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THERAPEUTIC COMPRESSION APPARATUS AND METHODS OF USE 

RELATED APPLICATIONS 

	

5 	[0001] - The present application claimpriority from provisional application Serial No. 621378,581 filed 

August 23, 20016, and priority from co-pending application and this PCT application is a continuation-in-

part of U.S. patent application Serial No. 13/444,600 which is a divisional of U.S. patent application 

Serial No. 12/855,185.  entitled "Therapeutic Compression Apparatus" filed on August .12, 2010 and 

issued as Patent No. 9,033,906, th4iitire contents of which are hereby incorporated herein by reference 

	

10 	for all purposes. 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 

[0002] The subject invention is directed generally to a device for applying compression to a limb, and 

	

15 	more particularly, to a therapeutic apparatus for applying compression to the leg of an individual in 

conjunction with the treatment of conditions such as chronic venous insufficiency and lymphedema. The 

apparatus includes a wrap having a bladder and an.inflation means for the bladder with. the apparatus 

capable of applying-.compression to a limb such as the lower leg and foot of a patient. 

	

20 	[0003] II. Background of the Related Art 

[0004] Normally, a healthy leg muscle, fotexample, squeezes the deep veins of the legs and feet to help 

move blood back to the heart. One-way valves in the deep leg veins keep blood flowing back towards the 

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

stretch. Over time, in susceptible individuals, this can weaken the vein walls and damage the valves, 

	

25 	causing blood to pool the veins and increase venous blood pressure. This may result in a condition 

known as chronic venous insufficiency (CVO. 

[0005] Treatment of CV! typically involves the use of compression stockings or medical hosiery to 

decrease chronic swelling. Compression stockings are elastic stockings that squeeze the veins to improve 

venous circulation and prevent excess blood from flowing backward. Compression stockings can also 

	

30 	help to heal skin sores or stasis ulcers that often present in conjunction with CVI. it is also common to 

employ compression bandages to apply press= to the leg. in this regard, a bandage is applied with 
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constant tension SGas to produce graduated compression with the: highest pressure at the ankle. However, 

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

[0006] Highly effective methanicat compression devices have also been developed for treating CVI, 

which are disclosed, for example, in U.S. Pat. Nos. 7,276,037 and 7,559,908, the disclosures of which are 

	

5 	incorporated by reference herein in their entireties. These devices include a flexible wrap that carries a 

manually inflatable air bladder and is adapted to be securely positioned around the leg of an individual to 

apply localized pressure to a treatment site. The device also includes a fluid-filled wound dressing that 

can be applied directly to the skin for applying localized pressure and even a medicament to a venous 

ulcer when it is enveloped by the flexible wrap. While this device is effective for applying localized 

	

10 	compression to the leg, it is not configured to apply localized compression to the foot to prevent swelling 

and further improve venous circulation. 

[0007] Lymphedema, also known as lymphatic obstruction, is another condition of localized fluid 

retention and tissue swelling, and is caused by a compromised lymphatic system. Treatment for 

lytnphedema varies depending on the severity of the edema and the degree of fibrosis of the affected limb. 

	

15 	The most common treatments for lympluxlema are manual compression lymphatic massage, compression 

garments or bandaging. Elastic compression garments are typically worn. by persons with lymphedema on 

the affected limb following complete decongestive therapy to maintain edema reduction. 

(0008] Compression bandaging, also called wrapping, involves the application of several layers of 

padding and short-stretch bandages to the involved areas. Short-stretch bandages are preferred over long- 

	

20 	stretch bandages (such as those normally used to treat sprains), as the long-stretch bandages cannot 

produce the proper therapeutic- tension necessary to safely reduce lymphedenia and may in fact end up 

producing a. tourniquet effect. During activity, whether exercise or daily activities, the short-stretch 

bandages enhance the pumping action of the lymph vessels by providing increased resistance for them to 

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

	

25 	[0009] Known methods for CV' and lymphedema treatment, like compression bandaging, have several 

disadvantages. The bandaging is time consuming and the effectiveness is limited to the skill of the 

provider. In sonic instances, bandages can be applied too tightly or too loosely and may slip from their 

intended position, decreasing their effectiveness. When this occurs, bandages must be taken. Wand 

reapplied, further increasing the time of application and decreasing the consistency of application of the 

30 therapy. 

[0010] The effectiveness of many of the current compression therapies is limited by the application of 

current products. Because current compression therapy is done either with manual wraps or 

2 
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electromechanical systems, they require either a skilled medical processional to apply and/or the need for 

the patient to be stationary for extended periods of time„Mthough stockings andjor bandages can be worn 

by patients and self-administered, they are very difficult for the patient to put on and pose a challenge for 

unskilled medical professionals to apply consistently and effectively. 

	

5 	[0011] Further, many of the current treatment options for CVI and lymphedema cause -venous ulcers 

including the use of current known devices, apparatus, bandages, stocking, hosiery and the like. A 

venous ulcer is damage and loss of skin above the ankle that: is the result of a problem with the veins in 

the leg. Venous ulcers typically develop on either side of the lower leg, above the ankle and below the 

calf, They are difficult to heal. and often recur. 

	

10 	[0012] The veins of the leg are diviOod into the superficial and deep systems according to their position 

relative to the fascia. The deep veins, which conic together to form the popliteal and femoral veins lie 

within the fascia and are responsible for the venous return from the leg muscles. Dilated valveless 

sinusoids also lie within the fascia (more particularly in the soleus and gastrocnemius muscles). The 

sinusoids fill with blood when the leg is at rest. 

	

15 	[0013] The long saphenous vein which runs along the medial side of the leg from foot 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 system. These vessels lie outside the fascia and are responsible for the venous return 

from the skin and subcutaneous fist. 

[0014] communicating veins, sometimes called pertbrators because they perforate the deep fascia, join 

	

20 	the two systems. The pertbrators, like the other veins in the leg, contain valves that permit the flow of 

blood in one direction only, from the outer or superficial system inwards to the deep veins. 

1.00151 The venous pressure at the ankle of a subject: who is lying supine is around 10 mmHg, but on 

standing this will rise considerahlyihte to an increase in hydrostatic pressure (equivalent to the weight of 

a vertical column of blood stretching from the point of measurement to the right auricle of the heart). 

	

25 	[00161 During walking, as the foot is dorsally,' flexed, the contraction of the calf muscle compresses the 

deep veins and soleal sinuses thereby emptying them of blood. As the foot is pl.antarly flexed, the pressure 

in the veins falls, the proximal valves close, and the veins are refilled by blood passing through the 

perforators from the superficial system. During this cycle, in a normal leg, the distal valves of the deep 

veins and the valves of the perforators will ensure that the expelled blood can go in only one direction-- 

	

30 	upwards, back to the heart. 

3 
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[0017] Blockage or damage to the venous system will cause disruption to normal blood flow, which may 

manifest itself in a number of different ways according to the site and extent of tha•.damage. If the valves 

in the superficial system are affected, venous return will be impaired and blood may accumulate in. the 

veins causing them to become distended., leading to the formation of-varicosities (varicose veins). 

	

5 	[001$] If the function of the perfbrator valves is impaired, the action of the calf.  muscle pump will tend to 

cause blood to flow in the inverse direction into the superficial system increasing the possibility of 

damage to the superficial vessels. 

[00191 Following a deep vein thrombosis that results in complete or partial obstruction of a deep vein, the 

unrelieved pressure produced by the calf muscle pump on the perforator valves may causethese to 

	

10 	become incompetent. If this occurs, there will be a large rise in the pressure in the superficial-system, 

which may force proteins and red cells out of the capillaries and into the surrounding tissue. Here, the red 

cells break down releasing a red pigment that causes staining of the skin, an early indicator of possible 

ulcer formation. 

[0020] Venous leg ulcers are generally shallow and red in color. The skin surrounding the ulcer is 

	

15 	frequently discolored due to the staining described previously. Incompetent perforating vein valves can 

also cause malleolar venules to become dilated and appear as fine red threads around the ankle. This 

condition, called ankle flair, is also diagnostic of a venous ulcer. 

[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 in the lower extremities of the.body have 

	

20 	difficulty transporting blood back to the heart, a condition develops called. chronic venous insufficiency 

(CVI), also known as chronic- venous disease (CVD). CVI most commonly occurs as the result of a blood 

clot. in the deep veins of the legs, a disease known as deep vein thrombosis (DVT). CVI also results from 

pelvic tumors and vascular malformations, and sometimes occurs for unknown masons. When a person is 

standing or sitting, blood in the veins of the legs flows in an upward direction. When the person walks, 

	

25 	the calf muscles and muscles in the feet contract to squeeze the veins and push the blood upward. 'JO keep 

the blood flowing upward and prevent it from flowing downward, the veins contain one-way valves. C.VI 

occurs when these valves become damaged and allow the blood to leak back downward in the opposite 

direction. Such valve damage may occur as the result of aging, extended sitting or standing, or a 

combination of aging and reduced mobility. When the veins and valves become weakened and the blood 

	

30 	does not. properly flow up to the heart, blood pressure- in the veins of the lower extremities can stay 

elevated for long periods of time, leading. to CVI. This condition is more common in older individuals, 

4 
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and tf.not properly treated, can lead to burst capillaries, local tissue inflammation, internal tissue danutge, 

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

[0022] CVI can diminish the capacity of the venous system and increase the workload of the lynsphatic 

system the affected area.: The lymphatic system must then transport larger volumes of water and protein 

	

5 	to reduce the fluid load in the affected tissues of the legs, a situation which is-especially difficult fist- 

patients with Isymphedema, varicose veins, and other lower extremity pathology. 

