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PNEUMATIC COMPRESSION DEVICE AND 
METHODS FOR USE IN THE MEDICAL FIELD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention The present invention 
relates generally to a method and apparatus for cyclic 
compression of a body’s extremities, as Well as a related 
system With a housing for containing and mounting the 
device on the foot board of a hospital bed. 

[0002] 2. Related Art Medical devices that apply cyclic 
pressure to a person’s legs, arms. hands and/or feet are very 
old and Well-knoWn in the art. Many have employed pul 
sating pads, pistons and plungers for improving circulation. 
Others have used hydraulic and pneumatic bladders for 
similar purposes. The shapes, siZes, and composition of such 
bladders, pads and the like are Widely varied, depending 
largely on their particular application. 

[0003] Man has knoWn the fundamental principle of most 
cyclic compression devices for many years. They are merely 
a more recent embodiment of the old art of massage, Which 
has probably been used to stimulate circulation for ages. Use 
of mechanical devices to effect the massaging action is 
obviously more recent, but has a clear history of over a 
century. 

[0004] Full understanding of the mechanism involved in 
this form of improving blood How is more recent but has not 
fundamentally changed the devices used to accomplish this 
result. Veins have long been knoWn to contain a series of 
one-Way check valves along their length. Thus, When pres 
sure is applied, compressing a vein, the ?uid expelled 
therefrom can only proceed in the direction of normal 
circulation. When such compression is relaxed, the vein 
returns to its normal circular cross-section and the How of 
blood into the vein is increased until it reaches its normal 
state of back pressure. Repeating this cycle in a cyclic 
fashion thus increases blood How in the normal direction of 
circulation. 

[0005] Such compression/decompression cycles occur 
naturally in humans as part of the action of the muscles and 
?exure of the limbs. It has been knoWn for many decades 
that the foot includes a large venous plexus (or group of 
veins). It is also knoWn that this venous plexus is com 
pressed during normal Walking or running, thereby stimu 
lating circulation. This ef?cient circulation aid is a marvel 
ous design by our Creator, as its effect is greatest When the 
leg muscles (the largest muscles in the body) are in action 
and need the oxygen supplied by enhanced circulation. 

[0006] For these and other reasons, the foot has long been 
knoWn as an effective site for applying cyclic pressure. For 
instance, many devices such as Massator’s “PediPulsor” 
improve circulation by positioning a pulsating, dome-shaped 
pad in the arch of the foot. Many others have targeted the 
arch of the foot With ?exible pneumatic chambers. Apartial 
sampling of such pneumatic devices that target the arch of 
the foot are described in the masters thesis of James C. W. 
Parrott, B. Sc., B. Sc. (Med.), M.D., entitled The E?rect Of 
A Mechanical Venous Pump On The Circulation In The Feet 
In The Presenc OfArterial Obstruction, and dated Oct. 1992 
and found in the University of Manitoba library and includes 
Japanese Utility Model No. 72-10392, US. Pat. No. 4,614, 
180 in the name of Gardner and Fox, and US. Pat. No. 
4,941,458 in the name of Taheri. 
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[0007] Many others have long recogniZed that the foot 
contains veins that can be massaged or pumped to provide 
better circulation. Some examples are: US. Pat. Nos. 3,824, 
992 and 3,901,221 to Nicholson, et al; Richard Dillon M.D. 
Whose Journal of Vascular Diseases, Jan. 1986 report on 
treatment of circulation-impaired patients states “compres 
sion boot therapy enjoys a 173 year history;” and P Gaskell 
MD. and J. C. W. Parrott M.D. Whose Surgery, Gynecology 
and Obstetrics, Apr. 1978 report, Which is a summary of Dr. 
Parrott’s Master’s Thesis, documented an early demonstra 
tion of the process of venous pumping With pulsed air by 
stating “We have found that the boot covering the foot alone 
is simpler, less cumbersome. and gives a greater reduction of 
venous pressure than either a large cuff Which covers the 
Whole calf or a boot Which includes the calf and the foot.” 

