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ABSTRACT OF THE DESCLOSURE 
Apparatus for and method of improving blood circu 

lation including in one embodiment a rigid longitudinally 
split casing shaped generally to conform to a part of a 
human body or other animal, and having a seal between 
the casing sections and between an end of the casing and 
a body part extending through the end into a sealed 
chamber formed by the casing, the casing having a valved 
fluid connection by which the chamber around the body 
part can be filled with a fluid, such chamber also having a 
connection with a pump of the piston-cylinder type in 
which the piston has a one-way adjustable spring loaded 
valve to enable applying positive-negative pressure im 
pulses to the fluid in the chamber. 

In another embodiment there is provided an inner longi 
tudinally split casing of elastic material arranged to snugly 
fit the body part and coact with the sections of the casing 
So that the casing may be opened to enable placement of 
the body part therein, the inner casing coacting with the 
outer casing to form a sealed space or chamber surround 
ing the body part for receiving a liquid or gas to which 
pressure impulses are applied by the pump. 

In certain treatments, the apparatus and method utilize 
in combination therewith a one-way check valve in an 
artery for permitting normal flow therein, but preventing 
reverse flow. 

This application is related to my copending applica 
tions, Ser. No. 289,653 (U.S. Patent No. 3,292,613) filed 
June 21, 1963, Ser. No. 289,655 (U.S. Patent No. 3,329,- 
142) filed June 21, 1963, and Ser. No. 378,665 (U.S. 
Patent No. 3,286,711) filed June 29, 1964. 
This invention relates to means and a method of im 

proving blood circulation, and more particularly, to 
improve blood circulation where the patient may have a 
weak heart or is otherwise in a serious condition. 
When a man is engaged in muscular exercises, such 

as walking, running, climbing and the like, the circula 
tion of the blood and lymph through the body depends 
not only on the pumping action of the heart, but also 
upon the pumping action of the muscles used in the exer 
cises. In the same manner that the heart operates by 
a system of controlled muscular contractions and relaxa 
tions, in conjunction with a system of check valves allow 
ing blood flow in only one direction, the muscles of the 
legs, arms and torso act in compression on the venous 
blood to force such blood back to the heart. 

Although in any exercise the cardiac output is aug 
mented, this augmentation involves a concomitant aug 
mentation in venous return due to the pumping action 
of the muscles. During the relaxation and contraction of 
the exercised muscles, the intramuscular capillaries take 
in blood from the arteries and then empty into the veins. 
The veins have check valves in considerable numbers 
and these valves are found particularly in the mouths 
of the tributaries and also in the main vein below the 
entrance of the tributaries. 

In my United States Letters Patent No. 3,094,983 and 
the above copending applications, I have recognized the 
influence of a rapid rhythmical cycling of pressures, be 
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tween the negative and positive as compared to the atmos 
pheric pressure, in the augmentation of venous blood ac 
tion to the heart using a confined liquid bath to transmit 
these rapid pressure changes. However, there are certain 
situations where a patient may be too ill to sustain such 
a hydraulic system, where it is inconvenient to use, or 
where the maximum effects resulting from the use of a 
liquid bath are not needed. 

In a situation where a patient is in a critical condition 
due to a heart attack, any lightening of the cardiac burden 
is highly desirable and the arrival of venous blood to 
the heart at an increased pressure assists materially in 
the circulation of the blood. The result of such a sus 
tained enhancement of circulation not only releases the 
heart of part of its work, but also improves the metabolism 
of the whole body and in turn assists the body in the 
process of repairing the damaged heart. 

In addition to this specific application of rhythmic 
positive pressure pulses in a heart condition there is also 
a wide application of this treatment for bed rest patients. 
Prolonged periods of inactivity due to bed rest can ac 
tually delay recovery and contribute to fatal results. In 
Such bed rests there is a marked reduction of blood cir 
culation, which is ordinarily about 3,000 to 4,000 
cc./min.-increasing to 10,000 to 15,000 cc./min. in 
exercise, and this reduction results in bed sores, loss of 
appetite, urinary and intestinal malfunctioning, all of 
which are associated with the deprivation of the body 
of its need of exercise and concomitant augmented circula 
tion and metabolic rate. 

In seriously ill patients, the slowing of circulation has 
many serious effects, such as the clotting of blood and 
pulmonary embolisms, as well as congestion of the lungs 
and arthritic effects in shoulders and the neck. In such 
cases where the hazard of exercise is very great, the 
present invention is of benefit. Insofar as the lack of 
exercise involves a general reduction in blood and lymph 
flow, and this can contribute to the deterioration of a 
patient's condition in bed rest, the augmentation of ar 
terial and venous blood flow by simulating the effects of 
exercise, according to the invention, to any desired de 
gree of intensity can, in periodic use, help to maintain 
the health of a bed-rest patient. There is a specific appli 
cation of this invention in cases of strokes and paralysis 
where the muscles can no longer rely on the nervous sys 
tem for their operation and the patient is thus tem 
porarily or permanently deprived of the blood circula 
tion benefits of muscular exercise. 