[00231 One non-surgical option often used to help prevent or treat the lower extremity pathologies 

disetessedabove is the use of compression stockings. Compression stockings help prevent leg fatigue, 

ankle and foot swelling, spider veins, and varicose veins. They improve circulation in. the legs, especially 

	

10 	when. used in conjunction with frequent exercise and leg elevation. Compression stockings maintain 

pressure on the legs while allosOnefor normal ambulation. Increasing pressure in the tissues beneath the 

skin reduces excess leakage of fluid from the capillaries and increases absorption of tissue fluid by the 

capillaries and lymphatic vessels. In addition, the increased pressure decreases the size of the veins, which 

causes the blood to flow faster and help prevent it from pooling. 

	

15 	[0024] Compression stocking tightness typically varies between 15-50 mm FIG. The tightness of a given 

stocking depends on its particular configuration and class. For example, stockings having a compmsion 

pressure of 15-20 mm HG are considered light compression stockings. Class I stockings are 20.30 mm 

Hg, class II stockings are 3040 mm Hg, and class III stockings are 40-50 mm 

[0025] While such compression stockings are a commonly utilized non-invasive treatment of lower leg 

	

20 	pathology, the issues they present are numerous. Wearing a tightly fitting stocking can be tedious or time 

consuming to put on, and may require help from another person if the wearer is injured, elderly, or has 

some form of disability. in addition, the pressure applied by the stocking generally stays relatively 

constant during use without any option of increasing or decreasing the tightness level. As compression 

stockings are repeatedly worn, they lose elasticity and thus tightness over time. Once such prescribed 

	

25 	elasticity and tightness is lost, the ifit eking is of.  ittle or no value, and needs to be replaced on account of 

its looseness, which requires buying a new pair to obtain the desired pressure. • 

[0026] Medical hosiery represents a useful and convenient method of applying compression to normal 

shaped legs in order to prevent the development or recurrence of leg ulcers.. However, these stockings are 

of limited value in the treatment of active ulceration, being difficult to apply over dressings. in such 

	

30 	situations compression bandages currently represent: the treatmentof choice. Compression bandages apply 

a pressure to the limb that is directly proportional to bandage tension but inversely proportional to the 

radius of curvature of the limb to which it is applied. This means, therefore, that a- bandage applied with 

5 
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constant tension to a. limb of normal proportions will automatically produce graduated compression with 

the highest pressure at the ankle. This pressure will gradually reduce up the leg as the circumference 

increases. 

[002711 As can be readily appreciated, it is cumbersome and difficult to apply unifomi tension to the 

	

S 	compression bandage as it is applied to the treated limb, and thus this is accomplished only by highly 

skilled caregivers. Moreover, once secured to the treated limb, care and attention must be given to ensure 

that the bandage does not slip or become displaced as this will lead to multiple layers forming, which in 

turn may lead to localized areas of high pressure, which can place the patient in direct risk of skin 

necrosis. 

	

10 	[0028] Mechanical compression treatments have also been proposed. An exemplary compression device 

is described in U.S. Pat. No. 5,031,604 to Dye. As generally described at col. 2, lines 33 et seq., an 

arrangement of chambers are provided that circumscribe the leg. An active pneumatic control system 

controls the pressure in the chambers to squeeze the leg near the ankle and then squeeze sequentially 

upward toward the knee in order to move blood from the extremity toward the heart. As noted in col. 4, 

	

15 	lines 20-59 of U.S. Pat. No. 6,488,643 to Tumey et al., the mechanically produced 'compression levels 

may produce ischaernie (i.e., localized tissue anemia) not noted at similar compression levels obtained 

through bandaging, It may also produce cuffing (i.e., a reduction in leg pulsatile blood flow). 'The 

pneumatic control system is also bulky and heavy, which severely limits the mobility of the patient during 

treatment. Moreover, the pneumatic, control system fails to provide a mechanism to ensure that excessive 

	

20 	pressure, which can cause necrosis, is not applied to the treated limb. These limitations have resulted in 

most mechanical compression devices being contraindicated fed' patients exhibiting deep-vein thrombosis. 

Consequently, those skilled in the art have to date avoided such mechanical compression devices for the 

treatment of venous ulcers or edema of the extremities. 

[0029] Co-owned U.S. Publication No. 2004/0193084, which is hereby incorporated by reference herein 

	

25 	in its entirety, discloses a device for applying pressure to the human leg for use in conjunction with 

treatment of varicose veins. The device includes a flexible member and at least one air bladder chamber 

integral thereto that are adapted to securely wrap around the human leg. A tube in fluid communication 

with the air bladder chamber(s) extends to an air pumping mechanism that operates to inflate the air 

bladder chamber(s) to a pressurized state. 'The flexible member preferably includes an opening at the knee 

	

30 	joint level to enable a patella to protrude therethrough. In addition, the flexible member preferably 

extends below knee joint level and is adapted to securely wrap around a lower portion of a leg to provide 

stability to the leg. Preferably, the dir bladder chamber of the device is substantially longer in a first 

dimension than in a second dimenslo. n orthogonal thereto such that the air bladder chamber can be 

6 
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positioned to cover a portion of the human leg that is relatively long in the vertical dimension and narrow 

in the horizontal dimension. 

[0030] Co-owned U.S. Pat. No. 7,276,037, which is hereby incorporated by reference herein in its 

entirety, discloses an apparatus for applying compression therapy to an extremity of the human body, 

	

5 	such as a portion of the human leg. The device includes a flexible member and an air bladder chamber. 

The flexible member is adapted to wrap around the extremity to secure the air bladder chamber to the 

extremity. An air pumping mechanism is operated to inflate the air bladder chamber to a pressurized state. 

One or more fluid-filled pressurized members are provided., each separate and distinct from the flexible 

member and the air bladder chamber and thus readily moveable relative to the flexible member and the air 

	

10 	bladder chamber. The pressurized member(s) is operably disposed between the extremity and the flexible 

member whereby it applies increased localized pressure to the extremity during use. Preferably, the air 

bladder chamber is substantially longer in a. first dimension. than in a second dimension orthogonal thereto 

such that. it can extend longitudinally along the extremity to cover -a relatively long and now portion of 

the extremity. The position of the air chamber can be readily adapted to apply local pressure. to desired 

	

15 	body parts (such as a certain venous channel). The pressurized member(0 can be positioned during use 

such that it covers a venous ulcer (or other treatment sites) and applies increased localized pressure to the 

treatment site in order to promote healing. 

[0031] All current known treatment apparatus, devices, bandages, stockings and hosiery have the 

problems of stability, maintaining sufficient. effective pressure without overpressure complications, 

	

20 	maintaining compression and the like. Further all known apparatus, devices, bandages, stockings and 

hosiery, though especially the.current treatment apparatus and devices, are only capable of connecting to 

one source cif compression or inflation means and no universal inflation port of connector is known 

wherein a patient could vary treatment through varying the inflation source and inflation means fbr the 

treatment apparatus or device. 

	

25 	[0032] Other known problems with the current treatment apparatus and devices, bandages, stockings and 

hosiery is the requirement that a skilled care-giver apply the current treatment apparatus and devices, 

bandages, stockings and hosiery.. etch a skilled care-giver may riot be available to all patients, notably 

those without long-term, care insurance or provided a skilled home-health aid. Yet another known 

problem is leakage of set compression within the treatment apparatus and devices, bandages, stockings 

	

30 	and hosiery resulting in an ineffective treatment and ineffective apparatus or device and the like which 

may be rendered useless to the patient and user. A further problem. with the current treatment apparatus 

and devices, bandages, stockings and hosiery is that the inflation means or source of compression is set 

up as either manual or mechanical or electrical and cannot be interchanged in. that the inflation port or 

7 
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inflation means is not universal and interchangeable. Yet another problem with the current treatment 

apparatus and devices, bandages, stockings and hosiery is that the inflation means or source is either static 

or intermittent and again cannot be changed during the treatment with such apparatus or device. 

[0033] The apparatuses, methods, assemblies and systems of the subject invention provide benefits and 

	

5 	advantages that may overcome a number of problems with respect to known compression technologies, 

particularly the problems that arise due to the difficulty of applying current compression wrap 

technologies. The subject inventionprovides an alternative to known technologies that employ tight-

fitting therapeutic elastic garments, which cause patients discomfort, and lose their elasticity and therefore 

their effectiveness over time. 'T'hose skilled in the art will readily appreciate that it would be beneficial to 

	

10 	provide a therapeutic compression device for treating CV1, DVT and lymphedema that is adapted and 

configured to apply localized compression to the leg and foot to prevent swelling and further improve 

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

SUMMARY OF THE INVENTION 

	

25 	[0034] The subject invention is directed to a therapeutic compression apparatus. The therapeutic 

compression apparatus comprises: a primal;] wrap and a secondary wrap and optionally a stirrup. The 

primary wrap encircles at least a first portion of a limb such as a leg and applies compression thereto. The 

primary wrap has a horizontal proximal edge for positioning towards for instance a knee of the leg, a 

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

	

20 	peripheral edges perpendicular to the horizontal proximal edge and the horizontal distal edge. The •i;• 
secondary wrap encircles at least a portion of a limb such as a foot of the leg to apply compression 

thereto. 'Pie stirrup is integrated with the primary wrap along the horizontal distal edges for securing the 

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

secondary wrap. 