[0008] Such devices and many other medical devices are 
typically auxiliary devices Which may or may not be 
employed on each patient. Because of their auxiliary nature, 
it is bene?cial for such devices to be compact, portable and 
easily employed and stored adjacent a hospital bed. Other 
devices have addressed such concerns With hooks that alloW 
the device to be hung on the foot board of a bed. HoWever, 
because of the Wide range of foot board siZes that must be 
accommodated, such hooks either have to be customiZed for 
certain foot boards, or else the snugness and security of the 
?t must be compromised. Further background and many 
other related references are knoWn to those of skill in this art. 

[0009] Despite the:long history of technological develop 
ments of such housings and compression devices, man 
continues in his manifest pursuit of the ideal system Which 
balances maximum therapeutic bene?t With practicality and 
patient comfort. 

[0010] Many other problems, obstacles and de?ciencies 
faced in these ?elds and/or addressed by the present inven 
tion Will be apparent to those skilled in that art, especially in 
light of the further descriptions herein. 

SUMMARY OF THE INVENTION 

[0011] It is a primary object of the present invention to 
provide a neW and improved cyclic compression system 
Which overcomes the problems and de?ciencies of the prior 
art. 

[0012] It is also an object of the present invention to 
provide a novel housing Which can be conveniently handled 
and simply but securely mounted to a hospital bed or the 
like. Another object of the invention is to produce a simple, 
compact, inexpensive pump and housing Which are capable 
of yielding substantial therapeutic and prophylactic bene?ts 
despite their small siZe and simplicity. 

[0013] The present invention is directed toWard accom 
plishing such objects and others and improving upon the 
teachings of the prior art by uniquely combining. re?ning 
and modifying various concepts and features to provide a 
signi?cant advancement in the ?eld. Aprimary object of the 
invention is to provide a small, lightWeight and comfortable 
but durable device Which helps prevent and/or solve many of 
the problems associated With impaired or poor circulation. 

[0014] Another object includes providing a pneumatic 
device of simple construction Which encloses as much of the 
foot as possible in order to squeeZe as much of the foot as 
possible. Particularly it is an object to enclose those portions 
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Which may be readily compressed to improve circulation 
While allowing other less compressible portions to be open 
to the air. Still other objects include providing comfort and 
moisture control and avoiding the need for accessories such 
as additional stockings, Wraps, sandals, straps, and the like, 
Which have been required by the prior art. 

[0015] Another object of the present invention is to pro 
vide an intermittent compression device requiring a mini 
mum volume of air per pulsation. 

[0016] Another object is to provide a blood circulation aid 
Which Will ?t a Wide variety of patients Without requiring 
any modi?cation or adjustments 

[0017] Another object of the present invention is to pro 
vide a disposable device of simple construction Which is of 
a universal shape in that it can be applied to either the left 
or the right foot With the same effect. 

[0018] Another object is to provide a device of great 
simplicity and ease-of-use in contrast to other devices 
designed for the purpose of aiding blood ?oW in the feet and 
legs. Related objects include providing a lightWeight, simple 
article that can be easily and quickly applied to the foot 
While still achieving the other objects of the invention. 

[0019] Another object of the invention is to provide a 
blood ?oW improvement device Which, due to its inherent 
loW manufacturing cost, is practical to use as a disposable 
item rather than cleaning and reusing. 

[0020] Still another object is to provide a cyclic compres 
sion device Which achieves optimum compression and opti 
mum blood ?oW enhancement in a manner that minimiZes 
anxiety and discomfort to the patient. 

[0021] Other objects relate to the convenience of the 
product. It is desired to provide a complete system that can 
be hand carried to the patient and easily and securely 
deployed Without concern about compatibility With the bed 
on Which the product is to be deployed. A compact, easily 
stored and minimally-obtrusive product is also sought. 

