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57 ABSTRACT 
A device comprising a series of inflatable chambers 

connected in series by valve means operative to pro 
duce a continuous propagation of pressure pulses se 
quentially along the series of chambers by controlled 
inflation and deflation of the chambers. Embodiments 
are shown in therapeutic devices for lowering the inci 
dence of thromboembolism and for generally improv 
ing veinous and secondary blood flow. Another em 
bodiment is shown as a peristaltic pump. No distribu 
tor is required for the requisite timed inflation and de 
flation of successive chambers, such timed operation 
being achieved by a plurality of valve means which 
may be identical, one such valve means connecting 
each successive pair of connecting chambers to form a 
series. The supply of fluid pressure to and the exhaust 
ing of fluid pressure from successive chambers in the 
series is controlled by elements of each valve means 
which are responsive to the differential in pressure be 
tween the pair of chambers connected by that valve 
means. Due to employment of such valve means the 
chambers may be modular units and the valve means 
may be modular units whereby chambers and valve 
means may be plugged together to make a series of 
any desired length. When embodied as a therapeutic 
device it may be assembled by unskilled persons and 
applied to patients, in widely different age and body 
contour groups. 

4 Claims, 15 Drawing Figures 
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FLUID PRESSURE CONTROLLED MEANS FOR 
PRODUCING PERISTALTIC OPERATION OF 

SERIES-CONNECTED INFLATABLE CHAMBERS 
INTHERAPEUTIC DEVICES, PUMPS AND THE 

ELKE 

BACKGROUND OF THE INVENTION 
The invention disclosed herein is embodied in thera 

peutic devices and in a form of peristaltic pump. Con 
sidered first from the standpoint of therapeutic devices 
the following patents are illustrative of the prior art of 
which applicant is aware. U.S. Pat. Nos. 2,528,843 and 
2,533,504 disclose devices in which separate inflatable 
chambers are attached together as a group and individ 
ually fitted to the contours of the limb of a patient. U.S. 
Pat. Nos. 1,608,239; 2,345,073 and 2,361,242 disclose 
devices in which separate inflatable chambers are in 
corporated in garment-like structures which adjustably 
encompass the limbs and torso of a patient. British Pat. 
No. 483, l l l and related British Pat. No. 483,132 of 
Apr. 12, 1938 disclose a device in which separate in 
flatable chambers are incorporated in a gaiter which 
adjustably encompasses the limb of a patient. In all of 
the patents listed above a fluid such as air, is pressur 
ized and supplied to a mechanically driven distributor 
valve arrangement from which the pressurized air is in 
dividually conducted by separate tubes to the inflatable 
chambers. In some cases the chambers are divided into 
groups served by common ports in the distributor valve 
and by branching tubes thus reducing the number of 
tubes which must run all the way back to the distributor 
valve. In all cases, however, a great number of tubes is 
required and the complete device is bulky, complicated 
and likely to require close supervision in operation. 
Considered, second, from the standpoint of peristal 

tic pumps, U.S. Pat. No. 3,429,266 discloses an ar 
rangement of inflatable chambers through which a flex 
ible tube extends exposed directly to the pressurized 
fluid supplied to the chambers in an appropriate se 
quence. The pressurized fluid tends to collapse the flex 
ible tube thus forcing a flowable material therein to 
progress along the flexible tube in a manner typical of 
peristaltic pumps. In this patent an air compressor and 
a mechanically driven distributor valve is used to sup 
ply the chambers through individual tubes which all ex 
tend from the distributor to the particular chamber 
which each tube serves. 
French Patent No. 1, 175,431 discloses several modi 

fied forms of peristaltic pumps including several in 
which common mechanically driven distributor valves 
are used and one in which a fluid pressure operated 
supply and exhaust valve and a fluid pressure operated 
pilot valve are used for each inflatable chamber in the 
series. The pilot valve for each chamber senses the 
pressure in the chamber against the pressure in the sup 
ply manifold. When the pressure in that chamber rises 
substantially to equal the supply pressure the pilot 
valve sends a fluid pressure signal to the supply and ex 
haust valve of the immediately preceding chamber to 
initiate exhaust of that chamber and simultaneously 
sends a fluid pressure signal to the supply and exhaust 
valve of the immediately following chamber to initiate 
inflation of that chamber. When that following cham 
ber is fully inflated, as measured against supply pres 
sure, the pilot valve thereof will send appropriate sig 
nals to the supply and exhaust valves of the chambers 
which now precede and follow it. For this device to op 
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2 
erate continuously, once it is started, the pilot valve 
and supply and exhaust valve of the last chamber in the 
series must be connected with the valves of the first 
chamber in the series. To stop this device each supply 
and exhaust valve must be manually pushed into the ex 
haust mode. To start this device all supply and exhaust 
valves must be in the exhaust mode and a cock in a spe 
cial conduit must be manually opened so that the first 
chamber may be pressurized. The starter cock must be 
closed as soon as the pump starts in order to prevent 
the first chamber from remaining inflated and perma 
nently blocking the system. 

SUMMARY OF THE INVENTION 

In contrast with the prior art of which applicant is 
aware this invention provides in combinations, such as 
therapeutic devices and peristaltic pumps, wherein a 
continuous propagation of pressure pulses is produced 
sequentially along a series of chambers by controlled . 
inflation and deflation of such chambers, the control of 
the required inflation and deflation by valve means 
which operate automatically to open and close inlet 
and exhaust passageways for each chamber in response 
to the differential in fluid pressure between that cham 
ber and the chambers in the series which immediately 
precede and immediately follow that chamber. A valve 
means of this type is disposed between each pair of im 
mediately adjacent chambers in the series. With this ar 
rangement the series of chambers may be made up of 
any required number of chambers, the last chamber in 
any such series is not connected back to the first in the 
series, the operation of the series is self starting irre 
spective of the random modes in which the valve means 
may be when start-up is required and no mechanically 
operated distributor, timing device or equivalent 
thereof is utilized. The frequency of the complete cycle 
of inflation and deflation of each chamber and the rate 
of propagation of waves of pressure along the series is 
predetermined by the characteristics of valve means as 
related to the characteristics of the inflatable cham 
bers. 

Preferred, but exemplary, forms of valve means 
forming a part of this invention comprise body parts 
which are movable relative to one another by oscilla 
tion about an axis between two stable positions in re 
sponse to the differential in fluid pressure existing in 
two adjacent chambers of the series. These, or equiva 
lent, valve means may be made in modular form for 
connecting a series of modular inflatable chambers into 
a series of any desired length or they may be used in 
non-modular embodiments providing a selected num 
ber of permanently arranged chambers for specific ap 
plications. 
When embodied in therapeutic devices the present 

invention provides combinations that may be started or 
stopped or monitored in operation by unskilled person 
nel and which do not require, and thus preferably do 
not have, any adjustable controls or other elements 
which, if provided or required, could be improperly ad 
justed or tampered with by unskilled personnel. Such 
therapeutic devices are for the purpose of preventing 
or reducing the formation of thromboembolism and for 
generally improving veinous blood flow. They serve to 
prevent stasis in the deep veins of the limbs of persons 
who are hospitalized, operative, non-ambulatory or 
otherwise recumbent or non-active and they also pro 
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vide peristaltic pumping action to assist normal veinous 
blood from flow when such is required or desirable. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a somewhat diagrammatic perspective view 

of a therapeutic device embodying the present inven 
tion and showing it applied to the lower leg of a patient; 
FIG. 2 is a perspective view of one of the inflatable 