	

25 	[00351 The therapeutic compression apparatus may further comprise at least one bladder operatively 

associated with the primary wrap for applying pressure to a treatment site on the limb such as a leg. The 

primary wrap may include at least one interior pocket for accommodating the at least one bladder. 

Alternatively, the at least one bladder may be integral with the primary wrap. One or more means for 

attaching the primary wrap may be operatively associated along the first and second peripheral edges of 

	

30 	the primary wrap for securing the primary wrap around the limb. 

[0036] The at least one bladder may be adapted and configured to form a predetermined gradient pressure 

profile when the at least one bladder is filled. The at least one bladder may be one of a wedge-shaped 

8 
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bladder, a cone-shaped bhulder, a dsk-shaped bladder or a rectangular-shaped bladder. The at least one 

bladder may also include a plurality of fluid chambers. The therapeutic compression apparatus may 

further comprise at least one means for adjusting pressure coupled to the at least one bladder for 

controlling an amount of pressure supplied to the treatment site by the primary wrap. 

	

5 	[0037j The secondary wrap may be attached to the stirrup. The secondary wrap may be configured to 

envelope a limb such as the toes of the foot and/or configured to envelope a heel of the foot. The 

secondary wrap may also be configured as an adjustable strap around the foot. 

[0038] The therapeutic compression apparatus may further comprises an adjustable belt along a proximal 

horizontal edge of the primary wrap for securing the primary wrap around the limb such as for instance 

	

10 	the leg. The primary wrap may be formed at least in part of a non-elastic composite material comprising a 

plurality of distinct layers. In one embodiment, the composite material may comprises three distinct 

layers: an inner laminate layer, an outer hook-compatible layer, and a middle non-elastic layer provided 

between the inner and outer layers. The composite material may also be provided. with a plurality of 

stitched darts and gathers for contouring the primary wrap to the limb such as for instance the leg. 

	

15 	[00391 The subject invention is also directed to a bladder assembly for a compression apparatus for 

providing pressure to alimh. The bladder assembly comprises: at least one bladder having first and 

second flexible walls secured to one another about a peripheral edge thereof to form an air pocket; and at 

least one spot weld provided in a predetermined location inward of the peripheral edge connecting the 

first and second walls to one another to define a plurality of chambers within the bladder. The geometric 

	

20 	placement of the at least one spot weld determines a pressure profile of the at least one bladder. 

[0040] An inflation means for inflating the bladder such as the air pocket through at least one inflation 

port may be provided in the first wall of the bladder assembly. The inflation means may be detachable 

from the at least one inflation port. At least one pressure valve may be operatively associated with the 

inflation means for controlling an amount of pressure within the bladder and the air pocket within the 

	

25 	bladder. The inflation port includes a check vale so as to maintain a given pressure within the bladder of 

the therapeutic compression apparatus. The inflation port may be universal in that it is configured to be 

capable of connecting to and accepting a plurality of inflation sources and inflation means such as a 

manual pump, mechanical pump, electrical pump, battery-operated pump, static pump, intermittent pump, 

pneumatic pump, negative pressure source and other variations. 

	

30 	[0041] A method of the invention includes the therapeutic treatment apparatus used to treat CVI , DVT 

andlor lymphedema by applying the primary and secondary wraps around a limb by a patient and 

9 
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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 certain pressure to treat the CVI, DVT and/or lymphedema. 

[0042] Another embodiment of the present invention includes an assembly according to the invention 

includes a pressure mechanism having a flexible member for attachment to a limb and an air chamber 

	

5 	which may be pumped up into a desired pressurized state, a separate relatively small pre-filled air bladder, 

an absorbent foam, sponge or dressing coupled to the pre-filled air bladder, and a suction conduit coupled 

to a source of negative pressure (suction) and in fluid communication with the absorbent foam, sponge or 

dressing, In a preferred embodiment, the pre-filled air bladder, the absorbent foam, sponge or dressing 

and the suction conduit are fOnned together as a unit. 

	

10 	[0043] According to one aspect of the invention, the flexible member of the pressure mechanism is 

adapted to wrap around a leg or arm and over the pre-filled air bladder in order to secure the pre-filled air 

bladder and the foam, sponge or dressing to a wound or ulcer in the extremity. Thus, the flexible member 

is provided with some fixation structure such as a hook and loop closure mechanism. An air pumping 

mechanism is preferably coupled to the air chamber of the pressure mechanism in order to inflate the air 

	

15 	chamber to a pressurized state. The air chamber of the pressure mechanism is preferably designed to 

apply pressure along a predefined area (e.g., the saphenous vein of a leg) as opposed to around an entire 

limb. 

[0044] According to another aspect of the invention, the suction conduit is located either between the pre-

filled air bladder and the absorbent foam, sponge or dressing which is adhered to the small air bladder, or 

	

20 	the pre-filled air bladder is formed as a donut with a central opening and the suction conduit extends 

through the central opening. By coupling the suction Conduit to a source of negative pressure, exudate 

from the wound or ulcer is sucked Orough the foam, sponge or dressing into the suction conduit. 

[0045] One of the methods of the invention include locating the pre-filled air bladder and foam, sponge or 

dressing over a wound or ulcer on a limb, wrapping the flexible member of the pressure mechanism 

	

25 	around a limb with the air chamber located over the pre-filled air bladder/absorbent foam, sponge or 

dressing, and fastening the pneumatic pressure mechanism in place with the fixation structure. When the 

apparatus is properly located and affixed to the limb, the air chamber is inflated, preferably to 30-40 mm 

Hg, thereby applying pressure to the limb and more specifically via the pre-filled air bladder to the 

wound. The suction apparatus is activated by turning on the source of negative pressure, and exudate from 

	

30 	the wound or ulcer is pulled through the absorbent tham, sponge or dressing into the suction conduit. 

[0046] Another embodiment of the present invention includes an apparatus for applying intermittent 

pressure to a portion of the human body, such as an are. of the human leg, which assists with the healing 

1 0 
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and treatment of various conditions such as venous ulcers .or .wounds by promoting blood flow into and 

out of the area and by increasing drainage. The apparatus includes a foot bladder and a leg bladder, each 

having inflatable chambers that accbmmodate an entering fluid by inflating. The bladders arc fluidly 

coupled by a fluid conduit, and each is preferably equipped with a means for locating it on a portion Of 

	

5 	the body. In a preferred embodiment, the foot bladder is positioned on a bottom of a foot and the leg 

bladder is positioned on a lower portion of a 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 

pressure placed on the foot bladder, thereby forcing fluid out of the foot bladder, through the fluid 

conduit, and into the leg bladder, which raises the pressure therein. As the person's foot rolls from heel to 

	

10 	toe in the standard walking motion, the external pressure from the person's weight is removed from the 

foot bladder, resulting in the pressure of the leg bladder being higher than the pressure in the foot bladder. 

Fluid thus flows back through the fluid conduit and into the foot bladder, which then inflates again to its 

original state, such that the pressures of the foot bladder and leg bladder are equalized. This process 

repeats as a person walks, thereby creating a pumping or kneading force on the leg as the pressure in the 

	

15 	leg bladder intermittently increases and decreases, thereby promoting blood flow, :fluid drainage, 

treatment, and healing to various parts of the leg. 

[0047} These and other aspects of the contacts of the subject invention will become more readily apparent 

from the following description taken in conjunction with the drawings. 

	

20 	BRIEF DESCRIPTION OF THE DRAWINGS 

[00481 So that those having ordinary skill in the art to which the subject invention pertains-warnore 

readily understand how to make and use the apparatuses of the subject. invention, preferred embodiments 

thereof will he described in detail herein below with reference to the drawings, wherein: 

[0049] FIG. I is a perspective view of one embodiment of the present invention including a therapeutic 

	

25 	compression apparatus according to the subject invention wrapped around a right leg and toot 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 primary wrap (shown with hidden lines) for securing a fluid 

bladder, the bladder being provided with a detachable air pump and pressure gauge, and the primary and 

secondary wraps being detached from each other; 

	

30 	[0050] FIG. 2.A is a perspective vi4i of the therapeutic compression apparatus of FIG. I in which the 

primary and secondary wraps are illustrated in an unwrapped state, the interior surface of the wrap is 

shown, and the secondary wrap is shown to he integrated with the stirrup; 

11 
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[0051] FIG. 2B 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 interior surface of the 

primary wrap is shown having a bladder within a pocket of the primary wrap, and the secondary wrap is 

shown to be integrated with the stirrup; 

	

5 	(00521 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 a number of stitched darts and gathers for contouring around a 

leg, the primary wrap being illustrated to show .a majority of the exterior surface of the primary wrap; 

(0053) FIG. 4 is a cross-sectional view, taken along line I 21-I2' of FIG, 3 illustrating the composite 

material of the primary wrap of the subject. invention, which has three discrete layers; 

[00541 FIG. 5 is an exploded. persp6etive view of a bladder having a plurality of spot welds, a pressure 

gauge and air pump are also illustrated as detached from the bladder according to the subject. invention; 

[00551 FIG. 6A is an elevational side view of the inflated bladder of FIG. 5 in an inflated condition; 

(00561 	613 is a cross-sectional view taken along line 36*-36' illustrating how the strategically 

positioned spot welds in the bladder serve to join the upper and lower walls of the bladder to form a 

	

15 	desired gradient profile; 

