 
trapped air at various points within the system as well 
as the failure to provide an adequate contact hetween 
the Sealed interface portion of the System and the pa 
tient's body can introduce additional damping into the 
System. 
A second source of dumping relates to the physical 

nature of the patient's hindy itself and can he hest de 
scribed as a form of physiologic clamping. Such 
clamping arises, for example, from the in v erall motion 
of the natient's b{ncy which can occur during the appli 
cation of the pressure actuation system thereto. A cli 
tional factors which contribute to such physiologic 
damping include the lisplacement of holdy tissue. hth 
in the areas to which the pressure is directly applied 
and in the areas adjacent thereto, and the compressibil 
ity of the body in those areas thereof which can contain 
gas. Such as the abdomen and for the thoracic civity. 
A primary consideration in the lesign of the struc 

ture disclosed in the above-mentioned Birtwell patent 
was the desire to reduce system dumping which can 
arise because of the compressibility of the medium 
used to provide pressure actuation. Accordingly, such 
system used non-compressible hydraulic fluids, i.e., lic 
uids, such is water, as the pressurizing medium in the 
sealed container at the interface with the patient's 
holy, thereby necessitating the use of the hydraulic ac 
tuation incl control system shown therein. While some 
consideration was given to the reduction of clamping 
due to one or more of the other factors listed above 
(i.e., the utilization of a rigid, fixed volume housing, 
longitudinal tethering of the sealed container, etc.), lit 
tle or no consicleration was given to making the must 
effective use of the energy available, the hydraulic ac 
tuation system being arranged as an effectively open 
system where hydraulic fluic was continually supplied 
from the energy source. As a result. prime importance 
has been attached to the purported need to use non 
compressible fluids, as opposed to compressible fluids, 
such as air, for pressure actuation and interface energy 
transfer so that damping at the interface of a rigid, fixed 
volume housing structure is minimized. 

SUMMARY OF THE INVENTION 

This invention, on the other hand, in one embodi 
ment utilizes a compressible fluid, either alone or in 
combination with a non-compressible fluid. for energy 
transfer at the body interface. The use thereof provides 
an improved external assist apparatus which has the act 
vantage of being lighter in weight incl less cumbersome 
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to use than previously known up; ratus, and further, 
which cil in he designed to reduce considerably the pos 
Sihility of producing a traumatic experience for the pit 
tient. The effect of any increased interface dumping 
which may result fronn the use of at least a partially 
compressible fluic mecium is taken into account by uti 
lizing a more efficient actuation System designed is a 
closed system where in energy expenced in transfer 

to the patient's body is effectively stored and returned 
to the System for reuse with a minimization of overall 
energy loss during operation. Such efficient use of en 
ergy (vercomes the effects of increasel laming cluk 
to the utilization of compressible fluids. Further, the 
effects (f Such increasel lanping can he invercome in 
other embodiments of the invention by utilizing hous 
ing units having cljustible volumes, the adjustment 
there f heing arranged to reduce the volume uncl. 
hence, the cell space which may give rise to clamping 
at the interface of the medium with the patient's body. 
More specifically in cine embodiment of the inven 

tiunn, for example, the housing is formed as a rigid, fixed 
v lume type and the pressure is applied to the patient's 
he kly cyrtion. Such as the legs, through a medium which 
is at east partially in gaseous form. Because the pres 
Sure in eclium is, at least partly, a gas, such as air, the 
(verall weight of the apparatus is relucel considerably 
and the compression ind decompression cycle thereof 
can he actuated by the use of a pneumatic actuation 
System rather than a hydraulic system as in the prior art 
apparatus. Such ; pneumatic actuator and control sys 
tem can he placed at a position relatively remote from 
and out of the view of the patient without substantial 
pressure drops ccurring in the pneumatic feed lines to 
the pressure applying medium. The use of a pneumatic 
Ictuation apparutus, which reduces the amount of 
equipment required to he located immediately adjacent 
the patient, thereby lessens the traumatic experience 
for the patient and provides more working space at the 
patient location for the medical personnel using the ap 
paratus. Moreover, the reduction in weight makes the 
placement of the leg enclosure units on the patient 
much easier thin with prior art devices. The pneumatic 
actuation system is designed so that some of the energy 
used to effect the desired pressure at the patient's limb 
is stored and reused su) that the overall energy expendi 
ture is at least comparable to that in the prior art struc 
tures which require hydraulic fluids for Such purpose. 

In still other embodiments of the apparatus of the in 
vention utilizing such pneumatic actuation and control 
together with at least a partially gaseous pressure me 
dium, the housing may be made of rigid or semi-rigid 
mitterial which is arranged to permit the formation of 
a variable volume of space within which the pressure 
medium is enclosed. Thus, the housing is designed to be 
so adjustible that a sufficiently small spatial volume 
can be achieved to reduce considerably the presence of 
clead space which may arise due to the compressihility 
of the gas. Moreover, the arrangement of a variable 
volume enclosure permits the configuration of Such 
housings to be adjusted to patients of different sizes. 

Particular embodiments of the invention are dis 
cussed in more detail below with the help of the lccn 
panying drawings wherein 
FIG. I shows a pictorial view of an overall system uti 

lizing the apparatus of the invention, 
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FIG. 2 shows a view in longitucinal section of one 

emlht climent of a body portion housing unit used in the 
apparatus of FIG. 1; 
FIGS. 3 and 3A show both views in longitudinal 

and cross section of another embodiment of a body 
portion housing unit used in the apparatus of FIG. 1: 
FlG. - shows a view in cross-section of the body por 

tion housing unit of FIG. 2 taken along the lines 4-4 
thereof. 