toroidal chambers shown in FIG. 1; 
FIG. 3 is a perspective view of a modular valve means 

for use in assembling a device such as that illustrated 
in FIG. 1; 
FIG. 4 is a horizontal sectional view taken generally 

along the line 4-4 in FIG. 3 and showing interior parts 
of the valve means in one stable position; 
FIG. 5 is a view similar to FIG. 4 but showing the in 

terior parts of the valve means in a second stable posi 
tion; 
FIG. 6 is a vertical sectional view taken along either 

of the lines B-B in FIG. 1, 
FIG. 7 is a view similar to FIG. 4 but showing a modi 

fied form of valve means; 
FIG. 8 is a view similar to FIG. 5 but showing the 

modified form of valve means illustrated in FIG. 7; 
FIG. 9 is a diagrammatic view for use in explaining 

the operation of the valve means shown in FIGS. 4 and 
5; 
FIG. 10 is a diagrammatic view similar to FIG. 9 but 

showing a different operative relationship of certain el 
ements of the valve means; 
FIG. 11 is a perspective view of a modified form of 

toroidal chamber which may be used in the present in 
vention; 
FIG, 12 is a sectional view along the lines 12-12 in 

FIG. 11; 
FIG. 13 is a perspective view of a modified form of 

therapeutic device similar in some respects to that 
shown in FIG. 1; 
FIG. 14 is a sectional view taken along the lines 

14-14 in FIG. 13; and 
FIG. 15 is a somewhat diagrammatic view illustrating 

an embodiment of the present invention in a peristaltic 
pump. 

DESCRIPTION OF PREFERRED EMBODIMENT 
Referring now to the drawings in FIG. 1 a preferred 

embodiment of the present invention is shown as a 
therapeutic device fitted to the lower leg of a patient. 
The device comprises a series of separate, modular hol 
low chambers of toroidal shape, made of an elasto 
meric fluid-tight material each of which is capable of 
being expanded and contracted in radial directions re 
spectively in response to the introduction of a pressur 
ized fluid into the interior thereof and the exhausting 
of such fluid from the interior by opening the interior 
to a region of lower fluid pressure. Most conveniently 
the fluid may be ambient air pressurized by a compres 
sor and the exhaust region may be the ambient atmo 
sphere in which the patient is located, although any 
suitable gaseous or liquid fluid may be used if so de 
sired. For therapeutic or patient-comfort reasons the 
fluid may be warmed or cooled by suitable devices, not 
shown, if the temperature of the compressed or pres 
surized fluid is not otherwise suitable. 

In FIG. there is diagrammatically shown a pressur 
izing device 10, illustratively an air compressor, con 
nected with a supply manifold 12. The toroidal cham 

3,862,629 

5. 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

4 
bers are identified as a series starting with n-2 near the 
ankle of the patient, and progressing through n-1, n, 
n+1, n+2, et seq. to a position near the knee of the pa 
tient. The internal and external diameters of the cham 
bers n-2, et seq. may be varied individually or in 
groups in accordance with the contours of the portion 
of the human body to which they are to be fitted. In the 
illustrative example the toroidal chambers near the 
ankle are relatively small in such diameters and cham 
bers having greater diameters are progressively distrib 
uted over the calf and to the region of the knee. The 
size and distribution of the modular toroidal chambers 
should be such that when each is in the deflated or con 
tracted condition the inner diameter will surround the 
patient's leg in a relatively loose condition, not exerting 
any substantial radially inward pressure upon the sur 
rounded tissue. When each toroidal chamber is inflated 
or expanded the inner diameter will be reduced and a 
yielding radially inward pressure will be exerted upon 
the surrounded tissue. 

it is intended that the user of this invention will have 
available from inventory or from a medical supply 
house a rather widely ranging selection of sizes of the 
modular toroidal chambers to make possible the selec 
tion of properly fitting series for the upper and lower 
portions of the arms and legs of persons of differing 
bodily contours within all age groups. 
As explained more fully in the above generalized de 

scription of the present invention the pressurized fluid 
is directed to and exhausted from the individual toroi 
dal chambers n-2 et seq. in a predetermined repetitive 
sequence such as to provide continuous stressing and 
unstressing of the tissues in the regions surrounding the 
blood vessels of a patient in a continuous pattern of 
pressure pulses which are propagated wave-like along 
the series of toroidal chambers. At any given moment 
several of the toroidal chambers will be at or near maxi 
mum fluid pressure while others are at or near mini 
mum fluid pressure and the remaining toroidal cham 
bers which lie between those at high or low pressure 
will be under rapidly increasing or decreasing pressure. 

In this preferred form of the invention wherein the 
chambers n-2, et seq. are modular there are provided 
modular valve means which serve as physical connec 
tions between each chamber and the chamber immedi 
ately downstream thereof, thus to establish the series. 
Each of these valve means includes elements which are 
responsive to the differential in fluid pressure between 
the two chambers which the valve means physically 
connects to control the supplying and exhausting of 
those chambers. As shown in FIG. 1 the valve means 
just referred to are shown as relatively small boxes 14 
which are positioned in recesses 16 and 18 (FIG. 2) 
formed in each of the modular chambers n-2, et seq. 
Preferably the recesses 16 and 18 are offset radially of 
each chamber and open on opposite sides thereof as 
shown in FIG. 2 in order that when a series of chambers 
is connected as shown in FIG. 1 the valve means 14 will 
lie rather widely spaced along two spaced parallel lines 
thus causing less stiffening of the assembly of chambers 
than would be caused if all of the valve means 14 were 
arranged along a single line. 
Each valve means 14 is connected by a tube 20 to the 

supply manifold 12 and is connected by a tube 22 to an 
exhaust manifold 24. Also each valve means 14 is con 
nected, preferably by a suitable simple plug-in device 
with each of the chambers between which it is posi 
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tioned. Illustratively, as shown in FIGS. 3 and 4, for ex 
ample, each valve means 14 may be provided with 
beaded nipples 26, 28, 30 and 32 protruding from the 
four sides thereof. The supply tubes 20 may be made 
of elastomeric material and secured upon the nipples 
26 of the several valve means 14 and the exhaust tubes 
22 may be secured upon the nipples 28. The nipples 30 
and 32 may be inserted into suitable openings, such as 
the opening 34 shown in FIG. 2, in the adjacent cham 
bers in the series n-2 et seq. 
Referring again to FIG. 1 the upstream end of the 

first toroidal chamber n-2 is connected by a tube 36 
inserted into an opening such as 34 (FIG. 2) with a 
flow-restricting device 38 and and tube 40 with the sup 
ply manifold 12. Illustratively the flow-restricting de 
vice 38 may take the form shown in FIG. 6 with inlet 
and outlet nipples 42 and 44 separated by a disc 46 
having an orifice 48 of predetermined small area 
through which compressed air flows constantly from 
manifold 12 to the interior of chamber n-2. As will be 
explained below chamber n-2 is connected to a valve 
means 14 in which an exhaust pathway is periodically 
opened and closed for chamber n-2. The rate of flow 
of the compressed air from manifold 12 to chamber 
n-2 is so determined by the flow-restricting device 38 
that a predetermined period of time is required for the 
pressure in chamber n-2 to rise, when the exhaust is 
closed, substantially to the supply pressure maintained 
in manifold 12. When such pressure is reached it will 
hold at that level unless or until the pressure in the 
chamber n-1 is at or reaches exhaust level at which 
time the exhaust for chamber n-2 will open and pres 
sure therein will drop rapidly even though the re 
stricted flow of supply air continues through the device 
38. The action just described is related with the timed 
operation of the series of chambers as will be more fully 
discussed below. 

