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THERAPEUTIC COMPRESSION APPARATUS AND METHODS OF USE

RELATED APPLICATIONS

00017 The present application claim priority from provisional application Serial No. G2/378,581 fited
August 23, 200186, and priority from co-pending application and this PCT application s 8 continuation-in-
part of LLS. patent application Serial No, 13/444,600 which is u divisional of U.S. patent application

Serial No. 12/855,183 entitled T herapcum Compression Apparatas” filed on August 12, 2010 and

issued as Patent No. 9,033,906, tha'Sntire contents of which are hereby incorporated herein by reference

for all purposes.

BACKGROUND OF THE INVENTION

I, Ficld of the Invention
{00021 The subject invention is directed generally to 8 device for applying compression to a limb, and
more particularly, to # therapeutic apparatus for applying comppression to the leg of an individead in
conjunciion with the treatment of conditions such as chronie venous insufliciency and lymphedema. The
apparatus includes a wrap having & bladder and an inflation means for the bladder with the apparatus

gapable of applying compression to a lmb such as the lower leg and foot of a patient.

[0003] I Background of the Related At
[0004] Normally, a bealthy leg owscle, for sxaraple, squeezes the deep veins of the legs and feet to belp

move Blood back to the heart. Que-way valves in the deep leg veins Keep blood flowing back towards the

heart. However, prolonged periods of standing or sitting can casse the walls of the deep leg veins to

streteh. Over tioe, in susceptible mdwm.mis thiz can weaken the vein walls and damage the valves,
causing blood topool in the veins a;ﬁd incresss venous blood pressure. This meay result fiv & condition
known as chronic venous msufficiency (CVI)

y

[0005] Treatment of CVI typically involves the use of compression stockings or medical hostery to
decrease clwonic swelling. Compression stockings are elastic stockings that squeeze the veins to improve
venous circulation and prevent exc ess blood from fowing backward. Compression stockings can also
help to heal skin soves or stasis uloers that ofien present in congunction with CVL I is alse common to

evaploy compression bandages to apply pressure to the leg. In this regard, a bandage is apphed with
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constant tension so as to produce graduated compression with the highest pressure at the ankle. However,

the technique s difficult and is often done by highly skilled caregivers.

[0006) Highly sifective roechanical compression devices have also bee deveis:rped for treating CVi,
which are diselosed, for example, in U8, Pat. Neos. 7,276,037 and 7,559,908, the discloswres of which are
incorporated by reference hevein in their entireties. These devices include a flexible wrap that cames 2
manually inflatable air bladder and is adapted to be seaurely positioned ground the leg of an ndividual to
apply localized pressure to a treatment site. The deviee also includes a fluid-filled wound dressing that
can be applied directly to the skin for applying localized pressure and even g medicanent 1o 8 venous
uloer when it i snveloped by the Hlexible wrap, While this device is effective for applying localized
compression to the leg, # is not configured to apply localized comprassion to the foot (o prevent swelling

and further mprove venoas circulation.

[0007] Lymphedems, also known as hvmphatic obstruction, is another condition of localized fuid
retention and tssue swelling, and s caused by a compromised Iyaphatic systam. Treatment for
fymphederms varies depending on the severity of the edema and the degree of fibrosis of the affected Himb,
The most common freatments for nmphedmna ave manual compression lymphatlic massage, Compression
garments or bandaging. Elastic compression garments are typically worn by persons with lymphedema on

the affected lmb following complete decongestive thegapy to maintain edena reduction.

{0008} Compression bandaging, alse called wrapping, nvolves the application of several layers of
padding and shortsstreteh ban daaw to the invelved areus. Short-stretch handages are preferred over long-
stretel bandages {such as those normally used 1o treat sprains}, as the long-streteh bandages cannot
produce the proper therapeutic tension necessary to safely reduce lymphedema and may in fact end up
producing 8 tourniquet effect. During aclivity, whether exercise o daily activities, the shori-stretch
bandages enhance the pumping action of the lymph vessels by providing incressed resistance for them o

push against. This encourages lymphatic flow and helps to sofien fluid-swollen areas.

{00097 Known methods for OVE and bymphedema treatment, like compression bandaging, have several
disadvantages. The bandaging is time comsuming and the effectiveness is limited to the slall of the
provider. In some instances, ban dd}; n be applied too tightly or oo loosely and may shp trom their
intended posttion, decreasing their effectiveness, When this ccours, bandages must he taken off and
reapplied, forther increasing the time of application and decreasing the consistency of application of the

thevapy.

{0018 The effectiveness of many of the current compression therapios is Timited by the application of

current products. Beeause current compression therapy s done sither with snamnual wraps or

iy
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electromechanical sysiers, they rmum either a skilled medical processional to apply andéor the need for
the patient to be stationary for extended periods of time. Although stockings and/or bandages can beworn

by patients and selfadministered, they are very difficult for the patient to gt on and pose # challengs fise

unskifled medical professionals to apply consistently and effectively.

{001 1] Purther, many of the curres nt treatiment options for CVI and lymphedema cause venous uleers
including the use of current known devives, apparatus, bandages, stocking, hosiery and the ke, A
venous ulcer is damage and loss of skin sbove the ankle that is the result of & problem with the vens in
the leg. Venous wlcers typically develop on either side of the lower leg, above the anlde and below the

calf, They are difficult to heal and oflen recur.

[0012] The veins of the leg are dividted into the saperticial and decp systems according to their position
relative to the fascia. The deep veins, which come together to forn the popliteal and femoral veins lie
within the fascia and are respounstble for the venous return fron the leg wascles. Dilated valveless
simoids also He within the fascia {:now particularly in the soleus and gastrocnemius muscles), The

sinusoids fill with blood when the leg is at rest.

{0013} The ong saphenous vein whicl runs slong the medial side of the keg from fool to groin and the
short saphenous vein which runs at the back of the calf from foot to knee are the major vessels of the
superficial venous systent. These ve sssels lie outside the fascia and are responsible for the venous refurn

from the skin and suboutansous fat.

[0014] Communicating veins, sometimes called perforators because they perforate the deep fascia, join
the two systems. The perforators, like the other veins inthe leg, contain valves that permit the flow of

Blood in one divection only, from the outer v superficial systen fnwards to the deep veins,

{018 The venous pressurs at the ankle of a subject who 18 lying supine is around 16 mumBHg, but on
standing this will rise considerablyy dum to an increase in hydrostatic prossure (equivadent to the welght of

a vertical colugw of blood s‘irets;hmg from the point of measurersent to the right auricle of the heart}.

[0016] During walking, as the foot is dorsally flexed, the condraction of the calf muscle eompresses the
deep veins and sofeal sinuses thereby empiying them of Blood. As the foot is plantarly fexed, the pressure
i the veins falls, the proximal valves close, and the veins are refilled by blood passing through the
perforators from the superficial system. During this cyele, in 8 normal leg, the distal valves of the deep
veins sud the valves of the porforators will ensure that the expelled blood can go in only one direction--

upwards, back to the heart.
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[0017] Blockage or damage to the venous system will cause disruption to normal blood flow, which may
manifest self in a number of different ways according to the site and extent of the damage. 1f the valves
in the supecficial system are affected, venous retumn will be impaired and blood may accunudate in the

5

veins causing them to become distended, leading to the formation of varicosities {varicose veins}.

[D018] I the function of the perforator valves is irapaired, the action of the call muscle pump will tend to
cause blood to How in the reverse direction inte the superficial systeny inereasing the possibility of

damage to the superficial vessels.

{00197 Following a deep vein thrombosis that resalts in complete or partial obatruction of 8 deep vein, the
unrelieved pressare produced by the calf musele pump on the perforator valves may cause these o
become incompetent, 1 this ocours, there will be a large rise in the pressure in the superficial syeteny,
which may force proteins and red cells out of the capillaries and mito the swrrounding tissue, Here, the red
celfs break down releasing a red pigment that causes staining of the skin, an carly indicator of possible

sdeer formation.

{00207 Venous leg uleers are generally shallow and red in color. The skin sumounding the uleer is
frequently discolored due (o the staining deseribed previously. Incompetent perforating vein valves can
also cause mabieolar venules to become dilated and appear as fine red threads around the ankle. This

condition, calied ankle flatr, 3 slso diagnostic of 2 venous uleer.

[0021] Arteries transport oxygen replenished blood from the heart to the rest of the body, Veins return
oxygen depleted blood back to the heart, When the veins inthe lower extremitios of the body bave
ditficulty transporting blood back to the heart, a coudition develops called chronic venous insufficiency
{CV1}, also known as chronie venous disegse {CVDL CVI most conunonly occurs as the resull of a blood
clot in the deep veins of the legs, a discase known as deep vein theombosis {DVT) CV1 alse results from
pelvic bunoers and vascular malformations, and sometimes ocours for unkesewn reasons. When a PErson is
standing or sitting, blood in the veins of the legs flows in an upward dirzetion. When the person walks,
the ealf mascles and muscles in the feed contrast o squeeze the vains and push the blood upward, To keep
ihe blood Nowing upward and prevent it fonn flowing downward, the velns contain one~way valves, OV
occurs when these valves boecome damaged and allow the blood to leak back downward in the opposite
direction. Such valve damage may occur 15 the result of aging, extended sitting or standing, or a
combination of aging and reduced mobility. When the veins and valves become weakened und the blood
does not properly flow ap to the heart, blood pressure in the veins of the lower extremitics can stay

~

clevated for long periods of time, legding to UVL This condition s move conumon in older individuads,
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and if not properly treated, can lead to burst capillaries, local tissue inflamunation, internal tissue damage,

varicose veins, leers, and open sores on the skin's surface.

{00227 CVI can diminish the capacity of the venous system and inerease the workload of the lynphatic
systeny in the atfected area. The fymphatic system must then transport larger volumes of waler and protein
to reduce the fluid load in the affected tissues of the legs, a situation which is espectally difficals for

patients with Lymphedema, varicose veins, and other lower extremity -gath{)h}gj,r"

{1231 Une non-surgical option often used to help prevent or treat the lower sxtrenuty pathologies
discussed above 13 the use of comopression stockings. Compression stockings belp prevert log fatigue,
ankle and oot swelling, spider veins, and varicose veing. They unprove circulation in the legs, espeeially
when used in conjunction with frequent exercise and leg elevation, Compression stockings maintain

pressure on the legs while allowing for norral ambulation, Increasing pressure in the tissuss beneath the

skin reduces excess leakage of fuid from the capillaries and increases absorption of tissue fluid by the
capillarics and lymphatic vessels, In addition, the increased pressure devreases the size of the velns, which

causes the hlood o flow faster and help preveat t rom pooling.

(00243 Compression stocking tighiness typically varies between 15-530 mm HG. The tighiness of 8 given
stocking depends on its particular configuration and class, For example, stockings having a compression
pressure of 15-20 mm BG are considered Light compression stockings, Class Estockings are 20-30 nun

Hyg, class 1 stockings arg 30-40 rony Hg, and class B stockings are 40-50 nun He.

{0025} While such compression stockings are a commonly wtilized non-invasive treatment of lower leg
pathology, the issues they prosent are numersus, Wearing a tightly fitting stocking can be tedious or time
consunyng to put on, and may regquire help fron another person i the wearer is injured, elderty, or has
some form of disability, In addition, the pressare applied by the stocking generally stays relatively
eonstant during use without any option of increasing or decreasing the tightness lovel. As compression
stockings are repeatedly worn, they lose elasticity and thus fightness over time. Onee such preseribed
elasticity and tightness is Jost, the sheking is of Hitle or no value, and needs 1o be replaced on account of

its fooseness, which requires buying 3 new palr to obtain the desived pressure.

{0026] Medical hosiery represents a uselul and convenient method of applying compression to normal
shaped legs in order to prevent the development or recwrrence of leg ulcers, However, these stockings are
of limited value o the treatient of active ulceration, being difficalt to apply vver dressings, nsuch
sifuaticns compression bandages cwerently represent the trestment of choice. Compression bandages apply
a pressure to the himb that is directly proportional to bandage tension but inversely proportional to the

radivs of curvature of the Timb to which it is applied. This means, therefore, that a bandags spplied with

4]
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comstant tension 10 a lunb of normal proportions will automatically produce graduated compression with
ihe highest pressure at the ankle. This pressure will gradually reduce up the leg as the circumference

INCTERSEN,

[0027] As can be readily appreciated, it is cumbersome and ditficult to apply uniform tension to the
comspression bandage as it is applicd to the ireated limb, and thus this is accomaplished only by highly
skifled carogivers. Moreover, once sf:n.urc:d to the treated limb, care and attention puust be given to ensure
that the bandage does not slip or become displaced as this will fead to multiple tayers forming, which in
turn may lead to localized arcas of high pressure, which can place the patient in direct risk of skin

DECFOSIY.

(00287 Mechanical compression treatmends have also been proposed. An exemplary compression device
is deserthed in 1.8, Pat. No. 5,031,604 to Dve. As generally described at col. 2, lines 33 et seq., an
arvangement of chambers are provided that circumseribe the leg, An active pnewnatic control system
controls the pressure in the chambers 1o squessze the leg near the ankie and then squecze sequentially
upward toward the koee in order to move blood front the extremity toward the heart. As noted 1o col. 4,
lines 20-59 of 118, Pat. No. 6,488,643 to Tumey et al,, the mechanically produced comprassion levels
may produce ischacmic {i.e., localized tissue anemia) not noted al similar compression levels abtained
through bandaging. | may alse produce cuffing {Le., a reduction in leg pulsatile Bood flow}) The
preurnatic control system is also bulky and heavy, which severely lindts the mobility of the patient during
treatsnent. Moreover, the mu,unm*z(‘ comtrol-svstery fails to provide s mechanism 10 sngure that excessive
pressure, which can cause neerosis, is not apphied to the {reated limb, These Himitations bave resulted in
most mechanical compression deviees being contraindicated for patients exiubiting deep-vein thrombosis.
Consequently, those skilled n the ant have to date aveided sueh rmechanical conpression deviees for the

frestment of venous uleers or edera of the extremitios.

100297 Co-owned 1.5, Publication No, 2004/0193084, which is hereby incorporated by referende herein
in its ontirety, discloses a device for applying pressure to the humian leg for use in conjunction with
treatment of varicose veins. The device includes g flexible rocimber and at least one air bladder chamber
integral thereto that are adapted to securely wrap sround the humnan feg. A tube in fluid compuaication
with the air bladder chamber(s) extends to an air punping mechanism that operates to intlate the air
bladder chamber{s} to a pressurized state. The fexible member preferably includes an opening at the koee

joint tevel {o enable a patella to protnude therethrough. Inaddition, the flexible mersher preferably

sxtends below knee joint Tevel and is sdapted to securely wrap around a lower portion of a leg to provide

stabifity to the leg. Preferably, the dir bladder chamber of the device is substantially longer i a frat

dimersion than in a second dimension orthogonal thereto such that the alr bladder chamber can be

&
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positioned to cover a portion of the human leg that is relutively long is the vertival diroension and namow

in the horizontal dimension.

{00307 Co-owned LS. Pat, No, 7,276,037, which is hereby incotporated by reference berein in its
entirety, discloses an apparatus for applying conpression therapy to an extremity of the buman body,
such as a portion of the human leg. The device includes a flexible member and an air bladder chamber,
The tlexible menmber is adapted to wrap around the extremity to secure the air bladder chamber to the
extrentity. An air pumping ruechanism is operated to inflate the air bladder chamber to a pressurized state.
One or more fluid-filled pressurized members are provided, each separate and distinet from the flexable
member and the air bladder chamber and thus readily moveable relative 1o the flexible member and the air
bladder chamber, The pressurized member(s) is operably disposed between the extrenuty and the flexible
member whereby it applies increased localized pressure to the extrenmty during use. Preferably, the awr
bladder chamber is substantially longer in a first dimension than in g second dimension orthogonal thersto
such that it can extend Immiirudimilv along the exframity to cover a relatively long and narmow portion of
the extremity. The position of the air chamber can be res wlily adapted to apply tocal pressure to desived
Body parts (such as a certain venous chamel). The pressurized member(s) can be positioned during use
such that i govers 3 venous sleer {or other treatment sites) and applics increased localized pressure to the

treatmend site i ovder to promete healing.

(06317 All current known {rmtmeut apparatus, devices, bandages, stockings and hosiery have the
problems of stability, mualntaining sufficient effective pressure without overpressure complications,
maintaining compression and the like. Further all known apparatus, devices, handages, stockings and
hosiery, though especially the current treatment apparatus and devices, are only capable of connecting to
one source of compression or inflation means and ne universal inflation port of connector is known
wherein a patient could vary treatmment through varying the Inflation source and inflation means for the

ireatment apparatus or device.

{33321 Other known problems with the current tfreatiment apparatus and devices, bandages, stockings and
hosiery 1s the requirement that 8 skilled car e-giver apply the carrent {reatment apparatus and devices,
bandages, stockings and husiery. Shch a skilled care-giver may ot e available to all patients, notably
those withoul Tong-term care insurance or provided a skilled bome-health ald.  Yet another knpwn
prishlem is feakage of set compression within the treatiment apparatys and devices, bandages, stockings
and hosicry resulting in an ineffvctive trestment and 1neffective apparatus or device and the like which
may be rendered useless to the pationt and user. A further problem with the current {reatroent apparstus
and devices, bandages, stockings and hostery is that the inflation wmeans of source of compression 1s set

up as either manual or mechanical or elecirical and cannot be interchanged in that the inflation port or
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inflation means is not universal and imerchangesble. Yet another problem with the carrent treatment
apparatus and devices, bandages, stockings and hosiery is that the inflation means or source is either dtatic

or infermittent and again cannot be changed during the freatment with such apparatus or device.

{0033} The apparatuses, methods, assemblies and systems of the subject tnvention provide benefits and
advantages that may overcome a number of problems with respect to known compression technologies,
particularly the probiems that arise due to the difficulty of applying current compression wrap
technologies. The subject inventioiprovides an altemative to known technclogies that employ tight-
fitting therapeutic elastic garments, which cause patients discomtort, and tose their elasticity and therefors
their effectiveness over time. Those skilled in the art will readily appreciate that it would be heneficial 1o
provide a therapeutic compression devies for treating CVE DVT and lymphedema that is adapted and
contigured to apply localized compression to the leg and foot 1o prevent swelling and further fmprove

venous circalation, that may also be self-administered by a patient effectively.