FIG. S shows : view in cross-section of the body por 
tion housing unit of FIG. 3 taken along the lines 5-5 
thereof. 
Fli. 6 show's a view in cross-section of a body por 

tion housing unit utilizing one embodiment of a pres 
Sure medium comprising a gas-liquid combination; 
FG. 7 shows a view in cross-section of a hody por 

tion unit utilizing another embodiment of a gas-liquid 
pressure medium; 
FIG, 8 shows a side elevational view of a body por 

tion housing unit which has an adjustable configuration 
to permit the formation of a variable volume within; 
FIG. 9 show's a view in cross-section of the body por 

tion housing unit of FIG. 8 taken long the lines 9-9 
the recyf: 

FIG. 10 shows another embodiment of a body por 
tion housing unit utilizing a configuration of segmented 
CC)S. 

FIG, 1 shows a view in cross-section of a portion of 
the housing unit shown in FIG. 10. 
FIG. 12 shows a graph of one embodiment of the 

pressure waveform used in the system of the invention; 
FIG. 13 shows a view, partially in block form and par 

tially in diagrammatic form, of the pneumatic actuation 
System of the invention: 

FIG. 14 shows a longitulinal section view of an alter 
nate embodiment of the invention, and 
FIGS. 15A and 15B show an alternative embodiment 

of the configuration shown in FIG. 2. 
As shown in FIG. 1, the overall system in accordance 

with the invention connprises in one embodiment 
thereof a pair of leg units in the form of housings 10 
which enclose a substantial portion of the legs of the 
patient to be treated. The leg units are generally 
formed to permit the lower leg from approximately the 
ankle region down to the foot to project outwardly 
from the lower end of the housing unit, the unit extend 
ing upwardly therefrom to the upper leg in the region 
of the thighs. Separate leg units may be used, or such 
units may he joined at their upper ends either by fixed 
connections to form : fixed angle with respect to each 
other or by pivotal connections so that such angle may 
be suitably varied as desired. 
As described in more detail below, the leg units en 

close it pressurizeable medium which acts as an inter 
face between the surface of the legs of the patient 
within the housing and a pressure actuation and control 
system 1 1. The medium as discussed below can be ei 
ther fully gaseous or at least partially gaseous und is ac 
tuated by a pneumatic pressure actuation system which 
cyclically feels gas under pressure via tubings 12 to 
each of the leg units and then removes said gas by re 
versal of said pressure to Suh-atmospheric levels in a 
cyclic fashion. Alternatively, the gas may be fed by a 
single tubing from the actuator and then supplied to 
each housing by a pair of branch tubings connected 
thereto by it suitable T-connection arrangement. 
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Accordingly, an appropriate compression ind de 
compression of the patient's legs will occur scy as to as 
sist the circulation of the blood, the cyclical application 
thereof being in appropriate synchronism with the na 
tient's heartbeat as described in the aforementined 
Birtwell patent, and as described, for example, in the 
article Support of the Systemic Circulation and left 
Ventricular Assist by Synchronous Pulsation f Extra 
nnu Tu Pressure, Birtwell et all. Wyl. XI Trains. Anner. 
Soc. Artif, int. Organs, 1965. 
One embodiment of leg units 10 is described in more 

detail in FGS. 2 and 4 wherein it can he seen that each 
leg unit comprises a rigid housing 15 in a substantially 
frusto-conical shape, such housing in the enhocliment 
described being made of illuminum r an appropriate 
rigid plastic material as desired. A flexible, fluid-tight 
material forms a sealed member 16 which is pressure 
expansible the material thereof being preferably non 
clistensible. The material is formed in a tubular shape 
and mounted within the rigil enclosure so as to conn 
pletely enclose the major nortion of the leg 17 of the 
patient ( not shown), the surface of the plastic material 
generally confirming to the contour of the patient's 
leg. In the enh bodiment shown the flexible material is 
attached to the rigic housing by lipping the ends 
thereof over the rounded ends 18 of the housing so as 
to hermit the overlapped ends to rest in notches 19 of 
the housing over which notches appropriate sealing 
rings 20 may he attached. As used here in the term 
flexible material may include thermosetting an 

thern pistic clastomeric materials and may als) in 
cluttle, for example, multi-layered muterials, such as 
(ne having a first inner layer of clistensible material and 
a second uter layer ()f a nun-clistensible mitterial, such 
is ne having a layer (if rubber hacked by a layer of 
cloth 
A fitting 21 is integrally formed in housing 5 to pro 

vide an opening 22 at the exterior surface of the hous 
ing which can be suitably connected to the pneumatic 
pressure actuation system 1 1 which supplies gas uncler 
pressure at above atmospheric pressure throughout a 
first portion of its cycle and which removes gas to cre 
at a Sut bittmospheric pressure within the sealed mem 
ber 16 during the remaining portion of its cycle. 

The pressurizeable medium is introduced into the 
spatial volune between flexible sealed member 16 and 
the inner wall 23 of housing 15 so that as the pressure 
the rein increases luring the compression portion of the 
cycle the pressure medium presses against the patients 
leg is desired. A perforated tubular member 24 is at 
tached by suitahle means such as an adhesive to shoul 
ders 5A at the interior of housing 15 in the space he 
tween member 16 and housing 15 at thout a position 
midway there between. Member 24 mily be a rigid plas 
tic material for example, and prevents the flexible 
men her from collapsing completely against and acher 
ing to the interior wall of housing 15 during the decom 
pression portion of the cycle, which collapse may calise 
an effective hut unclesirable valving action which would 
prevent an efficient transfer of oscillatory energy fronn 
the actuator to the leg. Memher 16 can be made of any 
suitable thin metallic or plastic material. Stich as alumi 
num or acetal, for example. 