Similarly, in FIG. 1 there is shown a flow-restricting 
device 50 positioned in an exhaust tube 52 emerging 
from the last chamber n-6 and leading through a tube 
54 to the exhaust manifold 24. The exhaust flow 
restricting device 50 may be similar to or identical with 
the device 38 shown in FIG. 6 and the function thereof 
in relation to the timing of the series of chambers n-2 
et seq. will be explained below. An adjustable throttle 
valve could be used instead of the simple flow 
restricting devices 38 and 50 but such is not regarded 
as essential or advisable as will be made more clear 
herein below. 
Referring now to FIGS. 4 and 5 a typical valve means 

14 is shown. For illustrative purposes it will be assumed 
that this particular valve means 14 is positioned be 
tween chambers n and n-1, the chamber n being the 
upstream chamber and the chamber n-1 being the 
downstream chamber with respect to this particular 
valve means 14. The position of the parts shown in FIG. 
4 is that assumed during the time that pressurized fluid 
is flowing into upstream chamber n to raise the fluid 
pressure therein. The position of the parts shown in 
FIG. 5 is that assumed when the fluid pressure in cham 
ber n has been raised to substantially equal the supply 
pressure maintained in manifold 12 and when the fluid 
pressure in downstream chamber n+1 has fallen to sub 
stantially equal the exhaust region pressure, in the pres 
ent illustrative example the latter pressure being sub 
stantially that of the ambient atmosphere. 
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6 
The valve means 14 shown in FIGS. 4 and 5 com 

prises a stationary valve body 56 and a movable valve 
body 58 positioned in body 56 for limited oscillatory 
movement about a central axis indicated at 60. The 
bodies 56 and 58 may be made of metal or of an appro 
priate molded plastic material. The bodies 56 and 58 
each have a plurality of mating surfaces which consti 
tute portions of cylinders formed about the axis 60 
whereby the movable body 58 is freely movable about 
axis 60, the mating surfaces being reasonably accu 
rately fitted and being sufficient in area to effectively 
isolate or seal off the several recesses, passageways and 
parts now to be described. 

In FIG. 4 a supply tube 20 is fitted to nipple 26 open 
ing into supply passageways 62 and 64 formed in sta 
tionary body 56. The passageway 64 is, in this position 
of parts, blocked off by the cylindrical surface of a por 
tion 66 of the movable body 58. 
An exhaust tube 22 is fitted to nipple 28 opening into 

passageways 68 and 70 formed in stationary body 56. 
The passageway 70 opens into an arcuate recess 72 de 
fined by a radial wall 74 of stationary body 56 and a ra 
dial wall 76 of movable body 58, the recess 72 being 
isolated from inlet passageway 82 in this position of the 
parts. 
The nipple 30 is inserted into an opening such as 34 

(FIG. 2) in chamber n and communicates with a pas 
sageway 78 having two circumferentially spaced 
branch passageways 80 and 82 all formed in the sta 
tionary body 56. The branch passageways 80 and 82 
are, in this position of the parts, blocked off respec 
tively by the cylindrical surfaces of portions 84 and 86 
of the movable body 58. A relatively small bleed pas 
sageway 88 opens off branch passageway 82 and com 
municates through passageways 90 and 92 with an ar 
cuate recess 94 defined by a radial wall 96 of stationary 
body 56 and a radial wall 98 of movable body 58. The 
fluid pressure existing at any moment in chamber n is 
thus exerted through the passageways 78, 82, 88,90 
and 92 upon the radial wall 98 of movable body 58 
within recess 94 and thus tends constantly to rotate 
movable body 58 counterclockwise with an effective 
force which varies with the fluid pressure existing in 
chamber n. 
The nipple 32, in FIG. 4 is inserted into an opening 

such as 34 (FIG. 2) in the downstream chamber n+1 
and places that chamber in communication with pas 
sageways 100, 102 and 104, all formed in the stationary 
body 56. The passageway 104 in the position shown in 
FIG. 4 is blocked off by the cylindrical surface of a por 
tion 106 of movable body 58. A bleed passageway 108 
opens off passageway 102 and communicates with an 
arcuate recess 110 defined by a radial wall 112 of sta 
tionary body 56 and a radial wall 114 of movable body 
58. In the position of the parts shown in FIG. 4 the fluid 
pressure existing in chamber n+1 will be exerted 
through passageways 100 and 108 upon the wall 114 of 
movable body 58 and will tend to hold the movable 
body 58 against counterclockwise movement with an 
effective force which varies with the fluid pressure in 
said chamber n--1. 
With regard to FIG. 4 it will be noted that the fluid 

pressure in chamber n is exerted on the wall 98 in re 
cess 94 and that the area of wall 98 is quite small and 
that the wall 98 is relatively close to the central axis 60 
of movable body 58. In contrast with this the fluid pres 
sure in chamber n+1 is exerted upon the relatively 
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large area of wall 114 in recess 110 and the wall 114 
includes portions which are substantially further away 
from axis 60 than is the case with the wall 98. For both 
of these reasons a substantially greater fluid pressure is 
required to produce a given amount of torque by exer 
tion upon wall 98 than is required to produce the same 
amount of torque by exertion upon the wall 114. As a 
practical example for use in the apparatus shown in 
FIG. the compressor 10 may be designed to provide 
an adequate flow of air at about 20 p.s. i. (gauge) in 
manifold 12. When air at this pressure is supplied to 
chamber n it will inflate and the elastomeric material 
of which the chamber is made will be stretched until 
the fluid pressure in chamber n rises to substantially the 
supply pressure of 20 p.s. i. It is only when the fluid 
pressure in chamber n reaches substantially the supply 
pressure and when, also, the fluid pressure in chamber 
n+1 is at or drops to substantially that of the ambient 
atmosphere that the force exerted on wall 98 by cham 
ber n is sufficient to overcome the resistance of the 
force exerted on wall 114 by the fluid pressure in cham 
ber n+1. When this occurs the movable body 58 will 
start to move counterclockwise about axis 60 toward 
the position shown in FIG. 5. 
As the movable valve body 58 moves from the FIG. 

4 position to the FIG. 5 position the cylindrical surface 
of portion 86 of the movable body 58 will uncover the 
branch 82 of passageway 78 whereupon the pressurized 
fluid from chamber n will enter the now expanding re 
cess 72 exerting force on wall 76 to add torque urging 
the movable body 58 counterclockwise and also flow 
ing through the exhaust passageways 70 and 68 to the 
exhaust tuve 22. Thus the fluid pressure in chamber n 
will progressively reduce at a rate determined by sev 
eral factors during the period of time required to move 
the body 58 from the FIG. 4 position to the FIG. 5 posi 
tion. At first, with the pressurized fluid flowing only 
into recess 94 through the bleed passageways 88, 90 
and 92, the rate will be very low but as the branch pas 
sageway 82 is progressively opened the pressure will 
drop progressively more rapidly due to the onset of 
flow to exhaust. An additional factor becomes involved 
in the form of the valve shown in FIGS. 4 and 5. 
As shown in FIGS. 4 and 5 the movable valve body 

58 has formed therein a passageway comprising two 
aligned portions 116 and 18 connected by a ball 
check valve 120 affording free flow of pressurized fluid 
from portion 116 to portion 118 but effective to block 
passage of pressurized fluid from portion 118 to 116. 
As the movable body 58 rocks counterclockwise to 
wards the FIG. 5 position the passageway portion 116 
opens into branch 80 of the passageway 78 communi 
cating with chamber n. When this occurs the pressur 
ized fluid from chamber n not only will flow to exhaust 
as described above but also will flow through passage 
way portion 116, past check valve 120, into passage 
way portion 118 and outwardly through passageways 
104, 102, 100 and nipple 32 to chamber n+1. It will be 
understood for this to occur that the passageway por 
tion 118 in movable body 58 has been brought into reg 
ister with the passageway 104 in stationary body 56 as 
a result of counterclockwise movement of body 58 into 
the FIG. 5 position. Consequently so long as the dimin 
ishing fluid pressure from chamber n remains above the 
fluid pressure in passageway portion 118, pressurized 
fluid from chamber n will flow through movable valve 
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8 
body 58 to chamber n'1 with the parts in the FIG. 5 po 
sition. 