[00571 FIG. 7 is a cross-sectional view of a wedge-shaped bladder in a non-inflated state (left) and an 

inflated state (right); 

[0058] 	8-  is a cross-sectional view of a cone-shaped bladder in a non-inflated state (left) and an 

inflated state (right); 

	

20 	[00591 FIG. 9 is a cross-sectional view of a disk-shaped bladder in a non-inflated state (left) and an 

inflated state (right); 

[0060] FIG. 10 is a cross-sectional few of a rectangtdar-shaped bladder in a non-inflated state (left) and 

an inflated state (right); 

[0061] FIG. 11 is a top plan view of another exemplary embodiment of the present invention including a 

	

25 	therapeutic compression apparatus constructed in accordance with the present invention, showing the 

layout of through-holes, heel pad and ankle pad throughout the compression garment as viewed from the 

interior of the garment; 

[0062] FIG. 12 is a bottom plan view of the therapeutic compression apparatus of FIG. 1.1, showing the 

weld pattern to connect the outer sheet to the inner sheet defining a bladder within the. inner and outer 

	

30 	sheets as viewed from the exterior of the garment; 
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[0063] FIG. 13 is an exploded perspective view of the therapeutic compression apparatus of FIG. 11, 

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

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

line 4-4 of Fla 11, illustrating the l;eg compression bladder in a deflated state; 

	

5 	[0065]HG, 15 is a detailed cross-sectional view of the therapeutic-compression apparatus taken along 

line 4-4 of FIG. 11, illustrating the leg compression bladder in an inflated state; 

(0066] FIGS. 16-17 are front perspective and medial perspective views, respectively, of the therapeutic 

compression apparatus of FIG. 11 being worn on a lower leg; 

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

	

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

[0068] MG, 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 isometric view of a compression mechanism of FIG. 19 in accordance with the 

present invention, showing the mechanism in its unwrapped state; 

	

15 	[0070] FIG. 20B is an isometric view of an alternate compression mechanism in accordance with the 

present invention, showing the mechanism in its unwrapped state; 

[0071] FIG. 21A is a view of another embodiment of a compression mechanism of FIG 19 in accordance 

with the present invention which is intended to be wrapped around the lower leg for application of 

localized pressure to the lower leg in the vicinity of the short saphenous vein and which is shown in: its 

	

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

[0072] FIG. 21B is a view of another embodiment of a compression mechanism of FIG 19 in accordance 

with the present invention which is intended to be wrapped around the upper leg (e.g., 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; 

	

25 	[0073] FIG. 22 is a broken exploded view of an. embodiment of a unit including a pre-filled air bladder, 

an absorbent foam, sponge or -.dressing, and a suction conduit where the suction conduit extends into the 

center of the unit.; 

[0074] FIGS. 23A-23B are broken perspective views of a unit having straps tar 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; 

	

5 	[0077] FIG. 2513 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 F.I.G. 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 

	

10 	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. 2813 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; 

	

15 	[0083] FIG. 29 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; 

190841 FIG, 2913 is an exploded view of the.embodiment of the present invention of a therapeutic 

compression apparatus as shown in FIG. 29A; 

	

20 	[0085] FIG, 30A is a close-up view of the valve mechanism of the compression apparatus of FIG. 29; 

[0086] FIG. 308 is a close-up view of the valve mechanism of the compression apparatus of FIG. 29; 

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

apparatus; 

[0088] FIG. 3113 is a side view of the embodiment of a pump of the present invention for a therapeutic 

	

25 	compression apparatus as shown in FIG. 31.A; 

[0089] FIG. 3IC is a top view of the embodiment of a pump of the present invention for a therapeutic 

compression apparatus as shown in FIG. 31.A; 

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

apparatus; 
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[0091] FIG. 328 is a blow up of the check valve of the embodiment of a pump of the present invention 

for a therapeutic compression apparatus as shown in FIG. 32A; 

[0092] FIG. 33 is another embodiment of a pump of the present invention for a therapeutic compression 

Apparatus; 

	

5 	[0093] FIG. 34 is a cross-sectionaUnner view of the.embodiment of a pump of the present invention fora 

therapeutic compression apparatus as shown in FIG. 33; 

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

tor.a therapeutic compression apparatus; 

[0095] FIG. 36 is a cross-sectional inner view of another embodiment of a pump of the present invention 

	

10 	for a therapeutic compression apparatus; 

[0096] FIG. 37 is another embodiment of the present invention of an arm therapeutic compression 

apparatus; 

[0097] FIG. 38-is another embodiment of the present invention of an arm therapeutic compression 

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

	

15 	[0098] FIG. -39 is a schematic of another embodiment of the present invention of a therapeutic 

compression apparatus including an electric inflation mechanism; and 

[0099] FIG. 40 is one embodiment of the present invention of a therapeutic compression apparatus 

including an electric inflation mechltnism as shown in FIG. 39. 

	

20 	DETAILED DESCRIPTION OF TILE PREFERRED EMBODIMENTS 

[0100] Preferred embodiments of the subject invention are described below with reference to the 

accompanying drawings, in which like reference numerals represent the same or similar elements. One of 

ordinary skill in the art would appreciate that while the apparatuses discussed herein relate to compression 

therapy of the leg and foot, the scope of the invention is not limited to those exemplary applications and 

	

25 	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 arm and a hand, in a manner that is simpler and more 

convenient than current systems. Any limb or body part may be compressed by the instant therapeutic 

compression apparatus such as for instance a foot, calf, thigh, knee, leg, hip, buttocks, waist, torso, ribs, 

	

30 	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 using a nonelastic binder and bladder which can be used for 

compression. The bladder is provided within a non-elastic wrap and creates compression in a manner that 

allows for consistent measuring of the pressure supplied, as well as safe, comfortable, convenient, 

	

5 	effective, self-application 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 clearly dictates otherwise, between the upper and lower limit 

of that range and any other stated or intervening•value in that stated range is encompassed. within the 

invention. The upper and lower limits of these smallerranges may independently be included in the 

	

10 	smaller ranges and are also encompassed within the invention, subject to any specifically excluded limit 

in the stated range. Where the stated range includes one or both of the limits, ranges excluding either both 

of those included limits are also included in the invention. 

[0104] Unless defined otherwise, an 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 

	

15 	methods and materials similar or Nuivalent to those described herein can also be used in the practice or 

testing of the present invention, exemplary methods and materials are now described All publications 

mentioned herein are incorporated herein by reference to disclose and describe the methods andlor 

materials in connection with which the publications are cited. 

[01051 It must be noted that as used herein and in the appended claims, the singular forms "a" "an," and 

	

20 	"the" include plural referents unless the context clearly dictates otherwise. Thus, for example, reference to 

"a stimulus" would include a plurality of such stimuli and reference to "the signal" would include 

reference to one or more signals and equivalents thereof Icnown to those skilled in the art, and so forth. 

[0106] The publications discussed herein are provided solely fir their disclosure prior to the tiling date of 

the present application. Nothing herein is to be construed as an admission that the present invention is not. 

	

25 	entitled to antedate such publication by virtue of prior invention. Further, the dates of publication 

provided may differ from the actual publication dates which may need to be independently confirmed. 

[0107] Referring now to FIG. 1, there is illustrated an exemplary embodiment of a therapeutic 

compression apparatus 10 according to the subject invention in which the exterior surface 11 of the 

primary wrap 12 of the therapeutic compression apparatus 10 is shown in a wrapped state around a 

	

30 	patient's right leg. In this embodiment the therapeutic compression apparatus 10 is 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 utilized for applying 
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compression to the lower leg 2. The primary wrap 12 has an associated bladder 22 provided on an inner 

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, compression is applied to a desired treatment location. Notably, 

the primary wrap 12 is made of a non-elastic material which allows for increased localized compression 

	

5 	of the treatment site. The therapeutic compression. apparatus 10 also includes either a permanent or 

detachable pressure gauge 28 which is capable of being detached at the inlet or inflation port 24. A pump 

30 is provided for manually pumping air into the bladder 22 through the tube 26. Other inflation means 

beyond a manual pump may be employed. Additional features of the primary wrap 12, secondary wrap 

14, and bladder 22 will be described in turn herein. 

	

10 	[00108] The primary wrap 12 may be attached to a patient's limb such as a lower leg 2, tier example, by 

encircling the wrap about the lower leg 2 and attaching it at the peripheral edges S and 7 with any number 

of connecting structures. Hook and loop fastening tabs, suchas connecting tabs 32a, 32b, 32c, 32d 

illustrated in FIGS. I and 2A-2t3 can be used to connect the opposing peripheral edges S and 7 of the 

primary wrap 12 and secure it about the lower leg 2. Hook and loop fastening tabs, buckles, straps, snaps 

	

15 	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 limb. The number and position of the connecting tabs 32a, 32b, 32c, 

32d may be selected based on the anatomical location of the patient's therapeutic site so that the primary 

wrap 12 is secured comfortably without causing bunching or sagging of the primary wrap 12 material and 

causing discomfort to the patient. 

	

20 	[0109] At a horizontal proximal end I of the primary wrap 12 in this instance towards the knee 8, an 

optional garter or adjustable belt 18‘inay be provided to further secure the primary wrap 12 about the 

lower leg 2. The adjustable belt 18 may be connected around the leg 2 using a connecting tab, buckle or 

other known connecting structures. As shown in FIG. 3, the primary wrap 12 is also manufactured with a 

number of stitched darts 50 and gathers 52 which are strategically placed to contour the primary wrap 12 

	

25 	around the specific limb being treated. 

