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Our present invention relates generally to a 
method of increasing collateral circulation in the 
treatment of peripheral vascular disease, and 
more particularly it relates to a novel method of, 
and apparatus for, producing intermittent venous 
Occlusion in an extremity wherein there exists 
deficient circulation. 
In the past it has been proposed to treat pe 

ripheral vascular disease in a wide variety of 
ways. The treatments have all sought this com 
mon goal: to stimulate the circulation in the dis 
eased extremity in such a manner that the effect 
of obstructed arterial flow is compensated for. 
Such prior procedures not only utilize drugs and 
surgery, but also employ postural exercises; phys 
iotherapy; and mechanical methods. It cannot 
be said that any of these earlier proposals is 
adequate. 

It is self-evident that for any treatment to be 
adequate and offer relief, it must be consistent 
in action when repeated with different patients; 
it should, additionally, impose a minimum 
amount of danger, discomfort or pain upon the 
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patient; it should be productive of a substantial 
improvement in the collateral circulation of the 
diseased extremity over a usefully wide period 
of time. The various measures proposed in the 
past have failed to accomplish one or more of 
these objects. 

It may, therefore, be stated that it is one of the 
main objects of the present invention to ade 
quately meet the above requirements in the treat 
ment of peripheral vascular diseases of the type 
wherein deficient circulation, either temporary 
or permanent, is the offending factor, the present 
treatment employing a novel mechanical method 
of stimulating and increasing collateral circul 
lation in the diseased extremity. 
Another important object of the invention may 

be stated to reside in the provision of a method 
of, and apparatus for, producing intermittent 
venous occlusion in an extremity and consequent 
active, vaso-dilatation of the arterioles, thereby 
achieving marked increase in collateral circula 
tion. - 

Another object of this invention is to provide, 
from a generic viewpoint, a method of, and means 
for, obstructing the returning venous blood in 
the diseased extremity in peripheral vascular dis 
ease without in any manner interfering with the 
arterial flow; maintaining the obstruction active 
over a predetermined period of time sufficient in 
duration to result in a substantial reactive hyper 
emia upon release of the obstruction; releasing 
the obstruction to develop thereby a highly 

(C. 128-299) 
marked arterial flow through the collateral ar 
terial network of the diseased and blocked ar 
tery; and then repeating this cycle of alternate 
venous obstruction and release over a period of 
time sufficient to produce alleviation of pain and 5 
increase vascular capacity as determined by 
functional tests. 

Still another object of our present invention 
is to provide an apparatus for automatically pro 
ducing alternate venous obstruction and release 10 
in an extremity, the apparatus, in its broadest 
aspect, comprising a means for obstructing the 
flow of venous blood; a device for positively main 
taining the said obstruction means operative for . . 
a predetermined period of time; the obstruction 5 
means being rendered inoperative at the end of. 
the period whereby the venous flow is resumed; 
the aforesaid device being further constructed to 
prevent actuation of the obstruction means for a 
predetermined period of time, and there being 20 
provided a time-responsive mechanism for per- . . 
mitting repetition of this cycle as many times as 
is required. 

Still other objects of the invention may be 
stated to reside in the general improvement of 25 
mechanical devices for treating peripheral vas 
cular diseases, and more especially to provide a 
device which is not only mechanically reliable, 
durable and efficient in operation, but is further 
characterized by its relative simplicity of assem- 30 
bly and manipulation. 
The novel features which we believe to be chair 

acteristic of our invention are set forth partic- . 
ularly in the appended claims; the invention it 
self, however, as to both its organization and 35 
method of operation will best be understood by 
reference to the following description taken in 
connection with the drawings in which we have 
indicated diagrammatically a construction where 
by our invention may be carried into effect. 40 
In the drawings:- ... ' . . . . ." 

Fig. 1 is a schematic representation of a dis 
eased extremity under treatment, . . . . 

Fig. 2 is a graphic analysis of the effect of the . . 
present apparatus on the arterial flow, ". . . .45 

Fig. 3 shows schematically an apparatus adapt- i. 
ed to perform the functions provided by this i 
vention, . . . . . 

Fig. 4 shows a sectional detail of the timin 
device. . . . . . . . . . 