SUMMARY OF THE INVENTION

[0034] The subjeet trvention is directed to a therapeutic compression apparatus. The therapentic
cormpression apparatus coraprises: a primary wrap and a sccondary wrap and optionadly s stirrap. The
primary wrap encireles at feast a first portion of a lyob such as a leg and applies compression thereto. The
primary wrap has a horizontal proximal edge for positiondng towards for instance a knee of the leg, #

horizontal distal wdge for positioning towards for instance an ankle of the leg, and first and second

peripheral edges perpendicular to the horizontal proximal edge and the horizontal distal edge. The

thersto. The stirrup is integrated with the primary wrap along the horizontal distal edges for secoring the

primary wrap to the linth such as a leg, the stirrup being positioned between the primary wrap and the

secondary wrap.

[0035] The therapeatic compression apparatus may further conprise at least oue bladder operatively
associated with the primary weap for applying pressure 1o a ireatment site on the tmb such asa leg. The
primary wrap may inclade at Teast one interior pocket for accommndating the at least one bladder.
Alternatively, the at least ong bladiler may be integral with the prinwry wrap. Ong or more means for
attaching the primary wrap may be operatively assoctated along the first and second peripheral edges of

the privary wrap for securing the primary wrap avound the Himb.

{00361 The at lenst one bladder may be adapted and configared to form & predetermined gradient pressure

profile when the at heast one bladder s filled. The at least one bladder muay be one of a wedge-shaped
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bladder, @ cong-shaped bladder, a disk-shaped bladder ora reclanguiar-shaped bladder. The at least one
bladder may also include a pluxaiit}} of fluid chambers. The therapeutic compression apparalus may
further comprise at least one means for adjusting pressure coupled to the gt least one bladder for
controlling an amount of pressure supplied to the treatment site by the primary wreap.

3

{01371 The secondary wrap may by attached to the stirrap, The secondary wrap may be configured to
anvelope a b such as the toes of the foot andior comfigured to envelope a heel of the foot. The

secondary wrap may alse be configurad as an adjustable strap around the foet.

[0038] The therapeutic compression appavatus may further comprisss an adjustable belt along a proximal
horizontal edge of the primary wrap for scouring the primary wrap around the Bmb such as for tnstance
the leg. The primary wrap may be formed at loast in part of a non-elastic composite material comprising &
plurality of distinet lavers, It onc emwhodiment, the composite material may comprises three distinct
lavers: an inner laminate layer, an outer hook-cormpatible layer, and & middle non-clastic laver provided
between the inner and outer layers. The composite material may also be provided with a pharality of

stitched darts and gathers for contouring the primary wrap to the Hmb surh as for instance the leg,

[0039] The subject tnvention is also directed 1o a bladder assembly for a compression apparatus for
providing pressure to a Himb. The bladder asserbly comprises: at least one bladder having first and
second flexible walls secured to one anothier about & peripheral edge thereof to form an alr pocket; and at
loust one spot weld provided in a predetermined focation fnward of the peripheral edge connecting the
first and second walls to one another to define a plurality of chambers within the bladder. The geometric

placement of the at least one spot weld determines a presaure profile of the at {east one bladder.

{140] Aninflation means for inflating the bladder such as the air pocket through at least one inflation
port may be provided in the Hrst wall of the bladder assembly. The inflation memns may be detachable
from the at least one inflation port. At least one pressure valve may be operatively assoctated with the
inflation means for controlling an smount of pressure within the bladder and the air pockel within the
Madder. The inflation port includes a check vale s0 88 to maintain o given pressure within the bladder of
the therapeutic conyression appamius. The inflation port may be universal in that it is configursd to be
capahle of connesting to and accepting & phurality of inflation sources and inflation means such as a
manal pump, mechanical pump, cidetrieal pump, battery-operated purnp, static pump, intermittent pump,

prsumatic pump, negative pressure soures and other variations.

[00417 A method of the invention includes the therapentic treatment apparatus used to treat OV, DVT

andfor lymphedema by applying the primary and secondary wraps around a linmb by a paticnt and
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inserting an inflation means into an inflation port and inflating the bladders within the primary and

secondary wraps and maintaining a cetiain pressure to treat the TVL DVT andior lymphedema.

{00421 Another embodiment of the present invention includes an assembly sccording 1o the invention
inctudes & pressare mechanism having a flexible member for attachnent (o a limb and an afr chamber
which naay be pumped up into s desired prassurized state, a separate relatively small pre-filied air bladder,
an absorbent foam, sponge or dressing coupled to the pre-filled air bladder, and a suction conduit coupled
to & soures of negative pressure {suction) sad in fluid cormunication with {he absorbent foam, sponge ot
dressing. In a preferred embodiment, the pre-filled air bladder, the absorbent foam, sponge or dressing

and the suction conduit are formed together a5 & unit.

{0431 According to one aspect of the lnvention, the flexible member of the pressure mechanisnt is
adapted to wrap around a leg or arm and over the pre-filled aie bladder in order to secure the pre-filled air
hladder and the foam, sponge or dressing to & wound or uleer in the extremity. Thus, the Hexible member
ix provided with some fixation structure such as a hook and boop closure mechanism. An @i pumping
mechanism is preferably coupled to the air chamber of the pressure mechanism in order to inflate the air
chamber (o a pressurized state, The air chamber of the pressure mechanism is prefurably designed to
apply pressure along a predefined srea {e.g., the saphenous vein of a leg) as opposed to around an entire

limb.

10044] According (o another aspect of the invention, the suction condait is loeated either between the pre-
filled air bladder and the absorkient foain, sponge or dressing which is adbered to the small air bladder, or
the pre-filled air biadder is formed as a donut with a central opening and the suction conduit extends
through the central opening. By coupling the suction conduif to a source of negative pressure, exudate

fromm the wound or uleer is sucked gwough the foam, spongs or dressing into the suction conduit.

{00451 One of the methods of the invention include tocating the pre-Glled air bladder and foam, sponge or
dressing over 8 wound or ulcer on a Hiob, wrapping the flexible mermber of the pressure mechanism
around a himb with the air chamber located over the pre-filied air bladder/absorbent foam, sponge or
dressing, and fasiening the pneumatic pressure mechanism i place with the fixation structure, When the
apparatos is properly located and affixed to the Hmb, the air chamber is inflated, proferably i 30-40 num
Hyg, therehy applyving pressure (o the Hmb and more specifically via the pre-filled alr bladder to the
wound. The suction apparatus is activated by turning on the source of negative pressure, and exudate from

the wound oruleer is pufled through the sbsoecbent foan, sponge or dressing into the suction conduit,

{0046] Another embodiment of the present invantion includes an apparatus for applying intenittent

pressure 1o a portion of the human body, such as au area of the human leg, which assists with the healing

10
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and treatment of various conditions such as venous uleers or wouonds by promuting blood flow o and

out of the arca and by increasing drainage. The apparatus includes a oot bladder and a leg bladder, gach

W

having inflatable chambers that accommodate an entering fhaid by inflating. The bladders ave fluidly
coupled by a fluid conduit, and cach is preferably squipped with = means for locating it on a portion of
the body. In a preferred embodiment, the foot bladder is positioned en 3 botton of a foot and the leg
bladder is positioned on a lower portion of 8 leg. As a person walks while wearing the apparatus, a
portion of the foot bladder deflates as the person's foot (heel) strikes the ground due to the external
pressupe placed on the foot bladder, thereby foreing fluid out of the feot bladder, through the fluid

L

conduit, and into the leg bladder, which raises the pressure therein, As the persoi's fool rolls from heel to
toe in the standard walking motion, the external pressure from the person’s weight 1s removed from the
foot bladder, resulting in the pressure of the leg bladder being bigher than the pressure inthe foot bladder.
Fluid thus flows hack twough the fluid conduit and into the foot bladder, which then inflates again to ds
original state, such that the pressures of the foot bladder sad leg hladder are equalized, This process
repeats as a person walks, thereby creating 8 prowing or knvading force on the leg as the pressure in the
leg bladder intermitiently increases and decreases, thereby promoting blood flow, fhad drainage,

treatment, and healing to various parts of the leg.

{80477 These and other aspects of the contacts of the subject invention will becorse more readily apparent

{rom the following description taken in conjunction with the drawings,

BRIEF DESCRIPTION OF THE DRAWINGS
{00487 So that those having ordinary skill in the art to which the subject invention pertains will more
readily understand how to make and use the apparatuses of the sebject invention, preferred embodiments

g

thereof will be described In detatl hiovein below with reference to the drawings, wherein:

00497 FIG. 1 is a perspective view of one embodiment of the preseat invention including a therapeutic
compression apparatus according o the subject invention wrapped around a right keg and foot of a user
having both a stirrup at a base of the foot and an adjustable strap below the knee, the apparatus having a
pocket provided on an internal surface of the prisary wrap {shown with hidden Hnes) for securing a fhuid
bladder, the bladder being provided with a detachable aby pomip and pressure gauge, and the priveary and

secondary wraps being detached from eseh other

[0050] FIG. 24 is a perapective view of the therapeutio compression apparatus of FIG. 1 in which the
primary and secondary wraps are ilustrated in an unwrapped state, the intevior surface of the wrap &s

showa, and the sceondary wrap is show to by fntegrated with the stirrup;
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{00517 FIG. 28 is perspective view of the therapeutic compression apparatus of FIG. 1 in which the
primary wrap and the secondary wrap, are illustrated in an unwrapped state, the fntertor surface of the
primary wrap is shown having a bladder within a pockel of the privoary wrap, and the secondary wrap is

shown to be integrated with the stirmup

{(052] FIG. 3 is an elevational view of the exterior surface of the an upper section of the primary wrap
according to the subject invention having & nunmber of stitched darts and gathers for contouring avound a

lep, the priaary wrap buing iflostrated to show a majority of the exterior surface of the primary wrap;

{0053 FIG. 4 is a cross-sectional view, taken along line 1212 of FIG, 3 Wlustrating the composite

material of the primary wrap of the subject mventisn, which has three discrete Iayers;

<

[0054] FIG. § is an exploded perspective view of a bladder having a plurality of spot welds, a pressure

gauge and aiv pump are also illustrated as detached from the bladder according to the subject invention;
F0055) FIG. 6A i an elevational side view of the milated bladder of FIG. 5 in an intlated condition;

(00561 FIG. 6B is a cross-sectional view taken along line 36367 illustrating how the strategically
positioned spot welds in the bladder serve to join the upper and lower walls of the bladder to form a

destred gradient profile;

[0057] FIG. 7 is & cross-sectional view of a wedge-shaped bladder in 2 non-inflated state (left) and an
intlated state (right);

{6038 FIG. 815 a cross-sectional view of a cone-shaped bladder in a pon-tuflated stale (left) and an

indlated state (right);

[0059] FIG. 9 is a cross-sectional view of a disk-shaped bladder in & non-inflated state {lefl}) and an
inflated state (right);

[O060] FIG. 180154 cmss-sectianai'?ilfiew of a rectangular-shaped bladder o nonanflated state {loft) and

an inflated state (rightl;

(00611 FIG. 11 15 a top plan view of another exemplary embodiment of the present imvention inchuling a
therapeutic compression apparatus constructed in accordance with the present invention, showing the
{ayout of through-holes, heel pad and ankls pad throughout the compression garmoent as viewed from the

interior of the garmend;

[(X362] FIG. 12 15 a bottom plan view of the theraprutic compression apparatus of FIG. 11, showing the
weld pattern to connect the outer sheet to the inner sheet defining a bladder within the inner and outer

sheets @5 viewed from the exterior of the garment;
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(00631 FIG. 13 is an eaploded perspective view of the therapeutic compression apparaius of FIGL 1,

showing the layout of the outer sheet, the inner sheet and hook and loop closores;

[0064] FIG. 14 is a detailed cross-vectional view of the therapeutic compression gpparatus taken along

fine 4-4 of FIG. 11, llustrating the feg compression bladder inva deflated state;

[0065] FIG. 15 is a detailed cross-sectional view of the therapeutic compression apparatus laken along

Ying 4-4 of FI(G. 11, ilustrating the leg compression bladder in an inflated state;

{00661 FIGR, 16-17 are front perspective and medial pevspective views, respectively, of the therspeuntic

compression apparatus of FIG. 17 being worn on a lower leg;

[0067] FIG, 18 is a detailed vross-sectional view of the therapeutic compression apparatus taken along

line &-8 of FIG. 17, illustrating the leg compression bladder in an inflated state;

[0068] FIG, 19 is a broken schematic view of another embodiment of the present invention including an

assembly according to the invention;

[0069] FIG. 20A is an Bsometric view of a compression mechanism of FIG. 1€ in aceordance with the

present invention, showing the mechanisnt i its unwrapped state;

[0070] FIG, 208 is an isonmetric view of an alternate compression mechanism in aceordance with the

present invention, showing the mechanism in its unwrapped state:

1007171 FIG. 21A is a view of another embodiment of & compression meshanism of FIG 19 1n accordance
with the present invention which is intended to be wrapped sround the lowee leg for application of
localized pressure to the fower leg in the vicinity of the short saphenous vein and which is shown in its

unwrapped state with its body-contacting surface facing out of the page;

{0072} FIG. 21B is a view of another embodiment of & compression mechanisio of FIG 19 1 aceordance
with the present invention which is intended to be wrapped around the upper leg (e, thigh} for
application of localized pressure to the upper leg in the vicinity of the long saphenous vein and which is
shown in its unwrapped state with its body-contacting surface facing into the page;

[0073] FIG. 22 is 4 broken exploded view of an embodiment of a unit including a pre-filled sir bladder,
an absorbent foam, sponge or dressing, and a suction conduif whare the suction conduit extends into the

genter of the unit;

[0074] FIGS. 23A-238 are broken perspeative views of a uoit having straps o securing the unit in place;
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[0075] FIG. 24 is a diagram of another embodiment of the present invention including a compression
apparatus of the present invention wherein a leg bladder and a foot bladder are fluidly connected by a

fluid conduit;

[0076] FIG. 25A is a perspective view of the leg bladder of FIG 24;
[0077] FIG. 25B is a top view of the leg bladder of FIG. 25A;

[0078] FIG. 25C is a side section view of the leg bladder of FIG. 25A;

[0079] FIG. 26 is a side view of the another embodiment of the foot bladder of FIG. 24 secured to the

heel of a foot;

[0080] FIG. 27 is a side view of another embodiment of the invention showing the foot bladder positioned

on a heel of a foot and the leg bladder positioned about a lower portion of a leg;

[0081] FIG. 28A is a perspective view of the invention showing the foot and leg bladders, the fluid

conduit, and a one way valve connected to the fluid conduit the flexible member wrapped around a leg ;

[0082] FIG. 28B is a partially cut-away perspective view of the flexible member of FIG. 28A wrapped

around a leg with the leg bladder sandwiched between the leg and the flexible member;

[0083] FIG. 29A is a schematic view of another embodiment of the present invention of a therapeutic
compression apparatus including a valve for an inflation means or source which is joinable to the

compression apparatus;

[0084] FIG. 29B is an exploded view of the embodiment of the present invention of a therapeutic

compression apparatus as shown in FIG. 29A;
[0085] FIG. 30A is a close-up view of the valve mechanism of the compression apparatus of FIG. 29A;
[0086] FIG. 30B is a close-up view of the valve mechanism of the compression apparatus of FIG. 29A;

[0087] FIG. 31A is one embodiment of a pump of the present invention for a therapeutic compression

apparatus;

[0088] FIG. 31B is a side view of the embodiment of a pump of the present invention for a therapeutic

compression apparatus as shown in FIG. 31A;

[0089] FIG. 31C is a top view of the embodiment of a pump of the present invention for a therapeutic

compression apparatus as shown in FIG. 31A;

[0090] FIG. 32A is another embodiment of a pump of the present invention for a therapeutic compression

apparatus;
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[0091] FIG. 32B is & blow up of the cheek valve of the embodiment of a pump of the present invention
for a therapeutic compression apparatus as shown in FIG, 32A;

10092] FIG. 33 is another embodiveent of 2 pump of the present invertion for a therapentic compression
apparatus;

[(0093] FIG. 34 is & cross-sectional jmer view of the embodiment of a puoy of the present Invention for a

therapeutic cormpression apparatus as shown in FIG. 33

[0094] FIG. 35 is a cross-sectional inner view of anather embodiment of a pump of the present fnvention

for a therapeutic compression apparatis;

{0095] FIG. 36 s a cross-sectional inner view of another embodiment of a punip of the present fnvention

for a therapentic conmpression apparatus;

{00961 FIG. 37 is ancther embodiment of the present invention of an arm therapestic compression

apparatus;

10087} FIG. 38 is another ambodiment of the present invention of an avm therapeulic compression

apparatus wherein two separate therapeutic comapression apparatus are joined by optional tabs;

[O0981 FIG. 39 is a schematic of another embodiment of the present invention of a therapeutic

compression appavatus including an clectrie inflation mechaniany and

{00997 FIG, 44 is one embodiment of the present mvention of a therapeutic compression apparatus

including sy electric inflation mechanism as shown in FIG, 39,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

F0100] Preferred embodiments of the subject invention are described below with reference to the
accompanying drawings, in which like reference pamerals represet the same or similar elements. One of
orchinary skill in the art would appreciate that while the apparatoses discussed herein relate (0 compression
therapy of the leg and oo, the scope of the invention is not Hinited to those exemplary applications and

may be sized and shaped for the anatomical portion for which compression therapy is needed.

[0101] The subject invention provides compression to a patient’s limbs, including the extremities,
including for example, the lower leg and foot or an amm and a hand, i a roanner that is stmplyr and more
converntert than current systems. Any Hmb or body part may be compressed by the instant thevapeutic
cownpression apparatus such as for instance afoot, calf] thigh, knee, teg, bip, buttocks, waist, torsn, ribs,

shoulder, arm, hand, fingers, neck, head or the like.
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[0102] The subject invention provides system for providing compression and preventing swelling of a
Limb such as for instance the foot wing 3 nonelastic binder and bladder which can be used for
compression, The bladder is provided within a non-elastic wrap and creates compression in @ manner that
allows for consistent measuring of the pressure supplicd, as well as safe, comfortable, convenient,

effective, self-apphication by the patient.

[0103] Where a range of values is provided, it is understood that each intervening value, to the tenth of
the unit of the lower limit unless the context elearly dictates otherwise, between the opper and lower limnit
of that range and any other stated or intervening value in thal stated range is encompassed within the
invention. The upper and lower Hmits of these smaller ranges reay independently be included in the
smaller ranges and are also encompassed within the invention, subject to any specifically exchuded imit
in the stated range. Where the stated range includes one or both of the lindts, ranges excluding either both

of these included Hmits are also ncluded in the invention.