In the emboliment shown in FIGS. 3, 3A and 5, the 
member which contains the pressurizeable medium is 
formed separately from the rigid housing itself. As can 
be seen therein a flexible, tubular sealed container 25 
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6 
is made of a suitable flexible material such as nylon 
neprene cloth, for example. ln a collapsed state the 
container may he folcled flat or rolled up into a com 
act annular shape. When the apparatus is to be used, 

the container 25 is suitably unfurled and placed, as 
shown in FEG, 3, within the housing over the patient's 
leg. The container has an appropriate integrally-formed 
fitting 26 which is inserted through a suitable opening 
in a rigid housing 27 and which is adapted to he con 
nected to a pressure actuation Source. The flexible con 
tainer 25 is thereby enclosed by the rigid housing 27 
which as seen in FIG. 5 can be constructed for this pur 
pose in two pieces. 27A and 27B, which are hingedly 
connected. During use, the major portion of the pa 
tient's leg is encased in flexible container 25, is placed 
in lower piece 27B and the upper piece 27A is rotated 
to a closed position and clamped to the lower piece hy 
any suitable conventional clamping mechanism 28 to 
form a rigid housing around container 25. 

In order to prevent any Valving action in the embodi 
ment of FIG. 3 appropriate manifolding means may be 
used within the interior thereof to prevent collapse of 
the ?uiter surface there of gainst the inner surface adja 
cent the wall of the housing. One suitable manifolkling 
means as shown in FC. 3 can comprise an interior 
layer of rubber material 29 adjacent the housing wall, 
Such layer having a plurality of projections 29A extend 
ing to war the interior of container 25 as shown. 

lin the embodiments discussed above with reference 
to FIGS. 1–5, as well as in the embodiments of the prior 
art, a longitucin:l force difference tends to exist along 
the patient's legs luring operation of the system he 
cluse if the difference in the cross-sectional re; at the 
patients thighs und that at the patients ankles. Such 
force differential cluses the inner wall of the sealed 
members of the apparatus ( i.e., the direct interfice (f 
the inner wall of flexible members 16 or 25 in contact 
with the patient's leg in FIGS. 2 and 3. for example) to 
move longitudinally with respect to the outer wall 
thereof (i.e., the housing wall in FIG. 2 or the outer 
wall of flexible container 25 in FG 3 which is in 
contact with the housing). As a result, such movement 
tends to move the legs and, hence, the entire body of 
the patient outwardly from the housing and, in effect. 
to forcibly eject the patient from the housing units, 
thereby reducing the effectiveness of the system to per 
form its task as well as producing discomfort and a fur 
ther traumatic effect on the patient. 

In order to overcome such movement it is desirable 
to longitudinally tether at least a portion of the inner 
wall of the sealed member to the housing (FIG. 2) or 
to the outer wall thereof adjacent the housing (FIG. 3). 
lt has heen found that if such tethering is effected, for 
example, along two or four parallel lines near each end 
of the housing, longitudinal movement of the inner wall 
of container 25 is reduced considerably. Four such 
tether lines. 25A are shown in an exemplary embodi 
ment of FIGS. 3 and 3A. Although the tethered por 
tions may extend the entire length of the housing. it is 
not funct necessary to clo so in all applications, inci 
tethering at the ends thereof may be sufficient. Accord 
ingly, they may be arranged in preferred embodiments, 
for example, to extend inwardly from each end thereof 
to lengths of a hout 10-20 percent of the total housing 
length. Moreover, additional tethered portions may he 
used at other positions in addition to the ends thereof. 
if desired. 
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In the embodiment of FIGS. 2 and 2-4 the tethered 
portions 16 A of the inner wall of c intainer 16 may he 
arranged to he suitably tethere to the Tuyunded end 18 
of the housing and to the ends if herforated member 
2-4 as shown the rein. Alternatively, in FIG. 2 the ends 
of the sealed men her 6 may he effectively tethered 
without the necessity for adhering member 16 to the 
housing wall. For example, FIGS. 15A and 5 B show 
an alternative structure wherein the flexible men her is 
formed of a multi-layer material in which a first inner 
layer 100 is rubber and a second outer layer () is 
cloth. A plur:lity if generally longitudinally directed 
pockets l ()2 are formed between the layers at each end 
there f ( for simplicity only view of the ent is shown 
in FIG 15B and only a part thereof in FIG. 15 A). The 
extreme encl of member 6 is held by the sealing ring 
20 in the manner discussed above with reference toy 
FIG. 2 and the hockets ()2 extend from a loint within 
the interior of the housing to il point approximately ad 
jacent the region where member 16 verlaps the 
rulinick cncil 8 of the housing. A plurality of spring 
like, ir semi-rigil, stays 103 re inserted in the plurality 
tf fuckets it each end of flexible member 16 so is to 
project inwarully of the housing. The use of such stays 
tends to prev ent longitucinal motion of the ends of flex 
ible member 16 relative to the housing 16 so that such 
ents are effectively tethered thereby, 

The pressurization in eclium in the above emholi 
ments can he either fully gaseous cyr may be a gas-liquid 
ck Inn in tin depencing upon the allic:tion which is 
clesire l. ln perminent installutions, for example, where 
sufficient power is available for the use of relatively 
large motors (e.g., (ver horsepower), the medium 
can he completely gaseous and delic space problems 
cal the vercome hy' instilling a suithly sized motor to 
operate under all expected clead-space conclitions, 
Even in portalle. or less permanently installed, para 
tus a completely gaseous medium can often be usel rel 
alively effectively with smaller motors of less than 1 
horsepower because of the effective utilization of en 
ergy brought about by the use of a closed pneumatic 
actuatin system as discussed further below. 
A further clvantage of the use of pneumatic Systems 

in this regard is that the compressible gaseous medium 
can inherently achieve the desired negative pressures 
with less expenditure of energy from the energy input 
source than is required when using in hydraulic me 
dium. Stich as water. Thus, the use of a gaseous mecium 
eliminates the static head which is present when using 
in hydraulic medium which completely surrounds the 
patient's limh. In the latter case the positive head must 
be overcome before any negative pressure is obtained. 
Such an advantage in using a pneumatic system then 
tenus further to offset any disadvantage which may 
arise because of any increase in clumping due to the use 
of a compressible gaseous medium. This inclvantage can 
still he obtained even when using it combined gasiliquid 
medium, particularly with the system discussed below 
with reference to Fl(i. 6 where the liquid portion 
thereof is maintained substantially below the patient's 
leg so that no static head is present. 