In the FIG. 5 position a supply passageway 122, for 
chamber n+1, which is formed in movable body 58 has 
been brought into register with the supply passageways 
64 and thus into communication with supply passage 
way 62, nipple 26 and supply tube 20. Pressurized fluid 
thus will flow through the passageway just mentioned 
into portion 118 and on to the chamber n+1. As cham 
ber n+1 begins to inflate, against the resistance of the 
elastomeric material from which it is made, the fluid 
pressure therein and in passageway portion 118 will 
progressively rise and eventually will substantially 
equal the diminishing fluid pressure of chamber n 
whereupon the ball check valve 120 will close. At this 
juncture chamber n+1 will be connected directly with 
the supply tube 20 and will continue to inflate and 
chamber n will continue to exhaust through the pas 
sageways described above. 
The movable body is held in the FIG. 5 position by 

contact with a stop 111 in recess 110. It will be noted 
that the recess 110 is sufficiently large in unoccupied 
volume in this position that the air trapped therein is 
not so compressed as to be effective to return the body 
58 towards the FIG. 4 position. 
A relatively small bleed passageway 124, 126, 128 is 

formed in movable body 58 and extends from passage 
way portion 118 to an arcuate recess 130 defined by a 
radial wall 132 formed on stationary valve body 56 and 
a radial wall 134 formed on the movable body. A simi 
lar bleed passageway 136 extends from passageway 
portion 116 and opens into an arcuate recess 138 de 
fined by a radial wall 140 formed on stationary body 56 
and a radial wall 142 formed on movable body 58. So 
long as ball check valve 120 remains open the fluid 
pressures directed by the bleed passageways, just de 
scribed, to recesses 130 and 138 will be approximately 
equal. However, when check valve 120 closes and the 
fluid pressure in passageway portion 118, and thus in 
chamber n+1, rises relative to that in portion 116 a 
gradually increasing force is exerted on wall 134 of re 
cess 130 whereby, after a delay deliberately designed 
into the small dimensions of the bleed passageways the 
torque developed in recess 130 will be sufficient to 
start movement of the movable body 58 in a clockwise 
direction thus beginning a portion of the cycle wherein 
the supply to chamber n+1 is to be cut off and the ex 
haust of chamber n is to be closed. 

In the FIG. 5 position the passageway 108 is blocked 
by the cylindrical surface of the movable body 58. 
When clockwise movement of the body 58 is initiated 
by the intersection of the bleed passageways as just de 
scribed the passageway 108 will remain blocked for a 
predetermined period of time since the initial clock 
wise movement of body 58 is relatively slow. As such 
movement continues, however, the wall 114 of recess 
110 will open passageway 108 whereupon the now rela 
tively high fluid pressure existing in chamber n+1 and 
the supply passageways leading to that chamber will be 
directed into recess 110 and will be effective by exert 
ing force upon wall 114 to rapidly complete the return 
of movable body 58 to the FIG. 4 position, in which it 
comes to rest against a stop 73 in recess 72. The torque 
developed in recess 110 by the fluid pressure of cham 
ber n+1 will be substantially greater than any torque 
now being developed in recesses 138, 94 and 72 by the 
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fluid pressure existing in exhausted chamber n and in 
the exhaust manifold 24. 
Upon the return of movable valve body 58 to the 

FIG. 4 position as just described chamber n is now 
ready to be inflated by the action of the valve means 14 
lying between chamber n and chamber n-1. Also, since 
chamber n+1 is now fully inflated it will initiate action 
of the valve means 14 lying between chambers n+1 and 
n+2 to cause exhausting of chamber n+1 and inflation 
of chamber n-2. 

In FIG. 1 the apparatus is shown with the first cham 
ber n-2 of the series positioned near the extremity of 
the patient's leg whereby the pulsating wave-like action 
will be propagated upwardly of the leg. such disposition 
may be preferred by the physician in charge because of 
the peristaltic pumping action which is effective upon 
the veins in the same return direction as natural vei 
nous flow. The apparatus of this embodiment is in 
tended not only as a device for producing alternating 
compression and expansion of tissues in which secon 
dary flow can be produced only by motion, muscular 
stressing and the like but also as a peristaltic pump. 

In FIG. there is shown only nine chambers n-2 et 
seq. encompassing the entire length of the lower leg. It 
will be understood that a greater number of chambers 

10 
fluid pressure in chamber n reaches substantially the 
supply pressure and when the pressure in chamber n+1 
fails substantially to exhaust pressure the superior force 
now exerted in recess 160 will cause the movable body 
148 to move counterclockwise toward and into the po 
sition shown in FIG. 8 as described above in connection 
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may be used. Also the chambers may be semi-circular 
in cross section instead of circular or squarish as shown 
in FIG. 1. A modification illustrating such semi-circular 
cross-sectional shape is shown in FIGS. 11 and 12 and 
will be described below. 

In the embodiment shown in FIGS. 1 through 6 the 
valve means 14 each include the passageway 1 16, 118 
and ball check valve 120 by means of which some of 
the pressurized fluid from the upstream chamber is di 
rected into the downstream chamber. While this provi 
sion may result in some small saving in quantity of com 
pressed air or other pressurized fluid a probably more 
significant advantage lies in the fact that exhaust occurs 
at a lower average pressure and volume. 

In the modified form of valve means illustrated in 
FIGS. 7 and 8 no passageway is provided for flow of 
pressurized fluid from the upstream chamber through 
the valve means and into the downstream chamber. 
However, the valve means is responsive to the differen 
tial in fluid pressure between the upstream chamber 
and downstream chamber to control the supplying and 
exhausting functions and to produce the same timing 
results as achieved by the valve means 14 described 
above. 