In the prior art, when a positive pressure pulse was ap 
plied to a limb, for example, the effect was to force all 
the venous and arterial blood in the enclosed limb toward 
the heart. That is, the venous blood would flow in its nor 
mal direction, but the arterial blood would tend to flow 
backwards toward the heart. This would be particularly 
true if the arteries or capillaries were somewhat ob 
structed downstream of or in the area of the positive pres 
sure pulse. For example, if a rapid series of positive pres 
sure pulses were applied, say one per second, then with 
pressures of one to five p.s. i., which is a reasonable oper 
ating range, the arterial blood flow, usually at a pressure 
indicated as 100 to 150 mm. Hg, would be seriously im 
paired and actually prevented during the period of peak 
pressure in the higher portion of the pressure range. Thus, 
the net result of a series of positive pressure pulses applied 
to a limb would be to reduce the blood content of the limb 
since while venous blood would be assisted in its normal 
flow towards the heart, the flow of arterial blood would be 
reduced since each positive pressure impulse would act 
against the normal blood pressure delivering blood to the 
limb. Therefore, where pressure pulses are applied to a 
limb, to maintain an adequate arterial blood flow to the 
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limb, where no occlusion of the arteries is attempted to 
prevent reverse flow, the average pressure applied to the 
limb during a pressure fluctuation cycle, from positive to 
negative, should not be positive. If it were preponderantly 
positive, it could interfere with arterial flow from the 
heart to limb. It should, instead, be atmospheric or slightly 
negative. In other words, according to the invention, to 
achieve maximum blood flow and therapeutic effect, there 
should be a series of negative and positive pressure im 
pulses in which a value of an average positive impulse 
should not exceed a value of an average alternate Thega 
tive impulse. In such a negative-positive preSSure cycle, 
rapid cycling, i.e. cycle periods of less than five seconds 
and as little as one-half second cycle, can be used. 
To achieve a negative or zero average pressure impulse, 

a rigid outer shell and sealing means for the limb is used 
to prevent loss of Suction by leakage of air or liquid be 
tween the Surface of the limb and the Surrounding she 1. 
When this device and method are used for bed-fast O 
post-operative patients, the device may preferably be 
pneumatic rather than hydrodynamic so as to avoid the 
possibility of liquid leakage. A pneumatic System should 
use as little an air volume around the limb as possible, in 
order to reduce the power requirements for the device. A 
volume of 40 of a cubic foot would require a much 
Smaller reciprocating piston volume for the same pressure 
fluctuation than would be required by one cubic foot of 
air Surrounding a limb. 
To reduce the included air volume between the limb 

and the rigid outer shell, the shell should conform to the 
contour of the limb, only allowing enough clearance for 
air passage. To easily accomplish this result, the shell is 
made in a longitudinal split-form. The problem of Sealing 
the limb and the shell at the shell Opening is simplified if 
a thin elastic lining is used and which conforms to and 
Snugly fits on the limb. The air space then would exist be 
tween the inner elastic lining and the inner wall of the 
rigid shell. Such a device is also made by having an inner 
lining in two halves whereby each half is sealed with the 
outer rigid shell to provide a sealed space between the 
two. In Such a device liquid can be conveniently used as 
tthere is no problem of leakage. Where liquid is used the 
extent of the volume is not a problem. 
While Such devices by themselves produce an excellent 

exercising of the blood and lymphatic circulatory systems 
and therefore would have significant use in the avoidance 
of pulmonary embolisms, for example, a condition often 
resulting from blood clots in the leg veins after surgery 
and when a patient is immobilized in bed, there are ex 
treme conditions, such as those involving incipient gan 
grene due to circulatory failure where more radical treat 
ment is required in order to save a leg. 

It has already been recognized in my copending appli 
cation, Ser. No. 289,653, filed June 21, 1963, that it is 
difficult to produce occlusion in the femoral artery as in 
the region of the groin this artery is deep-seated. It is also 
indicated in that application that there are significant bene 
fits to circulation which derive from causing a partial or 
complete Occlusion of an artery during a positive pressure 
application to that portion of the body beyond the artery 
and distal from the heart. 
According to the invention, to overcome the problem 

of occluding a deep-seated artery, I have conceived of the 
use of a check valve, permitting normal flow from the 
heart through the artery but preventing the possibility of 
reverse fow toward the heart. This valve is constructed of 
Soft flaccid material so that its closing and opening would 
do no damage to blood cells. Such a valve could be bio 
logical or inert in nature. If the former, it could be made 
by taking a Section of a suitably sized vein, containing a 
valve, and inserting it into the artery so that it is open 
in the direction of normal blood flow away from the 
heart. In such a situation, the patient would be his own 
donor. It is also possible to construct a valve of suitable 
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living tissue, such as a cartilage and inserting this into 
the artery. 