Referring now to the accompanying drawing, 
attention is first directed to Fig. 1 which 
matically illustrates the relation betweenthe... 
venous and arterial networks in an extremity ... 
whose circulation is impaired by peripheral vas- 55 
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cular disease. In general, impaired circulation 
occurs in such diseases as: arteriosclerosis; 
thrombo-angiitis obliterans; Raynaud's disease; 
scleroderma; endarteritis obliterans; embolus; 
and arteritis as occurring in typhoid or typhus 
fever. 

Deficient circulation not Only results in pain 
and interference with normal use of the affected 
extremity, but creates a dangerous vulnerability 
to a gangrenous condition. Regardless of the 
pathological cause of the deficient circulation, the 
latter condition results from the development in 
the main artery of an obstruction to normal flow. 
Without in any way intending to show any par 
ticular case, the representation in Fig. 1 illus 
trates a general state of obstruction in the pop 
liteal artery. The shaded portion within the 
popliteal artery designates a thickening of the 
vessel wall, or perhaps a deposit on the inner 
walls; the normal flow of arterial blood (in the 
direction of the arrows) has been obstructed. 
As a result of this obstruction, the disturbances 
mentioned above follow. The main artery is 
shown dividing into the anterior and posterior 
tibial arteries; the anterior and posterior tibial 
veins are seen joining to form the deep saphenous 
vein which Subsequently empties into the general 
circulation. The Sense of Venous flow is shown 
by the arrows directed upwards. 
The small arteries branching off from the main 

trunks are not shown in detail; it is to be under 
stood, however, that the reference letter C de 
notes the condition existent when the small ar 
teries unite, Or anastOmoSe, With others near 
them very freely. This condition is Well known 
to occur to such an extent, that when even a 
large artery is blocked a certain degree of collat 
eral circulation is carried on by the communica 
tions between the arterial branches above and 
below the obstruction in the normal channel. 
In peripheral vascular diseases, however, this col 
lateral circulation is inadequate to provide suffi 
cient circulation to replace the normal arterial 
flow. The problem, then, is to restore circula 
tion, and, if possible, to utilize the collateral cir 
culation, thus by-passing the obstructed main 
artery. 
In the past various expedients have been pro 

posed and tried to solve the problem. For ex 
ample, and without detailed discussion, there 
have been proposed bed rest; physiotherapy of 
different types; postural exercises; elimination of 
SpaSn-producing Substances, such as ergot foods 
and tobacco; vaso-dilatation by drugs, heat and 
Surgery; fluid injections of different types; me 
chanical methods of improving circulation 
through the obstructed artery itself by alternate 
Suction and pressure; femoral vein ligation. 
To appreciate the functioning of the present 

method of treatment, let it first be assumed that 
a pneumatic cuff is applied at mid-thigh posi 
tion; the cuff is there positioned so that when 
inflated it prevents the returning flow of venous 
blood. If, now, the cuff is inflated to a pressure 
above intravenous pressure, for example 40 mm. 
of mercury pressure and maintained at . this 
preSSure for a period of time, an increase in ar 
terial circulation occurs in the extremity, and 
more extensively during the release of this pres 
sure. The pressure employed during occlusion 
is preferably below the normal arterial pressure 
(120 mm. mercury), and is above the venous 
pressure (10 mm). It is to be understood that 
since reactive hyperemia can also be produced at 
the release of pressures above arterial pressure, 

2,40,898 
therefore, the 1 c of venous occlusion pressure 
above arterial pressure is encompassed within 
the scope of this invention. It has been found 
that during the release of the venous occlusion 
there occurs an active vaso-dilatation of the ar 
teries and an increase in arterial flow of as much 
aS 600 per cent, depending upon the degree and 
duration of the applied venous congestion. 

Observation shows an increase in arterial flow, 
during release of the venous occlusion, in the col 
lateral circulation C from 10 c. c. per 100 c. c. 
tissue per minute to a value of 60 c.c. per 100 c. c. 
tissue per minute. This action results in a high 
ly satisfactory improvement in circulation of the 
extremity when utilized in the manner to be fur 
ther described, 