[0022] The present invention addresses the foregoing and 
many other objects by providing an ingenious article that 
integrates a compression bladder and its entire mounting, 
stabiliZing and adjustment systems into a simple and eco 
nomical construction coupled With a control system and 
housing that greatly surpass prior devices both in utility and 
ingenuity. 

[0023] The present invention Will typically comprise a 
foot Wrap device made from tWo sheets of fabric seWn or 
Welded together to form an in?atable pocket or bladder that 
preferably constitutes as much of the device as possible 
Without creating a bladder that is too uncomfortable or too 
large to be adequately in?ated. One aspect of the invention 
relates to the roughly T-shaped or L-shaped con?guration of 
its foot Wrap, With at least one portion or segment Wrapping 
around the bottom of the foot and a second portion or 
segment Wrapping around the back of the heel and ankle 
regions of the loWer leg. As Will be described With reference 
to the preferred embodiments, the invention may include 
various extensions or tabs provided to operatively join With 
other extensions, tabs or the like, as may be bene?cial for 
comfort and ef?cacy. In the preferred embodiments, both 
inner and outer fabric layers are cut from the same pattern. 
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[0024] Fasteners formed integral With the extensions 
enable releasable application on the foot. Preferably, such 
fasteners include Velcro hook connectors, and the outer 
surface of the foot Wrap is formed of Velcro loop material (or 
the equivalent) for mating With the hook connectors. The 
inner layer of the foot Wrap is preferably a vapor permeable 
material having greater elasticity than the outer layer. Both 
fabrics are preferably impermeable to air and capable of 
being fused together by heat Welding or the like. A ?lling 
tube may be sealed into the in?atable bladder or pocket 
through the outer fabric layer. 

[0025] In the ?rst embodiment, the complete foot Wrap 
Weighs only a feW, ounces and is soft and pliable. When it 
is properly applied, a ?rst dimpled or segmented portion of 
the in?atable bladder Wraps around the main part of the foot 
and fastens to itself. Another portion is joined integrally in 
?uid communication With the ?rst but Wraps around behind 
the heel and ankle regions of the loWer leg. The second 
portion fastens to the outside surface of either itself or the 
other portion. Thus, the foot is almost completely enclosed 
and surrounded by the in?atable bladder, and the device 
securely holds itself in place on the foot in order to compress 
as much of the foot as feasible When the bladder is in?ated. 

[0026] Fluid for such in?ation may be supplied by one of 
the pump systems Well knoWn in the art, although the 
preferred embodiment includes and provides several 
advancements over that art. The preferred embodiment 
includes a pump that operates in a pulsed sequence that can 
be adjusted for any desired frequency and intensity accord 
ing to the prescribed treatment. Preferably the pump/control 
is set to compress the foot to pressures in the range betWeen 
120 and 190 mm Hg and to hold it in that pressure range for 
tWo seconds every ?fteen seconds. This pressure range is 
generally accepted by Applicant to ensure closure of the 
veins in the foot, although loWer pressures may be partially 
effective as Well. 

[0027] The preferred embodiments uniquely integrate 
more fundamental aspects of the invention together With 
cushioning means for minimiZing localiZed pressure con 
centrations acting on the foot, thereby inhibiting skin break 
doWn on the foot, especially its most vulnerable areas. 
Optimum compression of the foot is ensured by. enclosing 
as much of the squeeZable portion of the foot as is feasible. 
In the ?rst embodiment, the inner and outer sheets are joined 
together at circular portions in the interior of its in?atable 
bladder to help prevent excessive in?ation, particularly over 
regions of the foot that are less compressible. This further 
optimiZes compression of the foot to ensure optimum blood 
?oW enhancement. Holes may be provided through the Wrap 
at those circular portions to further enhance breathability of 
the patient’s skin. 