if the clead space which exists due to the compress 
ibility of the gaseous nedium tends to prevent the cre 
ation of sufficient pressures as required and if suffi 
ciently large actuator systems are not available to over 
come such problem, such deild space mily he reduced 
by using an apparatus which utilizes a combined gas 
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liquid pressure nnelium as shown with reference to 
FIGS. 6 and 7. As can be seen in FIG. 6, for example. 
a housing 30 of the form shown in FIG. 4, for example, 
has a sealed flexible container 31 which suhstantially 
conforms to the patient's leg and his contained therein 
a liquil medium 32 and a gaseous medium 33 in direct 
contact there with. In a practical en bodiment, for ex 
annple, the liquid medium such as water, may prefera 
bly he approximately 5) percent, or more, of the vol 
Lime within the housing. A pneumatic actuation system 
is shown in FIG. 1 is then appropriately connected to 
fitting 3-4 st) that the gaseous medium, such as air, can 
he pressurized, the liquic medium taking up substan 
tially most of the dead space that may occur within the 
sealed enclosure due to the compressibility of the gase 
ous medium. In this way, a relatively efficient transfer 
of pressure to the leg can be achieved. 
Another embodiment of a combined gas-liquid press 

urizeable medium is shown in Fl(G. 7. As can be seen 
the rein, the liquid medium 42 and the gas medium 43 
are separated from each other, the liquid medium being 
place in a flexible sealed container .4 which encircles 
the leg of the patient and forms the direct pressure in 
terface with the patient's body. The gas coupling me 
clium 43 is inserted into the housing 40 between the 
sealed liquit container 41 and the interior Surface of 
housing 40. An appropriate fitting 4-1 is connected to 
: Ineli millic actuation system for inserting and with 
drawing gas above und below atmospheric pressure, 
which gas pressure variations are coupled via gas me 
clium 43 to the liquid medium 42 and then to the pa 
tient's leg for providing the cyclic compression and de 
compression action required. 
While the use of rigid fixed volume housing units as 

shown in FIGS. 2-7 are useful in many applications, it 
is desirahle in still other applications to provide for 
rigid (or semi-rigic housings having adjustable volumes 
particularly for permitting an adjustment thereof when 
used with patients having different limb sizes, which ac 
justment can also be used to reduce any dead space 
which may exist when such structure is used with a 
completely or partially compressible medium. One en 
bodiment of such a variable volume housing is shown 
in Fl(S. 8 and 9, the diameter of which can be varied 
at various points along the length thereof. For example, 
the housing 50 may be made in the form of a collaps 
ible, or adjustable, sheet of metallic material, such as 
sheet aluminum, which is formed in an overlapping 
manner into a substantially frusto-conical shape. A plu 
rality of adjustable bands, or rings 51 are placed at se 
lected positions along the length thereof. The patient's 
leg is inserted into the housing when the bands are in 
a relatively loose condition so that an effectively large 
diameter housing is formed. The bands are then tight 
ened so is to reduce the volume of the space between 
the housing and the patients limb in which a sealed 
container 52 fits. Thus, the dead space, which ordi 
marily may he present when a compressible medium. 
such as air, is completely or partially used as the pressu 
rizeable medium can be minimized no matter what the 
size of the patient's leg. Accordingly, the efficiency of 
the overall pneumatic actuation system can be in 
creased thereby enhancing the capability of the system 
to operate even with pressure actuation systems of rela 
tively low power. 
The variable volume structure shown can also use : 

completely non-compressible medium. In such a case. 
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because the variable volume housing structure permits 
a closer conformity of the housing to the legs of the pa 
tient, less hydraulic fluid is required than in those fixed 
volume structures of the prior art so that a consequent 
over.ll reduction in weight of the portion of the appa 
ratus at the patient's legs occurs. Further, the v lume 
adjustments permit a closer conformity of the overall 
sea lect container to the patient's body and tends to re 
duce the unsupported annular end regions of the flexi 
hile container and accordingly, the ciamping clue 
thereto. Further, as the housing volume is reducell. 
better conformability of the tethered portions of the 
sealed container to the patient's holy results. 
Another emboliment f : rigic, or semi-rigiki housing 

which can he utilizel to make the most efficient use if 
the paratus of the invention for different size patients 
is shown in FIG. It). As can he seen therein, a relatively 
large frusto-conically shapel housing 60 can he formed 
from il plurality of segmented frusto-conical members 
61 each of which can he suitably attached and cle 
tached to client of said members having corresponcl 
ing diameters. In the process of use, a selectable por 
tion of the verall housing can be formed in accur 
clance with the size of the patient's leg. For example, in 
the illustrated emn hidiment of a segmentel housing (f 
FiCi. 10, seven separable segments A-G are depicted, 
segments A, B, C, E, F, G heing of approximately the 
same length anct segment D heing approximately three 
times larger in the specific embodiment shown. The 
(Verull housing with ill segments attachel together is 
made available for use with a natient. For use with a pa 
tient having a relatively small diameter leg, sections A. 
B, C, D and E may he selected and the segmented sec 
tions F and G may he detached there from. For a me 
dium sized leg. it may he desirable to utilize only sec 
tions B, C, D, E and F with sections A and G cletichel 
there from. For relatively large legs it may he lesirable 
to use sections C, D, E, F and G with sections A and B 
cletached there from. Accordingly, the amount of dead 
space which is present for use in a system using a com 
plete or partial gaseous medium can he minimized by 
the appropriate selection of segments in accordance 
with the size of a patient's leg. The segments shown in 
FIG. 10 can be attached by appropriate means as 
shown in the exemplary embodiment of Fl(G. l 1. As 
seen the rein if housing segments, each of the type 
shown in FIG. 2, are used the flexible containers 62A 
or 62B of adjacent segments are lapped over the corre 
sponding ends 63 A and 63B thereof to rest in notches 
6-4A and 64 B. Clamp members 65A and 65B have first 
flanges 66A and 66B which rest in notches 6-4A and 
64B respectively, above the lapped ends of the flexible 
containers the rein. Upright flanges 67A and 67B lie ill 
jacent each other at the junction of the housing seg 
ments and are appropriately clamped to each other at 
suitable points located on the periphery of the housings 
via threaded bolts 68 inserted through threacted open 
ings in the upright flanges. The flanges 66A and 66B 
are retained in the notched ends of the housing seg 
ments hy suitable clamping hands 69A and 69B. re 
spectively, as shown. 