[0104] Unless defined otherwise, alf technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs. Although any
methods and materials sintilar or eguivalent to those described herein o also be used in the practice or
testing of the present invention, excamnplary methods and materials are now deseribed. All publications
mentioned herein are incorporated hersin by reference to disclose and desoribe the methods and/or
materials in connection with which the publications are citad.

L A5 M 6

[O105] It nuust be noted that as used herein and in the appended claims, the singular forms "2, "an," and
“the® include plural referents unless the context clearly dictates otherwise. Thus, for example, reference to
"a stirudus” would include a pluvality of such stinmadi and reference to "the signal” would tnclude

reference (o one or more signals and equivalents thereof known o those skilled in the art, and so fnth,

[0106] The publications discuased herein are provided solely for their disclosure prioy to the filing date of
the present application. Nothing herein is to be construed as an admission that the present invention is ot
entitled to antedate such publication by virtue of priov fnvention. Further, the dates of publivation

provided may differ from the actual publication dates which may need o be independently conlirmed,

[0107] Referring now to FIG. 1, theve s iHustrated an exemplary embodiment of a therapeutic
compression apparatus 10 according to the subject invention inwhich the exterior susface 11 of the
primary wrap 12 of the therapeutic compression apparatas 10 is shown in g wrapped state avound a
patient’s right leg. In thus embodiment the thevapeutic compression apparatus 10 s adapted and configured
to supply compression of a lower leg 2 and foot 6 of a patient. The therapeutic compression apparatus 10

consists of a primary wrap 12 which encircles the lower leg 2 and may be gtilized for applying
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compression to the lower leg 2. The primary wrap 12 has an associated bladder 22 provided on an tnner
surface 9 of the primary wrap 12. As shown in FIG. 1, the primary wrap 12 encircles the lower leg 2, and
when the bladder 22 is filled or inflated, coimpression is applicd (o a desired ireatment Jocation. Notably,
the primary wrap 12 s made of a non-elastic material which allows for increased localized ormmpression
of the treatment site. The therapeutic comnpression apparatus 10 alse inchsdes either a permanent or
detachable pressure gauge 28 which is capable of being detached at the inlet or inflation port 24. A punyp
34 is provided for manually pumping aiv fnto the bladder 22 through the tube 26 Other inflation means
beyond a manual pump may be ﬁmgi{)yed. Additional features of the primsary wrap 12, secondary wrap

14, and bladder 33 will be described in tn hersin,

{00108} The primary wrap 12 may be attached to a patient’s limb such as a lower leg 2, for example, by
encirching the wrap about the lower leg 2 and attaching & at the peripheral edges § and 7 with any number
of connecting structures. Hook andi«oop fastening tabs, such as connecting tabs 32a, 32b, 32, 32d
Hiustrated in FIGE, 1 and 2A-28 can be gsed (o connect the opposing peripberal edges 5 and 7 of the
primary wrap 12 and secure it about the lower leg 2. Hook and loop fastening tabs, buckles, straps, snaps
or other known structures for fastening the primary wrap 12 to itself may also be used to attach the
primary wrap 12 around the patient’s linb. The mumber and position of the connecting tabs 32a, 32b, 32¢,
334 may be selected based on the anatomical location of the patient’s therapeutic site so that the primary
wrap 12 is secured confortably without causing bunching or sagging of the prizasry wrap 12 naterial and

causing discorfort to the patient,

{1097 At o horizontal proximal end § of the primary weap 12 in this instance towards the knse &, an
oplional garter or adjustable belt 18 may be provided to further secure the primary wrap 12 about the
lower leg 2. The adjustable belt 1S may be connected around the leg 2 using a connecting tab, buckle or
other known conneoting structures. As shown in FIG, 3, the primary wrap 12 is also manufactared with a
number of stitched darts 50 and garthers 52 which ave strategically placed to contour the primary wrap 12

around the specific Hmb being treated.

[OL10] The pnimary wrap 12 is preferably made of & composite material that is non-elastic and has one or
more wicking layers. Because the roaterial is noneelastic, the primary wrap 12 remains stiff and does not
streteh when the bladder 22 s filled, or inflated, for example. Referring to FIG. 4, the compuosite material
of the primary wrap 12 has thres diserete layers 123, 12b, and 12¢ as shown. The inner layer 123 is in
contact with the patient's skin and includes an intevior surface 9 that is non-elastic and is preferably mads
of a wicking, non-hook and loop compatible material. The wicking feature of this inner faver 12a pulls
perspiration and other unwanted rooisture away from the limb being treated. The von-hook and loop-

compatible nature of the inner fayer 12a is desirable so that the primary wrap 12 will not get casght on the
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connecting ighs 32a, 32b, 32¢, 32d,if hook and joup fastening tabs, are used, for example. The non-
hooking material against the patiemi:‘s skin alses reduces irritation, which may be caused from a hooking
material, The outer fayer 12¢ has at least a portion which is hook compatible in order for the connecting
tabs 324, 32b, 32¢, 324 to be secured al the peripheral edge of the primary wrap 12 about the lisab. The
bottom surfaoe of the outer laver 12¢ is the exterior surface 11 of the primary wrap 12 and 15 also non-
clastic and breathable. The inner layer 12b, located between the inner and out fayers 123 and 12¢, 8

typically made of a breathable, laminate material.

[0111) Referring to FIGS, 2A-2B, a stizrup 1635 also provided to help to secwrs the prirary wrap 12
place around the limb which in this instance is the base of the foot &, As hest seen in FIG. 1, the stirrup 16
in this example encircles 2 portion of the foot 2, and is connected to the horizontal distal edge 3 of the
primary wrap 12 at two points on either side of the primary wrap 12 near the ankle 4. The stirmap 16 is
Tocated between the primary wrap 12 and the secondary wrap 14, As shown in FIGS, 2A-2B, the stirnp
16 is typically one continuous piece of elastic material connected to and integrated with the secondary

wrap 4.

{0112} The sevondary wrap 14 of ﬂn: {herapeutic compression apparatus 10 encircles the Hmb i this
instarce the foot 6 and, like the primary wrap 12, may be similadly utilized for hoth applying compression
tos the limh such as foot 6 or alternatively as 8 protective garment for wound care dressings. The
secondary wrap 14 helpsto prcven% swelling of the Hmb such as the foot 6. The swelling may ovcur o1t s
wi, o as a result of compression of the Jower leg 2. The secondary wrap 14 may be opttonally made of a
cuontimious piece of malerial with the stirrup 16, as shown in FIGS. ZAZB. Alternatively, a8 shown in
FICH 1, the secoundary wrap 14 may be provided independentty from the primary wrap 12.

1

[0113] The sceondary wrap 14 is typically formed of an elastic material, but naay also be formed of & non-
elastic material or a combination of the two. The seeondary wrap T4 miay be a single piece of connested
material. Alternatively, the secondary wrap 14 may also be secured about the fomt & or another limb or
body part by any namber of mechanical securing devices such as one or more hook and loop tastening
tabs as shown in FIG. 1, or by straps, buckles, snaps, and the fike. In this embodiment, the secondary
wrap 14 provides compression to the foot 6 by pulting and tightening a hoek and loop fastening tab,

thereby applying pressure around the foot 6.

[£1114] The secondary wrap 14 may have a munber of configurations depending on the therapeudic needs
of the patient. The secondary wrap 14 may be open-toed to expose the toes of the patient’s foot & as

shown in FIG. 1. Alternatively, the secondary wrap 14 sy be configured as a close-toed boot. In
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addition, the secondary wrap 14 may have an open heel as shown in FIG. 1 or have a closed heel similar

ts & boot (not shown).

fO115] The primewy wrap 12 supplies compression to @ patient's imb by non-elasticaily holding at least
cwe bladder 22 around the treatment site. In one eiboediment, for example, localized pressure is provided
by the therapeutic compression apparatus 10 near the saphenous vein of the kower leg 2. As shown 1 FIG.
2B, the printary wrap 12 covers the bladder 22 associated with the primary wrap 12, The fluid within the
bladder 22 may be g Huguid, & gas ora gel. The bladder 22 serees to provide compression to the leg 2 when

the bladder 32 1s filed within the therapestic omupression apparatas 1,

N

[0116] The bladder 22 may be inserted into one or more pockets 20 provided within the primary wrap 12

for storing the bladder 22 at a location where compression will be primnarily applied. In this embodiment,
the bladder 22 is detachable from the therapeutic compression apparatus 10, In another embodiment, the

bladder 22 is permanently integrated within the primary wrap 12 and not detachable (not shown).

[0117} According to the subject invention, the bladder 22 may have a number of additional features for
monitoring, setting and adjusting the pressure required for a desired therapeutic regimen. In an exemplary
embodiment Hlustrated in FIGS. 1 and 5, the bladder 22 inclodes a pressure gauge 28, The pressure gauge
28 iz & pressure measuving instrument, such asa manometer, which messures the prossure differential

between a closed pressure applied within the bladder 22 and an open pressure at the other of the pressure

gauge I8, The increase in the measured pressure depends on the density of the lquid used and the

diameter of the tubing.

{0118} The pressure gauge 28 works in conjunction with the fluid orair pamp 30 which pumps air inte
the bladder 22 through an inflation tube 26 af the inflation inlet 243, The pump 30 may be a nanual pump
or an electronic pump for providing'air to the bladder 22, An overflow valve 46 may also be provided and
timits the amount of air capable of entering the bladder 22, along with a one-way valve 48 for releasing
air from within the bladder 22, thereby lowering the presswve within the bladder 22, As shown in FE&. 5,

the pressure gauge 28 and pump 30 may be detachably provided from the bladder 22 at 3 connectar 245,

{0119] In another embodiment, the bladder 22, itself] roay serve as ils own pressure gauge, in which the

distention of the bladder 22 as it inflates indicates an amount of pressure within the bladder 32, In this

instance, the pressure within the bladder 22 is pre-calibrated. Alternatively, more than one bladder 22 con

be used, or a bladder 22 having anltiple chantbers can be used such that the distention of one or more of
the bladders 22 or bladder chambers signifies the internal pressure. The subject invention provides

pressure within the bladder 22 typically within the range of 20-30 mm Hg.,
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[G1207 A mumber of different embodiments of a bladder 22 can be used in the therapeatic compression
apparatus 10 of the subject fnvention, FIG. § shows a perspective view of one entbodiment of a bladder
22 having a plurality of spot welds 36 according to the subject invention, The spot welds 36 are
strategically placed within the bladder 22 in & predetermined patiermn based on the desired gradient profils
relative to the compression needed at the patient's {reatment site. FIG. 64 is a side view of an inflated
bladder 22 ithustrated in FIG. § inflated to form an angle relative to the horirontal axis of the bladder 22
The bladder 22 has a frst side wall 21 and & second side wall 23 which are sealed together along a
peripheral edge seam 25, Bpot welds 36 are strategically positioned 1o join the first and second side walls
21 and 23 to one another. These spot welds 36 enable the bladder 22 to change the gradient profile and
take on a number of configurations when inflated. The geometric placement of the spot welds 36 within
the bladder 22 allows increased inflation of cortain portions of the bladder 22, anid can create one or wore
fluid chambers within the bladder 22, FIG. 6B is a cross-sectional view of an inflated biadder 22 taken
aleng ling 36%36" When the bladder 22 is used within a primary weap 12, the bladder 22 inflates more at
one end of the primary wrap 12 than the other, creating @ gradient compression profile, as shown in FIG.
5. This vonfiguration is particularly useful when compression is needed to fmprove fluid movement

{blood, lymph, ete) within the body,

(1217 I addition to the bladder Zghaving spot welds 36 Hlustoated in FIGS. 5 and 6B, soveral other
bladder configurations shown in F EGS F-16 may be used within the therspeatic compression apparatus 10
of the subject invention. FIG. 7 is a cross-sectional view of a wedge-shaped bladder in a non-inflated state
3¥a (fefl} and an inflated state 38b (right) which may be wsed in the therapeutic compression apparatus 10
acourding to the subject invention. The wedge-shaped bladder 38b provides a comfortable and efficient
gradient profile to the lower leg 2 when inflated and positioned within the primary wrap 12. The wedge~
shaped bladder 38b has @ pyraunidal shape, as fHlusteated in FIG. 7 wheo inflated. One of the three
pyranidal sides way be rigid, to prevent distention of the wedge-shaped bladder 38h tn a direction away
from the desired treatment area. Alternatively, the side closest to the treatment area may be attached ot
conected to a rigid material placed in a pocket 20 of the primary wrap 12 to prevent distention of the
wedge-shaped bladder 38b in a divection away from the desired treatment area. The wedge-shaped
bladder 38b is preferable to accommodate the normal anatomy where the ankle 4 is thinner than the lower
leg 2. Thus, when the wedge-shaped bladder 38b is placed on the lep 2, the thinner portion is positioned
towards the knee & and the thicker end is positioned towards the ankle 4. Reforring now to FIG. §, the
cope-shaped bladder 40b, is similar to the wcdgt:'«—shaped bladder 38b, and forms a cone when inflated.

The inflated cone-shaped bladder 40b {s preferable for use in normal anatory in which the ankle 4 is

thinoer than the lower {eg 2.
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{0122] Turning to FRG. 9, a cross-sectional view of a disk-shaped bladder in a non-inflated state 42a {lefi}
and an inflated state 425 {right} is shown. The disk-shaped bladder 42b is formed from two walls and has
a disk or saueer shape when inflated. The rectangular-shaped bladder sherwn in FIGL 10 in & non-inflated
state 442 (left) and an inflated state 44b (night) provides added benefits over the disk-shaped bladder 42h.
The rectangular-shaped bladder 44b 13 also known as a three-dimensional bladder that allows for
compression without bulging or distention in & direction away fror the treatment area. The rectangular-
shuped bladder 44b inflates wniformly throughout its length and width, This vnifornt inflation reduces the
bulging that may ocowr at the center of the disk-shaped bladder 42b illustrated in FIG. 9. The walls of the
rectangular-shaped bladder 44b c:ax? be elastic or inelastic, Alternatively, a combination of both fuclastic
and elastic walls may beused. One or more portions of the walls of the rectangular-shaped bladder 44b
may be formed of a rigid material m* attached to a ngd nwaterial placed within the pocket 20 of the

primary wrap 12 in order to avoid distention.

{0123} Referring to FIGR, 1113, an cxemplary embodiment of the therapeutic compregsion apparatus
100 constructed in sccordance with the present tnvention, showing compression Madder 107 integrally
formed in therapeatic compression apparatus 100, Therapeutic compression apparatus 100 is configured
and adapted to wrap around a patient’s limb such as in thas instance a lower feg through the use of primary
of primary wrap 103 and swondazjy; or foot wrap 104 which are formed out of continuous outer sheet 108
and inner sheet 106, Therapeutic compressiont apparatas 100 is a wrap member with a proximal end
portion {top gs oriented in FIGS. 11 and 12) and opposed distal end portion (hottom as oriented in FIGS.
11 and 12) which is configured and adapted to conform arounsd a patient's lower leg and provide
compression through the inflation of bladder 102, Inner sheet 106 aod suter sheet 108 are made out of &
nylon laminated polyurethane sheet which are configured and adapted 1o be RY welded togather.
Howaver, aoy other saitable materials which are weldable or otherwise joined while being airtight can be
used. Contingous peripheral weld line 118 forms an atight boundary of integrally formed bladder 102 In
this exemplary cmbodiment, bia{idér 112 35 @ single continuous bladder throughout the primary wrap 103
and secondary wrap 104, However, it is ctvisioned that sceondary wrap 104 can bave an independent
bladder either separately inflatable or inflatable through a one-way valve or other desired
inflation/detliation configuration. Secondary wrap 104 can also be configured and adapted to provide a
differing pressure from lower leg wrap 103, In an exemplary envbodiment, bladder 102 located in
secondary wrap 104 18 configured and adapted to be located along the underside of a patient's foot.
Bladder 102 in secondary wrag 104 can be adjusted as desired to provide conyression to the desived parnt

of a patient's foot.
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[0124] In this embodiment, hook and loop fasteners 124 are provided along the edge of inner and muter
sheets in order to ease adjustment and secure therapeutic compression apparatus 100 on a patient's limb
such as for example a lower leg and foor B is envisioned that the therapeutic compression apparatus 100
can also be secured to a patient’s lower leg by other eass, such as zippered, buttoned, or be cuff shaped
by other such suitable means. F arther, it is also envisioned that hook and {oop closures 124 can be
replaced by material sinuilar to that of ankle strap 122 described below and be welded/sewn/atiached to

bladder 102 for improved comfort,

{0125] In this embodiment inflation means is a device 130 which is 2 hand pump capable of attaching to
inflation port 112 to inflate bladder 102, Rt can be appreciated that 2 mechanteal or sutomatic inflation
pump {nod shown) can alse be attached to inflation port 112 to inflate and deflate bladder 102 (o provide
pulsating pressure 10 a user's lower leg. A number o variety of inflation means can be employed such asa
mamial pumyp, hand pump, foot pump, mechaical prump, slectrical pumyp, battery-operated pump, static
pump, intermittent pump, varying puoyp, automatic pump, prewmatic pump, negative pressure purnp,
suction pump or vacuum, pelsing pump, or any other known or developed source of inflation so as to
provide a certain pressure within the bladder so 1o provide compression 1n use by the patient. A vent
valve (nat shown) can also be incorporated finto therapeutic compression apparatus 100 or with inflation
means 130 to allow a usee 1o selectively deflate bladder 102, Farther, a check valve or relief valve is
incorporated with either inflation means 130 or bladder 102 to prevent over-intlation once a maximuam
pressure is detected. Examples of relief valves are deseribed in U8, Pat, No, 7,276,037 and U8, Pat. No.

7.8501.629, the disclosures of which are incorporaied by reference in their entirety.