[0028] The present invention also includes a unique pres 
sure source for supplying pressure to the referenced foot 
Wraps. Pressure feedback control of the pressure supplied by 
the pressure source is provided even during the then-current 
compression cycle. The feedback system overcomes some 
of the dif?culties inherent in its objects by incorporating 
spike eliminators, as Well as error detection means for 
alarming the operator of error conditions such as kinked 
hoses or disconnected foot Wraps. The spike eliminator may 
include an accumulator, possibly in combination With a ?oW 
restrictor. The accumulator and restrictor are con?gured in a 
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Way that helps prevent the pressure sensors from over 
responding to initial surges of line pressure. Such surges are 
otherWise common close to the pressure source With com 
pression devices that provide quick in?ation. 

[0029] More particularly, the pressure sensing and control 
system may include a transducer, an analog-to-digital con 
verter, and a digital micro-controller that controls a plurality 
of solenoid valves to adjust the supplied pressure in accor 
dance With operator settings. The micro-controller is inter 
faced through an operator console having a liquid crystal 
display and programmable keys to enter operator settings, 
Which are then stored using various memory devices includ 
ing electronically erasable programmable read only 
memory. 

[0030] The combination of all the foregoing in an opera 
tive system is thought to be very bene?cial, especially 
packaged in a housing that can be releasably mounted on the 
foot board of a standard hospital bed by means of a pair of 
opposite, retractable mounting hooks having sloped surfaces 
for biasing the source toWard said foot board and having 
knobs at the distal ends thereof for helping retain the hooks 
on the foot board. 

[0031] Numerous other features, advantages, and objects 
of the invention are set forth and Will be evident from the 
folloWing more detailed descriptions of certain preferred 
embodiments, particularly When considered in light of the 
prior art together With the accompanying draWings and 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] Presently preferred embodiments constructed 
according to the teachings of the present invention are 
hereinafter described in more detail. To those of ordinary 
skill in the art, the invention Will become more readily 
understood from the speci?cations of those embodiments, 
particularly When considered in light of the appended claims 
and With further reference to the accompanying draWings, 
Wherein like numerals refer to like elements throughout, and 
Wherein: 

[0033] FIG. 1 shoWs a perspective vieW of the basic 
elements of one of the presently preferred embodiments. 

[0034] FIG. 2 shoWs the outer surface of one of the foot 
Wraps 1A pictured in FIG. 1 as it is laid out ?at. 

[0035] FIG. 3 shoWs a vieW of the inner surface of the foot 
Wrap 1A laid ?at. 

[0036] FIG. 4 shoWs a top vieW of the foot Wrap 1A in 
place on a human foot. 

[0037] FIG. 5 shoWs a side vieW of the foot Wrap 1A in 
place on a human foot. 

[0038] FIG. 6 shoWs an end-on vieW of the foot Wrap 1A 
as it is laid out ?at With its bladder 9 shoWn de?ated, the 
vieW being from the end that is oriented at the top in FIG. 
2. 

[0039] FIG. 7A shoWs a cross-sectional vieW from the 
opposite direction of FIG. 6, the section line “7A-7A” being 
shoWn in FIG. 3 and bladder 9 being shoWn in?ated in FIG. 
7A. 

Jul. 24, 2003 

[0040] FIG. 7B shoWs a second cross-section of the foot 
Wrap 1A, sectioned along plane “7B-7B” shoWn in FIG. 2, 
With its bladder 9 shoWn de?ated. 

[0041] FIGS. 8A-8D illustrate the manner of operatively 
applying a foot Wrap 1A to a foot 100. 

[0042] FIG. 9 shoWs a schematic layout of the electrical 
and pneumatic systems of the preferred embodiment shoWn 
in FIG. 1. 

[0043] FIGS. 10-12 shoW ?oW charts Which characteriZe 
the operation of the preferred embodiment shoWn in FIG. 1. 

[0044] FIG. 13 shoWs a top vieW of the preferred embodi 
ment’s pump housing 20, Which also functions as a carrying 
case and as a means for mounting the pump on the foot board 
of a hospital bed or the like. 

[0045] FIG. 14 shoWs a front elevation vieW of the pump 
housing 20. Without certain details. 

[0046] FIG. 15 shoWs a rear elevation vieW of the pump 
housing 20. 