ternatively, a suitable inert material for the valve is 
Dacron, formed as a sleeve and having a ball or disc to 
prevent back-flow of arterial blood beyond the designated 
point. Such a valve can be permanently installed and can 
actually help blood flow during the exercise of the limbs. 
In this connection, it should be noted that a man six feet 
tal, walking at five miles per hour, can generate a force 
of 1/2 to 3 times that of gravity in his feet as a result of 
centrifugal action, his leg being considered as a pendulum, 
thus, assisting the flow of arterial blood to the foot while 
it is in motion. This valve would conserve the pressure in 
crease, resulting from the pendulum action of the foot, 
during the period the foot is on the ground and at rest, 
and, hence, act to assist blood flow. a a 
Where such a check valve is used in an artery, positive 

pressures from 150 to 250 mm. Hg can safely be applied 
to a limb within the rigid shell device of the invention and 
this pressure is also substantially transmitted to the 
arteries to force the blood in a normal direction toward 
the veins. Since these high pressures are generated with 
in the artery by compressive forces external to the arterial 
wall, there is no danger to the artery, Such as that of an 
aneurism which can occur when pressures are generated 
inside the artery as a result of heart pressure. That is, 
even if the artery were weak or damaged, the external 
forces compressing it could not cause an aneurism. There 
fore, with the use of an intermittent arterial valve, accord 
ing to the invention, very considerable driving pressures 
can be employed safely to force blood from a valved 
artery through the capillary beds to the veins, and this 
can be most valuable in opening up clogged or impaired 
circulation channels. 

By using intermittent femoral artery blocks on both 
legs or even on arteries in the lower abdomen and apply 
ing a cycling pressure sequence of positive and negative 
pressure pulses to the legs and lower abdomen, power 
significantly greater than that of a heart beat can be 
utilized during each pressure cycle in driving the blood 
from the femoral arteries through the capillary beds to 
the veins and back to the heart. Actually, venous blood 
can be forced into the heart at a sufficiently high pressure 
to substantially assist in the work of the heart. Stated 
differently, the use of the invention provides a secondary 
heart action in the limb, since blood is sucked into the 
limb during the period of negative pressure and forced 
onward through the arterioles and capillaries during the 
period of positive pressure. Any such cycling pressure 
return therefore relieves the heart of a considerable part 
of its work load in that the circulation of blood in the 
limb does not require any heart assist, while on the other 
hand venous blood can be forced from the limb to the 
heart under pressure. Where the patent may have a weak 
heart the pressure used can be less, but the secondary 
heart action is similarly effective. 

Accordingly, it is an object of the present invention 
to provide an improved method and an improved appa 
ratus for augmenting blood circulation. 

It is another object of the present invention to provide 
an improved method and an improved apparatus to aug 
ment blood and lymph circulation with alternate positive 
and negative pressure impulses where no occlusion of 
an artery is attempted immediately upstream of the area 
of pressure impulses. 

It is still another object of the present invention to 
provide a method and means for augmenting the blood 
and lymph circulation in a limb by means of positive and 
negative pressure impulses in situations where it may be 
required that an artery upstream of the area of pressure 
impulses be occluded to prevent backflow of the blood 
toward the heart during the positive pressure impulses. 
It is a further object of the invention to provide a new 
means for occluding arteries in the situations described. 

Further objects and advantages of the invention may 
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be brought out in the following part of the specification 
wherein small details have been described for the com 
petence of disclosure, without intending to limit the scope 
of the invention which is set forth in the appended claims. 

Referring to the accompanying drawings, which are 
Set forth for illustrative purposes: 

FIG. 1 is a side elevational view, partially in cross 
Section, of an apparatus according to the present inven 
tion; 

FIG. 2 is a cross-sectional view taken as indicated by 
the line 2-2 in FIG. 1; 

FIG. 3 is an enlarged fragmentary view of the piston 
shown in FIG. 1; 

FIG. 4 is a side elevational view, partially in cross 
section, of another embodiment of the invention; 

FIG. 5 is a cross-sectional view taken as indicated by 
the line 5-5 in FIG. 4; and 

FIG. 6 is a cross-sectional view of a check valve in 
an artery, such as the femoral artery as may be found 
in the leg in FIG. 4. 

Referring again to the drawings, in FIGS. 1 and 2, 
there is shown an elongated chamber 10 shaped to con 
form to a human leg 11 therein. The chamber is formed 
of allochirally-shaped half-members 12 and 13, each hav 
ing an external configuration, generally of half a leg. The 
internal configurations of each of the shell forming mem 
bers 12 and 13 are such that they, when they surround 
a particular leg, will particularly conform to it or be 
adaptable to conform closely to it. 
The members 12 and 13, each have a surrounding flange 

17 and 18, respectively, longitudinally directed, and 
terminating in radially directed flanges 19 and 20, respec 
tively. The members 12 and 13 and their flanges are 
rigid and may be made of any hard leakproof material, 
such as plastic or metal. The members are joined along 
their longitudinal flanges, having an elastomeric sealing 
gasket or strip 23 extending therebetween. A plurality of 
spring-type clamps 24 are fitted over the external sur 
faces of the flanges 17 and 18 to sealingly secure the 
latter together. 
When the chamber 10 is designed to closely conform 