In FIGS. 7 and 8 a valve means 114 comprises a sta 
tionary valve body 146 and a movable valve body 148. 
The stationary body 146 for purposes of illustration 
may be identical in all respects with the stationary body 
56 in FIGS. 4 and 5. The movable body 148 in FIGS. 
7 and 8 is provided with a bleed passageway 150 lead 
ing to an arcuate recess 152 and a bleed passageway 
154 leading to an arcuate recess 156. The movable 
valve body 148 also has a supply passageway 158 which 
corresponds exactly with the passageway 122 in FIGS. 
4 and 5. In the position shown in FIG. 7 the bleed pas 
sageways 150 and 154 as well as the supply passageway 
158 are all cut off by appropriate cylindrical surfaces 
of the stationary valve body as is the case in FIG. 4, de 
scribed above. in this FIG. 7 position the fluid pressure 
from chamber n is exerted in recess 160 while the fluid 
pressure from chamber n+1 is exerted in chamber 162, 
all as in the case in the FIG. 4 illustration. When the 
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with FIGS. 4 and 5. 
In the FIG. 8 position the bleed passageways 150 and 

154 are in communication respectively with chamber 
n and chamber n+1 whereby the differential in fluid 
pressures in these two chambers is sensed in the reces 
ses 152 and 156. As is the case in FIGS. 4 and 5 when 
the fluid pressure in chamber n+1, which is being in 
flated, rises to approximately equal the pressure in 
chamber n, which is being exhausted, clockwise move 
ment of movable body 148 commences and proceeds 
relatively gradually so that chamber n+1 may be fully 
inflated and chamber n may be fully exhausted before 
the movable body is rapidly moved to the FIG. 7 posi 
tion by the fluid pressure of chamber n+1 exerted 
through bleed passageway 164 in the recess 162. 
As has been noted above the use of the modified 

valve means 148 shown in FIGS. 7 and 8 in apparatus 
such as shown in FIG. 1 may be expected to require 
somewhat greater quantities of compressed air than is 
the case when the valve means 14 of FIGS. 4 and 5 is 
used. 
There are specific aspects and advantages of the 

present invention which may be better understood by 
reference to the diagrammatic illustration in FIG. 9 in 
which the several valve elements and pressure 
differential valve control elements which are combined 
in the valve means 14 of FIGS. 4 and 5 are illustrated 
in individual fashion. In FIG. 9 it will be observed that 
the chamber n-2 is supplied from manifold 12 through 
the flow-restricting means 38 at a constant rate. As 
suming that the exhaust valve V4 of chamber n-2 has 
just been closed the fluid pressure in that chamber will 
rise at the rate predetermined by means 38 until it 
reaches substantially, the supply pressure in manifold 
12. At this time the pressure in chamber n-2 is exerted 
on the valve V1 which lies between chamber n-2 and 
chamber n-l. Valve V1 is assumed for this illustration 
to be a flap-type check valve biased into the closed po 
sition, as shown, so as to open only when the pressure 
from chamber n-2 is substantially at supply level and 
the pressure from chamber n-1 is substantially at ex 
haust level. The valve V1 is biased in the opposite di 
rection to close only when the fluid pressure in cham 
ber n-1 has risen substantially to equal the fluid pres 
sure in chamber n-2. The flap of check valve V1 thus 
is the diagrammatic equivalent of the pressure respon 
sive elements in valve means 14 shown in FIGS. 4 and 
5. 
As indicated by conventional broken lines in FIG. 9 

the valve VI of chamber n-2 is ganged with exhause 
valve V4 of chamber n-2 and with the supply valve V2 
of chamber n-1. Thus V1 is forced open when cham 
ber n-2 is ready to exhaust and chamber n-1 is ready 
for inflation and the ganging may be such that the 
movement of V1 to open position simultaneously 
causes opening of V4 in chamber n-2 and V2 in cham 
ber n-l. From this point pressure falls in n-2 and rises 
in n-1 and when the differential in those pressures 
reaches approximately zero the valve V1 is forced back 
to closed condition. The ganging of the valves V4, V1 
and V2 must be such as to introduce a delay in the clos 
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ing of valves V4 and V2 in response to the closing of 
valve V1 in order to permit continued exhausting of 
chamber n-2 and continued inflation of chamber n-1 
thus to afford a diagrammatic equivalent of the action 
of valve 14 as described above. w 

It will be recognized that the chamber n-2 represents 
a special case inasmuch as there is no valve element for 
closing the supply to this chamber. The continuous sup 
ply provided by the flow restrictor device 38 is re 
stricted so as to be well below the rate at which the 
pressurized fluid will flow to exhaust when the exhaust 
valve is open. The pressure in n-2 will drop suffi 
ciently, when the exhaust is open, for reversal of valve 
V1 at the proper time. This simple arrangement per 
mits the use of identical valve means, such as the means 
14 shown in FIGS. 4 and 5, between all chambers in 
any series. As will be apparent, a supply valve could be 
provided for chamber n-2 which needs only to be 
ganged with the exhaust valve V4 in this chamber to 
open when the exhaust closes and vice versa, such pro 
vision, however, is regarded as pointless in view of the 
advantages of the flow restrictor 38 as described above. 
The last chamber n-6 shown in FIG. 9 is another spe 

cial case, being a sort of mirror image of the chamber 
n-2. Thus, chamber n-6 does not require an exhaust 
valve, although one could be ganged with the supply 
valve V2 for that chamber. Preferably, to avoid the 
need for a special valve, the flow restrictor device 50 
is substituted for the exhaust valve whereby the fluid 
pressure developed in chamber n30 6 when supply 
valve V2 is opened may never reach full supply pres 
sure but nevertheless will drop when the supply valve 
is cut off. The time delay induced by the restrictor 50 
may be approximated as to permit the pressure to fall 
to exhaust level at about the time the pressure in the 
preceding chamber in the series reaches supply level. 
All of the chambers lying between chamber n-2 and 
chamber n-6 will operate in the normal manner de 
scribed above in steady state operation. 
The self-starting feature will now be described in 

connection with FIG. 9. The flap-type valves V1 in 
FIG. 9 for illustrative reasons have been assumed to be 
biased by springs or weights into the closed positions 
shown in FIG. 9 and the ganging is such that all of the 
supply valves V2 and all of the exhaust valves V4 would 
also be biased toward closed position and they would 
automatically assume such positions when no pressur 
ized fluid is being supplied through manifold 12. Self 
starting of such an arrangement is obvious since when 
the compressor 10 is started, air will flow only into 
chamber n-2 through flow restrictor 38 and when the 
pressure therein rises to substantially supply level, the 
valve V1 will open into chamber n-1 since the latter, 
like all of the succeeding chambers, is at atmospheric 
pressure. Opening of this valve V1 will open supply 
valve V2 for chamber n-1 and will open exhaust valve 
V4 for chamber n-2. Chamber n-1 is now inflated 
while chamber n-2 exhausts and as a result of inflation 
of chamber n-1, the operation of chamber n and all 
succeeding chambers will be progressively initiated. 
However, the preferred valve means of FIGS. 4 and 

5 and FIGS. 7 and 8 preferably are not biased by 
weights or springs and when a device is first assembled 
or after any period of non-use of an assembled device, 
the movable interior bodies 58 or 148 thereof may be 
in completely random positions. By pure chance they 
might all be in the positions shown in FIG. 4 or FIG. 7 
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12 
thus corresponding with the all valves closed positions 
discussed in connection with FIG. 9 and the device 
would start substantially as described above. Also, by 
pure chance, they might all be in the position shown in 
FIG. 5 or FIG.8 where the valve elements correspond 
ing with the valves V1,V2 and V4 of FIG. 9 would all 
be open. In that event, air supplied to manifold 12 
would flow freely through and out the exhaust of all 
chambers from n+2 up to but excluding chamber n+6. 
Because of the restricted exhaust afforded by restrictor 
50 in chamber n30 6, the pressure therein will rise 
above that in the preceding chamber n+5 (not shown 
in FIG. 9) to close connecting valve V1 and supply 
valve V2 for chamber n-6 as well as to close exhaust 
valve V4 of chamber n--5. Pressure now will rise in 
chamber n--5 to close the exhaust of n-4 and this will 
continue all the way back to chamber n+2 possibly 
without any of the chambers having come up to full 
supply pressure. However, chamber n-2 must now 
come up to supply pressure before it will open the valve 
V1 leading to chamber n+1 and from there on all suc 
ceeding chambers will go into normal steady state oper 
ation. - 