{01267 Referving now to FIGS, 14-15, by forming bladder 102 to be integral within inmer sheet 106 and
outer sheet 108, the location and desired precontigured compression gradient profile can be ohiained cost-
effectively. A number of different embodiments of bladder confipurations can be used in the therapeutic
comyprression apparatus of the subject invention such as those configurations deseribed above. FIGR. 11
and 12 show therapeutic compression apparatus 100 baving bladder 102 with a phurality of spot welds
114 therein. Spot welds 114 are strategically placed within bladder 102 in a predetermined pattern based
ou the destred gradient profile relative to the compression needed at the patient's treatment site. Spot
welds 114 enable bladder 102 i define the gradient profile when inflated through inflation port 112, The
geompetric placement of spot welds 114 within bladder 102 allows incressed inflation of cenain portions
of bladder 102, and can create one or more fluld chambers within bladder 102, This configuration is
particudarly useful when compression is needed (o mprove fluid movement (o.g., blood, tymph, gte}
within the body. Farther, linear well lines 116 allow for beiter compression slong the back of a patient's

calf by increasing tension apphisd o the back of the calf of 3 patient. This tnereased tension can generate 3
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more effective calf compression in order to increase venous flow. Linear weld lines 116 located laterally
along the back of the calf ereate a ribbed portion, which keeps the inflated profile of thesapeutic
compression apparatus 100 compact which can further increase ambulation and rediwee interference with a
patient's clothes. In another embodiment sevondary wrap 104 can alss be made from an elastic garment

without bladder 103,

[0127] Ftcan be appreciated that depending on the location of the therapeutic compression apparatus,
different pressure wradients may be utilized. Examples of other bladder pressure pradient profilesare
deseribed in ULS, patent application Ser. Ne. 12/911,563 and U.S. patent application Ser. Wo. 12/855,1853,

the disclosures of which are incorporated by veference in their entirety.

{0128] Referring now to FIGS. 16-17, onve therapeutic compression apparatus 100 is secured sround a
patient’s Jower leg, bladder 102 ts not able to shift out of place, thus increasing comfort and reducing
fitting isxues on the patient. In ordu to increase the sase of ambulation by a patient, in s exenplary
embadiment, ankle cushion 126 can be attached ajavent heel port 120 to prevent the occurrence of &
pinch point and reduce pressare on a patient's Achilles tendon. In combination with ankle cushion 126,
anikle strap 127 can be used. In an exemplary embodiment, ankie steap 122 can include non-glastic foam
which prevents a pinch peint at the hottom of Jower leg wrap 103 and the upper part of secondary wrap
104, A further advamtage to providing ankle strap 122 is that bladder 102 proximate ankle sleaps 122 83
pulled tight against a patient's leg and improves compression newr the heel of a patient. Ankle strap 122 4s
ailvantageously wrapped around the patient's ankle and foot prior to atfixing hook and loop fasteners 124.
In order to improve comiort, through-holes 118, as scen in FIG. 18, are located throughout therapeutic
compression apparatus 100 b order to allow for ventilation about a patient's Yeg during extended wear of
therapeutic compression apparatus 100. For the sake of elarity, not all of the through-holes 118 are

identified with reference characters in the Figures,

{0129} In accordance with an exemplary embodiment, inner sheel 108 farther fncludes a laver {not
shevwn) that has @ first elastic mndu?us, inner shieet 106 has a second elastic modutus. The first elastic
moodulus is less than the second elastic modulus in a transverse direction relative to the proximal and
distal end portions of therapeutic conpression spparatus 100 to wrap therapeutic compression apparatus
100 around the leg when the leg compression Madder is inflated, In an exemplary embodiment, tnner
sheet 106 includes a secondary sheet (st shown) disposed on an inner surface thereof, to direcily contact
the lower leg in use. The secomdary sheet cancbe a fabric layer, which is elastic in a first direction and
inelastic ina second divection to curl the wrap member arcund the leg when the feg compression bladder

is inflated.
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{0130} In another exemplary cmbodiment, upper leg strap 128 is configered and adapted to Haprove
wearability of therapeutic compression apparatus 100 by locating a portion of bladder 102 above the
wigdest portion of the calf of a patient and provides stability of therapestic compression apparatus 100 by
preventing therapeutic compression apparatus 100 from slipping down the lower leg of & patient which

wonld make therapeutic compression apparatus 100 ineffective in providing calf compression,

{3131 Tumning to FIG. 19, anather embodiment of the present invention is shown including a medical
sssernbly 150 Is provided. The medical asserbly generally includes a compression mechanism A, a pre-
filled air bladder B, an absorbent fram, sponge or dressing C, and a suction conduit I which is coupled to
a suction apparatus 8. The pre-filled air bladder B, absorbent foam, sponge or dressing C, and the suction
conduit 1 may be provided as a wunit, As shown, the conywression mechanism A is wrapped around the leg
L of a patient and includes an optional foot strap F which may be wrapped around the foot F of the

patient. The suction conduit I is of desived length to couple the assembly 1 to the suction source S,

{0132} Tuming to FIG. 204, another embodinment of the therapeutic CODPTESSIoN apparatus 200
(corresponding to compression mechanism A of FIG. 19} is provided for applying pressurs 1o the Hb of
a patient such as for instance the lower leg of the human body. The therapeutic CoOMNESEion apparatus
200 preferably includes a flexible wrap member 212 and one or more inflatable air bladder chambers 214
{preferably, a single air chamber as shown). The inflatable air bladder chasber 214 is preferably secured
to the Hexible weap member 212 Ez{é?its anwrapped state. For example, the fexible wrap member 212 may
conymise two layers of elastomeric materisl with the air bladder chamber(s) 214 affixed hetween thess
two lavers by nvion ihmacis or other suitable fastening means. Alternatively, the Hexible merber 212
may include pockets into which the air bladder chamber(s) 214 are removab 1y inserted and securely hald
therein. Tn yet another alternative eimbodiment, the air bladder may be ghued or welded to the tnside
surface of the member 212, The clastomeric material of the member 212 may be realized from nylon,
polyurethane, cotton, or other suitable material, A tube 218, which fs in fluid communication with the air
bladder chamber(s} 214, extends to o pumping bulb 218, The pumping bulb 218, which is preferably
made of rubber, inclades a valve 220 that regulates the pumping of air inte the aiv bladder chamber(s) 214
via the tube 216. Adr is pumped into the air bladder chamberis) 214 by squeezing the pumping ball 218,
i this manser, the afr bladder chamber(s) 214 ave placed into a pressurized state. Preferably, a pressure
gange 222 is operably coupled to the air bladder chaniber(s) 214 to provide a visual indication of the
pressure level therein. An automatic pressure relief valve 223 and s manual pressure reliel valve 224 may
be operably coupled to the air bladder chamber(s) 214, for exan nple via the tube 216, The automatic

pressure selief valve 223 automaticilly vents the air in the chamber{s) 214 to the ambient environment
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when the internal pressure reaches a certain threshold masimum pressure, In the preferred embodinent,
this threshold maximum pressure is between 30 16 40 mmHg, and most preferably around 40 mmdly;
however it can be varied based upon the desired treatment. In this manner, the pressare inside the
chamber(s) 214 cannot exceed the threshold maximoum pressure, thereby reducing the danger of necrosis
and other complications that arise from excessive pressure. The manual pressurs relief valve 224 vents the
air in the chamber(s) 214 to the ambient environment when manually actuated by the patient {or
areg}\v} In this manner, it facilitales quick and sasy control over the intemad pressure of the air
chamber{s} 214, In aliernative ebodiments, the mianual pressure relied valve 224 and possible the

autonatic telief valve 223 may be integrated into 2 common package.

[0133]) The air chanber 214 iy substantially longer in a first dimension {e.g.. the vertical dimension of
FIG, 20A) than in a second dimension orthogonal thereto {2.g., the horizontal dimensiont of FIG. 204)
such that the air chamber 214 can be positioned v extend substantially longitudinally wlong the lower teg
to apply local pressure along its length (the vertical dimension). Such local pressure is substantially
constant along the length of the chamber 214. Tn the illustrative embodiment, the air charaber 214 i3
disposed such that it runs along the calf of the lower leg, which enables the air chamber 214 1o apply lTocal
pressure i the short saphenous vein of the patient when securely wrapped around the patient's lower leg
and inflated. However, the flexible member 212 and air chamber 214 may be adapted such that they are
Hsposed along another portion of the lower leg {e.g., a portion of the leg below the knee}, which enables

the air chamber 214 to apply local pressore to such portion of the lower leg when inflated.

{0134] The flexible member 212 nay nclude & strap (not shown) that extends arcmd the heal (and/or
other parts) of the fool when in use. This strap limits the upward travel of the flexible mamber 213 when
i use. It may also have suspender hooks or slods (not shown} that allow for suspenders to be mated
therete which support the mechaniam 318 by a band that wraps around the knee or thigh. The suspenders
timit downward travel of the flexble member 212 when in wse. These features reduce the travel of the
flexible member 212 along the fength of the leg such that its desired position is maintained during use.
The flexible member 212 may be positioned not ondy on the oot but alse onother Himbs or body parts

such as the calf] thigh. hip, buttocks torso, ribs, arm, hands, fingers, shoulder, neck, head or the tike.

{01357 In alternative embodiments, the flexible member 212 and air chamber 214 may be adapted such
that they are disposed along a portion of the upper leg {e.g., a portion of the thigh), which enables the air
chamber 214 to apply local pressure to such portion of the upper leg when inflated, For reatment of the
upper leg, the flexible member 212 may define an opening (not shown} at the knee joint level o enable
the patella (knee cap} to protrude therethrough. In this condiguration, the flexible mentber 212 may extend

below the knee joint level and secarely wraps around portions of the lower leg to provide stability tothe
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leg, It may also have suspender hooks or slots (not shown) that allow for suspenders to be mated thereto
tn order to support the mechanism 210 by a waist band when in use. The suspenders Himit downward
travel of the flexible member 212 when in use such that the Hexible member 212 maintains s desired
position.

[0136] Preferably, the flexible member 212 includes multiple hook and loop closure mechanismas 2364,
2268 (e.g. VELCRO™ members). In the preferred embodiment, the flexible member inchudes four hook
and loop closure mechanisms as shitwn in FIG. 20A. These multiple closures enable the flexible momber
212 and the air chamber(s} 214 to be securely wrapped around s povtion of the human leg. I desived,
other sultable fastening means may be used to secure the flexible member and the air chamber(s) to the
hwman leg. For example, the flexible member may be sdapted o form a sleeve-like shape with a zipper
running along s length dimension. Alternatively, the 2ipper may be omitted such that slesve-like flexible

member 15 ¢lid over the patient’s leg witid it is disposed in the desired position.

{01137} Preferably, pressure in the air chamber(s} is reducediremoved {e.g., the air chamber{s} are
deflated) by user manipulation of the manual relief valve 224 or check valve, and the pneumatic
corppression mechanism is removed from the leg by manuvally detaching the hook and loop closures and

unwrapping the flexible member 212 from sround the leg.

[B138] FIG. 208 illustrates an alternative compression mechanism 210 {corresponding to compression
mechanism A of FIG. 19y which inchudes a flexible member 212 and one or mors pre-inflated {pre-filled)
and sealed alr chambers 214 (preferably, a single air chamber as shown), The pre-intlated sealed air
chansber 214 is preferably secured to the flexible member 212 in its unwrapped state. For example, the
flexible member 212 may comprise two layers of elastomeric material with the air bladder chamber(s)
214 affixed between these two layers by nylon theeads or other suitable fastening means. Alternatively,
the flexible member 212 may include pockets into which the sealed atr chamber(s) 214 are removably
fserted and securely held therein. In vet another altarnative embodiment, the air chamber may be glued
or welded to the inside surface of the mewber 212, Regardiess, a pressure gauge 222 ix aperably coupled
to the air chamber(s) 214 to provide a visua! indication of the pressure leve] therein. The flexible member
212 also includes multiple straps 223 having hook and toop closure mechanisms 2264, 2268 (e.g.,
VELCRO™ members), and muitiple openings 2237 for receiving the straps, In the preferred enhodiment,
the flexible member includes three straps 223 and three openings 227, In use, the straps are threaded
through the openings and back on themselves such that the book and loap closure mechanisms 226A and
2268 engage cach other. By pulling the steaps tight and affixing them using the closure mechanisms,

mere or less pressure may be applied to the pre-filled chamber; thereby applying more or fess pressurs to
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the limb on which the compressionimechanism s applied. The amount of pressure applied may be read by

the pressure gauge 222 which may have numerical or other visible indications.

[0139] Turning now to FIG, 214, an alternate embodiment of & poeumatic compression mechanism
{corresponding to compression mechamism A of FIG. 19) is shown, The compression mechanism 2100
inctudes a flexible member 212" and one or more inflatable air chambers 214° (preferably, a single air
bladder as shown}. The inflatable air chamber 214" may be formed fionn two walls that are bonded
together, preferably by heat sealing, about a flange portion in a manoer similar to the fluid-filled membirs
230 as described hersin. The air chamber 2147 is secured to the inside surface of the flexible member 212
preferably by gluing, welding or other suitable fastening means, Alternatively, the Sexible member 2120
may comprise two layers of elastomernic material with the air chamber(s) 214" affixed between these two
fayers by nylon threads or other suitable fastening means. The fexible member 212" is preferably realized
from nylon, polyurethane, cotton, or other suitable material. A connector 216A" is in fuid compunication
with the air chamber{s} 214’ via a port {not shown} which preferably extends through the bottom side of
the air bladder chamber 214", The connestor 216A" mates to an inflation tube {(not shown) for fluid
connection to the pumping bulb as &ascribed above or other inflation mechanisims, An automatic pressure
refief valve 323 and a manual pressure relief vatve are in fluid conununication with the air chamber(s}
214" via additional ports (not shown) which preferably extend through the bottenn side of the air bladder

chamber{s} 214"

{D140] Preferably, the flexible mamber 212" includes multiple hook and lnop closure mechanisms {e.8.,
VELCRO™ members) which enable the flegible member 212! {and the atr chamber(s) 214" secured
thereto) to be securely wrapped around a portion of the human leg. In the exemplary cmbodiment of FIG,
204, the flexible member 212 inciﬁﬁe:s thres hook buttons 226A 1, 226A%, 226 A% disposed on the body-
contacting side of mernber 212 that mate o a larger loop pane] section 2268’ disposed on the opposite
side of meaber 212 I desired, other suitable fastening means may be usod 0 sotwre the flexible menber
212" and the air bladder chamberis) 214" to the human Jeg. For example, the flexible member 212" may be
adapied to form a steeve-like shape with & zipper vunning along Hs Iength dimension. Altematively, the
zipper may be omitted such that sleeve-tike flexible member 212" is shid over the patient's leg wntil it is
disposed in the desired position. ’2‘?}5: flexible member 213 may also inglude cutouts (ot shown) which
provide enhanced flexibibity of the &ﬂmber 212t

[0141] During use, air is pumped into the air chamber(s) 214" by acteation of the pumping bulh {or other
mflation mechanism). The air chamber 214" is subststially longer in a fivet dimension (e.g., the vertical
dimension of FIG. 21A} then in a second dimension orthogonal thereto {e.g., the Horzontal direension of

FIG. 21 A} such that the air chamber 214 can be positioned to extend substantially longitudinally along
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the leg to apply Tocal pressure along its length (the Vertical dimension). Such local pressure s

substantially constast along the kength of the chaniber 214",

01427 In the exemplary embodiment shown, the air chamber 214" has a length of 13.00 inches (Vertical
dimension) and width of 3.77 inches and 3.51 inches {horizontal dimension) at its top and bottom ends,
respectively, as shown, The width of the chanber 214 tapers as 1t extends away from the top and bottom
ends to a minimal width, which is located relatively closer to the bottom end as shown T will be

appreciated that the air chamber 214" may take other shapes and sizes.

{0143] In another alternative en.}imgg\}.imem as shawn i FIG: 218, a flodble mender 212" and air chamber
214" of a compression mechanism 218" {eorresponding to compression mechanisto A of FIG, 19) are
adapted such that they are disposed along a portion of the vpper leg {e.g., a portion of the thigh), which
anables the air chamber 214" 1o apply ocal pressure to such portion of the upper leg when inflated. The
stracture and operation of the elements of the mechanism 210" arc analogous to the mechanism 2107 as
deveribed above with respect to FIG. 21A and thus description of such elements {which are labeled with

ke numbers) are omitted for simplictty of deseriptinan.

[0144] In the exemplary embodiment shown, the flexible member 212" is contoured to conform o the
upper leg when wrapped arouwsd it The air bladder chamber 214" has g length of 11.75 inches (Vertical
dimension} and maxisnum width of 6.0 inches (Horizontal dimension) at it bottom end as shown, The
width of the chamber 214" tapers as it extends away from the bottom end to the top end as shown, It will

be appreciated that the air chamber 214" may take other shapes and sizes.

[01457 3t will be appreciated that the chambers of either of the embodiments of FIGS. 21A and 218 may

be pre-filled and sealed as deseribed above with reference to FIG. 208, it will also be appreciated that the

air chambers which are arranged 10 receive air can be inflated using @ napual puraping bulb (as shown in
FIG. 20A), or can be inflated by an electric air pump (not shown} which can use batteries oo AC wall
current to pump air into the chamber{s). Aoy known sourve of air or fluid may be employed whether
manual, mechanical, electrical, battery-operated or any other power sourced pump or pressure creator.
The inflation means may be a manual pump, hand pump, foot pump, mechanical pump, eloctrical pump,
baltery-operated pump, static pump, intermitient pump, varying puig, automatic pump, preumatic pump,
negative pressuce pump, suction amp or vacug, pulsing panyy, or any other known or developed soures
of inflation so as 1o provide a certain pressure within the bladder so to provide compression in uge by the

patient.