to the shape of a leg, or even a particular leg, it is de 
sirable that the two members 12 and 13 be placed in 
sealing relationship with the leg therein. So formed the 
chamber has a generally circular opening 25 from which 
an upper portion of the leg 11 extends outwardly. Snugly 
fitted on the leg at the opening 25 is an elastomeric seal 
ing member 26. The member 26 forms a seal on the 
surface of the leg and has extending therefrom a radial 
annular flange 29 which abuts the outer faces of the 
flanges 19 and 20. Surrounding the outer surface of the 
flange 29 is a rigid ring 30 and it and the flange 29 are 
secured together and to the flanges 19 and 20 by means 
of spring clips 31 so as to completely seal the opening 25. 
The member 12 has a filling tube 32 sealingly secured 

thereto and which may be opened and closed by means 
of a valve 35. A tube 36 provides communication be 
tween the chamber 10, through the wall of the member 
13 in which it is sealingly secured, and a cylinder 37. 
Slidably and sealingly engaged in the cylinder is a piston 
38, adapted to be reciprocated to vary the pressure with 
in the chamber 10. As may be best seen in FIG. 3, ex 
tending through the piston is an aperture 41 which, when 
open, provides a passage from one side of the piston to 
the other. The aperture is normally closed by means of 
disc valve 42, held in its closed position by means of 
a spring 43. The spring can be adjusted by means of 
a screw 44 so as to vary the value of the pressure on 
the opposite side of the piston which will cause the valve 
42 to open. 

Connected to the outer face of the piston 38 is a con 
necting rod 47 which has its outer end pivotally connected 
to one end of a link 48. The other end of the link 48 is 
pivotally connected to a rotatable disc 49 at a pivot 50. 
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The disc 49 is rotatably driven by a motor 53. The pivot 
point 50 is eccentric with respect to the drive shaft of 
the motor and the axis of the disc 49 so that the rotation 
of the latter causes the piston 38 to reciprocate in a pre 
determined stroke. The stroke may be varied by the posi 
tion of the pivot 50 on the disc. 
The chamber 10, as shown, with a low volumetric space 

between its wall and the surfaces of the leg 11, can be 
used with either gas or liquid as a pressure transmitting 
medium to the arteries, capillaries, veins and lymph sys 
tem. When liquid is used, the extent of the volume of the 
Space around the leg is not important but it must be filled 
completely. Because of the compressibility of gas, the 
volume of the space around the leg should be as small as 
possible when air, the typical gas, is used. When air is 
the desired pressure transmitting medium as it is likely 
to be in the device as shown when used on a patient in 
a bed, if the volume around the leg is not as small as 
may be desired, nonporous padding can be inserted so 
as to reduce the volume. 

In operation, after the leg has been sealed within the 
chamber 10, Surrounded by air, and the valve 35 has 
been closed, the pressure in the chamber then being at 
mospheric, any movement of the piston will vary the pres 
Sure on the leg, and also vary the pressure on the circula 
tory system members within the leg. 
Where the circulation within the leg is to be augmented 

without the occlusion of an artery, which in the case 
of the leg would be the femoral artery, to maintain 
adequate arterial blood flow into the leg, by varying the 
pressure in the chamber with alternate positive and nega 
tive pressure impulses, the total pressure impulse of each 
alternate positive and negative impulse should either be 
Zero or slightly negative. That is, the negative pressure 
impulses should be greater than the positive pressure im 
pulses or equal thereto. In this sense, an impulse is 
measured by multiplying value of the force by the time 
during which the former acts, thus, the impulses can 
be varied in value either by varying the amount of pres 
Sure or the period it is applied. 

In the embodiment shown, by means of the spring 
loaded valve 42, it is intended that the pressure be varied 
So as to either maintain the negative impulses greater than 
the positive or equal thereto. As the piston is reciprocated 
at one to two pulses per second whereby the pressure 
changes within the chamber would be between three to 
five p.s. i., the positive stroke in which the piston is moved 
to the left would be regulated in the amount of pressure 
by the setting of the spring 43 on the valve 42 so that 
the positive pressure within the cylinder and the cham 
ber would not exceed the value of the negative impulse 
which would occur when the piston is moved to the 
right in the drawing. 

It should be realized that having the positive impulse 
greater than the negative is not important where the 
patient has a good heart, and that an important part of 
the concept here is that there may be a negative-positive 
pressure cycle in which there is rapid cycling, the cycle 
periods being of less than five seconds and as short as 
one half second per cycle. This type of cycling for the 
benefit of a seriously ill patient, without an excessive posi 
tive pressure, is extremely beneficial. 
As indicated, with the use of the valve 42 the positive 

pressure is limited as desired so that the total positive 
pressure impulse is not greater than the alternate total 
negative impulse. Since the pressure impulse is a func 
tion of both time and the force, the negative impulse 
can be made equal to or greater than the positive impulse 
by slowing the negative stroke so as to maintain the nega 
tive pressure for a greater length of time. This can be 
done with a variable speed motor and a timing device 
which would slow down the motor on the negative stroke. 

In the device, as shown in FIGS. 4 and 5, there is a 
rigid outer shell 54, formed of two halves or shell mem 
bers 55 and 56 of leakproof material. Each shell mem 
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ber, 55 and 56, has a longitudinally directed flange, 59 
and 60, respectively, and which terminate in semicircular 
flanges 61 and 62, respectively. 