In any random arrangement of the valve means other 
than the two extreme cases just assumed, there must be 
at least one valve means in a position different from 
that of the valve means upstream or downstream 
thereof and cyclical operation will start in the chamber 
between these valve means and this cyclical behavior 
will propagated throughout the series. After a few cy 
cles of perhaps erratic behavior all of the chambers will 
arranged themselves into the design pattern of opera 
tion. In the preferred valve means 14 or 144, many or 
all of movable bodies 58 or 148 may be in a stable posi 
tion such as FIG. 4 or FIG. 5 but instead may be in 
some intermediate position. However, when pressur 
ized fluid is supplied to the manifold 12, the movable 
bodies will be forced into one or the other of the stable 
positions as soon as a substantial differential in pressure 
is sensed between the connected chambers, and this is 
almost inevitable inasmuch as, absent an almost incred 
ible coincidence, some of the chambers will be wholly 
or partly in communication with supply pressure while 
others will not. If the resultant movement of the various 
valve means into stable positions does not initiate cy 
clic action between at least one pair of chambers inte 
rior of the series, cyclic action nevertheless will be initi 
ated at one end or the other of the series because of the 
constant restricted supply to chamber n-2 and the con 
stant restricted exhaust from chamber n-6 when the 
flow restrictors 38 and 50 are used as illustrated in 
FIGS. 1 and 9. Alternatively, as stated above, a special 
supply valve (not shown) may be provided for chamber 
n-2, ganged to open when the exhaust valve V4 for 
chamber n-2 is closed and a special exhaust valve (not 
shown) may be provided for chamber n-6 ganged to 
close when supply valve V2 for that chamber is open. 
This alternative structure will operate to assure self 
starting at least from one end or the other of the series 
just as does the structure wherein the flow restrictors 
38 and 50 are used. 

If, as a result of the almost incredible coincidence 
mentioned above, all of the valve bodies 58 of FIGS. 4 
and 5 or 148 of FIGS. 7 and 8 were in identical inter 
mediate positions such that the rate of supply and ex 
haust to all intermediate chambers happened to be ex 
actly equal, no differential in pressure would be estab 
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lished between any of the interior chambers and all of 
the valve bodies might remain in the original intermedi 
ate position. However, this condition would be the 
same as if all exhausts were wide open and the re 
stricted exhaust of chamber n-2 would be effective to 
starting cycling from the downstream end as explained 
above. Such coincidence is made all the more incredi 
ble when it is recalled that the preferred forms of valve 
means 14 of 144 and the chambers themselves are to 
be mass produced and could not be expected to be suf 
ficiently identical for this coincidence to arise. 
The feature of self-starting without any need for pre 

arrangement of the valve means, or any of them is a 
particularly important advantage of the present inven 
tion. Among other things it makes practical the modu 
lar system illustrated in FIG. 1. 

in steady state operation the chamber n, of course, 
will start inflating each time the two control factors are 
satisfied, that is when chamber n reaches exhaust level 
at a time that chamber n-1 is at supply level or when 
chamber n-1 reaches supply level at a time that cham 
ber n is at exhaust level. Obviously, also chamber n may 
reach exhaust level at the same instant that chamber 
n-l reaches supply level and inflation of chamber n 
will start at that same time. However, it is a specific fea 
ture of this invention that such precision of timing is 
not required whereby the valve means employed need 
not be clostly precision-matched devices. also, the 
chambers need not all be of the same size or volume, 
as indeed they are not in the embodiment shown in 
FIG. I. If a relatively small chamber precedes a larger 
one in the series the smaller chamber ordinarily will 
reach supply pressure before the larger downstream 
chamber has exhausted to exhaust level. The valve VI 
between such chambers will wait until the larger cham 
ber has exhausted to proper level. If a larger chamber 
precedes a smaller chamber in such a series, the valve 
VI between these chambers will wait for the larger 
chamber to reach supply level. It will be appreciated 
that the differences in volume here contemplated must 
lie within a reasonable range of variations such as is il 
lustratively shown in FIG. 1. Otherwise it may be pref 
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erable to provide valve means with appropriately al 
tered flow rates or time delays to couple chambers of 
substantially different volume. Furthermore, the modu 
lar chambers of FIG. may be with smaller cross 
sections for larger diameters whereby to have volumes 
more nearly equal throughout the series. 
The frequency at which pressure waves are propa 

gated lengthwise of a series of chambers in accordance 
with the present invention is determined by the rates at 
which the pressurized fluid flows into and out of the 
chambers and upon the inflation characteristics of the 
chambers themselves. The rates of flow, of course, are 
established by the sizes of the tubes and valve passage 
ways through which the fluid at any given supply pres 
sure will flow against any given back pressure offered 
by the chambers. While the chambers might be rigid in 
some presently unknown embodiment and the valve 
means provided herein would operate perfectly with 
such chambers, no presently discernable purpose 
would be served by such a combination. The preferred 
chambers will expand and contract and any such cham 
bers will exhibit a yielding and extended resistance to 
expansion and will contribute a yielding and extended 
force to exhaustion. This is a major factor in design of 
the embodiment of the invention shown in FIG. 1 as it 
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14 
is in the design of a peristaltic pumping device such as 
will be described herein below. . 
The ganging pattern of FIG.9 may be turned through 

90° thus to gang each valve V1 with the supply valve 
V2 of the upstream chamber and the exhaust valve V4 
of the downstream chamber. While this would no 
longer be a diagrammatic equivalent of the valve means 
14 the operation would be the full equivalent of that 
achieved by the means 14 and the illustrated arrange 
ment in FIG. 9. 

In FIG. 10 there is shown a modification in the gang 
ing of the valve elements which also does not constitute 
a diagrammatic equivalent of the valve means 14 
shown in FIGS. 4 and 5. In FIG. 10 the valve V1 leading 
into each of the downstream chambers is ganged with 
the supply valve V2 and the exhaust valve 74 for that 
particular chamber. Considering first chamber n, the 
valve V1 leading thereto from chamber n-1 will open 
only when the fluid pressure in n-1 reaches substan 
tially supply pressure and the fluid pressure in chamber 
in reaches substantially exhaust level. When V1 opens 
it is ganged to close exhaust valve V4 of chamber n and 
to open supply valve V2 of that chamber. As the fluid 
pressure rises in chamber n to substantially equal the 
falling pressure in chamber n-1 the valve V1 will be 
moved back to closed position. A time delay device is 
built into the ganging arrangement whereby exhaust 
valve V4 and supply valve V2 in chamber n remain 
closed and open respectively for a period sufficient to 
permit fluid pressure in chamber n to rise substantially 
to supply level. When this occurs the valve V1 down 
stream of chamber n will open and the inflation of 
chamber n+1 starts. It must be pointed out that the 
modification shown in FIG. 10 will require valve ele 
ments quite closely matched and of greater precision 
than is the case with the preceding embodiments and 
that there is much less tolerance for variations in vol 
umes of the chambers in a series. This is because the 
exhaust valve V4 of each chamber will open at a fixed 
time after the upstream valve V1 opens and thus the 
chamber n, for example will not wait at full pressure for 
the downstream chamber n+1 to exhaust. The ganging 
in FIG. 10 may be altered to gang the downstream 
valve V1 of each chamber with the inlet and exhaust 
valves V2 and V4 of that same chamber with results 
much the same as achieved by the illustrated ganging. 