[0110] The primary wrap 12 is preferably made of a composite material that is non-elastic and has one or 

more wicking layers. Because the material is non-elastic, the primary wrap 12 remains stiff and does not 

stretch when the bladder 22 is filled, or inflated, for example. Referring to FIG, 4, the composite material 

of the primary wrap 12 has three discrete layers 12a, 12b, and 12c as shown. The inner layer 12a is in 

	

30 	contact with the patient's skin and includes an interior surface 9 that: is non-elastic and is preferably made 

of a wicking, non-hook and loop compatible material. The wicking feature of this inner layer 12a pulls 

perspiration and other unwanted moisture away from the limb being treated. The non-hook and loop-

compatible nature of the inner layer 12a is desirable so that the primary wrap 12 will not get caught on the 
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connecting tabs 32a, 32b,..32e, 32d,„if hook and loop fastening tabs, are used, for example. The non-

hooking material against the patient's skin also reduces irritation, which may be caused from a hooking 

material, The outer layer 12c has at least a portion which is hook compatible in order for the connecting 

tabs 32a, 32b, 32c, 32d to be secured at the peripheral edge of the primacy wrap 12 about the limb. The 

	

5 	bottom surface of the outer layer 12c is the exterior surface 11 of the primary wrap 12 and is also non- 

elastic and breathable. The inner layer 12b, located between the inner and out layers 12a and I 2c, is 

typically made of a breathable, laminate material. 

[0111] Referring to FIGS. 2A-2B, a stirrup 16 is also provided to help to secure the primary wrap 12 in 

place around the limb which in this instance is the base of the foot 6. As best seen in FIG. I, the stirrup 16 

	

10 	in this example encircles a 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 stirrup 16 is 

located between the primary wrap 12 and the secondary wrap 14. As shown in FIGS. 2A-2B, the stirrup 

16 is typically one continuous piece of elastic material connected to and integrated with the secondary 

wrap 14. 

	

15 	[0112] The secondary wrap 14 of the therapeutic compression apparatus 10 encircles the limb in this 

instance the foot 6 and, like the primary wrap 12, may be similarly utilized for both applying compression 

to the limb such as foot 6 or alternatively as a protective garment for wound care dressings. The 

secondary wrap 14 helps to prevent swelling of the limb such as the foot 6. The swelling may occur on its 

own, or as a result of compression of the lower leg 2. 'The secondary wrap 14 may be optionally made of a 

	

20 	continuous piece of material with the stirrup 16, as shown in FIGS. 2A-2B. Alternatively, as shown in 

FIG. 1, the secondary wrap 14 may be provided independently from the primary wrap 12. 

[01131 The secondary wrap 14 is typically formed of an elastic material, but may also be formed of a non-

elastic material or a combination of the two. The secondary wrap 14 may be a single piece of connected 

material. Alternatively, the secondary wrap 14 may also be secured about the foot 6 or another limb or 

	

25 	body part by any number of mechanical securing devices such as one or more hook and loop fastening 

tabs as shown in FIG. 1, or by straps, buckles, snaps, and the like. In This embodiment, the secondary 

wrap 14 provides compression to the foot 6 by pulling and tightening a book and loop fastening tab, 

thereby applying pressure around the foot 6. 

[0114] The secondary wrap 14 may have a number of configurations depending on the therapeutic needs 

	

30 	of the patient. The secondary wrap 14 may he open-toed to expose the toes of the patient's foot 6 as 

shown in FIG. 1. Alternatively, the secondary wrap 14 may 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 

to a boot (not. shown). 

[0115) The primary wrap 12 supplies compression to a patients limb by non-elastically holding at least 

one bladder 22 around the treatment site. In one embodiment, for example, localized pressure is provided 

	

5 	by the therapeutic compression apparatus 10 near the saphenous vein of the lower leg 2. As shown in FIG. 

213, the primary wrap 12 covers the bladder 22 associated with the primary wrap 12. The fluid within the 

bladder 22 may be a liquid, a gas or a gel.. The bladder 22 serves to provide compression to the leg 2 When 

the bladder 22 is filled within the therapeutic compression apparatus 10. 

[01161 The bladder 22 may be inserted into one or more pockets 20 provided within the primary wrap 12 

	

10 	for storing the bladder 22 at a location where compression will be primarily applied. In This emboditnent, 

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 thepressure required for a desired therapeutic regimen. In an exemplary 

	

15 	embodiment illustrated in FIGS. 1 and 5, the bladder 22 includes a pressure gauge 28. The pressure gauge 

28 is a pressure measuring instrument;  such as a manometer, which measures the pressure differential 

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

.gauge 28. The increase in the measured pressure depends on the density of the liquid used and the 

diameter of the tubing. 

	

20 	[0118] The pressure gauge 28 works in conjunction with the fluid or air pump 30 which pumps air into 

the bladder 22 through an inflation tube 26 at the inflation inlet 24a. The pump 30 may be a manual pump 

or an electronic pump for providingair to the bladder 22. M overflow valve 46 may also be provided and 

limits 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 pressure within the bladder 22. As shown in FIG. 5, 

	

25 	the pressure gauge 28 and pump 30 may be detachably provided from the bladder 22 at a connector 24b. 

[0119] In another embodiment, the bladder 22, itself, may serve as its own pressure gauge, in which the 

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

instance, the pressure within the bladder 22 is pm-calibrated. Alternatively, more than one bladder 2:2 can 

be used, or a bladder 22 having multiple chambers can be used such that the distention of one or more of 

	

30 	the bladders 22 or bladder chambers signifies the internal pressure. The subject invention provides 

pressure within the bladder 22 typically within the range of 20-50 mm Hg. 
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[0120] A. number of different embodiments of a bladder 22 can be used in the therapeutic compression 

apparatus 10 of the subject invention. FIG. 5 shows a perspective view of one embodiment 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 a predetermined pattern based on the desired gradient profile 

	

S 	relative to the compression needed at the patient's treatment. site. FIG. 6A is a side view of an inflated 

bladder 22 illustrated in FIG. 5 inflated to form an angle relative to the horizontal axis of the bladder 22. 

The bladder 22 has a first side wall 21 and a second side wall 23 which are sealed together along a 

peripheral edge: seam 25. Spot welds 36 are strategically positioned to 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 

	

10 	take on a number of configurations when inflated. The geometric placement of the spot welds 36 within 

the bladder 22 allows increased inflation of certain portions of the bladder 22, and can create one or more 

fluid chambers within the bladder 22. FIG. 613 is a cross-sectional view of an inflated bladder 22 taken 

along line 36.-36'. When the bladder 22 is used within a primary wrap 12, the bladder 22 inflates more at 

one end of the primary wrap 12 than the other, creating a gradient compression profile, as shown in FIG. 

	

15 	5. This configuration is particularly useful when compression is needed to improve fluid movement 

(blood, lyniph, ete) within the body. 

[0121] in addition to the bladder 22 having spot welds 36 illustrated in FIGS. 5 and 6B, several other 

bladder configurations shown in FIGS. 7-10 may be used within the therapeutic compression apparatus 10 

of the subject invention. FIG. 7 is a cross-sectional view of a wedge-shaped bladder in a non-inflated state 

	

20 	38a (left) and an inflated state 38b (right) which may be used in the therapeutic compression apparatus 10 

according 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 a pyramidal shape, as illustrated in FIG. 7 when. inflated. One of the three 

pyramidal sides may be rigid, to prevent distention of the wedge-shaped bladder 38b in a direction away 

	

25 	from the desired treatment area. Alternatively, the side closest to the treatment area may be attached or 

connected 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 direction away from the desired treatment area. The wedge-shaped 

bladder 38h 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 leg 2, the thinner portion is positioned 

	

30 	towards the knee 8 and the thicker end is positioned towards the ankle 4. Referring now to FIG. 8, the 

cone-shaped bladder 40b, is similar' w the wedge-shaped bladder 38b, and forms a cone when inflated. 

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

thinner than. the lower leg 2. 
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[01221 Turning to FIG. 9, a cross-sectional view of a disk-shaped bladder in a non-inflated state 42a (left) 

and an inflated state 42b (right) is shown. The disk-shaped bladder 42b is formed from two walls and has 

a disk or saucer shape when inflated. The rectangular-shaped bladder shown in FIG. 10 in a non-inflated 

state 44a (left) and an inflated state44b (right) provides added benefits over the disk-shaped bladder 42b. 

	

5 	The rectangular-shaped bladder 44b is also known as a three-dimensional bladder that allows for 

compression without bulging or distention in a direction away from the treatment area. The rectangular-

shaped bladder 44b inflates uniformly throughout its length and width. This uniform inflation reduces the 

bulging that may occur at the center of the disk-shaped bladder 42b illustrated in FIG. 9. The walls of the 

rectangular-shaped bladder 44b can be elastic or inelastic. Alternatively, a combination of both inelastic 

	

10 	and elastic walls may be used. One or more portions of the walls of the rectangular-shaped bladder 44b 

may be formed of a rigid material i;i• attached to a rigid material placed within the pocket 20 of the 

primary wrap 12 in order to avoid distention. 