[0146] Other cmbodiments of the compression mechanism are possible such s 8 combination of a sealed

fluid-filled bladder, an gbsorbent foam, sponge or dressing, and a suction conduit such as for example
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corresponding to bladder B, foam, sponge or dressing C and at least a portion of suction conduit D of
FIEG. 19}

{01477 The fluid-filled member 238 may be formed in many of munerous ways. In one arrangement, the
fluid-filled member includes two walls 2424, 3428 that are bonded together, preferably by heat sealing,
about a flange portion (not shown), The two walls define a chamber 246 thevsbetween that is filled with
fluid, The fluid held in the chamber 246 can be a gas (such as air), a liquid (such as water), or a gel. The
fluid inside the chamber 246 may be loaded with ong or more therapeutic agents, such ay antibioties,
growth factor, absorbents. In such configurations, the bottom wall 2428 s realized from o semi-
permeable material that allows the therapeutic agents retained in the chamber 246 (0 migrate through to
the ireatrnent site whils maimaming the desired internal pressure in chamber 246, Such fluid might also
bea gel compound that retains heat and/or cold such that is vseful for hot and/or cold therapy of the

treatrpent site

{0148} The fluid-flled member 238 preferably has an oval shape with a length on the order of four to six
inches, 8 width on the order of two to four inches, and 8 height on the order of one-quarter to three-
quarters of an fnch. Enough {luld is preferably provided to prevent the walls of the member 238 from

sagging and touching each other, alhough some sagging can be tolerated. The walls of fluid-tilted

raember 238 may be formed from pelyurethane, polyvinylehloride, nylon, or other plastic{s) known in the

art and are of sufficient thickness {i.e,, are sufficiently strong) such that the fuid-filled wentber 238 will
not burst when 40man Hyg is applied to it by the compression mechanism. it will be appreciated that the
fluid-filled member 238 may take other shapes and sizes, and may be formed from other materials,

{01497 Attached to the fluid-ilied member 238 is the absorbent foam, sponge or dressing 245 (hereinafier

LH

referred to as "the sponge™. The spﬁnge 245 has the ability to absorb exudate from the wound or oleer. In
addition, the sponge preferably has an open-cell siructure which aids in wicking the exudate from the
wound or ulcer. The sponge 245 is preferably of a similar size and shape as the fhud-filled member. The
sponge 245 1s preferably fixed by adhesive to the bottom wall 2428 of the fluid-filled member such that
that the sponge 2435 and the fhuid-filled member 238 cannot be casily separated from sach other.
Alternatively, the sponge may be Hghtly affixed o the fluid-filled member 242R by an adhesive {iim such
that the sponge may be peeled off and replaced. As another alternative, the fhud-filled member 238 may
be provided with a circursfersntial hnlding flap for the sponge 245 which may be inserted and into and
removed font the flap as desived. I desired, the circumterence of the sponge may be sealed either by
injecting sealant into the sponge or by collapsing the open-cell structure of the sponge. Sealing the
cireumierence of the sponge can help reduce sir from entering the sponge when suction is applied to the

anit as described below,

29



i0

15

20

25

WO 2018/052676 PCT/US2017/048241

{0150] Some embodiments in the unit 230 may include a suction conduit 247 for example provided in

between the fluid-filled member 23% and the sponge 245, More particalarty, suction conduit 247 may be a

tube having 2 hifurcated distal end 249 which defines a series of boles 251, The boles 251 may be

oriented downwardly (towards the sponge 245 so that when a source of negative pressure is applied to the
suction conduit 247, that ncgative pressure is applied 16 the wonmd or uleer via the sponge 345, As a
resuli, exudate can be wicked and suctioned awsy from the wound or uleer via the sponge 245 and into
the conduit 247, Inh another embodiment, the bifurcated distal end 249 of the suction conduit 247 extends
only partially around the periphery of the unis 230, The proximal end of the conduit may couple to a
hottle or other reservoir (not shown ) which is alse coupled 10 a source of negative pressure § (shown in
FIG. 19). Altematively, the proximal end of the conduit may ternuinate in a fluid coupling 259 which in
turn can be coupled to an clongate é{mduit {extension tube) which is coupledd 1o the bottle or reservoir and
source of negative pressure: In this manner the conduit may be easily detached from the unit 50 that the
patient can walk or be ransported away from the source of suction while pressure is still being appliedio

the wound or ulcer.

{0151] The suction conduit 247 may be held between the fluid-filled mergber 238 and the sponge 245
preforably by an adhesive (not shown) which is applied to the top and bottont of the distal end 249 of the
conduit 247, and which binds the distal end 249 to the sponge 245 on its bottom aud to the fluid-filled
member 238 on its top. Alternatively, the suction conduit 247 may be heat sealed or laser-sealed to the
Mhaid-filled member 238 and/or the sponge 245, In embodiments where the sponge 243 s removable from
the fhiid-filled member 238, the conduil 247 is preferably adhered only to the boltom of the fluid-filled

menther 234,

{01521 Another ambodiment of & unit incorporating a pre-filled air bladder, a sponge and s suction
condait (corresponding to bladder B, foam, sponge or dressing C and suction consduit D of FIG. 19} may
be different from unit 2307 of the :§§a‘evious exemplary embodiments in that the hud-filled mentber 2387
i this embodiment defines a central hole 239 {i.e,, it is shaped ke a donat), and the distal end 249" of the
suction conddit 2477 {s not bifurcated and does not inchide a series of holes, bt rather extends through
the central hole of the fhud-filled mermber 238" and has an open end 251 located at sponge 245
Preferably, the suction comduit 247 is held in place in the central hole 239 by adhesive {not shown} which
binds the distal end 249 of the suction conduwil 247" o the walls of the fluid-filled member 238 which
define the central hole 239, Alternatively, the suction conduit 247" can be hald in place by friction ar by
other means sach that it can be detached from the pre-filled air bladder and sponge unit. As with the

previous embodiments, the sponge and flaid-filled member may be strongly or lightly adhered to cach
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ather, or the sponge may be removahle from a flange clament of the fluid-filled member which halds the

sponge. In addition, the spongs may be circomferentially seated.

{0153} A third embodiment of a wnit including a pre-filled air bladder, a sponge, and a suction conduit
{corresponding to bladder B, ibam,%pgmge or dressing C and suction conduit D of FIG. 11} is seen in
FIG. 22, Unit 230% is similar to units 230 and 230" disclosed above as previous embodiments, except that
the suction condait 247" is oriented horizontally between the fluid-filled member 238" and the sponge
245" and includes a distal end 249 having an open end 2517 The open end 351" is preferably centrally
lacated in the unit 2307, and preferably is oriented in a downward divection (Le,, the top half of the
conduit 247" extends further than the hotlom half). The suction vonduit 247" {s beld between the fluid-
filled member 238" and the sponge 245" preferably by an adhesive (not shown) which is applied 1o the top
and hottom of the distal end 249° of the conduii 247", and which binds the distal end 249" to the spoage
245" on its bottom and to the fluid-filled member 238" ont ifs top. In embodiments where the sponge 2457

qf\ Q8

is removable from the fuid-filied member 238", the conduit 247" is preferably adhered only to the bottom

P

of the fluid-filled member 238", 1f desired, the sponge 245" raay be circumferentially sealed.

[(1154] I aceord with one aspect of the invention, the units 230, 230" and 230" may be provided with
additional means for holding the unit in place over the wound or uleer. Thus, the periphery of the unit
night be provided with & b;ocom;rmb}f adhesive. The adhesive could be provided on the sponge, or the
fluidsfilled member might be pmwdgd with a flange (not shown) having a blocotmpatible adbesive.
Alternatively, and as shown in FIGS. 23A and 238, straps 277 mway be provided ax the means for holding
or securing the unit in place. In one embodiment, the straps are formed from the same matertal and
integrally with the Haid-filled member 238, 238, 238" and extend from one side of the {luid-filled
member. The straps are adapted to be sufficiently long so as to encircle the limb L. The ands of the straps
are provided with an adhesive which is used to couple the straps o the other side of the fhud-filled
member. Alternatively, the fluid-filled merber may be provided with slots {sot shown) into which the
straps may be strapped for tightening. In another t,m‘mdimcm the straps are separately formed and
attached to the fluid fitled member, Again, the ends of the straps may be provided with an adhesive for
erupling the straps to the other :si\k af the fluid-filled member, Alternatively, the fluid-Hilled merober may
be provided with slots (sot shown) inte which the sepavately formed straps may be strapped for
tightening.

[0155] In use, a patient or practitioner will select & umt 230, 23, 230", and locate the undl sponge fiee
down over 1 wound or uleer. If the qwit includes straps, the unit can be strapped in place on the Jinb.
Alternatively, if the unit inchindes an adhesive ring, the unit is located such that the adhesive ring is

preferably located on healthy skin as opposed o the wound or uleer. Dnee the unit i3 located, an
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appropriate compression mechanism 10, 110, 210, 210, 218 or other embodiments 1 wrapped over the
Hmb with the air chamber 14, 214, 214, 214", 114 pr other embodiments located over the unit 230, 230
230", When desired, the air chamber is pressurtzed {or pressure is applied by fixation of the wrap) 80 that
pressure is applied by the compression mechaniam o the limeb and to the unit. Application of pressure to
the unit apphies specific pressure to the wound or aleer and aids i the healing process. Adse, when
desired, suction is applied 1o the wound or aleer by applying & source of negative pressure vig the suction
ube 247, 247, 247" to the unit. Wherethe sponge is cireumferentially sealed, the amount of suction
required to move sxudates is lessened. The suction and pressure may be applied together or alone
{alternatingly}, or one or the other may be constantly applied and the other turaed on and off as needed.
When applied together, positive mechanical pressure is applied to the wound or uleer by the compression
mechanism and the wmt, while negative air pressure is applied to the wound or wleer via the sponge by the
source of negative pressure, thereby’ removing exudates and further aiding in the healing process. In
addition, if desired, a pressure sensor {not shown} may be incorporated with wait 230, 2307, 230" and
electrically coupled to the suction source S {typically via 2 wire--tiot shown--ronning along suction tube
247247, 247, where the suction source § has an on/off control {(not shown}. In this mamner, the sowe
S of negative pressare can be tumed on and off as a function of the mechanical pressure applied by the
compression mechanism and the unit as sensed by the sensor {not shown). Thus, if the pressure is above a
dexired threshold, the suction can be turned on, and if the pressure is below that or g lower threshold the
suction can be turned oft) or i desired, if the pressure is above a desived threshold the suction can be
turned off, and if the pressure is below that or a lower threshold the sustion can be tumed o The
pressure sensor (not shown) can be located between the floid-filled member 238, 238, 238" and the
sponge 243, 245, 245”, or in the sponge., or on a surface of the fuid-filled member. Aliermatively, the
pressure sensor {not shown) can be associated with the air chamber 14, 114, [ 214, 214, 214" or other

snbodiments of the flextble member 12, 112, 212, 212, 312, 212" or other embodinents.

{31561 Where the sponge is separable from the fluad-filled chamber, the sponge may be replaced at

desired intervals, I not separable, fioe entire whit may be replaced as desired. Where the unit has a thad
coupling, the suction tube may be detached prior to replacement of the unit.  Thix wait can be placed
under the therapeutic compression apparatus 10, 100, 200, 300, 400 and assembly 310 so that the
negative pressure is coupled with the compression for treatrnent of CVI, DVT and/or

ymphedema.

[0137] For purposes of explanstion and illustration, and not lnitation, another excmplary embodiment of
the present invention is shoown in FIGS, 18-24 including a therapeutic compression apparatus 200 and,

or aspects thereof, in accordance with the invention is shown in FIGS. 18-24 and is designated generally
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by reference character 200, Another exemplary embodiment in accordance with the Wnvendion, or aspects
therent, 18 shown fn FIGS. 25-34 and 1s desigated generally by reference character 300 and the assenshly
by 31k

[0158] Turning to FIG. 24, shown is another embodiment of the therapeutic compression apparatus 300
ncleding an indlation means for providing intermtient presswre fo a portion of a hursan body, such as s
leg, which prometes blood flow ami fhuid drainage to treat various conditions, fncluding venous uleess or
wounds. In this embodiment the apparatas wtilizes 8 primary bladder 312 and a secondary bladder 314,
cach having inflatable chambers 3124, 314a that accommeodate an entering thuid by inflating. The bladders
312, 314 are fluidly coupled by a fluid conduit 316, which attaches to the primary bladder 312 and the
secondary bladder 314 at respective ends 3164, 316b, thereby allowing fluid to flow back and forth
between the primary bladder 312 and the secondary bladder 314, The intermittent deflation of one of the
two bladders 312, 314 causes an infermiitent inflation and pressure inwrease in the other of the two

bladders 312, 314 as describad in the preferred and alternative embodiments further discussed below

{31597 The primary bladder 312 is best seen with reference to FIGS, 25A-25C The primary bladder 312
has o lower wall 320 and an upper wall 322 bonded together, preferably by heat sealing, on s flange
portion 324 of the lower wall 320, The lower wall 320 and the apper wall 3122 define the inflatable
chamber 312a therebetween, The upper wall 322 extends orthogonally from the flangs portion 324 to
form a sidewall 326, and then curves to form a top wall 328 which is generally pacaliel] to the lower wall
320, The lower wall 320 including the flange postion 324, and the upper wall 322 are flexible such that
the lower wall 320 may hend to cmigfomz 1o a surface contowr of a leg. A bBottom fayer 330 of material is
optionally provided on the Jower wall 320 of the primary bladder 312, The botiom layer 330 is preferably
a semi-penmeable material {e.g., a sponge} that absorbs sweat, puss, or other fhuids and provides & more
delicate contact surface to the wound. If desived, an adhesive film may be provided on the flange portion
324 1o help secure the primary bladder 312 1o the leg,

{01607 1o one embodiment, the primary bladder 312 has a nozele or connector element 318 extending
through the upper wall 322 with a first end 318a inside the inflatable chumber 3122 and a second end
318b cutside of the inflatable chamber 312a. The nozzle 218 receives the Huid conduit 316 st the first end
located flush with the sidewall 326 rather than outside of the inflatable chamber 3124 so fong as an
airtight seal is provided between the noezle 318 and the upper wall 322, The wozzle is preferably provided
with an internal valve {not shown) which is opent so long as the fhuid conduit 318 is inserted in the nozle
318, but which closes and prevents 'ﬂuid from escaping when the fleid conduit 316 is removed from the

nozzle 318, As shown in FIG. 25C, the nozzle 31N preferably extends through the sidewall 3326 portion
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of the upper wall 322 parallel with the fower wall 320 so that when the primary Bladder 312 is placed over
a wound on a leg, the nozzle 318 cxtends in a direction principally parallel with a surface of the leg.
Providing the nozzle 318 parallel with the surface of the leg will prevent it from creating a bulge or
protrusion orthogonal to the surface of the leg, which may create additional pressure on the region of the
teg directly underneath the nozale 318 when the primary bladder 312 1s attached to the leg as forther
discussed below, In addition, naintaining the nozate 318 parallel with the surface of the leg will facilitale
the attachment of the fluid conduis 316 with the primary bladder 312 in & divection principally parallel
with the surface of the leg, a configuration that mors readily allows clothing to be wom over the primary

bladder 312,

{0161] In another embodiment {not shown) the primary bladder 312 does not contain a nozele 31 8.
Instead, the Hrgt end 316a of the fluid conduit 316 is Integrally formed with the primary bladder 312 such
that the Tuid conduit 316 is inseparable from the primary bladder 312, Anoptional one-way valve 68 Is
provided as described below, £f notprovided, then the system is a closed system that is pressurized during
a manufaciuning process, and thus does not require the primary bladder 212 or any other component of the

apparatus 10 to be pressurized prior fo il operation.

[0162] Referring to FIGS. 25A-25C, the primary bladder 312 is optionally equipped with a phwality of
straps 332 which are designed to extend around the Jeg in order 1o secure the primary bladder 312104
bottmn portion of the leg. The straps 332 may contain Velero sections 386 (FIG. 25A) that overlap and
attach 1o each other after wrapping around the leg. The siraps 332 may also have an elastic quality to
produce axially dirscted compression forces when they are wrapped around the leg. In one embodiment,
the straps 332 are wrapped with tension over the inflatable chamber 31 2a after passing around the leg

T

stch that wheny the VELCRO™ sections 356 are connected, the straps 332 exert 8 continuous

cnmp;‘c:ssivé foree on the inflatable chamber 312a. In other embodiments {not sheewn) the straps 332 may
b secured horizontally around the leg or crisscrossed cver the primary bladder 312 to secwre the primary
bladder 312 to the leg and to provide resistance to the inflatable chamber 312a inflating outward, thus

increasing the pressure on the wound area when additional fluid {s forced into the inflatable chamber 312a

as further discussed below,

{0163] The lower wall 320, upper wall 322, and bottors layer 330 of the fluid primary bladder 312 muay be
formed in a variety of shapes and from & variety of materdals, but flexible plastic or rubber is preferred so
that the fluid primary bladder 312 toay bend to accommodate the specific contovr and curves of a given
feg, The size of the primary Badder 312 may be varied, and different sixes may be chosen depending on
the size and location of the wound, The upper wall 322 of the fhid primary bladder 312 is preferably

made from a niaterial such 85 a Sexible and resilient plastic {e.g.. pobvurethane, polyvinylehlaride (FVC),
P Bes P} : YVHTY , ‘
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or polypropylens} that changes shape in order to permit the volume of the inflatable chamber 312at0
inerease as additional fluld enters thevein. The material of the upper wall 322 should be nonrigid so that
as pressure incrases inside the inflatable chamber 312a, the pre is not absorbed by the upper wall
322, but rather, is transmitied through the wall to the leg. The operation of the privaary bladder 312 as pant

of the overall apparatus 10 1s discussed in more detail below,

{0164] The fluid secondary bladder 314 ix best seen with refevence to FIG. 28. The secondary bladder 314
has a lowser wall 334 with 2 flange 343 and an upper wall 336 that forms a sidewall 338 and a top wall
340, The fhad secondary bladder 314 may be fonmed in the same manner as the primary bladder 312, The
tower wall 334 and upper wall 336 are bonded together, proferably by heat sealing on the Hange 343 of
the lower wall 334, The upper wall 336 and lower wall 334 define the inflatable chamber 314a. The upper
wall 336 extends orthogenally from the flange 347 to form the sidewall 338 and curves to form the 1op
wall 340, which is generally paratiel to the lower wall 334, The lower wall 334, including the flange 342
and the upper wall 336 are flexible such that the lower wall 334 may hend to conform to 2 surface coniour

of anankle.