in a preferred embodiment of the invention the pneu 
matic actuation system which is utilized will provide an 
effective sinusoidal pressure wave form 70 as shown in 
FIG. 12. As can be seen therein, the pressure can vary 
in a particular embodiment from a minimum valve 
within a preferred range of approximately 25 mm. Hg. 
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to 5 () mm. Hg., although such minimum value mily he 
set otherwise in some upplications, to a naximum value 
within a preferred range of approximately 20() nnnn. Hg. 
to 25 () mm Hg., although such maximum value also 
may he set therwise in some applications. The rise 
time is defined as the time the pressure rises from a low 
value equal to 1 () percent of the peak-to-peak value 
thereof to a value equal to 9() percent of such peak-to 
peak value, with the fall time heing similarly defined as 
the time the pressure decreases from 9() percent of its 
peak-to-peak value to () percent thereof. A preferred 
rise time and a preferred fall time is usually set within 
a range of 8 ()- 5 () milliseconds in each case. 
The time curation of the pulsating portion of the 

wave form is defined as the time for the pressure wilve 
form to rise from a low value at l () percent of its peak 
t-peak value to a time when it has passed through its 
positive peak value to a value of 9() percent of the 
peak-to-peak value thereof. Such time may preferuhly 
lie within a range of about ()()-5 ()() milliseconds. 
Although a sine wave is shown in FIG. 2. the system 

is not limited to such it wave form. A Square wave con 
figuration may he acceptable in some applications if 
the discrete changes there of to not cause a verse ef. 
fects on the patient. Other wave shapes may he devised 
also for Such purpose. 
A pneumatic actuation system for achieving an al 

propriate pressure wave form is shown in Fl(i. 13 
wherein it can he seen that a suitably sized crank driven 
piston 75, fittect with conventional low friction, low 
hysteresis sells and driven hy a variahle speed gear 
motor 76 through an appropriate clutch/brake combi 
nation 77, provides ; means for producing synchronous 
pneumatic pressure pulses of the wave shape (lescribed 
hove. Such pressure pulses being applied to the cou 

pling medium at the interface with the patient's limb to 
create the desire hennocly namic results. Appropriate 
and known means can he utilized to adjust the impli 
tude of the pressure pulse and the relationship of the 
positive and negative peak pressure amplitules with 
ambient (room atmospheric) pressure. 
Thus, if the atmospheric pressure volume of the me 

dium in the pneumatic actuation system is such that the 
piston stroke is at its mid-stroke position, driving the 
piston in one direction ( forward) will create a positive 
pressure inct driving it in the opposite direction (back 
ward) will create a negative pressure. Any appropriate 
combination of positive and negative peak pressures 
can he arranged within the total pressure differential 
capability of the punp system and can be selected for 
an individual patient by adjustment of the total volume 
of fluid in the system (often referred to as the charge 
on the system) to produce the optimun hemodynamic 
results which are lesired. Such volume adjustment can 
be made by adjustment of valve 78 which supplies air 
from air pump 79 to the system. In a system which uses 
an air/liquid combination or in a variable volume sys 
ten which uses a liquid medium alone, the hydraulic 
liquid can be supplied from a liquid reservoir 81 via a 
suitable pump 80. Appropriate synchronism with the 
patient's heartbeat can then be provided by suitable 
monitoring of the patient's EKG by monitor 82, a sens 
ing of the R wave of the patient's heartbeat to provide 
suitable control of the operation of the clutch/brake 
combination 77 and, accordingly, of the piston motion 
of the actuation system relative to the R wave, as shown 
by the R-wave sensor and control device 83. Such syn 
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chronization anc control is explained in more detail. 
for example, in the article ited ahey ve. 

the effective the SS in achieving a negative pressure at 
the pitient's he city is tie endent it in how cycyl scal 
is maintained he tween the inner surface f the sealed 
container containing the energy coupling Innelium and 
the surface of the patient's limbs luring the negative 
portion of the ulsation cycle. Such seal can he min 
taine thy the use of an achesive compount in the sur 
fice of the Selled container he tween the container in 
the timh. However, such a method may he in ractical 
or inappropriate in many situations. 
Another method for prov icling such a scal is to evacu 

ate all of the air he tween the limh and the scale co 
tainer (liter Surface, such evacuation heing Inn intained 
against the levels (if those plak negative pressures 
heing cre: lei by the neumatic actuatin System up 
plied through the actuation fluid in the sealed coyn 
tainer. Thus, a continu() is suction can he created in the 
Space he tween the inh and the seale containct hy an 
external evacuation device. One method of achieving 
this is is enclose the legs and housing units of the sys 
ten hy a \ .ucuum enclosure 84 as shown by the clashed 
line in Fl(i. 13. Such enclosure being appropriately 
evil cuate cl by in external vacuum pump 85 which cre 
intes a ( ) in e ()f Suh-atmospheric pressure below that ex 
lected at the lowest region of the pressure actuation 

curve if FIC i. 2 around such housing system. 
A further methic of providing an appropriate sell is 