[0123J Referring to FIGS. 1.1-13, an exemplary embodiment of the therapeutic compression apparatus 

100 constructed in accordance with the present invention, showing compression bladder 102 integrally 

	

15 	formed in therapeutic compression apparatus 100. Therapeutic compression apparatus 100 is configured 

and adapted to wrap around a patient's limb such as in this instance a lower leg through the use of primary 

or primary wrap 103 and secondary or foot wrap 104 which are formed out of continuous outer sheet 108 

and inner sheet 106. Therapeutic compression apparatus 100 is a wrap member with a proximal end 

portion (top as oriented in FIGS. 11 and 12) and opposed distal end portion (bottom as oriented in FIGS. 

	

20 	11 and 12) which is configured and adapted to conform around a patient's lower leg and provide 

compression through the inflation Of bladder 102. Inner sheet 106 and outer sheet 108 are made out of a 

nylon laminated polyurethane sheet which are configured and adapted to be RF welded together. 

However, any other suitable materials which are weldable or otherwise joined while being airtight can be 

used. Continuous peripheral weld line 110 forms an airtight boundary of integrally formed bladder 102. In 

	

25 	this exemplary embodiment, bladder .102 is a single continuous bladder throughout the primary wrap 103 

and secondary wrap 104. However, it is envisioned that secondary wrap 104 can have an independent 

bladder either separately inflatable or inflatable through a one-way valve or other desired 

inflation/deflation configuration. Smondary wrap 104 can also be configured and adapted to provide a 

differing pressure from lower leg wrap 103. In an exemplary embodiment, bladder 102 located in 

	

30 	secondary wrap 104 is configured and adapted to be located along the underside of a patient's foot. 

Bladder 102 in secondary wrap 104 can be adjusted as desired to provide compression to the desired part 

of a patient's foot. 
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[0124] In this embodiment, hookand loop fasteners 124 are provided along the edge of inner and outer 

sheets in order to ease adjustment and secure therapeutic compression apparatus 100 on a patients linib 

such as for example a lower leg and foot. It is envisioned that the therapeutic compression apparatus 100 

can also be secured to a patient's lower leg by other means, such as zippered, buttoned, or be cuff shaped 

	

5 	by other such. suitable means. Further, it is also envisioned that hook and loop closures 124 can be 

replaced by material similar to that of ankle strap 122 described below and be welded/sewn/attached to 

bladder 102 for improved comfort. 

[0125] In this embodiment inflation means is a device 130 which is a hand pump capable of attaching to 

inflation port 112 to inflate bladder 102. It can be appreciated that. a mechanical or automatic inflation 

	

10 	pump (not shown) can also be attached to inflation port 112 to inflate and deflate bladder 102 to provide 

pulsating pressure to a user's lower leg. 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 

	

15 	provide a certain pressure within the bladder so to provide compression in use by the patient. A vent 

valve (not shown) can also be incorporated into therapeutic compression apparatus 100 or with inflation 

means .130 to allow a user to selectively deflate bladder 102. Further, a check valve or relief valve is 

incorporated with either inflation Tens 130 or bladder 1.02 to prevent over-inflation once a maximum 

pressure is detected. Examples of relief valves are described in U.S. Pat. No. 7,276,037 and U.S. Pat. No. 

	

20 	7,850,629, the disclosures of which are incorporated by reference in their entirety. 

[0126] Referring now to FIGS. 14-15, by forming bladder 102 to be integral within inner sheet 106 and 

outer sheet 108, the location and desired preconfigured compression gradient profile can be obtained 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. FIGS. 11 

	

25 	and 12 show therapeutic compression apparatus 100 having bladder 102 with a plurality of spot welds 

114 therein. Spot welds 1.14 are strategically placed within bladder 102 in a predetermined pattern based 

on the desired gradient profile relative to the compression needed at the patient's treatment site. Spot 

welds .114 enable bladder 102 to define the gradient profile when inflated through inflation port 112. The 

geometric placement. of spot welds 114 within bladder 1.02 allows increased inflation of certain portions 

	

30 	of bladder 102, and can create one or more fluid chambers within bladder 102. This configuration is 

particularly useful when compression is needed to improve fluid movement (e.g., blood, lymph, etc.) 

within the body. Further, linear well lines 116 allow for better compression along the back of a patient's 

calfby increasing tension applied to the back of the calf of a patient. This increased tension can generate a 
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mare effective calf compression in order to increase venous flow. Linear weld lines 116 located laterally 

along the back of the calf create a ribbed portion, which keeps the inflated profile of therapeutic 

compression apparatus .100 compact which can further increase ambulation and reduce interference with a 
patient's clothes. In another embodiment secondary wrap 104 can also be made from an elastic garment 

	

5 	without bladder 102. 

[0127] It can be appreciated that depending on the location of the therapeutic compression apparatus, 

different pressure gradients may be utilized, Examples of other bladder pressure gradient profiles are 

described in U.S. patent application Ser. No. 12/911,563 and U.S. patent application Ser. No, 121855,185, 
the disclosures of which are incorporated by reference in their entirety. 

	

10 	[0128] Referring now to FIGS. 16-17, once therapeutic compression apparatus 100 is secured around a 
patient's lower leg, bladder 102 is not able to shift out of place, thus increasing comfort and reducing 
fitting issues on the patient. In order to increase the ease of ambulation by a patient, in an exemplary 
embodiment, ankle cushion 126 can be attached adjacent heel port 120 to prevent the occurrence of a 

pinch point and reduce pressure on a patient's Achilles tendon. In combination with ankle cushion 126, 

	

15 	ankle strap 122 can he used, In an exemplary embodiment, ankle strap 122 can include non-elastic foam 
which prevents a pinch pointat the bottom of lower leg wrap 103 and the upper part of secondary wrap 
104. A further advantage to providing ankle strap 122 is that bladder 102 proximate ankle strap 122 is 

pulled tight against a patient's leg and improves compression near the heel of a patient. Ankle strap 122 is 
advantageously wrapped around the patient's ankle and foot prior to affixing hook and loop fasteners 124. 

	

20 	In order to improve comfort, through-holes 118, as seen in FIG. 18, are located throughout therapeutic 
compression apparatus 100 in order to allow for ventilation about a patient's leg during extended wear of 
therapeutic compression apparatus 100. For the sake of clarity, not all of the through-holes 118 are 

identified with reference characters in the:Figures, 

[0129] In accordance with an exemplary• embodiment, inner sheet 106 further includes a layer (not 

	

25 	shown) that has a first elastic modulus, inner sheet 106 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 100 to wrap therapeutic compression apparatus 
100 around the leg when the leg compression bladder is inflated. In an exemplary embodiment, inner 

sheet 106 includes a secondary sheet (not shown) disposed on an inner surface thereof, to directly contact 

	

30 	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. 
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[0130] In another exemplary embodiment, upper leg strap 128 is configured and adapted to improve 
wearability of therapeutic compression apparatus 100 by locating a portion of bladder 102 above the 
widest portion of the calf of a patient and provides stability of therapeutic compression apparatus 100 by 
preventing therapeutic compression apparatus 100 from slipping down the lower leg of a patient which 

	

5 	would make therapeutic compression apparatus 100 ineffective in providing calf compression. 

[0131] Turning to FIG. 19, another embodiment of the present invention is shown including a medical 
assembly 150 is provided. The medical assembly generally includes a compression mechanism A, a pre-
filled air bladder 13, an absorbent foam, sponge or dressing C, and a suction conduit D which is coupled to 

	

10 	a suction apparatus S. The pre-filled air bladder B. absorbent foam, sponge or dressing C, and the suction 
conduit D may be provided as a unit. As shown, the compression mechanism A is wrapped around the leg 
L of a patient and includes an optional foot strap E which may be wrapped around the foot F of the 
patient. The suction conduit D is of desired length to couple the assembly I to the suction source S. 

[0132] Turning to FIG. 20A., another embodiment of the therapeutic compression apparatus 200 

	

15 	(corresponding to compression mechanism A of FIG. 19) is provided for applying pressure to the limb of 
a patient such as for instance the lower leg of the human body. The therapeutic compression 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 chamber 214 is preferably secured 
to the flexible wrap member 212. in unwrapped state. For example, the flexible wrap member 212 may 

	

20 	comprise two layers of elastomeric material with the air bladder chamber(s) 214 affixed between these 
two layers by nylon threads or other suitable fastening means. Alternatively, the flexible member 212 
may include pockets into which the air bladder .chamber(s) 214 are removably inserted and securely held 
therein. In yet another alternative embodiment, the air bladder may be glued or welded to the inside 
surface of the member 212. The elastomeric material of the member 212 may be realized from nylon, 

	

25 	polyurethane, cotton, or other suitable material. A tube 216, which is in fluid communication with the air 
bladder chamber(s) 214, extends to a pumping bulb 218. The pumping bulb 218, which is preferably 
made of rubber, includes a valve 220 that regulates the pumping of air into the air bladder chamber(s) 214 
via the tube 216. Air is pumped into the air bladder chamber(s) 214 by squeezing the pumping bulb 218. 
In this manner, the air bladder chamber(s) 214 are placed into a pressurized state. Preferably, a pressure 

	

30 	gauge 222 is operably coupled to the air bladder chambez(s) 214 to provide a visual indication of the 
pressure level therein. An automatic pressure relief valve 223 and a manual pressure relief valve 224 may 
be operably coupled to the air bladder chamber(s) 214, for example via the tube 216. The automatic 
pressure relief valve 223 automatic lly vents the air in the chamber(s) 214 to the ambient environment 
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when the internal pressure reaches a certain threshold maximum pressure. In the preferred embodiment, 

this threshold maximum pressure is between 30 to 40 mmHg, and most preferably around 40 mmHg; 

however it can be varied based upon the desired treatment. In this manner, the pressure inside the 

chamber(s) 214 cannot exceed the threshold maximum pressure, thereby reducing the danger of necrosis 

	

5 	and other complications that arise from excessive pressure. The manual pressure relief valve 224 vents the 

air in the chamber(s) 214 to the ambient environment when manually actuated by the patient (or 

caregiver). In this manner, it facilitates quick and easy conuol over the internal pressure of the air 

chamber(s) 214. In alternative embodiments, the manual pressure relief valve 224 and possible the 

automatic relief valve 223 may be integrated into a common package. 