In the modification shown in FIG. 10 the first cham 
ber n-2 has no exhaust and it is supplied through a flow 
restricting device 38 as is the case in the preceding 
forms of this invention. Thus, in chamber n-2 the pres 
sure may rise to supply level in a predetermined period 
of time roughly or substantially matched with the infla 
tion time for the succeeding chambers. However, the 
pressure in chamber n-2 will not drop to exhaust level 
but rather will drop only as a result of flow of pressur 
ized fluid from chamber n-2 into chamber n-1 during 
the period that the valve V1 between these chambers 
remains open. 
The last chamber n-6 in FIG. 10 may be provided 

with the same exhaust valve element V4 as is provided 
in those preceding chambers interior of the series and 
chamber n-6 will operate in the same manner as those 
preceding chambers. 
The valve means provided in FIG. 10 may be con 

structed in any suitable fashion and, if so desired, may 
be made into modular units insertable between cham 
bers in series of any desired length in a manner similar 
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to that disclosed in FIGS 4 and 5. No modular counter 
part of FIG. i0 is shown herein since it does not appear 
that such showing need be made for a complete under 
standing of the present invention. - 
The embodiments shown in FIGS. 4 and 5, 7 and 8 

and described in connection with FIG. 9 are definitely 
preferable to those described in FIG. 10 because the 
valve means of the earlier embodiments are completely 
controlled by the differential in pressure between adja 
cent chambers. In FIG. 10 the inflation of a chamber 
is initiated in response to such differential but the initi 
ation of exhaust is a function of time rather than of the 
differential. 
The modular therapeutic apparatus shown in FIG. 1 

may be modified in many ways by those skilled in the 
art. For example instead of the complete toroidal 
chambers n-2 et seq., shown in FIG. 1 the chambers 
may be made adjustable in effective diameter as shown 
in FIG. 11. In that Figure a single chamber 170 is 
shown comprising a tube of semi-circular form having 
closed ends 172. Adjustable fastening elements 174, 
176, such as a flexible hook and loop fastener sold 
under the registered trademark "Velcro' may be se 
cured to the closed-end regions of the tube so that it 
may be secured upon human body portions of varying 
sizes. Such chambers 170 may have inlet and outlet 
openings 178, 180 in any convenient location for coop 
eration with modular valve means such as the means 14 
or 44 shown in FIGS. through 8. 
FIG. 2 is a cross sectional view of a preferred con 

struction for the chamber 170 of FIG. 11. The semi 
circular portion 182 thereof may be made of a rela 
tively non-stretchable material such as a woven fabric 
impregnated or coated with a fluid tight elastomeric 
material such as rubber or synthetic rubber-like mate 
rial. The wall 84 which defines the inner diameter of 
the chamber 170 may be made of a stretchable flexible 
elastomeric material such as sheet rubber or synthetic 
rubber-like material. When the chamber 170 is in 
flated, as by compressed air, the wall 184 will stretch 
and exert radially inward pressure upon the tissues of 
the patient on which it is being used. Obviously, this 
same semi-circular cross section may be adapted to the 
nonadjustable form of chambers shown in FIG. 1. 
The present invention also may be embodied in non 

modular form for example a form such as that shown 
in FIG. 13. In this figure the series of chambers is built 
into a legging-like structure which may be sized to fit 
the upper or lower arms a or legs or persons requiring 
therapy of the type afforded by the present invention. 
in FIG. 3 outer legging 86 may be made of relatively 
non-stretchable fabric, plastic sheet or the like pro 
vided with a conventional slide fastener comprising two 
toothed parts 188, 190 and a slide i92. The interior 
wall of legging 186 is made up of a series of chambers 
comprising closed end tubes 194 of stretchable mate 
rial such as rubber or rubber-like plastic material each 
secured to the legging, for example as shown in the sec 
tional view in FIG. 14. The chambers 194 thus may be 
made from a single sheet of stretchable material, heat 
sealed or otherwise adhesively secured along line 196 
to provide the separate chambers 195. valve means 198 
may be fixed to the exterior of the legging 186, commu 
nicating through legging 186 with each chamber 194 
and the valve means each may be connected with a sup 
ply manifold 200 and exhaust manifold 202, all as 
shown in FIG. 3. As will be apparent the valve means 
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16 
198 may be similar to or identical with the valve means 
14 or 144 shown in FIGS. 1 through 8. 

: The present invention may be readily adapted to use 
as a peristaltic pump of substantially any of the well 
known configurations of such devices. A single adapta 
tion is shown diagrammatically in FIG. 15. In this figure 
an outer rigid tube or conduit 210 has positioned 
therein a series of inflatable toroidal chambers 212 
which surround a flexible tube 214 in which the mate 
rial to be pumped is confined. Outside the rigid tube 
there is provided a series of valve means 216 of any of 
the types hereinabove described, one valve means 216 
being connected between adjacent toroidal chambers 
22, within the series. Each of the several valve means 
216 is connected with a supply manifold 218 and an ex 
haust manifold 220. The operation of the toroidal 
chambers in expanding and contracting in a plurality of 
successively propagated waves is the same here as has 
been described above and the peristaltic squeezing ac 
tion upon the flexible tube 214 will be effective to ad 
vance material along the tube as is well known. The 
materials thus advanced usually are of pasty, semi liq 
uid form, such as concrete, or flowable dry materials 
such as small spheres of plastic material being ad 
vanced to an extruder or molding device or the like. 
Also, such devices are frequently used for pumping 
highly corrosive or abrasive liquids or suspensions or 
slurries or the like which present problems in pumping 
by more conventional apparatus. 

In FIG. 5, the valve means 216 and manifolds 218, 
220 are shown outside the rigid tube 210 merely for il 
lustrative purposes. It will be apparent that these ele- . 
ments may be arranged within the rigid tube 210 by 
notching the toroidal chambers 212 as suggested above 
in FIGS. 1 and 2 or by providing a separate rigid con 
duit within the portions of the tube 210 which are occu 
pied by the chambers 212. 
The adaptibility of the present invention to other 

forms of peristaltic pump arrangements will be appar 
ent. Thus the chambers each may comprise a spherical 
body adapted to expand to close the pipe or conduit 
within which the pumpable material is flowing and to 
contract to open the same upon inflation and deflation, 
respectively. The self starting and self regulating action 
provided by the present invention may be relied upon 
in such adaptations to reliably produce the pulsating 
and wave propagating action required for such pump 
Ing. 
Mention has been made above to the fact that adjust 

able throttle valves could be used instead of the flow 
restrictors 38 and 50 in FIGS. , 9 and 0. Flow restric 
tors of fixed characteristics are preferred because ex 
cept for an initial adjustment to approximately match 
the operational characteristics of the chambers n-2 et 
seq. there would be no further need for adjustment if 
adjustable throttle valves were to be provided. Indeed, 
unskilled or unauthorized persons could cause some 
difficulty in operation of the first and last chambers, at 
least by tampering with the adjustable valves. Accord 
ingly the fixed flow rates of the flow restrictors 38 and 
50 preferably are established by original design so as to 
operate as described above. 