to irringe for in effective Self-evacuation System for 
Such purpose, thereby eliminating the neel for i \le 
uum enclosure and external vacuum pump. Since the 
Suh-atmospheric pressure in the space between the 
Scale container and the patients body is required only 
citing the time when the pressure wave form is he low 
atmospheric pressure, such time heing a relatively short 
nart of the V cr:l pressure cycle. there need not he 
requirement for a constant negative pressure as would 
exist in the hove (lescribed externally actuated evacu 
ation system. Such a self-evacuation system is shown in 
Fl(ii. 1-4. As seen therein, the ends of the space between 
the sealed container 90 and the patient's legs 9 at the 
ankles inci at the thighs are fitted with passive one-way 
valves 92 which permit the expulsion of air from Such 
space to the atmosphere but which prevent the intake 
of air from the atmosphere to such space. Such valves 
may be in the form of thin rubber rings placed over the 
ends of the housing 93, the free encls thereof being held 
tightly against the patient's ankles and thighs when ap 
plied. During each positive pressure portion of the 
pressure wave form. the ends of the one-way valves are 
opened and substantially all of the air in the Space be 
tween the leg and the sealed container is expelled 
there from. During the negative portions of the pressure 
wave firm the ends there of are close anc in effective 
evacuation of the Space between the limh in con 
tiliner is maintined. While the air is vented to the at 
mosphere in the 'm hociment shown in FIG, 14 the ut 
put valves may alternatively he attachel to Suitable 
suction pumps to further insure that in air will leak 
back into such space during the negative press life 
phase of the pressure wave form. In order to prevent 
waving of the container a suitable manifold means 9 
may be placed within the container. Such manifold 
means may be in the form of a rigid tubular structure 
preferably extending from the region below the knee to 
the end of the housing. The manifold provices il pas 
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Silgeway for any trappel air th: it mily he present, such 
trapped air being most likely to be present at such knee 
region. In these embodiments which utilize tethers, as 
discussel ;bove, the presence of the tethers may be 
Nifficient to provide such passageway's without the 
1need for Such an additional manifold means. 

The hove (lescription show's various embodiments of 
the invention. although other embodiments within the 
Scope of the invention may occur to those in the art. 
Hence, the invention is not to be construed us limited 
to the particular embodiments shown herein except as 
lefined by the appen led claims. 
The following U.S. Pat. Nos. were obtained by a pa 

tent search: 1608,239, 2,113,253, 2,168,61 1, 
345 ()73. 36-4. 3 79, ()6. 3, 2687 ) l 

3 S8, 13. 3.96 3 33 ()384), 33 ()7533 
3.39. 3-()3673, 3-4 l l 496. 35.488 (9. 
3.59963 3 (5 8 () 3,654,919. 3,659.593, 
3,674 () 8, 3.693,627. 
What is claimel is: 
l. Apparatus for providing external assistance for the 

circulation of blood in a patient comprising 
substantially rigic housing means having ; substan 

tially fixel volume for enclosing a portion of said 
natient's holy. 

means for cyclic:lly a plying pressure to said holy 
portion within still housing means, said pressure 
applying means including 
closed pneumatic pressure actuation means; 

a pressure melium, it least a portion which is in 
gaseous form, enclosed in ; flexible sealed mem. 
her which is pressure expansible and positioned 
between said pressure actuation means and said 
portion of the patient's hocly, at least a part of 
sail sealed member being in contact with said 
hocly portion, a first portion of said sealed mem 
ber being formed of a flexible material sealably 
clamped to the ends of said housing and a second 
portion thereof being formed by said housing, 
said pressure medium being responsive to said 
pneumatic pressure actuation means to apply 
pressure to saic body portion; 

means for synchronizing the operation of said pres 
Sure actuation means to apply said pressure cycli 
cally to produce ulternating compression and cle 
compression of said hocly portion in synchronism 
with said patient's heartheat; and 

means for preventing said flexible material from col 
lapsing against saic housing during the decompres 
Sion portion of the cyclical application of said pres 
St. 

2. An up; Tallis in Accordance with clim l wherein 
at least selected portions of Sail flexible material are 
tethere to portions of sail housing to prevent the ten 
dency for relative movement between said flexible ma 
terial and saic housing. 

3. An apparatus in accordance with claim 2 wherein 
silic flexible material is tethered to saic housing sub 
stantially at the ends the recf. 

4. An apparatus in accordance with claim 1 wherein 
said last-named means is a perforated tubular member 
(sitionel within saic housing hetween saic housing 

and said flexible material. 
5. Apparatus for providing external assistance for the 

circulation of blood in a patient comprising 
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substantially rigid housing means having a substan 
tilly fixed v lume for enclosing a portion of said 
patient's body; 

means for cyclically applying pressure to said holy 
portion within said housing means. Sid pressure 
applying means including 
a closed pneumatic pressure actuation means: 
a pressure melium. at least a portion of which is in 
gaseous form. enclosed in a flexible sealed men 
her which is pressure expansible and positioned 
between said preSSL re actuation means and said 
portion ()f the patient's holy. Sail sealed in ember 
being a flexible tubular means formel indepen 
cliently of said housing, said sealed member heing 
positioned during operation of said appartus he 
tween the inner wall of saic housing uncl sail 
body nortion to flexibly enclose said body nor 
tion. Saic pressure medium being responsive to 
sail lineumatic pressure actuation means t 
apply pressure to said hody portion: 

means for preventing the walls of said flexible 
Sealed men her from collapsing against each 
(ther during the decompression portion of the 
cyclical application of Sail pressure, and 

means for Synchronizing the operation of said pres 
Suru actuation mens to apply said pressure cycli 
cally to produce alternating compression and de 
compression of said body portion in synchronism 
with saic patient's heartheat. 

6. An apparatus in accordance with claim 5 wherein 
portions of the inner will of said flexible sealed men 
her adjacent saic holy portion are tethered to portions 
if the outer wall thereof accent Said housing to pre 
vent the tendency for relative movement of said inner 
and (Liter walls. 

7. An apparatus in accordance with claim 6 wherein 
saic tethere portions are substantially at the encls of 
Sail flexible scale member. 