It is not thought necessary for the purposes of 
this application to eter into a detailed discus 
Sion, or analysis, of the physiological relation be 
tween the venous occlusion and release, and in 
Crease in the collateral circulation C. It is be 
lieved sufficient to point out that plethysmo 
graphic methods show an increase in the volume 
of the extremity upon application of a cuff for 
Wenous occlusion; the degree of increase in vol 
lume being directly proportional to the pressure 
increase. After maintaining the pressure for a 
period of time, release of the pressure results in 
a fall of volume followed by a secondary rise. 
The Secondary rise, followed by a final decrease 
in extremity volume, represents an actual in 
Crease in arterial flow far above normal flow. 
Fig. 2 graphically portrays the increase in ex 
tremity volume as the cuff pressure is main 
tained; the initial drop of volume upon release of 
the pressure; and the "hump' with its increased 
amplitude of arterial oscillation thereby showing 
a greatly increased arterial flow. 
This cycle of venous occlusion and release is 

repeated over and over again with the result that 
an arterial flow is developed in the collateral cir 
culation C, see Fig. 1, sufficient to compensate 
for the effects of the obstructed main artery. We 
have found that sustained venous compression at 
30 to 60 mm. of mercury for two minutes, fol 
lowed by a release of this pressure for another 
two minutes, resulted in highly satisfactory clini 
cal report.S. Preferably, the technique consists 
in applying venous compression with a pneumatic 
cuff, at mid-thigh or mid-arm, at a pressure of 
40 mm. of mercury, alternating with release at 
two minutes each over periods as long as 12 hours 
a day continuously. Of course, the pressure emi 
ployed in the cuff, the duration of the treatment, 
as Well as the period of alternation, is variable; 
it will depend to a great extent upon the clinical 
picture presented by the patient prior to treat 
ment. 
This routine not only produces alleviation of 

pain in the diseased extremity and increase of 
vascular capacity, but is performed by an ap 
paratus, to be hereinafter disclosed, imposing a 
minimum of discomfort and inconvenience to the 
patient. Further, consistent use of the method 
is followed by restoration of the impaired circu 
lation to a point where normal activities may be 
resumed. In cases where a gangrenous condition 
exists, the latter is arrested thereby limiting sur 
gical treatment. This method of applying inter 
mittent venous occlusion to provide a substitute 
for the obstructed main artery, is accomplished 
in an automatic manner by employing the mech 
anism Schematically shown in Fig. 3. 

Since the System employed is purely illustrative 
in nature, the various mechanical, as well as 
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electrical circuit, elements are Conventionally 
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represented. It is to be clearly understood, fur 
thermore, that many variations of the different 
components of the system are possible. What is 
essential in the construction of the present ap 
paratus is that the elements of the System co 
operate to perform, in a continuous and auto 
matic manner, the successive steps of the method 
described above. 
From a generic aspect the apparatus shown in 

Fig. 3 comprises a means for rendering operative 
a venous occlusion device, the pressure applied 
to produce occlusion being Substantially above 
normal venous pressure; a time-controlled mech 
anism functioning to render the occlusion device 
inoperative upon the elapse of a predetermined 
period of time and operative again upon the pas 
sage of a predetermined period of time, and the 
timing mechanism being constructed and ar 
ranged to repeat the cycle of occlusion and release 
over a desired treatment period. 
More specifically the system shown in Fig. 3 

comprises a pneumatic, or balloon, cuff f of 
usual design. The cuff is customarily a hollow 
body of rubber, or other suitable elastic material, 
and is band-like in design. As is the case when 
employed in connection with blood pressure meaS 
uring apparatus, the cuff is usually provided with 
a binder (not shown) for securing the cuff in 
operative encircling position (see Fig. 1) on the 
extremity under treatment. The cuff is provided 
with a pair of ports 2 and 3, the port 2 being 
coupled, through rubber tubing 4, to an arm 5' 
of the three way coupling 5. The port 2 of the 
cuff is the intake, or inflation, port, inflation of 
the cuff being accomplished through the agency 
of an air pump, or compressor, 6. 
The latter is shown arranged to be operated by 

a motor 7. The dotted line 8 is to be understood 
as designating the mechanical drive between the 
motor and pump 6. The pump, itself need only 
be of conventional design, provided with air inlet 
9 and outlet O. The air outlet O is coupled to 
the arm of coupling 5 through a check valve 
device comprising a valve Seat 2, ball valve 3 
and guard cage f4. A rubber tubing 5 couples 
the outlet of the check valve to arm f ; rubber 
tubing 6 connects the pump outlet 10 to valve 
seat 2. : 
The third arm T is coupled, through rubber 