Sealingly secured to each of the members 55 and 56 
is an inner half or shell forming member, 65 and 66, re 
spectively. These inner members are made of leakproof 
elastomeric material and are relatively thin compared with 
the outer rigid members. They may be similar to a rubber 
stocking. In the embodiment shown, the members 65 
and 66 are allochirally arranged and shaped as that of 
a human leg and foot and are designed so that, when 
placed over a leg as 67, they will each fit Snugly on it. 
Each of them has a longitudinally directed flange, 68 and 
69, respectively, as shown in FIG. 5, and terminate in a 
semicircular sealing member having an inner circum 
ferential portion, as 71 in FIG. 4, adapted to form a seal 
on the leg. Extending radially outwardly from the inner 
portion is a semicircular flange, as 72, shown only for the 
inner member 65. 
The flanges 68 and 69 with their respective end sealing 

portions, as 71 and 72, are each secured to a respective 
outer shell member, 55 and 56, prior to the time that the 
members are joined to be fitted upon a leg. By this ar 
rangement, a permanent seal may be maintained between 
the flanges 59 and 68 and 60 and 69 so that in the re 
spective spaces 73 and 74 between the inner and outer 
members there are formed permanently sealed chambers. 
Thus, for a bed patient, this arrangement is particularly 
convenient in that the spaces or chambers 73 and 74 may 
be prefilled or permanently filled with liquid by means 
of the tubes 75 and 76 which support filling valves 77 and 
78, respectively. 

In the embodiment shown, in view of the fact that the 
volumes of the spaces 73 and 74 are relatively Small, air 
may be used as the pressure transmitting medium. How 
ever, in an embodiment of this kind when liquid is used, 
the volume of the spaces 73 and 74 is not important and 
this provides the advantage of permitting the outer mem 
bers 55 and 56 to be of larger size so that they will fit on 
any limb. However, the elastomeric members 65 and 66 
must be limited in size so that they fit Snugly on any 
particular limb. 
When the respective inner and out rejoined casing 

members are fitted over a leg, for example, they are 
spaced by a longitudinally directed Sealing gasket 80, as 
shown in FIG. 5, and which may be varied somewhat in 
thickness to provide adjustability for the size of the 
elastomeric members 65 and 66 relative to the particular 
limb on which they are to be fitted. As shown in FIGS. 4 
and 5, the members 55, 65, and 56, 66 are joined with the 
gasket 80 therebetween by means of the screws 81. 
When the device is secured on the leg 67, as shown, 

there is a space 82, which extends longitudinally on the 
leg and foot, immediately inwardly of the gasket 80 and 
between the fianges 68 and 69 on the inner elastomeric 
members. Although not shown, this space also extends 
between the spaced ends of the sealing members 71 and 72 
and which form a seal between the inner and outer 
members at their ends and between the leg and the inner 
members. The sealing members, having radially directed 
flanges, as 72, abut the flanges 61 and 62 on their inner 
faces and abut a ring 83 with their outer faces, these 
end members being secured sealingly together by the 
screws 84. 
For patients in a serious condition, the embodiment 

shown in FIGS. 4 and 5 can be operated in the same way 
as that shown in FIG. 1, the pressures on the inner casing 
being transmitted to the leg. However, where the femoral 
artery in the leg 67 is occluded during the positive pres 
sures may be applied and there need be no concern that 
the positive pressure totals are greater than the negative 
pressure totals. Such a means of occlusion is the valve 
87, shown in FIG. 6. This valve has been inserted into 
the femoral artery 88 by means of surgery. Here, the 
artery has been severed and each of the cut ends, as 89 
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8 
and 90, have been fitted over sleeve portions 93 and 94 
on the ends of the genrally cylindrical and elongated 
valve body 95. The valve has a cylindrical chamber 96 
which when the valve is open, provides a passage between 
those in the sleeves 93 and 94. The chamber 96 has 
four ribs 99 which space a ball valve 100, when in the 
open position at the left in FIG. 6, from the walls of 
the chamber so as to permit flow around the ball and 
between the ribs 99, the normal arterial flow being from 
right to left in the drawing. The ball valve is shown, dur 
ing the period of positive pressure, in the closed posi 
tion on its seat 101 provided by the end of the sleeve 94 
and the omission of the ribs 99. 

This valve provides for a normal one-way flow through 
the artery and when the pressure in the leg and artery 
downstream of the valve is increased the ball is moved 
from left to right to the position on its seat 101 and 
thereby occludes the artery and prevents backflow toward 
the heart during the positive pressure pulses. Such valves 
may be made of Dacron and the ball should be soft 
enough so as to not damage the blood cells. 
Another method of inserting such a valve into an artery 

includes the cutting of longitudinally directed and circum 
ferentially spaced slits in the artery. The valve then 
can be inserted into the artery through one of the slits and 
the slits can be sutured as necessary to aid the artery in 
healing and growing around the valve. 
As indicated, where an arterial block, such as the valve 

87, is used relatively high positive pressures can be de 
veloped within the artery with safety and so as to obtain 
the important result of washing out the capillary bed 
and the veins. 