[0047] FIG. 16 shoWs a bottom vieW of the pump housing 
20. 

[0048] FIG. 17 shoWs a left side elevation vieW of the 
pump housing 20, With retractable mounting hooks 21 in 
their fully retracted position as in FIGS. 13-16. 

[0049] FIG. 18 shoWs the left side elevation vieW of FIG. 
17, except that the retractable mounting hooks 21 are in their 
fully extended position in FIG. 18, as also pictured in FIG. 
1. 

[0050] FIG. 19 shoWs an exploded vieW of the rear 
portion of pump 20. 

[0051] FIG. 20 shoWs an exploded vieW of the front 
portion of pump 20, illustrating many of the particular 
embodiments and relative con?gurations of the components 
schematically shoWn in FIG. 9. 

[0052] FIGS. 21-23 shoW alternative embodiments to the 
foot Wrap 1A shoWn in FIG. 3. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0053] Referring to FIG. 1 of the draWings, there is shoWn 
an isometric perspective vieW of the basic elements of the 
presently preferred embodiment. That embodiment, referred 
to as cyclic compression system 500, basically comprises a 
pump unit 501, tWo foot Wraps 1A & 1B, poWer cord 24, and 
connecting hoses 30A and 30B. In many respects that 
embodiment is intended to be substantially identical to a 
product knoWn in the marketplace as the “PlexiPulse” unit 
manufactured by Applicant Kinetic Concepts, Inc., San 
Antonio, Tex. The “PlexiPulse” unit is noW available to 
customers of NuTech, Which is af?liated With Kinetic Con 
cepts, Inc., and also has offices in San Antonio, Tex. 
Although the folloWing description is intended to be com 
plete Within itself and With reference to its corresponding 
Co-Pending Application (referred to previously), further 
reference to said PlexiPulse unit may further enrble those of 
ordinary skill in the art to make and use the inventions 
hereof. 
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[0054] The pump unit 501, which is AC-powered via a 
conventional power cord 24, operates to cyclically in?ate 
and de?ate bladders 9A and 9B formed in foot wraps 1A and 
1B, respectively, to intermittently compress the foot. The 
unit is described most particularly for application on the 
foot, as many aspects of the invention can be appreciated 
there. Nonetheless, regardless whether it is mounted on a 
patient’s calf, foot, hand, or any other part of the body 
(especially those containing veins that can be emptied by 
compression), such intermittent compression may be ben 
e?cial for a wide variety of indications. Among others, the 
known medical indications include the following: venous 
stasis, poor circulation, post-operative pain and swelling, 
edema, cutaneous ulceration, and elevated compartmental 
pressures. It may also serve to prevent deep vein thrombosis 
and reduce wound healing times. More particular aspects of 
preferred operation of the system 500 will be described 
further herein. 

[0055] For purposes of this description, reference may be 
made to “upper”, “lower”, “forward”, “backward”, “left”, 
“right” and “horizontal” features when referring to certain 
drawings. Such references and others like them are made 
principally to render the description more easily understood 
in view of the orientations in the drawings and in view of a 
reference orientation of system 500 or its subject. As will be 
evident to those of ordinary skill in the art, such orientations 
are not necessarily maintained throughout the operation of 
the described embodiments, much less would they neces 
sarily be required for utiliZation of the invention. 