tubing 8, to the inlet end of the air pressure 
release valve. The latter may be of any desired 
conventional type, the type shown being usually 
employed in automobile tires, is well known to 
those skilled in the art. It comprises, as usually 
constructed, a tubular casing 20 having a valve 
seat 2 at one end thereof; a valve member 22 
is normally biased into engagement with the Seat 
2 by spring 23. The end of the spring 23 opposite 
to valve member 22 is fixedly secured to a sleeve, 
or bushing, and the latter is provided with an 
opening through which stem 24 extends to be 
guided thereby, The valve member 22 is provided 
With a stem 25 terminating in a head 26, which 
stem extends through a bore in the valve seat 2. 
Thus, when the head 26 is pushed towards the 
spring 23, the valve member 22 is moved out of 
contact with seat 2 and the bore in the seat per 
mits the air in the cuff to escape. Normally, 
that is, with no pressure on head 26, the member 
22 is in bore-closure position on seat 2?. Of 
course, all rubber tubing may be replaced by metal 
or glass tubing, or any other material. 
As shown in Fig. 3, the head 26 is urged into 

air pressure release position by the arm 30 of 

3 
relay armature 3-32. The latter is of the 
weight-polarized type, and, as commonly used, 
comprises a pivoted arm 30 adapted to be moved 
through an arc by metallic armature 32. The 
latter is normally pulled downward against a stop 
by the force of gravity, being Secured at one end 
to the pivoted end of arm 30, as at 33. When the 
armature 32 is in its normal position against Stop 
32 the arm 30 is pulled away from contact with . 
head 26. Conversely, when the armature 32 is in 
its uppermost position, it forces arm 30 against 
head 26 and causes the pressure release action 
to take place. 
The armature 32 is pulled into its pressure 

release position by an electro-magnet 40, the 
latter being energized for this purpose by current 
derived from an electrical circuit now to be de 
scribed. Terminal 4 of the electro-magnet is 
connected to one side of the 60 cycle A. C. source 
through a path including lead 42, fuse 43, an 
'on-off' switch, lead 45. The 60 cycle A. C. 
source is the usual lighting mains, but it is to be 
clearly understood that any other current source 
may be utilized in this connection. For example, 
a direct current source may be used; and the 
Source may be of the power line or battery type. 
The “on-off' switch 44 may be of any conven 

tional snap, or toggle, switch construction. For 
the purposes of the present disclosure it is suffi 
cient to point out that it comprises a pair of con 
tacts 46 and 47, and a contactor 48. The latter 
element is mechanically coupled to a manually 
manipulable member 49 in a manner such that 
adjustment of member 49 in the direction of the 
arrow results in electrical connection between 
contacts 46 and 47. 
The mechanical coupling between member 49 

and contactor 48 is represented by a dotted line. 
This coupling is extended to simultaneously actu 
ate a pin, or lever arm, 5f. The arm 5 is rigidly 
affixed to coupling 50, (which may, for example, 
be a rod extending from the contactor adjusting 
stub and fixedly carrying the member 5), but is 
movable in unison therewith. Further, the mem 
ber 5 is constructed and arranged so that as the 
"on-off' switch is moved to open position, the 
member 5 is adjusted to push the element 30 
against head 26 and thus unseat valve member 22. 
In other words, when the adjusting knob. 49 

is actuated (as by rotation) in the direction of 
the arrow (adjacent contact 46) to close the cir 
cuit, the pin 5? is simultaneously moved, (in the 
direction of the arrow adjacent arm. 30) out of 
contact with arm. 30. Hence, there is provided 
a device for insuring actuation of the release 
valve to "release' position whenever the “on-off' 
SWitch is in open-circuit position. 