It should be noted that the valve means 14 are self 
starting irrespective of random modes in which they 
may fall when the devices such as that shown in FIG. 
1 is first assembled or even when the device is restarted 
after a period of rest. The manner in which this is ac 
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complished has been described in connection with the 
diagrammatic showing in FIG. 9 and it is referred to at 
this point only to emphasize that the valve means 14 
operate in the manner thus described. This feature as 
well as the use of flow restrictors 38 and 50 instead of 
special or adjustable valves for the first and last cham 
bers contribute substantially to the practicality of the 
preferred modular construction. When a device is to be 
assembled for a particular patient a selection of modu 
lar chambers n-2 et seq. is made and the assembly op 
eration thereafter may be made by unskilled persons 
since there is nothing to adjust and the chambers are 
plugged together by identical valve means which do not 
require setting into any specific mode. These features 
are of almost equal value in connection with a non 
modular embodiment such as shown in FIG. 13 and in 
a peristaltic pumping device of any type inasmuch as 
the initial assembly is simplified and no resetting is re 
quired after packing and shipping or after intermittent 
periods of use and non-use. 

In those embodiments of this invention which are in 
tended for therapeutic use the fact that a mechanically 
driven distributor is not required is of substantial im 
portance. the total bulk of the device is reduced be 
cause it is not necessary to have an individual conduit 
or tube running from the distributor to each of the in 
flatable chambers. Since only a single supply line is re 
quired from the compressor to the device applied to a 
patient the compressor may be located outside the pa 
tient's room or the pressurized air or other fluid may be 
drawn from a central plant. In either event no electrical 
equipment need be near the patient. Therefore, the 
present device may be used in operating rooms to pre 
vent stasis in the deep veins of the limbs of patients on 
which operation is being performed. In contrast, the 
electric motors used in the mechanically driven distrib 
utors of the prior art would be dangerous and probably 
not acceptable in an operating room and the multitudi 
nous tubes required would make impractical the locat 
ing of the distributor outside the operating room. 

In those embodiments of this invention intended for 
therapeutic use it is suggested, without limiting such 
use to that suggestion, that the apparatus be so de 
signed as to provide a complete cycle of inflation and 
deflation of each of the chambers, such as n-2 et seq. 
as shown in FIG. 1, every two seconds. The frequency 
or rate of propagation of waves of pressure along the 
series will thus be about one-half chamber per second, 
a frequency which will result in a pleasant stroking sen 
sation insofar as the patient is concerned. As noted 
above, the time required for inflation and deflation of 
any chamber of the series is a function of many vari 
ables including supply pressure, size of manifolds and 
tabing, size of passageways within and into and out of 
the valve means and chambers, the relative areas and 
spacing radially, from the axis of a valve such as shown 
in FIGS. 5 and 7 and 8, of the valve control surfaces 
against which fluid pressures are exerted, as well as the 
volume and stretch characteristics of the chambers and 
the materials from which the chambers are made. Any 
desired combination of these and other variables may 
be established by those skilled in the art. 
What is claimed is: 
1. In combination, supply means for supply fluid 

pressurized to a predetermined pressure, supply mani 
fold means connected with said supply means, a plural 
ity of inflatable chambers made of elastomeric material 
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8 
expansible and contractable under changing fluid pres 
sure, said chambers being arranged in a series compris 
ing a first chamber, a plurality of intermediate cham 
bers extending in series downstream of said first cham 
ber and a last chamber downstream of said intermedi 
ate chambers, means for producing a continuous series 
of pressure pulses sequentially along said series of 
chambers comprising: means providing a supply pas 
sageway for connecting each of said chambers individ 
ually with said supply manifold means, bistable open 
and closed supply valve means associated with each of 
said supply passageways except that for said first cham 
ber to afford flow at a predetermined rate or no flow 
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of said fluid from said manifold through said supply 
passageway to the interior of the chamber with which 
said supply passageway is connected, means providing 
an exhaust passageway connecting the interior of each 
of said chambers with an exhaust region at fluid pres 
sure lower than said predetermined pressure, bistable 
open and closed exhaust valve means associated with 
each of said exhaust passageways except that for said 
last chamber to afford flow at a predetermined rate or 
no flow of said fluid from the chamber with which said 
exhaust passageway is connected to said region, a plu 
rality of fluid pressure responsive valve control means 
each connected between each chamber and the cham 
ber immediately downstream thereof in said series by 
means of passageways communicating respectively 
with the interior of the upstream and downstream 
chambers thus connected, each of said valve control 
means being movable in opposite directions into either 
of two stable positions in response to the differential in 
fluid pressure between the two chambers which each of 
said valve control means connect, each of said valve 
control means being thus movable in one direction to 
one stable position by movement initiated only when 
the fluid pressure in the connected upstream chamber 
is substantially equal to said predetermined pressure 
and the fluid pressure in the connected downstream 
chamber is substantially equal to that in said exhaust 
region, means responsive to the movement of each of 
said valve control means in said one direction for open 
ing the exhaust valve means for the connected up 
stream chamber and for opening the supply valve 
means for the connected downstream chamber to pro 
gressively lower the pressure in the connected up 
stream chamber and to progressively raise the fluid 
pressure in said downstream chamber substantially to 
said predetermined pressure, and each of said valve 
control means being thus movable in another direction 
to another stable position by movement initiated only 
when the progressively rising fluid pressure in said con 
nected downstream chamber rises to substantially 
equal the progressively lowering fluid pressure in said 
connected upstream chamber, means responsive to the 
movement of each of said valve control means in said 
another direction for initiating the closing of the supply 
valve means for said connected downstream chamber 
and for initiating the closing of the exhaust valve means 
for said connected upstream chamber, each of said 
valve control means including means for delaying com 
pletion of the initiated closing of said supply valve 
means for said connected downstream chamber and of 
said exhaust valve means for said connected upstream 
chamber for a predetermined period of time sufficient 
to insure that the pressure in said connected down 
stream chamber rises substantially to equal said prede 
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termined supply pressure and to insure that the pres 
sure in said connected upstream chamber lowers sub 
stantially to equal the pressure in said exhaust region, 
said valve control means when in said another stable 
position holding closed the exhaust valve means for 
said connected upstream chamber and also holding 
closed the supply valve means for said connected 
downstream chamber whereby to place the next cycle 
of inflation of said connected upstream chamber under 
control of the chamber immediately upstream thereof 
and to place the next cycle of exhaust of said connected 
downstream chamber under control of the chamber im 
mediately downstream thereof. 

2. A combination in accordance with claim 1 in 
which said means for delaying the closing of said ex 
haust and supply valve means comprises bleed passage 
ways affording flow at a restricted volumetric rate of 
pressurized fluid from said connected upstream and 
said connected downstream chambers to move said 
valve control means slowly towards said another posi 
tion. 
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3. A combination in accordance with claim 2 in 

which each of said valve control means also comprises 
a connecting passageway which provides direct com 
munication from said upstream connected chamber to 
said downstream connected chamber when said valve 
control means is in said one stable position and a check 
valve in said connecting passageway to permit flow of 
pressurized fluid therethrough only in a downstream 
direction. 
4. A combination in accordance with claim 2 in 

which said valve control means includes a port which 
is opened when said slowly moving valve control means 
closely approaches said another position for directing 
pressurized fluid under rising pressure from said con 
nected downstream chamber to a pressure responsive 
element in said valve control means to rapidly com 
plete movement of said valve control means into said 
another stable position and to hold said valve means in 
said stable position until movement of said valve con 
trol means in said one direction is again initiated. 
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