	

10 	[01332 The air chamber 214 is substantially longer in a first dimension (e.g., the vertical dimension of 

FIG, 20A) than in a second dimension orthogonal thereto (e.g., the horizontal dimension of FIG. 20A) 

such that the air chamber 214 can be positioned to extend substantially longitudinally along the lower leg 

to apply local pressure along its length (the vertical dimension). Such local pressure is substantially 

constant along the length of the chamber 214. In the illustrative embodiment, the air chamber 214 is 

	

15 	disposed such that it runs along the calf of the lower leg, which enables the air chamber 214 to apply local 

pressure to 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 

disposed 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 pressure to such portion of the lower leg when inflated. 

	

20 	[01341 The flexible member 212 may include a strap (not shown) that extends around the heal (and/or 

other parts) of the foot when in use. This strap limits the upward travel of the flexible member 21.2 when 

in use. It may also have suspender hooks or slots (not shown) that allow for suspenders to be mated 

thereto which support the mechanism 210 by a band that wraps around the knee or thigh. The suspenders 

limit downward travel of the flexible member 212 when in use. These features reduce the travel of the 

	

25 	flexible member 212 along the length of the leg such that its desired position is maintained during use. 

The flexible member 212 may be positioned not only on the foot but also on other limbs or body parts 

such as the calf, thigh, hip, buttock torso, ribs, arm, hands, fingers, shoulder, neck, head or the like. 

[0135] 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 

	

30 	chamber 214 to apply local pressure to such portion of the upper leg when inflated. For treatment of the 

upper kg, the flexible member 212 may define an opening (not shown) at the knee joint level to (triable 

the patella (knee cap) to protrude therethrough. In this configuration, the flexible member 212 may extend 

below the knee joint level and securely wraps around portions of the lower leg to provide stability to the 
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leg. It may also have suspender hooks or slots (not shown) that allow for suspenders to be mated thereto 

in order to support the mechanism 210 by a waist band when. in use. The suspenders limit downward 

travel of the flexible member 212 when. in use such that the flexible member 212 maintains its desired 

position. 

	

S 	[0136] Preferably, the flexible member 212 includes multiple hook and loop closure mechanisms 226A, 

22613 	VELCROTm  members). In the preferred embodiment, the flexible member includes four hook 

and loop elosure mechanisms as -shVwn in FIG. 20A. These multiple closures enable the flexible member 

212 and the air chamber(s). 214 to be securely wrapped around a portion of the human leg. if desired, 

other suitable fastening means may be used to secure the flexible member and the air chamber(s) to the 

	

1.0 	human leg. For example, the flexible member may be adapted to form .a sleeve-like shape with a zipper 

running along its length dimension. Alternatively, the zipper may be omitted such that sleeve-like flexible 

member is slid over the patient's leg until it is disposed in. the desired position. 

NIP] Preferably, pressure in the air chamber(s) is reduced/removed (e.g., the air chamber(s) are 

deflated) by user manipulation of the manual relief valve 224 or check valve, and the pneumatic 

	

IS 	compression mechanism is removed from the leg by manually detaching the hook and loop closures and 

unwrapping the flexible member 212 from around the leg. 

[0138] FIG. 2013 illustrates an alternative compression mechanism 210 (cortwonding to compression 

mechanism A of FIG. 19) which includes a flexible member 212 and one or more pre-inflated (pre•-filled} 

and sealed air chambers 214 (preferably, a single air chamber as shown). The pre-intlated sealed air 

	

20 	chamber 214 is preferably secured to the flexible member 2.12 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 threads or other suitable fastening means. Alternatively, 

the flexible member 212 may include pockets into which the sealed air chamber(s) 214 are removably 

inserted and securely held therein. In yet another alternative embodiment, the air chamber may be glued 

	

25 	or welded to the inside surface of the member 212. Regardless, a pressure gauge 222 is operably coupled 

to the air chamber(S) 214 to provide a visual indication of the pressure level therein. The flexible member 

212 also includes multiple straps 225 having hook and loop closure mechanisms 226A, 226B (e.g., 

.VELCROni  members), and multiple openings 227 for receiving the straps. hi the preferred embodiment, 

the flexible-member includes three straps 225.and three openings 227. In use, the straps are threaded 

	

30 	through the .openings and back on themselves such that the book and loop closure mechanisms 226A and 

2268 engage each other. By pulling the straps tight and affixing them using the closure mechanisms, 

more or less pressure may be applied to the pre-filled chamber; thereby applying more or less pressure to 
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the limb on which the compressionlMechanism is 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...21A„ an.alternate embodiment of a pneumatic compression mechanism 

(corresponding to compression mechanism A of FIG. 19) is shown. The-compression mechanism 211}' 

	

S 	includes 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 from two walls that are bonded 

together, preferably by heat sealing, about a flange portion in a manner similar to the fluid-filled members 

230 as described herein. The air chamber 214' is secured to the inside surface of the flexible member 212' 

preferably by gluing, welding or other suitable fastening means. Alternatively, the flexible member 212' 

	

10 	may comprise two layers of elastomeric material with the air chamber(s) 214' affixed between these two 

layers by nylon threads or other suitable fastening means. The flexible member 212' is preferably realized 

from nylon, polyurethane, cotton, or other suitable material. A connector 216A' is in fluid communication 

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 connector 216A' mates to an inflation tube (not shown) for fluid 

	

15 	connection to the pnmping bulb as aescribed above or other inflation mechanisms. An automatic pressure 

relief valve 323.' and a manual pressure relief valve are in fluid. communication with the air chamber(s) 

.214' via additional ports (not shown) which preferably extend through the bottom side of the air bladder 

chamber(s) 214% 

[0140] Preferably, the flexible member 212' includes multiple hook and loop closure mechanisms (e.g., 

	

20 	VELCRO members) which enable the flexible member 212' (and the air chamber(s) 214' secured 

thereto) to be securely wrapped around a portion of the human leg. In the exemplary embodiment of FIG. 

20A, the flexible member 212' includes three hook buttons 226Als, 226A2', :226A3' disposed on the body-

contacting side of member 212' that mate to a larger loop panel section 226B' disposed on the opposite 

side of member 212'. If desired, other suitable fastening means may be used to secure the flexible member 

	

25 	212' and the air bladder chamber(s) 214' to the human leg. For example, the flexible member 212' may be 

adapted to form a sleeve-like shape with a zipper running along its length dimension. Alternatively, the 

zipper may be omitted such that sleeve-like flexible member 212' is slid over the patient's leg until it is 

disposed in the desired position. The flexible member 212' may also include cut-outs (not shown) which 

provide enhanced flexibility of the member 212'. 

	

30 	[01411 During use, air is pumped into the air chamber(s) 214' by actuation of the pumping bulb (or other 

inflation mechanism). The air chamber 2.14' is substantially longer in a first dimension (e.g„ the vertical 

dimension of FIG. 21A) than in a second dimension orthogonal thereto (e.g., the Horizontal dimension of 

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

substantially constant along the length of the chamber 214'. 

[0142) In the exemplary embodiment shown, the air chamber 214' has a length of 13.00 inches (Vertical 

dimension) and width 4'3.77 inches and 3.51 inches (horizontal dimension) at its top and bottom ends, 

	

5 	respectively, as shown. The width of the chamber 214' tapers as it extends away from the top and bottom 

ends to a minimal width, which is located relatively closer to the bottom end as shown. It will be 

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

[0143) In another alternative emboOment as shown in FIG. 2113, a flexible member 212" and air chamber 

214" of a compression mechanism 210" (corresponding to compression mechanism A of FIG. 19) are 

	

10 	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. The 

structure and operation of the elements of the mechanism 210" ate analogous to the mechanism 210' as 

described above with respect to FIG. 21A and thus description of such elements (Which are labeled with 

like numbers) are omitted for simplicity of description. 

	

15 	[0144) In the exemplary embodiment shown, the flexible member 212" is contoured to conform to the 

upper leg when wrapped around it. The air bladder chamber 214" has a length of 11.75 inches (Vertical 

dimension) and maximum width of 6.00 inches (Horizontal dimension) at its 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. 

	

20 	[0145) It will be appreciated that the chambers of either of the embodiments of FIGS. 21A and 2113 may 

be pm-filled and sealed as described above with reference to FIG. 2013. It will also be appreciated that the 

air chambers which are arranged to'receive air can be inflated using a manual pumping bulb (as shown in. 

FIG. 20A), or can be inflated by an. electric air pump (not shown) which can use batteries or AC wall 

current to pump air into the chamber(s). Any known source of air or fluid may be employed whether 

	

25 	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, 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 

	

30 	patient. 

[01461 Other embodiments of the compression mechanism are possible such as a combination of a sealed 

fluid-filled bladder, an absorbent 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 

FIG. 19). 

[01471 The fluid-filled member 238 may be formed in many of numerous ways. In one arrangement, the 

fluid-filled member includes two walls 242A, 24213 that are bonded together, preferably by heat sealing. 