Returning now to the remainder of the circuit 
which includes magnet 40, the alternating cur 
rent source is connected to terminal 60 of the 
magnet through a path including lead 6 f, con 
tact blade 62, metallic disc 63, contact blade 64. 
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The disc 63 has affixed to a face thereof a con 
centric insulation disc. 65. The latter is of a 
diameter sufficiently less than that of the disc 63 
to provide a peripheral exposed margin on disc 53, 
the blade 62 being in slidable electrical contact 
with this margin. A circle of spaced openings 66 
is provided around the periphery of insulation 
disc 65. These openings 66 may be substantially 
Square, or rectangularly, shaped, as shown in 
Fig. 3. 
The openings 66 are dimensioned so as to be 

readily capable of receiving the free, or contact 
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70 

end, of contactor blade 64 within the four sides ris 
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of each opening. Further, the width of each 
opening 65, along the circle of rotation is SO 
chosen as to permit the contactor 66 to be in 
electrical connection with contactor 32, through 
disc 63, for the predetermined period of time 
desired for venous occlusion, and the latter may 
be, for example, two minutes. To break the elec 
trical connection between the contactors 62 and 
68, the discs 63 and 35 are simultaneously rotated 
until the contactor 6é is out of a given opening 66 
and rests on the insulation disc between the last 
opening and the succeeding one. The Spaces be 
tween openings are dimensioned so as to keep the 
electrical connection between contactors 62 and 
64 open for a period of time equal to the occlusion 
“release' period. As stated previously, this re 
lease period may be, by way of example, two 
minutes in duration. 

Accordingly, it will be seen that discs 63 and 65, 
with flexible slidable contactors 62 and 64, func 
tion as a timing mechanism to control the infla 
tion and deflation of balloon cuff . Again, the 
control is carried out in a periodic manner by 
rotation of the discs. This is most effectively ac 
complished by means of a synchronous motor 6 
which is operated from the A. C. source. Any 
other type of constant speed device, as a Spring 
clock movement, may be used. The synchronous 
motor may be of any Well known type employed 
in clocks of the type energized from a 60 cycle 
A. C. source. For example, such a clock is known 
by the trade-mark "Telechron'; the synchronous 
motor of this type of clock is self-starting. The 
motor 67 rotates the discs 63, 65 one complete 
revolution in 60 minutes; a mechanical coupling 
indicated by dotted line 68 between the discs and 
the motor 67 serves to produce this rotation. 

It will be seen that synchronous motor 67 pro 
duces relative movement between contactors 62, 
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64 and the discs 63, 65; due to the contactors 
being in fixed position, the rotation of the discs 
63, S5 cause slidable contact of the free ends of 
the contactors with the contacted disc faces. 
The motor 6 is connected in shunt across the 
A. C. Source by connecting one terminal of the 
motor to lead 6, and the other terminal being 
connected to contact 47 of the “on-off' switch. 
Thus, the motor 6 is not energized to rotate the 
discs 63, 65 until the contactor 48 is in elec 
trical contact with elements 46 and 47. 

Fig. 4 shows in a sectional view, the details 
of the timing mechanism. The insulation disc 
65 can be fabricated of paper of good wearing 
resistance, a phenol condensation product, hard 
rubber or any other suitable material; it may 
be cemented to the metallic disc 63, or affixed 
thereto in any other desired manner. The disc 
63 is, of course, very much thicker than the in 
sulation disc So as to furnish a rigid founda 
tion. In general, the composition of the disc 65 
should be such that it withstands wear due to 
sliding contact with contactor 64, and is elec 
trically non-conductive. The disc 63 should be 
electrically conductive, and be composed of a 
metal such as copper in order to have good elec 
trical and wearing qualities, and be rigid. For 
a four minute cycle of occlusion and release, and 
a period of rotation of discs 63, 65 of 1. R. P. H., 
there will be provided fifteen spaced openings 66 
in the disc 65. The contactor 64, which is suf 
ficiently flexible to readily ride into aid out of 
an opening 66, will then be in contact with disc 
63 for a period of two minutes in every four min 
ute cycle. 
Assuming, now, that the member 49 has been 
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actuated to 'on' position, synchronous motor 6 
will begin to rotate the timer discs. If the Con 
tactor 64: is positioned in the Space between two 
openings G6, the magnet 40 remains unenergized. 
Hence, metallic armature 32 is not attracted and 
the arm 32 remains out of contact with head 26, 
thereby leaving the release valve closed. (Of 
course, the pin 5 has been moved out of con 
tact with arin 39, leaving arm 3) solely under 
control of magnet, 30.) In the meanwhile, and 
upon adjustment of the "on-off' switch to “on' 
position, the pump motor has been energized 
to actuate the air pump 6 for the purpose of in 
fiating cuff S. 
The motor , adapted to be operated from an 