[0056] Referring to FIGS. 2-7, foot wrap 1Ais shown, ?rst 
laid ?at and then in relation to a foot (designated as foot 100 
in the drawings) during normal operation. Foot wrap 1A is 
preferably identical to foot wrap 1B (shown in FIGS. 1 and 
9) and thus has parts which are numbered the same as in the 
other ?gures, eXcept that the “A” and “B” designations may 
be used to distinguish various parts of wrap 1A from similar 
parts of wrap 1B, respectively. Variations in the shape of foot 
wrap 1A may be made to some degree, with commensurate 
sacri?ces in (or enhancement of) the bene?ts of the inven 
tion. The angle of the inlet 11 relative to the foot wrap 1A, 
for instance, may be varied from one foot wrap to the neXt 
without much effect on its operation. The inlet angle pic 
tured in FIG. 1 is considered most advantageous, tending to 
bias hose 30A in a direction for avoiding kinking of that hose 
30A. The descriptions of foot wrap 1A are equally appli 
cable to foot wrap 1B. One aspect of the invention is that the 
shape of wrap 1A renders it universal in that it is thought to 
be applicable to either foot without signi?cantly affecting its 
ef?cacy. As will be evident, though, the foot wrap 1B could 
be made as a mirror image of its counterpart 1A. The 
simplicity of the shape also allows for the wrap 1A to ?t on 
other body portions as well even though it is ideally suited 
for the foot. 

[0057] In FIG. 2, foot wrap 1A is shown open (i.e., laid 
out ?at), With the cuter surface of foot wrap 1A facing the 
viewer. FIG. 3 is a view from the opposite side showing the 
inner surface of foot wrap IA. FIGS. 6-7B show various 
views that generally illustrate the construction of the foot 
wrap. The foot wrap 1A is generally formed of two sheets 2 
and 3 which are bonded together to form a bladder 9 with 
tabs 4-7 extending generally away from each other. Foot 
wrap 1A also includes a ?uid inlet 11 (also referred to as 
“?tting 11”) for in?ating and de?ating the bladder 9, as well 
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as faster 8 and 88 for releasably securing the wrap 1A on a 
foot 100. These basic components (and others) of wrap 1A 
are readily available through numerous manufacturers. 

[0058] Referring primarily to FIG. 7B, sheet 2 is prefer 
ably cut from a robust, non-stretch fabric. The outer surface 
of sheet 2 (i.e., the surface facing away from sheet 3) has 
loops like those found on Velcro loop material, which are 
compatible to releasably engage Velcro hook material. The 
interior surface of sheet 2 (i.e., the surface facing toward 
sheet 3) is heat-weldable so that it can be joined to sheet 3. 
Sheet 2 is laminated with polyurethane in a conventional 
manner, to seal it and render it RF-weldable. Sheet 2, thus, 
is referred to as a sheet of laminated loop fabric that forms 
the outer sheet of wrap 1A. In the presently preferred 
embodiment, sheet 2 is a Velcro-compatible, continuous 
loop nylon fabric manufactured by Guilford, USA and 
available under the trade designation “Tricot”. 

[0059] Preferably, although each of the sheets 2 and 3 are 
air impermeable, they are each also formed of vapor per 
meable fabric. Other commercially-available fabrics, such 
as that marketed as low air loss “GoreTeX” by the W. L. Gore 
Company, have long been known to provide similar bene?ts 
in other conteXts. Their vapor-permeability serves to enable 
moisture from foot 100 to evaporate despite the foot wrap 
1A. This is especially preferable for sheet 3 so that perspi 
ration adjacent bladdar 9 can be evacuated from the site by 
the ?uid that in?ates bladder 9. The removal of surface 
moisture forming on the patient’s skin beneath the foot wrap 
is bene?cial since it helps promote the maintenance and 
healing of skin conditions, especially during prolonged use. 
As will be evident to those skilled in the art, however, some 
aspects of this invention can still be appreciated with mate 
rials of more limited porosity, generally so long as foot 
wraps 1A and 1B remain in?atable. 

[0060] Sheet 3 is preferably cut from the same or a similar 
pattern as sheet 2, so that it matches neatly with sheet 2. The 
manufacturing process may be simpli?ed by simultaneously 
die-cutting the sheets 2 and 3, and then joining the border 
and appropriate other locations of each sheet to the other (as 
described elsewhere herein). The cutting process may also 
be simpli?ed by welding the two sheets together while 
simultaneously heat-cutting the border of the fabric with the 
same die (as is common in the art with tear-and-seal dies), 
although this process may not always be successful due to 
the compositions of the sheets. 