{01657 In one embodiment as shown in FIG. 27 7, the secomdary bladder 314 ix wom in a bent

configuration that conforms o the heel. The stze and shape of the inflatable chamber 314a of the
secondary bladder 314 may vary significantly, and is by way of example and not limitation between about
threr and six jnches long, ahowt one and a halfto three inches wide, and when inflated between about one
guarier and one half ineh in height, "‘i‘he shape of the inflatable chamber 314 preforably conforms tothe
shape of a foot or heel. A bottom Edyu '544 of material is optionally provided 1o the lower wall 334 of the
secondary bladder 314, I the fluld se«,{mda:y bladder 314 is worn without sury footwear covering it, then
the bottom layer 344 may provide added cusbioning for the heal andior may provide a non-slip surface
having a higher coeflicient of static frietion than the lower wall 334, The fluid secondary bladder 314 ma
alsa be worn upside down wherein the inflatable chamber 314a is operably disposed on the exterior
thereof, and the bottom layver 344 is disposed on the interior thersof in direct contact with the heel, The
botton layer 330 is eptional in either of these configurations as the primary function of the secondary
bladder 314, as discussed in further detail below, is fo pump fhad into the primary bladder 312 and

receive Haid back from the primary bladder 312 during the normalwalking motion,
X i

{0166] In one embodiment, the secoudary bladder 314 may have a nozzle or conneetor element 346
extending through the upper wall 336 with a first end 3463 inside the inflatable chamber 314a, and 8
second end 346b outside of the inflatable chamber 314a. The nozzle 346 receives the flaid conduit 316 at
the second end 316b of the fluid conduit 316 {FKG. 24), The nozzle 346 is prefirably provided with an

tnternal valve {not shown) which is open so long as the fluid conduit 316 is inserted in the noszle 346, but
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which closes and prevents fluid from cscaping when the fhuid conduit 316 is removad from the nozale
346, The nozzle 346 preferably sxtends through the sidewall 338 portion of the uppset wall 336 parallsl
with the lvwer wall 334 so that when the secondary bladder 314 is bent into g configuration with the

nozzle 346 extending in an upward direction principally parailel with the back of the lfeg,

{0167] In another smbodiment the secondary hiadder 314 does not contain a nozzle 346, Instead, the
second end 316b of the fluid conduit 316 15 integrally formed with the secondary bladder 314 such that
the fluid conduit 315 is nseparahle from the secondary bladder 312, As described above, an optional one-
way valve 368 is provided as deseribed below. I not provided, then the system is a closed svstem that s
pressurized during = manufacturing process, and thus does not require the secondary biadder 314 or any

other component of the apparatus 10 10 be pressurized privy to its operation

{0168] In the bent configuration described above as shown in FIG. 27 the inflatable chamber 314a of the
secondary bladder 314 can be deseribed as being divided into a compression section 348 and a connecting
seotion 350, As the secondary bladder 314 is attached to a heel of a fool {further discussed below), the
compression seetion 348 of the inﬁigiable chamber 314a is operably disposed divectly beneatl the heel
while the connecting section 350G i3 ‘.m'iem'ed i a divection principally pavallel with the direction of the leg
{FIG. 27). Positioning the nozele 346 such that # extends in the direction of the connecting section 350
perpendicular to the compression séction 348 prevents the nozzle 346 from being compressed as 8 user
sieps down on the conpression section 348 while walking. In addilion, positioning the nozzle 346 ina
direction perpendicular 1o the conpression section 348 allows the fluid conduit 316 to attach to the
secondary hladder 314 parallel with the leg and pravents the fluid conduit 316 frombeing compressed by

the ankle ov leg while 2 person is walking.

{0169] The secondary hladder 314 15 preferably equipped with at feast two {resd and/or rear straps 332,
354 which wrap around the fool o secure the fluid secondary bladder 314 o a bottom portion of the foet.
The straps 352, 354 preferably include Velero sections 350 that overlap and attach to sach other alter
wrapping around the foot. The fronf straps 3532 extend frons & front flap 358 that ix attached to the lower
wall 334 or flange 342 of the secondary bladder 336 by heat seal, glue, stitching, or other equivalent
means. The front straps 352 extend smway from the front flap 358, The rear straps 354 connect directly to
either the flange 342 or the lower wall 334 of the secondary bladder 314 by heat sealing, glue, stitching,
or other equivalent means. The rear straps 354 stant &t a reay portion of the secondary bladder 314 and
may be pulled up towards the top of the foot in front of the leg, and wrapped over the top of the foot. The
rear straps 354 also have VELORO™ sections {not shown) that overlap and attach to each other on the
top of the foot, In one embodinent, the front and rear straps 352, 3584 are wrapped with tension over the

top of the foot such that a continuous compressive foroe is exerted on the inflatable chamber 314a as it is
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positioned securely to the heel. The rear straps 354 should not be pulled so tightly that the noxzle 36

extending upward from the connecting secticn 354 is compressed.

{01707 Different embodinents of a secondary bladder may include a crescent-shaped with inflatable
chamber 3144 and nozzle 346, or a rectangularly shaped with inflatable chamber 314a" and nozele 348"
The secondary hladders 314" and 314" atfach to the heel such that the bulk of each inflatable chamber
3144, 314" is operably disposed underneath the heel and bottony of the foot. In such embodiments, the
inflatable chambaer is not divided into a compression section 348 and a connecling section 350 besause

most i not all of the inflatable c:kmmbez is compressed when the heel strikes the ground.

{0171] I all embodiments, the amount of thaid in the secondary bladder is chosen so that the primary
bladder can accommdate all of the fluld of the secondary bladder when that fhdd is forced out of the
secondary bladder by the walking motion. Preferably, the system is arranged such that the primary
bladder generally applics a constant pressure of 30-40 yum Hg to & wound site, and when fluid is fiveced
aut of the secondary bladder due t the walking motion, the pressure in the primary bladder is increased
by an additional 10-20 mm Hg. While it is possible to tolerate higher intermittent pressures {e.g., 80 oun

Hg), a naximun pressure of 50-60 num Hy is preforred.

10172} In the configuration of FIG. 28 aad the ather possible embodiments described above, the fwd
conduit 316 can be affixed to the inflatable chamber 314", 314a” of the sevondary Wadder 314, 314%
Alternatively, the secondary bladder 314, 314" can be provided with a nozzle or connector eloment 346",
346" which extends through the upper wall with a first end inside the inflatable charober, and a secongd
end outside of the inflatable chamber. The second end of the nowzle is preferably disposed behind the heel
so that the vozzle 346", 346" will not be crushed by the foot in 3 standing position or during the walking

moton.

{0173] &s shows in FIG. 26, sceondary bladder 314" may he provided with front and rear straps 3527,
354", which are shortened and are provided with adhesive sections 366 located at the ends of the straps

3572, 354 for attachment directly to the foot {or sock).

101747 In the embodiments of the present invention in which the fluid condait 318 is integrally formed
with mud permanently connscted to the Bladders 312, 314, the apparatus 10 15 a closed system. Such
enhodiments do not require the pressurization of either of the bladders 312, 314 oy of the fluid conduit
316 prior to their use. Rather, during the manufacturing provess of apparatus 190, the ends 318a, 318b of
the fluid conduit 316 are flaidly coupled o and form airtight seals with the inflatable chambers 31724,
314a. During the heat sealing of one or both of the inflatable chambers 312a, 314a, the amount of fluid

trapped in the system is controlied, Adteraatively, iF 2 one-way valve/noszle 368 is provided, then after
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the {luid conduit 316 is pormaneatly sftached to the bladders 312, 314, pressurization of the therapeutic
compression apparatus 300 and ssspmbly 310 may take place by means of the one-way valve/nozzle 368
such as a check valyve or relief va!:vé. The one-way valvemozzle 368 is used to pressurize the therapeutic
compresston apparatus 300 and assenbly 310 to a desired pressure by connecticn to g fluld sowee such ag
an air pump. Onee the desired pressure is reached (which may be below the ambient air pressurs), the
fluid soureets removed from the one way valve 358, which closes. In such embodiments, nozeles 318,
346 are not necessary because the therapeutic compression apparatus 300 and assembly 310 are a closed
system. Fhuid flows freely between the bladders 312, 314 dwough the fhaid conduit 318 {with the pressure
it cach of the bladders 312, 314 varying as the therapeutic compression apparatus 300 and asserobly 310
ix operated @ the manner disoussed below), but o additional fluid is allowed ot the apparatus 16, The
apparatus 10 is secured to the body by attaching the foot and prnmary hladders 314, 312 10 the foot and
leg as discussed heretn, The one way valve 368 such as g check valve oo relief valve may altematively be
located on sither of the inflatable chambers 3122, 314a of the bladders 312, 314 atherthan on the fluid

conduit 316,

f01751 b other smbodiments, the fluid conduit 316 is detachably connected o the nozzles 318, 346 of the
primary bladder 312 and secondary:bladder 314, In such embodiments, the ends 316a, 316b of the fluid
conduit may be inserted through the nozeles 318, 346 o fuidly couple the primary bladder 312 with the
secondary bladder 314 in an airt gﬁt manner, The airdight connection between the fudd conduit 316 and
the nozzies 318, 346 may be accomplished by male and female threaded surfaces, bayonet locks, or other
equivalent means known o the art. The nozzies 318, 346 may contain two way valves (not shown) for
pressurizing either or both of the inflatable chambers 3124, 3142 priof o subsequent to attaching the fluid
conduit 316, The fluid conduit 316 is prefersbly nwade from rubber or plastic and by way of example and
not by way of limitation has a diameter i the range of 1/4 1o 172 inch, 8 length in the range of two 1o
twelve inches, and walls having a thickness in the range of 148 to 172 inch. This wall thickness 1s
recommended to prevent o minimize expansion of the fluid condwit 316 as the pressuce varies therein
throughowt the operation of the therapeutic compression apparatus 300 and assembly 310 {i.e., the
tube preferably can withstand pressures of 60 mm Hy and above without expanding).

{0176] In erabodiments in which the fluid conduit 316 is permanently atiached to the bladders 312, 314,
the therapeutic compression apparatus 300 and assembly 310 are assembled by shnply attaching the fool
angd primary bladders 314, 312 10 fhe foot and beg as deseribed herein, No additional set-up s necessary,
10177] In embodiments in which the fluid conduit 316 is detachably connected to the bladders 312, 314,
ihe apparatus way be assembled by either first attaching the foot and primary bladders 314, 312 o the

foot and leg, and then connecting the fluid conduit 316 to the nozzles 318, 346, or by first connecting the
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fluid conduit 316 fo the foot and primary bladders 314, 312, and then connecting the foot and primary
bladders 314, 312 to the foot and leg. In such exbodiments, a fhad is supplied into either the inflatable
chamber 312a of the primary bladder 312 or the inflatable chamber 314a of the secondary bladder 314 {or
both) through the nozzles 318, 346 from a fluid source such as an alr pump. As fluid is supplied, the
bladder(s) 312, 314 will inflate and pressurize. When the fluid source is removed from the nozales 318,
346, the valves ia the nozzles will maintain the pressure in cach of the bladders 312, 314, The flaid
conduit 316 may then be pinched at one of the two ends 316a, 316b while the other of the two ends 316a,
316b is coupled 0 one of the nozztes 318, 346, The fhuid conduit 316 opens the valve within the nozxle as
it enters therein. The pinched end of the fluid conduif 316 is then coupled to the wther noxah, which
opens that nozzle’s valve, and the apparates 1) is then ready for operation. The fhuid used inside of the
therapeutic compression apparatus 300 and assembly 310 may be air, liquid, or a combination ot both

depending on the fhgd source desired, the pressure desired, and the specific materials used.

[0178] In vet another embodiment of the present invention, the prinsary bladder 312 is positioned on the
feg by means of @ flexible Jeg wrap apparatus 370 such as the one disclosed in the commonly owned U.§
Pat. No. 7.276,037, which has been incorporated by reference in its entirety. The leg wrap apparatus 370,
shown in FIGS. 78A-28B, hasan inflatable air hiadder chamber 372 secured to a Hexible wrap member
373, The flexible member 373 is desigmed to wrap around the leg in & wrapped configuration with the air
biadder chamber 372 being operably disposed on an interior surface of the flexible member 373 such that
the flexibie member 373 exerts pressure over a large ares of 3 leg. In this erobodiment, no straps or other
attachmment means need be connected to the privaary bladder 312 because the flexible member 373 serves
the dual function of positicning the primary bladder 312 on the leg (the primary bladder 312 being
sandwiched between the inflatable alr Madder chamber 372 and the leg) and providing additiona] pressure

v other areas of the leg.

{01791 In one embodiment, the inﬁgtabl{: chambers 31248, 314a of the leg and secondary bladders 312,
314 are prefitled such that when they are secired to the log and fool and used bt corganction with the leg
wrap apparatus 370, the leg wrap apparatos causes the primary bladder 312 to substantially deflate when g
patient is lying down or has the foot elevated while walking {L.e. when the oot is not conmpressing the
secandary bladder 314}, In such embodiments, it 15 preferred that the Haid displaced from the primary
bladder 314 to the secondary bladder 312 cause the inflatable chamber 312a of the secondary bladder 312
to inflate to approximately one-half to three-guarters of its maximum volume. In these embodiments, the
leg wrap apparatus 370 alone puts pressure on the saphenous vein of the pationt while the patient i lying
down or has his or her foot elevated. When the secondary Madder 314 is compressed during the standard

walking motion, fluid is displaced from the secondary bladder 314 back to the primary bladder 312,
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increasing the pressure therein, This intermiitent on and off compression will help to promote cireulation
to an uloer bed disposed on the patient's leg underneath the primary bladder 312 and leg wrap apparatas
370,

{0180] The inflatable air bladder %"2 is optionally provided with a pressure gauge snd an automatic
sressure reliel valve coupled to the inflatable air bladder chamber 372 to vent air from the chamber 372 10
the ambjent environment when the internal pressure reaches a threshold maximum pressure. For example,
the therapeutic compression apparatus 300 and agsembly 310 may be attached to the leg and foot as
deseribed above in any of the embodiments. The flexible member 373 is then wrapped with tension
sround the leg and over the primary bladder 312 with the air bladder chamber 372 touching the inflatable
chamber 3123 and exerting a p.ressm‘e thereon (FIGS. 28A and 288}, I during operation of the
therapeutic compression apparatus 300 and assernbly 310, the pressure in the wiiatable air bladder 372
becomes higher than the threshold maximur, then the automatic pressure relief valve releases air from
the chantber 372, which reduces the tenston in the flexible member 373, The flaxible leg wrap apparaius

370 may be used in conjunction with all embodiments of the apparatus 10 disclosed heretn.

[3181] Once the therapeutic compression apparates 300 and sssembly 318 is assembled and fastened to ¢
person as discussed above, the therapeutic compression apparatus 300 and assemibly 310 operates a8 8
pervon walks, During the standard }36&? to toe motion of walking, the compression sgction 348 of the
secondary bladder inflatable chantber 314a is suieezed between the heel and the ground, which puts
external prassure on the compression section 348 forcing all or most of the fluid out thereof, {i.e. the
compression section 348 of the inflatable chamber 314a of the secondary bladder 314 deflates as a heel
strikes the ground). Fluid is thus pushed Up through the connecting section 350 of the inflatable chamber
314a, into and through the fluid conduit 316, and up into the primary bladder 312, The inflatable chamber
312a of the primary bladder 312 inflates to acconwnodate the entering fluid. As the inflatable chamber
3122 inflates, the sidewall 326 of the inflatable chamber 3123 presses agaiust the straps 332 of the
primary bladder and/or the flexible member 373 of the leg wrap apparatos 370, The straps 332 and/or
flexible momber 373, which are sevurely fastened to the leg with tension and preferably extend over the
top of the inflatable chamber 3124, provide resistance to the sidewall 326 flexing or bowing outward,
which limits the volume increass of the inflatable chamber 3125 The addivional Huid entering the
inflatable chamber 312a thus causes an increase in the pressure therein. This inereased pressure is

transmitted through the fower wall 320 and/or bottom layer 330 (o the leg,

[(1182] When the person's foor rollsfrom heel to toe, the external pressure from the person’s weight 1s
rernoved from the heel. Af that point, the pressure in the fTuid conduit 316 and the inflatable chamber

312a of the primary bladder 312 is greater than the pressuge in the inflatable chamber 3140 of the
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secondary bladder 314. Because in equilibrium the pressures will be equal, a portion of the fluid in the
primary bladder 312 flows back through the fluid conduit 316 into the inflation chamber 314a of the
secondary bladder 314, which expands back to its original state, until the pressure therein equals the
pressure in the primary bladder 312 and the fluid conduit 316. This process repeats as the person walks,
which creates a pumping or kneading force on the wound area of the leg over which the primary bladder
312 is placed as the pressure in the primary bladder 312 increases and decreases, thereby promoting blood

flow, drainage, treatment, and healing to various parts of the leg.

[0183] The pressure in the inflatable chamber 312a of the primary bladder 312 is impacted by a number
of factors. It should be noted that if the primary bladder 312 is pressurized before placing it on the leg,
then the pressure inside the inflatable chamber 312a will increase when it is placed on the leg prior to the
straps 332 being secured because the volume of the inflatable chamber 312a decreases slightly as the
lower wall 3320 curves to conform to the shape of the leg. The straps 332 further increase the pressure on
the inflatable chamber 312a as they are secured thereto. In addition, in embodiments in which the fluid
conduit 316 is detachable, the pressure in the apparatus 10 may be varied by pressurizing one or both of
the primary bladder 312 and secondary bladder 314, or by using a longer or wider fluid conduit 316,
which increases the internal volume of the apparatus 10. The pressure may also vary as a function of the
tightness with which the straps 332 are wrapped around the leg and/or placed over the inflatable chamber
312a, and the tension with which the straps 352, 354 are wrapped around the foot and/or placed over the
inflatable chamber 314a. For example, a greater tension of the straps around the leg and/or inflatable
chamber 312a of the primary bladder 312 produces a greater inwardly directed (minimum) compressive
force on the leg. The operation of the apparatus 10 to inflate the inflatable chamber 312a will produce
additional pressure on the leg as the inflatable chamber 312a inflates, encounters resistance from the

straps and continues to fill with fluid without a corresponding increase in volume.

[0184] Yet another embodiment of the present invention is shown in FIG. 29A of a therapeutic compression
apparatus 400 constructed in accordance with the present invention, showing compression bladder 402
integrally formed in therapeutic compression apparatus 400. In this instance the compression bladder 402
is one bladder within both the primary and secondary wraps 403, 404. Therapeutic compression
apparatus 400 is configured and adapted to wrap around a patient's limb such as for instance the lower leg
through the use of primary wrap 403 (such as a calf wrap) and a secondary wrap 404 (such as a secondary
wrap 404), each of said wraps which are formed out of continuous outer sheet 408 and inner sheet 406.
Therapeutic compression apparatus 400 is a wrap member with a proximal end portion (top as oriented in
FIG. 29A and 29B) and opposed distal end portion (bottom as oriented in FIG. 29A and 29B) which is

configured and adapted to conform around a patient's limb such as for instance a lower leg and
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provide compression through the inflation of bladder 402, which may be a primary bladder or the sole

bladder in the therapeutic compression apparatus 400, In one embodiment of the present invention juner

sheet 436 and outer sheet 408 are made out of a nylon laminated polyurethane shest which sre configured

and adapted to be RF welded mget‘ﬁ or. However, any other suitable materials whish are waldable or
otherwise joinod whils being airtight can beused. Contingous peripheral weld line 410 forms an surtight
boundary of integrally formed bladder 402, In this exemplary embodimnent, bladder 402 s a single
continuous bladder throughout the primary wrap 403 and secondary wrap 404, However, it is envisioned
that sceondary wrap 404 can have an independerd Madder either separately inflatable or indlatable through
2 one-way valve or other desired inflation/deflation configuration. Secondary wrap404 can also be
configured and adapted to provide a differing pressare from primary wrap 403, In an exemplary
emboditment, bladder 402 located in seconwdary wrap 404 is condigured and adapied to be lovated along
the underside of a patient's foot. Bladder 402 in secondary wrap 404 can be adjusted as desired to provide

compression to the desired part of & patient's foot,

{31851 Hook and loap fasteners 424 are provided along the edge of funer and outer sheets in order 16 case
adjustment and secure therapeutic compression apparatus 400 on a patient's lower leg and foot, Ttis
envisioned that therapeutic compression apparatus 400 can alse be secured (o a patient's lower leg by
other means, such as zippered, buitsmt:{ig or be cuff shaped by other such suitable means. Further, 3 is also
envisioned that hook and loep closures 424 can be replaced by material similar to that of ankle steap 422

described below and be welded/sewn/attached 1o bladder 402 fiw boproved comfort.