A. C. source, has one terminal 70 thereof connect 
ed to One side of the A. C. Source through a path 
including lead , lead 2, lead S. The termi 
nal 73 of the motor connects to the other side 
of the A. C. source through the following path: 
lead (, pig-tail connection 75, pivotal contactor 
6, contact , lead 8, lead 9, lead 80, and to 
lead 45 through the “on-Off' Switch. The con 
tactor 6 is adjusted to motor-energizing po 
sition when the metallic armature 8 of electro 
Imagnet 82 is attracted towards the latter. The 
magnetic relay 82-8f may be of the same type 
as relay 40-32; normally the pivoted armature 
rests against stop 8' due to the force of grav 
ity. The dotted line 83 designates the mechani 
cal coupling between contactor 76 and arnature 
8; that is, the contactor moves in unison with 
armature 8, but is not in electrical connection 
therewith. Electro-magnetic relay constructions 
of this type are well known to those skilled in 
the art, and therefore no further description is 
believed necessary. 
The energization of electro-magnet 82 depends 

in turn upon armature 32, and whether or not it 
has been attracted by coil 40. The circuit in 
cluding electro-magnet 82 may be traced in the 
following manner: terminal 84 connects to one 
side of the A. C. source through a path includ 
ing lead 80, the “on-off' switch and lead 45, 
Terminal 85 of the magnet connects to the other 
side of the A. C. source through a path including 
lead 86, contact 87, contactor 88, flexible pig-tail 
connection 89, lead 90, adjustable lead 9?, mer 
cury column 92, lead 93, lead 72, lead. 6 f. The 
contactor 88 is constructed, as in the case of con 
tactor 76, to be movable in unison with armature 
32. The dotted line 94 denotes the mechanical 
coupling between armature 22 and contactor 88; 
the construction is such that when armature 32 
is attracted towards electro-magnet 50, by ener 
gization of the latter, the contactor 88 is pulled 
away from contact 87. Therefore, it will be seen 
that when the release valve is actuated to defiate 
the cuff, then the pump motor circuit is auto 
matically maintained in de-energized state. 
AS. Soon as the member 64 leaves an opening 

66 in disc 65, however, the coil 40 is de-energized. 
This results in a falling of the armature 32, and 
a simultaneous closing of the pump motor circuit. 
The pump 6 is rendered operative, and inflation 
of the balloon cuff commences. In this state of 
connections the valve head 22 is seated against 
the valve seat 2, thereby preventing escape of 
air through tubing 8. The motor T is main 
tained energized until the contactor 64 slides into 
an opening 66, whereupon the pump motor cir 
cuit is broken at 88-87. 

It has been previously explained that the 
Venous occlusion pressure is of the order of 40 
mm. of mercury. That is, the cuff is inflated, 
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while in treatment position as shown in Fig. 1, 
to a point such that the desired pressure is ex 
erted on the vein. In order to visually indicate 
this pressure during inflatign, and also to posi 
tively prevent the inflation from exceeding this 
maximum pressure, there is provided the usual 
glass U tube 94 in the legs of which is disposed 
the mercury column 92. 
terminates in a bulb 95 provided With an aper 
ture 96 thus establishing the bulb interior at 
atmospheric pressure. The lead, or conductor 
wire, 93 has one end thereof disposed below the 
surface of the mercury Column, the Opposite end 
of conductor 93 protruding through aperture 96, 
and being electrically connected to leads and 
72. 
The other leg of the U tube is coupled to the 

port 3 of the balloon cuff. A rubber tubing 97 
has one end thereof coupled to port 3, the oppo 
site end being coupled to a short, tubular, me 
tallic connector 98. The outlet end of connector 
98 is coupled, by rubber tubing 99, to the pressure 
leg of the U tube. The lead, or conductor wire, 
9 f has one end 00 thereof disposed below the 
mercury surface a predetermined distance. The 
opposite end of the Wire is gripped between an 
adjustable tap screw of and the inner surface 
of connector 98 as shown. The screw of is in 
threaded engagement with the connector 98, and 
is electrically connected to lead 90. By releas 
ing the pressure of screw 0 on wire 9, and 
moving the exposed end of the wire, the sub 
mersion distance of end OO may be readily ad 
justed. The diameter of screw of is not, of 
course, sufficiently great to obstruct the air flow 
through connector 98. Also, the shank portion 
of the screw Of disposed in the connector bore 
could be provided with a transverse air passage. 