[0061] Sheet 3 is preferably also an elastic fabric, so that 
it eXpands more than outer sheet 2 when bladder 9 is in?ated. 
The inner surface of sheet 3 (i.e., the surface facing toward 
sheet 2) is laminated with polyurethane, thereby sealing it 
and rendering it heat-weldable to enable bonding with the 
inner surface of sheet 2. It is important that the outer surface 
of sheet 3 (i.e., the surface facing away from sheet 2) is soft 
and comfortable against the skin, as that surface is likely to 
be in contact with the patient’s skin during use. In the 
preferred embodiment, sheet 3 is a laminated lycra material 
that meets the foregoing characteristics. 

[0062] As will be evident from this description to those of 
ordinary skill in the art, other fabrics may be substituted for 
the preferred fabrics of sheets 2 and 3 with related sacri?ces 
of various aspects of this invention. Less costly, substan 
tially inelastic nylon fabrics could be used for both sheets 2 
and 3 while still appreciating therapeutic value of the foot 
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Wraps 1A and 1B. Similarly, stitching or adhesives could be 
used rather than the more bene?cial RF Welding, and some 
bene?ts could still be appreciated With a PVC-like compo 
sition made of sheets appropriately Welded together. 

[0063] Preferably, bladder 9 is formed betWeen sheet 2 and 
sheet 3 by Weld line 10. Weld line 10 is a closed line so that 
it completely surrounds and thereby de?nes a closed area on 
each of sheets 2 and 3. Thus, bladder 9 is a sealed bladder, 
the only inlet or outlet of Which is provided by the tubular 
connector ?tting 11 (described beloW). Bladder 9 is provided 
in foot Wrap 1A to apply pressure on the foot 100 When the 
Wrap 1A is secured on the foot 100 and the bladder is then 
in?ated. Bladder 9 is primarily intended for pneumatic 
in?ation, although ?uids other than air could be substituted 
by those of ordinary skill in the art. Although bladder 9 
Would be of minimum siZe and volume consistent With its 
object of exerting compression pressure on the foot While 
requiring a minimum volume of pressuriZed air per pulse (as 
achieved by bladder 509 shoWn in the alternative embodi 
ment of FIG. 21), Applicant believes that similar pressures 
distributed over more of the foot provides a greater bene?t 
for the patient. Thus, bladder 9 of foot Wrap 1A extends over 
most of the entire surface area of Wrap 1A to overlap and 
enclose as much of the portions of the foot Which contain 
signi?cant veins as is feasible. Although bladder 9 in the 
preferred embodiment may not compress the veins in the 
toes of most patients, it is of suf?cient siZe to compress 
virtually all other regions of the foot, except the most distal 
portion of the heels, Which are thought to contain feW 
signi?cant veins for compression purposes. 

[0064] In contrast, it can be seen With reference to FIG. 21 
that bladder 509 occupies only the central sole area of the 
foot 100. Pressure and bladder expansion there causes the 
fabric enclosure around the foot to tighten and distribute 
limited compression forces around other portions of the foot 
100 as Well. In the embodiment of FIG. 21, bladder 509 is 
circular, roughly 3 to 5 inches in diameter. HoWever, other 
shapes of bladders may be substituted to employ many of the 
other aspects of the invention. For instance, FIGS. 22 and 
23 shoW tWo other alternative embodiments to the foot Wrap 
1A shoWn in FIG. 3. FIG. 22, speci?cally, shoWs a T-shaped 
foot Wrap 401 having a similarly T-shaped bladder 409 
Which is capable of enclosing much of foot 100, With some 
limitations. The differences betWeen the shape of bladder 9 
and bladder 409 ensure more complete enclosure of vein 
containing portions by bladder 9, as Well as enable its 
universal characteristics (referenced previously). In the 
opposite direction from the smaller shape of bladder 409 is 
bladder 609 shoWn in FIG. 23, Which further ensures 
complete enclosure and compression of the vein-containing 
portions of foot 100, While also further ensuring a secure 
attachment to foot 100. Other variations and details are 
described in said Co-Pending Application and at least one 
other application referenced and incorporated therein. 