In the use of the invention so as to pressure cycle 
the lower torso and/or a limb, it is advantageous to syn 
chronize the cycling with the heart beat so that the posi 
tive pressure is applied just as the left ventricle of the 
heart forces blood through the aortic valve to the aorta 
and the valve closes. The positive pressure pulse can be 
applied with each heart beat, with every alternate heart 
beat, or with every third heart beat and so on. How 
ever, the duration of the positive pressure application 
should not extend beyond the limits set by the closing of 
the aortic valve and its next opening. When the aortic 
valve is open, applied pressure should be negative or 
Zero. As the ventricular systole usually takes about one 
third of a second and the heart beats about 75 times a 
minute, the positive pressure can only be applied for a 
period of about 4 a second. As such a short duration 
pressure pulse involves a fast rise and fall of pressure, 
then a closed and completely filled liquid environment 
for the portion of the body being treated is necessary, 
or if air is used, the space between the outer rigid shell 
and the portion of the body being treated should be as 
small as possible. 
The invention and its attendant advantages will be 

understood from the foregoing description and it will be 
apparent that various changes may be made in the form, 
construction and arrangement of the parts of the inven 
tion without departing from the spirit and scope thereof 
or sacrificing its material advantages, the arrangement 
hereinbefore described being merely by way of example. 
I do not wish to be restricted to the specific forms shown 
or uses mentioned, except as defined in the accompanying 
claims, wherein various portions have been separated for 
clarity of reading and not for emphasis. 

I claim: 
1. A variable fluid pressure device for affecting blood 

circulation in a part of a body of a human being or of 
an animal, comprising: 

(a) a rigid, Sealable outer casing formed of two sep 
able halves; 

(b) an elastic, Sealable inner casing within said outer 
casing and formed of two separable halves; 

(c) each of Said halves of said inner casing being seal 
ingly secured to a corresponding half of said outer 
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casing, each half of said inner casing being spaced 
from the corresponding half of said outer casing, 

(d) said casing halves when joined having correspond 
ing openings in register so that a part of said body 
within said inner casing can extend outwardly of said 
casings, 

(e) said inner casing being sealable to said body part 
at its opening, 

(f) said inner casing being adapted to conform to body 
part and to fit snugly thereon; 

(g) means to fill said spaces between said inner and 
outer casings with fluid; and 

(h) means to vary the pressure of all of said fluid on 
said inner casing so as to vary the pressure on said 
body part. 

2. A variable fluid pressure device for affecting blood 
circulation in a part of a body of a human being or of an 
animal, comprising: 

(a) a rigid, sealable outer casing formed of two sep 
arable halves; 

(b) an elastic, sealable inner casing within said outer 
casing and formed of two separable halves; 

(c) each of said halves of said inner casing being seal 
ingly secured to a corresponding half of said outer 
casing, each half of said inner casing conforming to 
and being closely spaced from the corresponding half 
of said outer casing, 

(d) said casing halves when joined having correspond 
ing openings in register so that a part of said body 
within said inner casing can extend outwardly of said 
casings, 

(e) said inner casing being sealable to said body part 
at its opening, 

(f) said inner casing being adapted to conform to 
the body part and to fit snugly thereon; 

(g) means to fill said spaces between said inner and 
outer casings with gas; and 

(h) means to vary the pressure of all of said gas in 
said space and on said inner casing so as to vary 
the pressure on said body part. 

3. A variable fluid pressure device for affecting blood 
circulation in a part of a body of a human being or of 
an animal, comprising: 

(a) a rigid, sealable outer casing formed of two sep 
able halves; 

(b) an elastic, sealable inner casing within said outer 
casing and formed of two separable halves; 

(c) each of said halves of said inner casing being seal 
ingly secured to a corresponding half of said outer 
casing, each half of said inner casing being spaced 
from the corresponding half of said outer casing, 

(d) said casing halves when joined having correspond 
ing openings in register so that a part of said body 
within said inner casing can extend outwardly of said 
casings, 

(e) said inner casing being sealable to said body part 
at its opening, 

(f) said inner casing being adapted to conform to the 
body part and to fit snugly thereon; 

(g) means to fill said spaces between said inner and 
outer casings with liquid; and 

(h) means to apply varied positive and negative pres 
sure impulses to all of said liquid so as to vary the 
pressure on said inner casing and on said body part, 

4. A variable fluid pressure device for affecting blood 
circulation in part of a body of a human being or of an 
animal, comprising: 

(a) a rigid, sealable outer casing: 
(b) an elastic sealable inner casing within said outer 

casing and being spaced therefrom; 
(c) each of said casings having corresponding open 

ings in register so that a part of said body can ex 
tend into said inner casing when it is within said 
outer casing, 

(d) said inner casing being sealable to said body part 
at said openings, 
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10 
(e) said outer and inner casings being sealable from 
each other at said openings to provide a sealed 
space therebetween, 

(f) said inner casing being adapted to conform to the 
body part and to fit snugly thereon; 

(g) means to fill said space with liquid; and 
(h) means to vary the pressure of all of said liquid 

so as to vary the pressure on said inner casing and 
'on said body part. 