It will now be seen that as the cuff is inflated, 
the column of mercury is shifted in position. 
The mercury surface above terminal OO falls; 

A scale, calibrated in 
mm. of mercury pressure is disposed in parallel 
relation to the leg containing wire 93; thus the 
pressure in the cuff can be readily determined. 
ASSuming that the dotted line O2 represents the 
height to which the mercury surface rises at 40 
mm. pressure, the operator of apparatus will, 
therefore, initially adjust wire 9 in such a man 
ner that the mercury breaks contact with ter 
minal OO when the mercury surface in the other 
leg rises to height O2. This results in imme 
diate opening of the pump motor circuit, since 
the latter must be completed through terminal 
f00. It is to be clearly understood, however, that 
the indicator and maximum pressure mercury 
limiter switch can be omitted, if it is desired, or 
any other type of pressure indicating device, as a 
diaphragm type of gauge, may be used. In that 
case the pump motor, or pump itself, could be 
provided with any well known type of governing 
mechanism to keep the inflation pressure from 
exceeding a desired maximum occlusion pressure. 
An additional visual indicator device which 

may be employed, if desired, is shown in the sys 
tem. Three illumination devices, such as in 
Candescent lamps, are connected into the differ 
ent circuits at proper times. To energize the 
lamps there is provided a step-down transformer 
06; the primary winding 107 of the latter is 

connected across the A. C. source between leads 
T9 and 72. The secondary winding 08 has one 
terminal thereof connected, in common, to one 
side of each of lamps 03,04 and 05, each lamp 
being arranged, when in circuit, in series with 

One leg of the U tube. 
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the secondary winding. The circuit to lamp 03 
is completed through lead 09, contact flo, con 
tactor fill, flexible pig-tail 2, lead 3. 
The contactor is mechanically coupled 

with armature 32 and contactor 88; the dotted 
line 94 is extended through contactor to de 
note the fact that the contactor moves in 
unison with the other two elements, and func 
tions to close the electrical circuit through lamp 
f03 when the pump motor circuit is open and 
the pressure in the cuff is released. In the 
same way the contactor 4 is mechanically Cou 
pled with armature 8 so as to be movable in 
unison therewith; the dotted line 83 is extended 
through contactor 4 to denote the fact that 
the latter is pulled into position to close the 
electrical circuit through lamp 04 when the 
pump motor circuit is closed. 
The contactor if cooperates with contacts 
O and 7; the contactor 4 cooperates with 

contacts 8 and 9. When the contactor 64 
leaves an opening 66 and breaks the magnetic 
pull on armature 32, the contactor 88 falls there 
with and closes the circuit through electro-mag 
net 82 thereby attracting armature 8 and clos 
ing the pump motor circuit through contactor 

Simultaneously the contactor fill engages 
contact fill, and contactor 4 is pulled up to 
engage contact 8. Lamp O4 is, as a conse 
quence, energized through a path which is traced 
from contact f8 through contactor 4, through 
flexible pig-tail f, lead 7, contact f f, con 
tactor , pig-tail 2, lead 3, winding 08. 
The lamp O3, of course, is de-energized; hence 
the operator is informed that the pump motor 
circuit is closed and the cuff is inflating. 
Should, now, the pump motor circuit be opened, 

as when the mercury surface falls below terminal 
f OO, and the release valve still be closed, (the elec 
tro-magnet 82 is de-energized and armature 8 
causes contactor 76 to disengage contact 77) then 
contactor 4 would be moved into engagement 
with contact 9. In this case the lamp O5 is 
energized, and it informs the operator that the 
pump is not operating, the cuff is inflated, and 
mercury limiter switch has operated to open the 
pump motor circuit. Lamps fo3, 04 and O5 
could be colored, as for example green, yellow 
and red respectively. Of course, glow lamps 
emitting different colored lights (as neon, argon, 
helium, mercury gas filled) may be employed. 
While this auxiliary indicating mechanism is . 
highly desirable because of its utility when treat 
ment is applied by non-technical operators, yet 
it may be dispensed with if an economical type 
of apparatus is the object. 
While we have indicated and described a con 