{G186] In one embodiment of the present tivvention inflation means 7 is a hand punyp which san attach
toinflation port 500 to inflate bladder 402, T can be appreciated that a mechanical or astomatic inflatiog
prump {not shown) can also be attached to nflation port S04 e inflate and deflate bladder 402 1o provide
pulsating presswre to a wser's lower feg. A number or variety of inflation means can be emploved not
limited to 8 maneal pump, hand pump, foot pump, mechanical pump, electrical puamp, battery-operated
pump, static pump, intermittent pump, varying puop, automatic punip, paeuruatic pump, negative
pressure pump, suction pumg or vacuam, pulsing pamp, ot any other krwswn or developed source of
inflation so as to provide 8 certain pressure within the bladder so to provide conpression i use by the
patient. A vent valve is also be incorporated inlo therapeutic compression apparatus 400 or with inflation
means 700 to allow a user to selectively deflate bladder 402, Further, a relief valve 1a also incorporated
with either inflation means 700 or bladder 402 to prevent overintlation once a maxinmrn pressurs is
detected, BExanmples of reliel valvesiare deseribed fn U8, Pal. No, 7,276,837 and ULS. Pat. No. 7,850,625,
the disclosures of which are incorporated by reference in their entirety.  Further examples are shown in

FIGS, 30A and 30B,
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{0187} In another embodiment of the present invention the therapeutic compression apparatus 400 san be
formed by first forming bladder 402 to be integral within inner sheet 406 and outer sheet 408, the location
and desired preconfigured compression gradient profile can be oblained cost-effectively. A number of
different embodiments of bladder configurations can be used in the therapeutic compression apparatus of
the subject invention such as those configurations described above. In another embodiment thempeutic
compression apparatus 400 roay have a bladder 402 with a plurality of spot welds 414 therein. Spot welds
414 may be strategically placed within bladder 402 in a predefenined pattemn based on the desired
gradient profile relative to the compression needed at the patient's treatment site. Spot welds 414 enable
bladder 402 1o define the gradient profile when nflated through inflation port 500, The gemnetric
placement of spot welds 414 within bladder 402 allows increased inflation of certain poriions of bladder
402, and can create one or more theid chambers within bladder 402, This contfiguration is particularly
useful when conipression is needed to traprove fluid movement (2.g., bload, lymph, ete.) within the body.
Further, linear weld lines 416 allow for better compression along the back of a paticot’s calf by increasing
lension applied to the back of the calf of a patient. This increesed tenston can generate 8 morg effective
ecalf compression in order 1o inercase venous flow. Linear weld lnes 416 Tocated taterally along the back
of the calf ereate a ribbed portion, which keeps the inflated profile of therapestic compression apparatug
401 compact which can further increase arabolation and reduce interference with a patient’s clothes.

Secondary wrap 404 can also be made from an elastic ganment without Wadder 402,

{0188] }t can be appreciated that depending on the location of the therapeutie conywession apparatus
being placed on the patient’s body part or L, different pressure gradients may be utilized. Examples of
other bladder pressure gradient profiles are described in 1S, patent application Ser. No, 12/911,363 and
{18, patent application Ser. Nu. 12/855,185, the disclosures of which are mmeorporated by reference in

their entirety,

{0189] Unce therapeutic compression apparatus 400 is secured arcund a patient’s limb such as for
instance a lower leg, bladder 402 is not ahle to shift out of place, thus Increasing comfort and reducing
fitting issues on the patient. In arder to increase the ease of ambulation by a pationt, in an exemplary
embodiment, ankhe coshion 426 can be attached adjacent heel port 420 to prevent the ccourrence of &
pinch point and reduce pressure on a patient's Ackilles tendon. In combination with ankle cushion 426,
ankle strap 422 can be used. In an exemplary erabodiment, ankle atrap 422 can include non-slastic foam
which prevents a pinch point at the bottom of lower leg wrap 403 and the apper part of secondary wrap
404, A further advantage to providing ankle strap 422 is that bladder 402 proximate ankle strap 422 35
pulled tight against a pationt's feg and mproves compression near the heel of & patient. Ankle sirap 422 s

advantageously wrapped around the patient’s ankle and foot prior to affixing hook and loop fasteners 424,
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In order to improve comfort, through-holes 418, as seen in FIG. 29A, are located throughout therapeutic
compression apparatus 400 in order to allow for ventilation about a patient's leg during extended wear of
therapeutic compression apparatus 400. For the sake of clarity, not all of the through-holes 418 are

identified with reference characters in the Figures.

[0190] In accordance with an exemplary embodiment, inner sheet 406 further includes a layer (not
shown) that has a first elastic modulus, inner sheet 406 has a second elastic modulus. The first elastic
modulus is less than the second elastic modulus in a transverse direction relative to the proximal and
distal end portions of therapeutic compression apparatus 400 to wrap therapeutic compression apparatus
400 around the leg when the leg compression bladder is inflated. In an exemplary embodiment, inner
sheet 406 includes a secondary sheet (not shown) disposed on an inner surface thereof, to directly contact
the lower leg in use. The secondary sheet can be a fabric layer, which is elastic in a first direction and
inelastic in a second direction to curl the wrap member around the leg when the leg compression bladder

is inflated.

[0191] In another exemplary embodiment, upper leg strap 428 is configured and adapted to improve
wearability of therapeutic compression apparatus 400 by locating a portion of bladder 402 above the
widest portion of the calf of a patient and provides stability of therapeutic compression apparatus 400 by
preventing therapeutic compression apparatus 400 from slipping down the lower leg of a patient which

would make therapeutic compression apparatus 400 ineffective in providing calf compression.

[0192] The inflation means or mechanism for each of the various embodiments of the present invention
may include a hand pump, electric pump, battery-operated pump, remote controlled pump, air pump, gas
pump, or any other known inflation means. A number or variety of inflation means can be employed
such as a manual pump, hand pump, foot pump, mechanical pump, electrical pump, battery-operated
pump, static pump, intermittent pump, varying pump, automatic pump, pneumatic pump, negative
pressure pump, suction pump or vacuum, pulsing pump, or any other known or developed source of
inflation so as to provide a certain pressure within the bladder so to provide compression in use by the
patient. FIGS. 30A and 30B include various valves to be used in the present invention. Further, the
inflation means could include a means to monitor or regulate the inflation. The inflation means could
include programming such that the bladders are inflated and deflated to a set pressure at intervals or at set
times throughout the day or night when the compression apparatus is in use worn on the patient. For
instance, by way of example only, the inflation means could be set to 40 mm-Hg at 9 am and then set to
deflate to 20 mm-Hg at 11 am and then set to inflate to 30 mm-Hg at 12 pm and so on throughout the day
and night for each patient individually. In one embodiment of the invention the dial 610 includes

graphics of pressure amount such as “35, “45°, “55” and “65” or lettering such as “A”, “B”, “C”, “D”
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which each would correspond 1o a certain pressure such as 25 nuo-Hg, 35 mnetg, 45 mm-Hgand §§
mn-Hg. The specific pre-determined pressure to correspond with the graphic is endless and not limited

by the examples herein,

{0193} Further, the therapeutic compression apparatus may be deflated by the valve cap orin another
cmbodiment has a button or & switch (o deflate the primary andfor secondary bladder and thus release the
pressure. In any embodiment whers there fs one bladder running the length of both the primary wrap and
secondary wrap, the term “primary and/or secondary bladder™ shall mean the sole primary bladder or
compression hiadder (302).  In ancther embuodiment as shewn in FIGS. 31A-31C and 35, the switeh may
have g plurality of integrated umbrella valves so that one umbretla valve is et and closed o maintain the
pressure within the primary and/or secondary bladder, while a second umbrella valve would release a
certain amount of air or fluid within the primary andfor secondary bladder s0 as fo release the pressure
such as while the patient is walking (pressure incroases on the calt with cach step) or flving {pressur
increases hased on altitude), and a shirds umbrella valve which would release alf the air or hdd in the
primary and/or secondary bladder and ths release all pressuce and deflate the therapeutic compression
apparatus. For instance by way of example only, the first umbrella valve is set in a closed position so that
when activated this umbrella valve maintaing the amount of air oy luid i the primary and/or secondary
bladder and thus maintains the set pressure, say for ingtance at 45 nun-Hy, the second umbrella valve 18
set o relense the air or fluid within the primary and/or secondary bladder if the pressure within excecds
45 mm-Hi and bring the pressure doown to 45 mm-Hg {such as when in bigh altitude or other increases in
pressure) and then maintain the PrESSUre 3 at 45 mm-Hg, and a thivd wmbrella valve is set 1o openand
release all the air or fluid within the primary andfor secondary bladder and thus release all pressure when
activated by the patient so a3 to deflate the primary andfor secondary bladder and the therapeutic
compression apparatus. By way of another example, the dial may include graphics sueh as (A} “Walk”
wherein the set pressure amount is maintained while the patient walks and the pressure spikes and returns
over and over in time as the ambrella valve remains in the closed position, (B) then a graphic of “Ax™
wherein the set pressare amount will be maistained by this umbrefla vale occasionally veleasing pressure
ax the pressure nereases over the 36t amount or value so that the umbrella valve is activated to release air
or fhaid within the primary and/or secondary bladder and release the pressure yel then close and stay
closed to rommtain the setpressure éamoum, and (C) "Release™ or “Deflate”™ wherein the pressure will be
released and the air or fluid within the primary andfor secondary bladder released to deflate and this
wirhrela valve is always in the open posttion. In this embodiment there are three vandwella valves with
one set to ahways open the primary and/or secondary bladder to release pressore completely, one set to

always close to maintain air or flaid in the prinary and/er secondary bladder to maintain pressure, and a
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third set to open or release at 3 predetermined or set presswre point. Inall of the embodiments referdng to
umbrella valve the umbrella valve may also be a switch {manual or otherwise) or a digital swiich or any
other known means to open, olose or partial release air or fluid within a bladder and thereby maintain,

change o releass pressure thevein

f0194] The inflation means and valves shown in FIGS 30A and 308 include an inflation port having an
elbow comnector $10 which is welded 1o the conpression apparatus to allow air to flow inlo it. A check
valve or relief valve is inserted fnto the efbow connector 510, A dust cap 320 or valve cap i included to
prevent st clogging the cheek valve and if inserted i a reverse configuration the inflated bladder is
deflated manually, This is spring loaded so that the inflation means can inflate the bladder and ones the
nflation means is removed the spring scals the bladder such that the pressure Is not relessed until
manuatly or automatically decreased or deflated. The check vales may also be nonespring activated and
aclivated by any other known means. The inflation means may inchade a bulh, motorized, batter-
operated or eleciric means. The inflation means may include the dials shown or & simpler diaf or one

valve, Further embediment are shown in FIGS. 3133,

{01957 The Inflation means 700 shown in FIGS. 314 aud 311 and 31C include a hand purnp 700, The
inflation means 600 includes a tube 690 conneeted to 3 pump assembly ingluding a valve dial $14 and in
this erbodiment theee wsnbrella valves 516, as well as o label 512 which the user can use to see the
various pressure amounts for the therapeatic compression apparatus 10, 100, 200, 300, or 400. The valve
disl 614 is connected to the band pump bulb 700 by a valve base 620. The hand pump bulb 700 may bea
squecze ball or any other known hand pump or ball. As shown in FIG. 318, which is a eross section of
FIG. 31A, the valve dial 614 may i;icludsﬁ a check valve 630 which is a safely conponent such that the
user does not overintlate the compression apparatos and cause ham to himself or herself, The cheek
valve 630 may be joined tothe valve base 620 via any known means, such as for example only, adhesive
640. The valve dial 614 may further include an Owring 650 and a lubricant, such as by way of example
only grease 660, applied to the Guring 650, Further, the valve dial 614 may include a drive screw 670 and
& washer 6880, The inflation means 600 may farther fnclude, as shown in FIG. 31C, a detent spring 655
and a detent ball 656, The detent spring 655 and detent ball 636 has an sudible “clek™ and provides a

tagtile and sudible way for the user to know the pressure is changing.

(96T Another embodiment of the inflation means i shown it FIGS. 324 and 328, 33 and 34, The
nflation means 810 includes a tube 811 and a dial 318, The dial 518 is 2 monometer type and the arrow
moves around based on the pressure via the hulb 700, The dial 818 is connected o a check valve §30 so

that the user cannot overinflate the compression apparatus. The dial 818 is connected to the tube 811 and
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the check vatve 830 via any knowgn'joining means, and i this embodiment is shown by way of example

only, as a t-connector 820,

{3971 Another smbodiment of the inflation means (not showny fs includes a plunger assemibly. The
plunger assembly includes an winbrella valve (simdlar to the umbrella valves 516 shown in FIG. 31A),
The umbrella valve includes an O-ring assemibled into a slot to prevent air teakags out of the spring hole.
The plunger assembly has a predetermined heighi st as 1o control relief prevsure in the dial 61% or diad
valve 616 The plunger assembly further tehudes at least one or multiple reliof slots which allow air

pressure toaccess the umbrella valve ttselfl

{0188] FIG, 34 is a cross-section view of another embodiment of the inflation means whersin the dial
610 includes a recess 930 in varying increments such that the umbrella vaive 910 stretehes and has
different relief pressures. A pointer 930 is included in this embodument which resists the spring load and
bolds the dial 610 down at a precise beight. The vompression spring 910 drives the valve retainer
uprwards within the inflation means 900, The dial 610 has the peinter 820 located above the shide 940,
The compression spring 910 and Orring 990 are located along the slide 940, The uwbretla valve 10 s
oomiected below the slide 940, '.E”héinﬂaiim} mess forther inclodes & washer 930 and & serew drive 960,

Also shown are the check valve 980 and the vabve base 980, A distal end of thebhub 700 is also shown,

{01991 Another embediment of the inflation means 1008 ix shown in FIG. 35 including a dial 1050
having below a detert hall 1010 and a deteat spring 10260, The detent ball 1010 and detent spring 1020
act as an audible and tactile mamer for the user to koow the pressure change. The insertion tip 10304
shown joined to the tube 690, In this embodiment the three umbrelia valves may be set so that one s
always in the open posttion to release the air or fluid in the primary andfor secondary bladder and thus
release the pressure for a deflated position of the Madder(s}, the sscond umbrella valve may be set ina
closed position se as to maintain the air or fhuid in the primary andfor secondary bladder and naintain the
pressure, aud the third umbrella vatve is at a sef pressure amount or value such that as the pressure
increases the umbretla valve opens and releases the excess pressure and then the umbrella valve closes o

traintain the set pressure amount or value.

{02001 Another embodiment of the inflation means 1100 is shown in FIG. 36. The dial 1118 tncludes a
label 1120 for the user to visualize the pressure amownts in use. The dial 1610 further includes at least
one, and in this embodiment cross-section showivas two or three, umbrella valves 1140, Inthis
embodiment the three wabrelia valves may be set so that one is always in the open position fo relesse the
air or fluid i the primary and/or secondary bladder and thus release the pressure for a deflated position of

the bladders, the second umbrelia valve may be set ina closed position so as to maintain the air or fuid
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i the primaary andfor secondary bladder and maintain the pressure, and the thivd wmbrella valve is at a set
pregsure amowt or value sach that as the pressuve increases the unibrella valve opens and releases the
excess prossure and then the umbrella valve closes to miaintain the set pressare amount or valye, Further
included are a drive serow 1150 and washer 1160, An O-ring 1170 i included and lubricated via grease
1180, The valve body 1130 is jolned fo a connected bulb 700 via any known connecting or joining
means, and in this emtbodiment by way of example only, 1s an adhesive 1190, The check housing 1220

mcludes the chech valve and a silicon digk 12140,

{0201] Inanother embodiment of the present invention the corupression apparates may be a stand-alone
thigh compression or thigh wmpr@ésion portion added to the leg and foot compression apparatus of the
various other disclosed embodiments. The thigh compression apparatus includes an inner layer and an
outer layer. The outer layer has joined to it an inflation port which is capable of connecting or joning to
an inflation means. The inner layer includes a plorality of fastencrs. In one embodiment the thigh
compression apparatus includes, by way of example only, hook and loop fasteners along the edge to ease
adjustment and secure therapeutic compression apparatus on a patient’s thigh. Other uses of the thigh
compression apparatus may be ased such as on the back, calf, aym, stomach, torse, shoulder and other
body parts, sueh thal the designation as the “thigh” compression apparatus is not Timited to only we of
such apparatas on the thigh of o patient, Tt is envisioned that compression apparatus ean also be secured
to a patient’s thigh or other body part by other means, such as zippered, buttoned, or be cuff shaped by

other such suitable means.