5. A variable fluid pressure device for affecting blood 
circulation in a part of a body of a human being or an 
animal for use in combination with a check valve per 
mitting one-way, normal direction flow in an artery sup 
plying blood to said part, comprising: 

(a) a rigid, sealable casing for containing fluid under 
pressure, 

(b) said chamber having an opening adapted to re 
ceive a part of a body; 

(c) a seal being formable at said opening in contact 
with said body part to close said chamber; 

(d) means to fill said chamber with fluid after said 
opening is closed; 

(e) means to vary the pressure of the fluid in the 
chamber; and 

(f) a check valve means permitting one-way, normal 
direction flow in an artery to said body part. 

6. A variable fluid pressure device for affecting blood 
circulation in a part of a body of a human being or an 
animal for use in combination with a check valve per 
mitting one way, normal direction flow in an artery Sup 
plying blood to said part, comprising: 

(a) a rigid, sealable casing for containing fluid under 
pressure, 

(b) said chamber having an opening adapted to re 
ceive a part of a body; 

(c) a seal being formable at said opening in contact 
with said body part to close said chamber; 

(d) means to fill said chamber with liquid after said 
opening is closed; 

(e) means to apply positive pressure pulses to all of 
said liquid; and 

(f) a check valve permitting one-way, normal direc 
tion flow in an artery to said body part to prevent 
blood flow in said artery from said part toward the 
heart during the periods of said positive pressure 
pulses. 

7. A variable fluid pressure device for affecting blood 
circulation in a part of a body of a human being or an 
animal for use in combination with a check valve per 
mitting one way, normal direction flow in an artery sup 
plying blood to said part, comprising: 

(a) a chamber for containing a gas under pressure and 
having an opening to receive a part of the body; 

(b) said chamber being adapted to conform to the 
shape of said part and the interior surfaces of said 
chamber being adapted to be in juxtaposition with 
corresponding surfaces of said part; 

(c) a seal being formable at said opening in contact 
with said body part to close said chamber; 

(d) means to fill said chamber with gas after said open 
ing is closed; 

(e) means to alternately apply positive and negative 
pressure pulses to said gas in said chamber; and 

(f) a check valve permitting one-way, normal direc 
tion flow in an artery to said body part to prevent 
blood flow in said artery from said part toward the 
heart during the periods of said positive pressure 
pulses. 

8. A variable fluid pressure device for affecting blood 
circulation in a part of a body of a human being or an 
animal for use in combination with a check valve permit 
ting one-way, normal direction flow in an artery supply 
ing blood to said part, comprising: 

(a) a rigid, sealable casing for containing fluid under 
pressure, 
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(b) said chamber having an opening adapted to receive 
a part of a body; 

(c) a seal being formable at said opening in contact 
with said body part to close said chamber; 

(d) means to fill said chamber with liquid after said 
opening is closed; 

(e) means to alternately apply positive and negative 
pressure pulses to said liquid in said chamber; and 

(f) a check valve permitting one-way, normal direc 
tion flow in an artery to said body part to prevent 
blood flow in said artery from said part toward the 
heart during the periods of said positive pressure 
pulses. 

9. A variable fluid pressure device for affecting blood 
circulation in a part of a body of a human being or an 
animal for use in combination with a check valve per 
mitting one-way, normal direction flow in an artery Sup 
plying blood to said part, comprising: 

(a) a rigid, sealable outer casing; 
(b) an elastic sealable inner casing with said outer cas 

ing and being spaced therefrom; 
(c) each of said casing having corresponding openings 

in register so that a part of said body can extend into 
said inner casing when it is within said outer casing, 

(d) said inner casing being sealable to said body part 
at said openings, 

(e) said outer and inner casings being sealable from 
each other at said openings to provide a sealed space 
therebetween, 

(f) said inner casing being adapted to conform to the 
body part and to fit snugly thereon; 

(g) means to fill said space with liquid; 
(h) means to apply positive pressure pulses to all of 

said liquid; and 
(i) a check valve permitting one-way, normal direc 

tion flow in an artery to said body part to prevent 
blood flow in said artery from said part toward the 
heart during the periods of said positive pressure 
pulses. 

10. A variable fluid pressure device for affecting blood 
circulation in a part of a body of a human being or an 
animal for use in combination with a check valve per 
mitting one-way, normal direction flow in an artery Sup 
plying blood to said part, comprising: 

(a) a rigid, sealable outer casing formed of two sep 
arable halves; 

(b) an elastic, sealable inner casing within said outer 
casing and formed of two separable halves; 

(c) each of said halves of said inner casing being seal 
ingly secured to a corresponding half of said outer 
casing, each half of said inner casing conforming to 
and being closely spaced from the corresponding half 
of said outer casing, 

(d) said casing halves when joined having correspond 
ing openings in register so that a part of said body 
within said inner casing can extend outwardly of 
said casings, 

(e) said inner casing being sealable to said body part 
at its opening, 

(f) said inner casing being adapted to conform to the 
body part and to fit snugly thereon; 

(g) means to fill said spaces between said inner and 
outer casings with gas; 

(h) means to apply positive pressure pulses to all of 
said gas; and 

(i) a check valve permitting one-way, normal direc 
tion flow in an artery to said body part to prevent 
blood flow in said artery from said part toward the 
heart during the periods of said positive pressure 
pulses. 