struction for carrying our invention into effect, 
it will be apparent to one skilled in the art that 
our invention is by no means limited to the par 
ticular construction shown and described, but 
that many modifications may be made without 
departing from the scope of our invention, as set 
forth in the appended claims. 
What is claimed is: 
1. A method of increasing the blood circula 

tion through an extremity whose arterial flow 
is insufficient, which includes the steps of ob 
structing the venous flow solely at a relatively 
narrow Zone of the proximal portion of said ex 
tremity for a relatively short period of time with 
out interfering with the arterial flow there 
through, removing the obstruction at the end of 
Said period, restoring the said venous flow ob 
struction at said Zone after the expiration of a 
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relatively short period of time, and alternating 
the said obstruction removal and restoration at 
Said Zone at a predetermined frequency Over a 
relatively long period of time. 

2. A method of increasing the collateral arte 
rial circulation in an extremity whose main arte 
rial flow is impaired, which consists in applying 
pressure of between 0 and 20 min. Of nercury 
Solely at a narrow Zone of the proxir inal portion 
of the extremity thereby to produce only venous 
occlusion in the extremity, withdrawing said 
pressure at the end of a predetermined time in 
terval which has a duration suiciently long to 
cause substantial hyperemia, when the pressure 
is released, permitting normal venous flow in the 
extrenity for a predetermired time interval after 
Said pressure withdrawal, and repeating said 
cycle of pressure application and withdrawal for 
a period of time sufficient to produce said in 
creased collateral circulation. 

3. A method which includes the steps of ap 
plying a narrow inflatable cuff across the prox 
imal portion of an extrenity, inflating the cuff 
to a pressure well above the venous pressure but 
Substantially below the arterial pressure and in 
the region of 40 to 60 nm, of mercury thereby 
obstructing the venous flow through the extrem 
ity, maintaining the cuff inflated at said obstruc 
tion pressure for a relatively short period of time, 
then deflating the cuff for a corresponding time 
period, and continuously repeating the said cycle 
of cuff inflation and deflation a said frequency 
for a relatively long period of time. 

4. A method of producing an increased arterial 
circulation in a leg having deficient arterial cir 
culation Which includes the steps of compressing 
the extremity at the mid-thigh section only and 
to an extent sufficient substantially to prevent 
only venous flow, maintaining the section com 
pressed for a substantial period of time, ending 
the compressing action at the termination of said 
period, and continuously and periodically repeat 
ing the aforesaid cycle of compression and com 
pression-withdrawal over a period of time which 
is relatively long compared to said first period. 

5. In a method as described in claim 4, said 
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'compressing action being performed at a pressure 
which is intermediate the arterial and venous 
pressures, and said first period of time being of 
the Order of two minutes. 

6. In a method as defined in claim 4, said first 
period of tine being of the order of two minutes, 
and said second period being of the order of 
tWelve hours. 

7. A method of Operating an intermittent 
venous occlusion apparatus to increase the col 
lateral blood circulation in an extremity of the 
human body, the apparatus including an inflat 
able narrow cuff which is adapted to encircle 
solely a proximal portion of the extremity, the 
Inethod comprising periodically inflating and de 
flating said cuff at predetermined short time in 
tervals, maintaining the cuff inflated with air 
under a pressure sufficient to cut off solely the 
venous blood return through said proximal por 
tion and without affecting the arterial flow there 
through, alternately deflating the cuff at all times 
to atmospheric pressure, and automatically 
carrying on said deflation and inflation cycles 
Over a relatively long period of time as compared 
to said short time intervals. 

8. A method of operating an intermittent 
Venous Occlusion apparatus to increase the col 
lateral blood circulation in an extremity of the 
human body, the apparatus including an inflat 
able cuff which is adapted to encircle a proximal 
portion of the extremity, the method comprising 
periodically inflating and deflating said cuff at 
predetermined short time intervals, maintaining 
the cuff inflated with air under a pressure of 
approximately 40 to 60 mm. of mercury and 
which is sufficient to cut off solely the venous 
blood return through said proximal portion and 
without affecting the arterial flow therethrough, 
alternately deflating the cuff at all times to at 
mospheric pressure, and automatically carrying 
On Said deflation and inflation cycles ovel a rela 
tively long period of time as compared to said 
Short time intervals. 

WILLIAM. S. COLLENS. 
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