[0065] Each of the embodiments shoWn in FIGS. 21-23 
are constructed and used essentially using the same methods 
and materials as With the FIG. 3 embodiment, except as 
otherWise noted. Accordingly, like (or related) aspects of 
these various embodiments are numbered similarly. For 
instance, each embodiment has a strap that is positioned to 
be secured around the back of the leg of a person on Which 
it is to be used. The respective straps are numbered 7, 507, 
407 and 607, for FIGS. 3, 21, 22, and 23, respectively. The 
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differences from the embodiment of FIG. 3 and those of 
FIGS. 21-23 Will be fairly evident from a comparison of 
those ?gures. 

[0066] The principal difference betWeen the FIG. 3 
embodiment and that of FIG. 21 relates to the siZe of the 
bladder. In attempts to render the Wrap 1A more comfortable 
and more likely to ensure against skin breakdoWn, Applicant 
has found that by increasing the siZe of bladder 9 to that 
shoWn in FIG. 2, the resulting blood ?oW is improved. 
Although the ?ndings are still preliminary, compressing 
more of the foot not only renders the Wrap 9 more comfort 
able, but informal venogram studies indicate that greater 
surges of blood ?oW tend to be produced by compressing 
more of the foot. The same informal studies also suggest that 
the placement of circular Welds 53-56 in the interior of 
bladder 9 further enhances blood ?oW. That cushioning 
effect is believed to help inhibit the breakdoWn of skin that 
might otherWise be associated With straps 507, 407 and 
607—particularly breakdoWn created by stress concentra 
tions on strap 407 and the skin around the rearWard ankle 
area of foot 100. As is also true to some degree for the 
embodiment of FIG. 2, the embodiment shoWn in FIG. 22 
is provided With means for cushioning the leg strap 407. 

[0067] Wrap 401 achieves the cushion in part by having a 
foam strap 407 that is inherently cushioned and in part by 
extending its in?atable bladder along the length of the strap 
507. Wrap 1A, in contrast, only achieves the cushion by 
extending its in?atable bladder 9 along the length of its strap 
7. Foam strap 407 is an elongated patch of foam material that 
is secured to strap 407 in an orientation coincident With the 
length of strap 407. The cushion foam used in the preferred 
embodiments of the embodiments shoWn in FIGS. 21-23 is 
commercially available in the US. under the trademark 
“Vel-Foam”, although other cushion material could also be 
used. Securing the foam 407 to the rest of foot Wrap 401 may 
be accomplished either by a variety of conventional means, 
such as by stitching, glue, or heat-Welded lamination. If 
stitching is to be used, the stitching is preferably done at a 
location of the Wrap that is not in?atable, thereby avoiding 
leaks in the in?atable bladder. For instance. the Vel-Foam 
strap 407 is shoWn stitched on three sides to the remainder 
of Wrap 401 With stitching 419 in a narroW region outside 
Weld 410 that de?nes bladder 409. Vel-Foam patch 418 must 
be stitched around only three of its four edges (excluding 
edge 418‘) in order to avoid creating an air leak in bladder 
409. Therefore it may be preferable to glue patch 418 in 
place using conventional glues used by seamstresses for 
lasting application. 

[0068] Heat-Welded circular recesses 417 are preferably 
spaced on bladder 409 to minimiZe billoWing (excessive 
bulging) of bladder 409 When it is in?ated. Such circular 
recesses are best positioned at locations likely to overly 
bonier (or less compressible) areas of foot 100. 

[0069] Many other features of the embodiments shoWn in 
FIGS. 21-23 Will be evident to those of ordinary skill in the 
art in vieW of the other teachings herein, and in vieW of the 
prior art. 

[0070] The preferred shape of Wrap 9 is unique and 
advantageous. Wrap 9 as a Whole may be referred to as 
T-shaped, J-shaped or L-shaped depending on Which ele 
ments are focused upon. For simplicity in reference, it Will 






