8. An apparatus in accurulance with claim 5 where in 
said said in reventing means means comprises : flexible 
means having a plurality of projections extending into 
the interior of silict sealed member. 

9. apparatus for providing external assistance for the 
circulation of blood in a patient comprising 

subst:ntially rigid housing means having a substan 
tilly fixed volume for enclosing a portion of sail 
patient's body. Saic housing comprising 

a pair of hingedly connected portions pivotally mov 
able relative to each other from an open to a closed 
position, 

means for clamping said portions together in Silict 
closed position: 

means for cyclically applying pressure to sail body 
portion within said housing means, saic pressure 
applying means including 
a closed pneumatic pressure actuation means: 
a pressure medium, at least : portion of which is in 
gaseous form, enclosed in a flexible sealed mem 
her which is pressure expansible, at least a part 
of said sealed member being in contact with silict 
body portion, and positioned between said pres 
sure actuation means anci said portion of the pil 
tient's hoc?y, saic pressure medium being respon 
sive to sail pneumatic pressure ile tuition means 
to apply pressure to said body portion: and 

means for synchronizing the operation of said pres 
sure actuation means to apply said pressure cycli 
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cally to preluce ulternating compression and cle 
compression of said hody portion in synchronism 
with Said patient's heartheat. 

10. Apparatus for providing external assistance for 
5 the circulation of blood in a patient comprising 

Suhstantially rigid housing means having a Suhstan 
tially fixel volume for enclosing a portion of said 
natient's body. 

inneans for cyclically applying pressure to said holy 
() ortion within Said housing means, saic pressure 

applying means including 
a close pneumatic pressure actuation means, 
a pressure medium enclosed in a flexible Sealed 
member which is pressure evinsible and phosi 

5. tioned hetween Said pressure actuation means 
and slid portion of the patients hully, it least a 
part of said Selled member heing in contact with 
Silict body portion, said pressure innelium being : 
combination of a gaseous material and a liquid 

() material placed within saic flexible sealed inem 
her in contact with each other and further heing 
responsive to sail neumatic pressure actuation 
means to aply pressure to Said holy portion: 
and 

meins for Synchronizing the (heration of Said pres 
Sure actuation means to apply Saic pressure cycli 
cally to procluce alte Tinting compression inct le 
compression of said holy fortion in synchronism 
with suit patient's heurtheat, 

11. Apparatus for providing external assistance for 
the circulation of blook in a patient comprising 

Substantially rigic housing means having Suhstan 
tially fixed (lume for enclosing a portion of suit 
patient's boly: 

means for cyclically applying pressure to sail holy 
portion within said housing means. Slid pressure 
applying means including 
a closed pneumatic pressure actuation means, 

pressure medium positioned between Slid pres 
sure luctuation means and saic portion of the pa 
tient's hondy, sail pressure medium being respon 
sive to Sail pneumatic pressure ilctuation means 
to apply pressure to said boycly portion: 

said pressure medium being a combination of a gas 
eus material and a liquid material; 

said liqui material heing placed within a first flexi 
ble sealed member in contact with said body por 
tion; 

said gaseous material being placed within the said 
housing between said first flexible sealed mem 
her and Sail housing: 

sail pneumatic pressure actuation means being cou 
pled to said glseous material; and 

means for synchronizing the operation of said pres 
sure actuation means to apply said pressure cycli 
cally to produce ulternating compression and de 
compression of said body portion in synchronism 
with said patient's heartheat. 

12. Apparatus for providing external assistance for 
the circulation of hlood in a patient comprising 

substantially rigid housing means having a substan 
tially fixed volume for enclosing : portion of Said 
patient's holy; 

means for cyclically applying pressure to said body 
portion within Said housing means, said pressure 
upplying means including 
a closed pneumatic pressure actuation metns, 
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in reSSure netlium (sitioned het \veen saic in rus 
Sure actuation means and said portion of the pa 
tient's holy, Saic pressure medium heing respon 
Sive to Sid nine limitic pressure letuation means 
to inly pressure to said hocly portion: 

Slid pressure medium being a comination of a gas 
eous material and liquid material, 

Slid gases material heing placed within a flexible 
Sealed member in contact with and enclosing said 
holy portion, 

Sail liquid material being place within said hous 
ing butween Sail flexible gaseous container and 
saic housing: 

saic pneumatic actuation means being coupled to 
suit liquid material, and 

in eans for synchronizing the typeration of said pres 
Sure actuatin means to apply skill pressure cycli 
cally to Iruce ulternating compression and de 
compression of sail body portion in synchronism 
with sail patient's heartheat. 

13. A ritus for providing external assistance for 
the circulation of his the in a patient comprising 

Suhstantially rigii hc sing means for enclosing a por 
tion of saic patient's hocy, sail housing means in 
cluding neans for adjusting the volume enclosed 
the rehy to provicle for a variahle volume when en 
closing Sail hotly portion: 

In c. In S for cyclically applying pressure to said body 
nortion within sail housing means. Said pressure 
Ipplying means including 

: closed pneumatic pressure cluation means. 
a pressure medium, at least a portion of which is in 
gaseous for Inn, positioned between slid pressure 
actuatin means and sail portion if the patient's 
h(cly. Stic pressure medium heing responsive to 
said neumatic pressure actuation means to 
apply pressure to saic holy portion, and means 
for synchronizing the operation of said pressure 
actuatin means to apply said pressure cyclically 
to produce alternating compression and decon 
ression of said body portion in synchronism 

with said patient's heartheat. 
14. Apparatus in accordance with claim 13 wherein 

said pressure nnelium is enclosed in flexible Sellel 
men her which is pressure expansible, at least a part of 
said sealed memher being in contact with said body 
portion, 

15. Apparatus in accordance with claim 14 wherein 
a first portion of said sealed member is formed of a flex 
ible material sealably clamped to the ends of said hous 
ing and a second portion thereof is formed by saic 
housing. 