11. A variable fluid pressure device for affecting blood 
circulation in a part of a body of a human being or an 
animal for use in combination with a check valve per 
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12 
mitting one-way, normal direction flow in an artery sup 
plying blood to said part, comprising: 

(a) a rigid, Sealable outer casing formed of two sepa 
rable halves; 

(b) an elastic, sealable inner casing within said outer 
casing and formed of two separable halves; 

(c) each of said halves of said inner casing being seal 
ingly secured to a corresponding half of Said outer 
casing, each half of said inner casing conforming 
to and being closely spaced from the correspond 
ing half of said outer casing, 

(d) said casing halves when joined having correspond 
ing openings in register so that a part of Said body 
within said inner casing can extend outwardly of 
said casings, 

(e) said inner casing being sealable to said body part 
at its opening, 

(f) said inner casing being adapted to conform to the 
body part and to fit snugly thereon; 

(g) means to fill said spaces between said inner and 
outer casings with gas; 

(h) means to alternately apply positive and negative 
pressure pulses to all of said gas in said spaces; and 

(i) a check valve permitting one-way, normal direc 
tion flow in an artery to said body part to prevent 
blood flow in said artery from said part toward 
the heart during the periods of said positive pres 
sure pulses. 

12. A variable fluid pressure device for affecting blood 
circulation in a part of a body of a human being 
or an animal for use in combination with a check 
valve permitting one-way, normal direction flow in 
an artery supplying blood to said part, comprising: 

(a) a rigid, sealable outer casing formed of two sepa 
rable halves; 

(b) an elastic, sealable inner casing within said outer 
casing and formed of two separable halves; 

(c) each of said halves of said inner casing being 
sealingly secured to a corresponding half of said 
outer casing, each half of said inner casing con 
forming to and being closely spaced from the corre 
sponding half of said outer casing, 

(d) said casing halves when joined having correspond 
ing openings in register so that a part of said body 
within said inner casing can extend outwardly of 
said casings, 

(e) said inner casing being sealable to said body part 
at its opening, 

(f) said inner casing being adapted to conform to the 
body part and to fit snugly thereon; 

(g) means to fill said spaces between said inner and 
outer casings with liquid; 

(h) means to alternately apply positive and negative 
pressure pulses to all of said liquid in said spaces; 
and 

(i) a check valve permitting one-way, normal direc 
tion flow in an artery to said body part to prevent 
blood flow in said artery from said part toward the 
heart during the periods of said positive pressure 
pulses. 

13. A method for affecting blood circulation in a part 
of a body of a human being or an animal, comprising: 

(a) enclosing a part of a body to be treated in a 
chamber; 

(b) sealing said part in said chamber; 
(c) filling said sealed chamber with liquid; and 
(d) varying the pressure of all of said liquid with 

alternate positive and negative pressure impulses at 
predetermined rates, the value of the negative im 
pulses being greater than the value of the positive 
impulses. 

14. A method for affecting blood circulation in a part 
of a body of a human being or an animal, comprising: 

(a) enclosing a part of a body to be treated in a 
chamber; 
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(b) sealing said part in said chamber; 
(c) filling said sealed chamber with liquid; and 
(d) varying the pressure of all of said liquid with al 

ternate positive and negative pressure impulses at 
predetermined rates, the total of each alternate posi- 5 
tive and negative impulse being zero. 

15. A method for affecting blood circulation in a part 
of a body of a human being or an animal, comprising: 

(a) enclosing a part of a body to be treated in a 
chamber; 

(b) sealing said part in said chamber; 
(c) filling said sealed chamber with liquid; 
(d) inserting a normal direction flow check valve in 

an artery to said part to prevent flow in said artery 
toward the heart; and 

(e) applying alternate positive and negative pressure 
pulses to all of said liquid in predetermined amounts 
at predetermined rates. 

16. A method for affecting blood circulation in a part 
of a body of a human being or an animal, comprising: 

(a) enclosing a part of a body to be treated in a 
chamber; 

(b) sealing said part in said chamber; 
(c) filling said sealed chamber with liquid; 
(d) applying alternate positive and negative pressure 

pulses to all of said liquid in predetermined amounts 
at predetermined rates; and 

(e) preventing reverse flow of blood to the heart in 

14 
an artery to said part by a check valve in said 
artery. 

17. A method for affecting blood circulation in a part 
of a body of a human being or an animal, comprising: 

(a) enclosing a part of a body to be treated in a 
chamber, said chamber having an elastic inner wall 
and a rigid outer wall with a sealed space therebe 
tween; 

(b) snugly fitting said inner wall on said body part; 
(c) sealing said part within said inner wall; 
(d) filling said sealed space with a fluid; 
(e) varying the pressure of all of said fluid with 

alternate positive and negative pressure pulses at 
predetermined rates to exert pressure pulses on said 
body part through said inner wall; and 

(f) preventing reverse flow of blood to the heart in an 
artery to said part by a check valve in said artery. 
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