{R202] FIGS. 37 and 38 show yet another ernbodiment of the present invention with the compression
appagat is being configured to be used on a patient’s amm. The anm compression apparatus 1300 includes
a layer 1310 and an inflation port 1305 which is capable of commecting or joining to an inflation means.
The poter fayer 1310 includes a pfz‘ts.faﬁty of fasteners 1324 which may fasten around the patient’s thumb
1395 and fingers 1390, In one enbodiment the thigh compression apparatus 1300 includes, by way of
example only, hook and loop fasteners 1324 along the edge to vase adjustment and secure therapeutic
compression apparatus 1300 on 4 patient’s armn. Other uses of the arm compression apparatus 1300 way
be used such as on the hack, shcuki»er, torso, calf, arm, stomach and other body parts, such that the
designation as the “arm” compression apparatus Is not limited to only use of such apparatus 1300 on the
arm of & patient. 1 is envisioned that compression apparatus 1300 can also be secured 1o a patient's arnm
or other body part by other means, such as zippered, buttoned, or be cuff shaped by ather such suitable

-

means. In order to improve comfort, through-holes 1313, as seen n FIG. 38 are located throughowt

compression apparatus 1300 in order to allow for ventilation about 3 patient’s arm, or other body part,

during extended wear of compressitan apparatus 1300, For the sake of clarity, not all of the through-holes
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1313 are identified with reference characters in the Figures.  The compression apparatus 1300 may
inclode a portion 1330 for use arcond the patient’s elthow as shown in FIG. 37 and may include an
aperture. In another embodiment :3&3 shown in FIG. 38 two smaller compression apparatus {compared to
the apparatus in FIG. 29A) are used on the lower arm and the upper arm of the patient with a plarality of
tabs 1405 capahle of connecting to-gach other such as via hook and loop closare or VELORO™ or any
other known comecting means such as buckles, straps, huttons, snaps, 2ippers and other combinations.
As shown in FKG. 38, the at least two therapeutic compression apparatus 1400 which are capable of
eormacting or joining to an inflation means and capable of connecting to each other via tabs 1405, The
outgr layer 1410 includes a plurality of (asteners 1424 which may fasten around the patient’s thumb 1495
and fingers. Other condiguration may be employed so that the patient may apply pressure and

compression to parts of the leg, arm, wrist, hand, shoulder, waist torso, chest and the like.

{02037 The inventive therapeutic compression apparatus may be lncluded in 8 kit having various woud
dressings and/or bandages. The wound dressings and/or bandages miy be dispused of on & more frequent
basis and the mventive therapsutic comprassion apparatus is applisd in conjunction or combination with
the wound dressings and/or bandages. In one embodiment the therpeutic compression apparatus is osed
over or on top of the wound dressing applied 1o the skin,

{0204] Another embodiment of the preseat invention includes a method of applying a messured
compression amount with feedback, As shown in FIG, 39, Compression Bladder A s inflated by
Inflation Source € —~ the nature of Compression Bladder A s such that the amount of compression is
determined by the amount of inflation mediwm (typically air} pumped into A from O In this design,
Inflation Seurce C is also coupled with Bladder B, which has a fixed volume of air. When Compression
Bladder A inflates, it will squeeze Bladder B as it compresses Compressed fem F. Inflation Sowrce C is
able to read the line pressure from the ()oﬁpiing Line E to deternuine the interface pressure from Bladder
B - inthis design, Inflation Souree C can be calibrated to provide ouly the amount of inflation medivm
neegssary into Compression Bladder A as determined by matcling the desired interface pressure from
Bladder B. Other configurations mﬁa}‘f be employed so that feedhack may be obtained from the inflation

means and compression apparatus.

{02031 Another embedment of the present invention includes a Sequential Gradient Compression with
Single Chamber. As shown in FIG. 40, the compression apparatus inchides an inflation bladder to apply
not only gradient compression but §3quemial {filling up of the foot portion frst and making s way
upwards} compression. In this embodiment as shown in FIG. 40, Inflation Device A is coupled to the
deviee in two places {Intake Port * and Exhaust Post 33, By inflating and providing air that goes directly

tto Channed B, the Foot Bladder Portion B inflates first, helore the Main Rladder ¥, Air Then exits ot of
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Fxhaust Port D. In this design, the inflation can be intermittently provided for gradient and sequential

compression or inflation can be held at a constant level to provide just the gradient profile.

[0208] Another embodiment of the presens tnvention fnchude an electric or other automated inflation
means such that the Madder is tnflated to a sel vohune or by reading the back pressurs of which is being
filled in. A pressure cyeling function may be included. Further, an embodiment may have an inflation
msans such that the intlation maintaing i the bladder(s} even after the inflation means is removed. Sueh
inflation means may be integral to the compression apparatus Uself or may be removable. Such inflation
means may include an imegrated circuit and/or wiveless capability for tracking of Usage, pressure,
compliance by the patient in regard 1o maintaining certain pressures recomamiend by 1 physician or part of
such patient’s treatment plan, and other bealth data such as slanding pressure and moving or working
pressure, pedometer {numbet of sté?s}, heartbeat, blood pressure and any wther possible monitoring of the
patient. Depemding on the fe&dbaak obtained the mflation means may be programmed 1o increage or
decrease the presswwe without manual changing by the patient. Further, the inflation means may be
confipured so that the physician or other reatment professional rony fncreass or decrease the pressare
remotely based on the feadback. Other combinations may be included such as manual changing of the dial

or inflalion means in combinaton with avtemated means or electric means or digital means.

{D207] The dials shown are non-digital by way of non-limiting example only but a digits! means may
also be emploved. A motorized purop and digital display may be used. The valve may include dighial or

eleciric means i change or modify pregsure 8t 2 st rate or dntervals or based on Feedback from the

monitoring means. The apparatus may inchude vanious sensors and monitors,

FOZ08] In use the therapeutic compression apparatuy 10, 100, 200, 300 or 4 nay be placed by the
patient, practioner or cars-giver on the chosen fimb, such as for instance the lower leg on the calf and foot
and the seeondary wrap, or the foot wrap is fastened arcund the fot of the patient. The opening aperture
for the ankle 35 set by the patient for comfort. Moving in an upward position from the foot thes the
patient, practioner Or care-giver fastens or secures the fastening tabs (such as 328, 32b, 32¢, 324, and 424,
ety up tothe knge, I there are sdditional straps located on the proximal end of the primary bladder or
calf or teg bladder (near the kiee) the first strap should be closed or secured in a tight fashion so that the
therapeotic compression apparatus fits snugly but not too tight and the second strap near the distal end of
the secondary wrap {near the foot) should  be closed or secured in 8 tight fashion so that the therapeutic
compression apparatus fits snugly but not too tight. The patiend, practioner or carve-giver then removes the
valve cap from the valve located on the therapeutic compression apparatus such as for instance on the
primary wrap. The paticnt, practioner or care-giver then selects 8 pressure amount of value on the dial of

the inflation means depending on the treatment and whether the patient will be walking, sitting, lving

50



10

15

20

25

30

WO 2018/052676 ' PCT/US2017/048241

down or traveling in a vehicle, tratn or airplane. Once the pressure amwoumnt of value s chosen on the dial
{such as a given pressuse amonnt saeh as “357 mo-Hg or a text such as “Walk™ or “Al™ or *Travel” or
“Low™ or “Mediuom” or “High"™), the corresponding umbrella valve or switch s activaied such that the

pressure is thereafter maintained {closed position} or modified so as to roaintain the pressure as it changes

with the activity or altitude when it use). The paticnt, practioner or care-giver then insens an end of the
inflation means into the valve on the therapeutic compression apparatus and the aip or finid is increased to
inflate the primary and/or secomdary bladder and thug schieve s desired pressure snount or valve, Again
thig inflation means may be a hand punp, electnic punip, battery-operated pump, remote contrafied purp,
alr pump, gas pump, or any other known inflation means. A number or variety of inflation means can he
emploved such as a manual pump, hand pump, foot punp, mechanicn] pump, clectteal pump, battery-
operated pumy, static pump, intermitient pump, varying pump, sttomatic pump, pnewmatic pang,
negative prassure pump, suction punap or vaceom, pulsing pump. or atyy other known oy developed sourcs
of inflation 50 as to provide g certain pressure within the bladder so to provide conpression in use by the
patient. Depending on the inflation means employed such inflation means miay be removed and the valve
cap replaced and the pressure will not decrease except as noted nthe “ALY or “Walk™ position. At sy
point in use the patient, practioner or care-giver can deflate the primary andfor secondary bladders by
either inserting the valve cap so it depresses the valve spring and thus release the air or fluid in the
primary and/or secondary bladder Aﬂd decreass the pressuve, orthe patient, practioner or carg-giver can
reingert the inflation means and scie&:t the “Deflate”™ or “Relesse” and the corresponding umbrella valve
will be in the open position so as to refease the alr or thud in the primary and/or secondary bladder and
decrease the pressure until a deflated state is achieved for the Madder and the therapeutic compression
apparatus. The therapeutic compression apparatus can be reinflated and deflated over and over again

when inuse,

{32097 The present invention has been ithwtrated and described with respect 1o specitic emnbodiments
thereof, which embodiments are exemplary and illustrative of the principles of the invention and are not
mtended o be exclusive or otherwise hmiting embodiments. For instance, while in the foregoing
embadiments the therapeutic conipression apparatus are deseribed as having inflatable bladders, the
therapeatic compression apparatus may additionally include integrally formed or attached {e.g., by
acdhesive, radio-frequency welding, ete) compression mentbers that are not configured for inflation and/or
deflation. For instance, additional compression menibers may be implemented using any of a variety of
preformed andfor prefilled cushioning materals such as foam cushions and/or air, gel, or other fhad filled
non-inflatable cushions, provided s b compression members geoerate sufficient compression in

combinatien with integral cmmpmssmn biadders. Further, while particular shapes, sizes, and materialy
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have been deseribed for purposes of tlusteation, 1 will be recognized that any of 3 variety of shape or size
can be used, and the materials desertbed are not exclusive but merely flastrative, Also, as noted above,
while the bladder shown is inflated with ate, 8 will be appreciated that any other flaid or medivm such as
Hywid or gel can be used, Moreovex: as also noted, it will be understood that biadders may be configured
to have multiple poeumatically mdcpendem and/or preamatically voupled bladder sections, and may alse

be configured to have various cortours or lobalations.

021 The therapeutic sompression apparatus deseribed hersin can be used for any suitable vondition
treatable by compression therapy and the like. For example, therapeutic conpression apparatus in
accordance with the present invention can be used for compression of the venous system for the treatment

of venous ulcers, VL, DVT, for the treatment of Ivipphedems {where #t is ciroulation of fhaids in the

lymph systern rather than i the venous system that is proveoted), and the like.
pit Y

[0211] The therapeutic compression apparatus of the instant nvention deseribed herein solves many
problems with the prior art and in the indusivy and treatment of patients.  The therapewtic compression
apparatus may be applied on the patient™s body part by the patient withowt the need or requirement of o
skilled care-giver as required by current devices and apparatas, It further {s capable of maintaining

sufficient effective pressare without overpressere compldications, maintaining compression and the lke.

{0212} The therapautic s,(}mmc\amn apparatus of the instant inveation includes a eniversa! inflation pot
which is configured to he capable af conpecting 1o more than one source of compression or inflation
means such that the patiznt could vary treatment through varying the inflation source and inflation means
for the treatment apparatus or device,  For instance, a patient using The {herapeutic compression .
apparatus of the fnstant invention can alternate between o manual or mechanical or eleetrical inflation
means or soures of inflation and pressure. Further, the patient can slternate between static or intenmittent

inflation and pressure when using the inventive therapeutic compression apparatus

{(1213] The therapeutic compression apparatus of the instant invention also reduces the problem is
leakage of set compression within the treatment apparatus and devices, bandages, stockings and hosiery

and instead promotes a more effective treatment for OV VT anddor Ivinphedema and other treatments.

[0214] Wiile the subject invention of the present disclosure has been described with respect 1o preferred
and exeraplary embodiments, those skifled in the mrt will readily appreciate that various changes adfor
modifications can be made to the invention without departing from the spirit or scope of the invention as
deseribed herein,  There have been deseribed and llustrated herein several enbodiments of an
intermittont Prossure apparaiug and:a method of tnstalling and operating same. While particular

embodiments of the invention bave been described, 1t is not intended that the Bivention be limited thereta,
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a3 it is intended that the invention be as broad in scops as the art will allow and that the specification be

read likewise. Thus, whils particular shapes and sizes of inflatable bladders and siraps have been
disclosed, it will be appreciated that other shapes, sizes, and attschment means may be used as well
will also be understood that while Velero and adhesive means have been di sclosed for helping to secure
the bladders to the leg and foot, other types of attachments such as hooks, suaps, or wraps may be used. In
addition, it will be appreciated that while the fluid conduit roay be detachably counscted t the bladders
using mating threaded portions or bayonet locks, other means of attachment known in the art may be
gsad. It will therefore be appreciated by those skalled in the art that yet other modifications could be made

to the provided invention withet deviating from its spirst and scope as claimed.
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CLAIMS
We claim:
1. A therapeutic compression apparatus comprising:
a primary wrap having a proximal end and a distal end;
a secondary wrap having a proximal end and a distal end wherein the proximal end of
the secondary wrap is connected to the distal end of the primary wrap;
at least one bladder within the primary wrap and/or secondary wrap;
an inflation means connected to the bladder via an inflation port on the primary wrap
wherein the inflation means includes a first check valve and a switch, the switch capable of
rotating among a first valve, a second valve and a third valve; and
wherein the inflation port is configured to be universally capable of connection to a

variety of inflation means.

2. The therapeutic compression apparatus of claim 1 wherein the primary wrap includes
(a) an inner sheet configured and adapted to be disposed facing a limb when in use and (b) an
outer sheet joined to the inner sheet with the bladder defined between the inner and outer

sheets.

3. The therapeutic compression apparatus of claim 1 wherein the inflation means is
selected from the group consisting of manual pumps, static pumps, intermittent pumps,
electrical inflation pumps, battery inflation pumps, gas powered inflation pumps, static
pneumatic compression pumps, intermittent pneumatic pressure pumps, and the combination

thereof.

4. The therapeutic compression apparatus of claim 1 wherein the at least one bladder is
configured to have one chamber capable of sequential gradient pressure when connected to

the inflation means.

5. The therapeutic compression apparatus of claim 1 wherein the first valve is
configured to be capable of holding a pressure created by the inflation means within the at
least one bladder creating an inflated state of the bladder, the second valve is configured to be
capable of releasing a set amount of pressure within the at least one bladder creating a

partially deflated state of the bladder, and the third valve is configured to be capable of
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releasing all the pressure within the at least one bladder so as to create a fully deflated state of

the bladder.

6. The therapeutic compression apparatus of claim 1 wherein the inflation means

includes a real-time pressure measurement mechanism.

7. The therapeutic compression apparatus of claim 1 further comprising an elbow
connector, a second check valve and a valve cap wherein the valve cap is capable of releasing

a pressure created by the inflation means within the at least one bladder.

8. The therapeutic compression apparatus of claim 1 further comprising a third check

valve operatively connected to the at least one bladder to protect from overinflation.

9. The therapeutic compression apparatus of claim 8, wherein the third check valve is set

to open at a predetermined pressure.

10. The therapeutic compression apparatus of claim 8 wherein the third check valve is

configured to open at a user selectable pressure.

11. The therapeutic compression apparatus of claim 8, further comprising a vent valve

operatively connected to the at least one bladder for deflation.

12. The therapeutic compression apparatus of claim 1 further comprising at least two tabs
connected either to the proximal end of the primary wrap or the distal end of the secondary
wrap wherein the tabs include a connecting means configured to be capable of connecting at

least two therapeutic compression apparatus together along a plane.

13. A therapeutic compression apparatus for applying pressure to a leg of a human body,
comprising:
a foot bladder having a first inflatable chamber that accommodates a fluid entering
therein by inflating;
a leg bladder having a second inflatable chamber that accommodates the fluid entering
therein by inflating;
a first means for locating the leg bladder on the leg of the human body;

a second means for locating the foot bladder on a foot of the human body;
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a fluid conduit fluidly coupling the foot bladder and the leg bladder such that a fluid
may travel from the foot bladder to the leg bladder through the fluid conduit, and from the leg
bladder to the foot bladder through the fluid conduit;

an inflation means connected to the leg bladder via an inflation port on the leg bladder
wherein the inflation means includes a first check valve and a switch, the switch capable of
rotating among a first valve, a second valve and a third valve; and

wherein the inflation port is configured to be universally capable of connection to a

variety of inflation means.

14. The therapeutic compression apparatus of claim 13, wherein the first means for
locating is a first attachment member wrapping around the leg to secure the leg bladder to the

leg.

15. The therapeutic compression apparatus of claim 14, wherein the first attachment

member is a plurality of straps attached to the leg bladder.

16. The therapeutic compression apparatus of claim 13, wherein the second means for
locating is a second attachment member wrapping around the foot to secure the fluid foot

bladder to the foot.

17. The therapeutic compression apparatus of claim 16, wherein the second attachment

member is a plurality of straps attached to the foot bladder.

18. The therapeutic compression apparatus of claim 17, wherein the plurality of straps

have an adhesive or hook and loop closure for attaching the straps to the foot.

19. The therapeutic compression apparatus of claim 13, wherein the foot bladder attaches

to a bottom portion of a heel of the foot.

20. The therapeutic compression apparatus of claim 13, wherein the fluid is either air, gas

or liquid.

21. The therapeutic compression apparatus of claim 13, wherein the foot bladder and the
leg bladder are arranged such that when the fluid is forced out of the foot bladder, the leg

bladder applies an extra pressure to the leg.
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22. The therapeutic compression apparatus of claim 21, wherein the extra pressure is

between 10 and 20 mm Hg extra pressure.

23. The therapeutic compression apparatus of claim 22, wherein the leg bladder applies
between 30 and 40 mm Hg pressure to the leg in a first state, and applies between 50 and 60

mm Hg pressure to the leg when fluid is forced out of the foot bladder.

24. The therapeutic compression apparatus of claim 13, wherein the fluid conduit has a
first end and a second end, and the leg bladder and the foot bladder each have a nozzle for

receiving one of the first end and the second end of the fluid conduit.

25. The therapeutic compression apparatus of claim 13, wherein the inflation means is
selected from the group consisting of manual pumps, static pumps, intermittent pumps,
electrical inflation pumps, battery inflation pumps, gas powered inflation pumps, static
pneumatic compression pumps, intermittent pneumatic pressure pumps, and the combination

thereof.

26. The therapeutic compression apparatus of claim 13, wherein the leg and foot bladders
are configured to have one chamber capable of sequential gradient pressure when connected

to the inflation means.

27. The therapeutic compression apparatus of claim 13, further comprising an elbow
connector, a second check valve and a valve cap wherein the valve cap is capable of releasing

a pressure created by the inflation means within the leg and foot bladders.

28. The therapeutic compression apparatus of claim 13, further comprising a third check

valve operatively connected to the leg bladder to protect from overinflation.

29. The therapeutic compression apparatus of claim 28, wherein the third check valve is

set to open at a predetermined pressure.

30. The therapeutic compression apparatus of claim 28, wherein the third check valve is

configured to open at a user selectable pressure.

57



31. The therapeutic compression apparatus of claim 13, further comprising a vent valve

operatively connected to the leg bladder for deflation.
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