I6. Apparatus in accordance with claim 14 wherein 
said sealed member is a flexible tubular means formed 
independently of said housing, said sealed memher 
being positioned during operation of said uppiiritus he 
tween the inner will of said housing ind Saichody por 
tion to flexibly enclose said body portion. 

17. Apparatus in accordance with claim 13 wherein 
said pressure medium is a combination of il gaseous 
material and a liquid material placed within a flexible 
sealed men her in contact with each other. 

18. Apparatus in accordance with claim 13 wherein 
said pressure medium is a combination of il gaseous 
material and a liquid muterial, 
said liquid material being placed within a first flexible 
sealed member in contact with said body portion. 
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Silic gaseous material is placed within the said hous 

ing between said flexible sealed member and said 
housing, in 

Sail pneumatic pressure actuation means is coupled 
to Sail gaseouts material. 

19. App: ratus in accordance with claim 13 wherein 
Silic pressure medium is a combination of a gaseous 
material and ; liquid material: 
said gaseous material being contained within a flexi 

ble sealed member in contact with and enclosing 
Sail body portin, 

said liquid material being placed within said housing 
between said flexible sealed member and said hous 
ing; and 

Sail pneumatic actuation means is coupled to said 
liquid material. 

20. An apparatus 
wherein 

said housing is formed of sheet metal being arranged 
in a substantially frusto-conical shape and having 
overlapping portions along the longitutiinal direc 
tion thereof, and 

Sail adjusting means providing for the adjustment of 
the amount of overlap of said overlapping portions 
to permit adjustment of the volume enclosed 
thereby. 

21. Apparatus for providing external assistance for 
the circulation of blood in a patient comprising 

Substantially rigid housing means for enclosing a nor 
tion of said patient's body, 

means for adjusting the volume enclosed by said 
housing means to provide for a variable volume 
when enclosing slid body portion, 

means for cyclically applying pressure to said hody 
portion within said housing means, said pressure 
upplying means including 

pressure actuation meals 
a liquid pressure medium enclosed in a flexible sealed 
member which is pressure expansible, said sealed 
member being positioned between said pressure 
actuation means and said portion of the patient's 
body, saic pressure medium being responsive to 
said pressure actuation means to apply pressure to 
said body portion, and 

means for synchronizing the operation of said pres 
sure actuation means to apply said pressure cycli 
cally to produce alternating compression and cle 
compression of said body portion in synchronism 
with saic patient's heartbeat. 

22. Apparatus in accordance with claim 21 wherein 
said pressure actuation means is a hydraulic pressure 
actuation means coupled to said liquid material in said 
flexible sealed member. 

23. Apparatus for providing external assistance for 
the circulation of blood in a patient comprising 

substantially rigid housing means for enclosing a por 
tion of said patient's body; 

said housing means comprising a plurality of frusto 
chnical segments and further including 
means for affixing a selected number of said seg 
ments to one another to form a substantially rigid 
housing if a selected length and having openings 
at the ends thereof of predetermined diameters 
for use with body portions of different sizes; 

means for cyclically applying pressure to said body 
portion within said housing means, said pressure 
applying means including 

in accordance with claim 13 
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a closed pneumatic pressure actuation means; 
a pressure medium. at least a portion of which is in 
gaseous form, positioned between said pressure 
actuation means and saic portion of the patient's 
body. Sid pressure medium heing responsive tes 
said pneumatic pressure actuation means to 
apply pressure to said body portion; and 

means for synchronizing the operation of said pres 
Sure actuation means to apply said pressure cycli 
cally to produce alternating compression uncle 
compression of said body portion in synchronism 
with said patient's heartbeat. 

24. Apparatus for providing external assistance for 
the circulation of blood in a patient comprising 

Substantially rigic housing means for enclosing a per 
tion of said patient's holy; 

means for cyclically applying pressure to said body 
portion within saic housing means, said pressure 
applying means including 
a closed pneumatic pressure actuation means, 
a pressure medium. at least a portion of which is in 
gaseous form, positionel between sail pressure 
actuation means anci said portion of the patient's 
holy, sail pressure medium heing responsive to 
said pneumatic pressure actuation means to 
apply pressure to said hocly portion; 

means for synchronizing the operation of said pres 
Sure actuation means to apply sail pressure cycli 
cally to produce alternating compression uncle 
compression of said hocly portion in synchronism 
with said patient's heartheat; 

in evacuation chamber enclosing said housing inneans 
and the hocly portion enclosed by said housing; and 

Vacuum pump means for maintaining a pressure 
within said evacuation chann her at a level below the 
lowest pressure chieved cluring the decompression 
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portion of the cyclical pressure applied to saic 
body portion. 

25. An apparatus in accordance with claim 23 
wherein said one-way valve connprises a fle Nihile ring 
positioned over the ends of Said housing, the free ends 
of said ring being held tightly against the body portions 
of saic patient at said ends. 

26. An apparatus in accordance with claim 25 and 
further including manifold means for conveying 
trapped air from the interior of Said housing to said end 
regions thereof. 
27. An apparutus in : ccordance with claim 

wherein the ends of said member include 
a plurality of pockets formed therein hetween said 

layers, and 
a substantially rigid stay positioned in each of suit 
pockets, 

whereby the tendency for said flexible Sealed mem 
her to move relative to sail housing tends to be re 
ducel. 

28. An appartus in accordance with claim 9 and fur 
ther including one-way valve means invisitioned it the 
common ends of Said housing and Sail flexible sealel 
memher to permit the expulsion of air from the region 
at said ends during the compression nortion of saic cy 
clically applied pressure and to prevent the in take of air 
into said region during the decompression portion of 
said cyclically applied pressure, the rehy to maintain an 
effective evacuation of air in silic region cluring said de 
compression portion. 

29. An appa ritus in accorlance with claim 1 where in 
said flexible sealed member is formed of a first layer of 
rubberlike material and a second layer of cloth-like ma 
terial. 
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