	

5 	about. a flange portion (not shown). The two walls define a chamber 246 therebetween 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 one or more therapeutic agents, such antibiotics, 

growth factor, absorbents. In such configurations, the bottom wall 24213 is realized from a semi-

permeable material that allows the therapeutic agents retained in the chamber 246 to migrate through to 

	

10 	the treatment site while maintaining the desired internal pressure in chamber 246. Such fluid might also 

be a gel compound that retains heat and/or cold such that is useful fbr hot and/or cold therapy of the 

treatment site 

[01481 The fluid-filled member 238 preferably has an oval shape with a length on the order of four to six 

inches, a width on the order of two to four inches, and a height on the order of one-quarter to three- 

	

15 	quarters of an inch. Enough fluid. is preferably provided to prevent the walls of the member 238 from 

sagging and touching each other, al hough some sagging can be tolerated. The walls of fluid-filled 

member 238 may be formed from pol-yurelhane, polyviny/ch/oride, nylon, or other plastic(s) known in the 

art and are of sufficient thickness (i.e., are sufficiently strong) such that the fluid-filled member 238 will 

not burst when 40min Hg is applied to it by the compression mechanism. It will be appreciated that the 

	

20 	fluid-filled member 238 may take other shapes and sizes, and may be formed from other materials. 

10149] Attached to the fluid-filled member 238 is the absorbent bait;, sponge or dressing 245 (hereinafter 

referred to as "the sponge"). The sponge 245 has the ability to absorb exudate from the wound or ulcer. In 

addition, the sponge preferably has an open-cell structure which aids in wicking the exudate from the 

wound or ulcer. The sponge 245 is preferably of a similar size and shape as the fluid-filled member. The 

	

25 	sponge 245 is preferably fixed by adhesive to the bottom wall 24213 of the fluid-filled member such that 

that the sponge 245 and the fluid-filled member 238 cannot be wsily separated from each other. 

Alternatively, the sponge may be lightly affixed to the fluid-filled member 24213 by an adhesive film such. 

that the sponge may be peeled off and replaced. As another alternative, the fluid-filled member 238 may 

he provided with a circumferential holding flap for the sponge 245 which may be inserted and into and 

	

30 	removed from the flap as desired. If desired, the circumference 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 

circumference of the sponge can help reduce air from entering the sponge When suction is applied to the 

unit as described below. 
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[01501 Some embodiments in the unit 230 may include a suction conduit 247 for example provided in 

between. the fluid-filled member 238 andthe sponge 245. More particularly, suction conduit 247 may be a 

tube having a bifurcated distal end 249 which defines a series of holes 251. The holes 251 may be 

oriented downwardly (towards the sponge 245 so that when a source of negative pressure is applied to the 

	

5 	suction conduit 247, that negative pressure is applied to the wound or ulcer via the sponge 245. As a 

result, exudate can be wicked and suctioned away from the wound or ulcer via the sponge 245 and into 

the conduit 247. In another embodiment, the bifurcated distal end 249 of the suction conduit. 247 extends 

only partially around. the periphery of the unit 230. The proximal end of the conduit may couple to a 

bottle or other reservoir (not shown) winch is also coupled to a source of negative pressure S (shown in. 

	

10 	FIG. 19). Alternatively, the proxitri#1 end of the conduit may terminate in a fluid coupling 259 which in 

turn. can be coupled to an elongate conduit (extension tube) which is coupled to the bottle or reservoir and 

source of negative pressure. In this manner the conduit may be easily detached from the unit so that the 

patient can walk or be transported away from the source of suction while pressure is still being applied to 

the wound or ulcer. 

	

15 	[0151) The suction conduit 247 may be held.between the fluid-filled member 238 and the sponge 245 

preferably by an adhesive (not shown) which is applied to the top and bottom of the distal end 249 of the 

conduit 247, and which binds the distal end 249 to the sponge-245 on its bottom and to the fluid-filled 

member 238 on its top. Alternatively, the suction conduit 247 may be heat sealed or laser-sealed to the 

fluid-filled member 238 and/or the sponge 245. In embodiments where the sponge 245 is removable from 

	

20 	the fluid-filled member 238, the conduit 247 is preferably adhered only to the bottom of the fluid-filled 

member 238. 

[01521 Another embodiment of a unit incorporating a pre-filled air bladder, a sponge and a suction 

conduit (corresponding to bladder13, foam, sponge or dressing C and suction conduit 13 of FIG. 19) may 

be different. from unit 230' of the previous exemplary embodiments in that. the fluid-fined member 238' 

	

25 	in this ernbodiment defines a central hole 239 (i.e„ it is shaped like a donut), and the distal end 249' of the 

suction conduit 247' is not bifurcated and does not include a series of holes, but rather extends through 

the central hole of the. fluid-filled member 238' and has an open end 251' located at sponge 245'. 

Preferably, the suction conduit 247 is held in place in the central hole 239 by adhesive (not shown) which 

binds the distal end 249' of the suction conduit. 247' to the walls of the fluid-filled member 238' which 

	

30 	define the central hole 239. Alternatively, the suction conduit 247' can be held in place by friction or by 

other means such that it can be detached from the pre-filled air bladder and sponge unit. As with the 

previous embodiments, the sponge and fluid-filled member may he strongly or lightly adhered to each 
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other, or the sponge may be removable from a flange element of the fluid-filled member which holds the 

sponge. In addition, the sponge may be circumferentially sealed. 

[0153] A third embodiment of a unit including a pre-filled air bladder, a sponge, and a suction conduit 

(corresponding to bladder B, foam,cttpcmge or dressing C and suction conduit. .D of FIG. 11) is seen in 

	

5 	FIG. 22. Unit 230" is similar to units 23.0 and 230' disclosed above as previous embodiments, except that 

the suction conduit 247" is oriented horizontally between the fluid-filled member 238" and the sponge 

245" and includes a distal end 249" having an open end 251". The open end 251" is preferably centrally 

located in the unit 230", and preferably is oriented in a downward direction (i.e., the top half of the 

conduit 247" extends further than the bottom hall). The suction conduit 247" is held between the fluid-

tilled member 238" and the sponge 245" preferably by an adhesive (not shown) which is applied to the top 

and bottom of the distal end 249" of the conduit 247", and which binds the distal end 249" to the sponge 

245" on its bottom and to the fluid-filled member 238" on its top. In embodiments where the sponge 245" 

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

of the fluid-filled member 238". If desired, the sponge 245" may be circumferentially sealed. 

	

15 	101541 In accord 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 ulcer. Thus, the periphery of the unit 

might be provided with a biocompatible adhesive. The adhesive could be provided on the sponge, or the 

fluid-filled member might be provided with a flange (not shown) having a biocompatible adhesive. 

Alternatively, and as shown in FIGS. 23A and 23B, straps 277 may be provided. as the means for holding 

	

20 	or securing the unit in place. In one embodiment, the straps are formed from the same material and 

integrally with the fluid-filled member 238, 238', 238" and extend from one side of the fluid-filled 

member. The straps are adapted to be sufficiently long so as to encircle the limb L. The ends of the straps 

are provided with an adhesive which is used to couple the straps to the other side of the fluid-filled 

member. Alternatively, the fluid-filled member may be provided with slots (not shown) into which the 

	

25 	straps may be strapped for tightening. In another embodiment, the straps are separately formed and 

attached to the fluid filled member. Again, the ends of the straps may be provided with an adhesive for 

coupling the straps to the other side of the fluid-filled member. Alternatively, the fluid-filled member may 

be provided with slots (not shown) into which the separately formed straps may be strapped thy 

tightening. 

	

30 	[01551 In use, a patient or practitioner will select a unit 230.230', 230", and locate the unit sponge face 

down over a wound or ulcer. If the.unit includes straps, the unit can be strapped in place on the limb. 

Alternatively, if the unit includes an adhesive ring, the unit is located such that the adhesive ring is 

preferably located on healthy skin as opposed to the wound or ulcer. Once the unit is located, an 
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appropriate compression mechanism 10, 110, 210, 210', 210" or other embodiments is wrapped over the 

limb with the air chamber 14, 214, 214', 214", 114 pr other embodiments located over the.milt.230, 230', 

230". When desired, the air chamber is pressurized (or pressure is applied by fixation of the wrap) so that 

pressure is applied by the compression mechanism to the limb and to the Unit, Application of pressure to 

	

5 	the unit applies specific pressure to the wound or ulcer and aids in the healing process. Also, when 

desired, suction is applied to the wound or ulcer by applying a source of negative pressure via the suction 

tube 247, 247', 247" to the unit. Where the sponge is circumferentially sealed, the amount of suction 

required to move exudates 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 turned on and off as needed. 

	

10 	When applied together, positive mechanical pressure is applied to the wound or ulcer by the compression 

mechanism and the unit, while negative air pressure is applied to the wound or ulcer via the sponge by the 

source &negative pressure, thereb: removing exudates and further. aiding in the healing process. In 

addition, if desired., a pressure sensor (not shown) may be incorporated with unit 230, 230', 230" and 

electrically coupled to the suction source S (typically via a wire--not shown-running along suction tube 

	

15 	247, 247', 247"), where the suction source S has an onioff control (not shown). In this manner, the source 

S of negative pressure can. be  turned 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 

desired threshold, the suction can be turned on, and if the pressure is below that or a lower threshold the 

suction can be tamed off; or if desired, if the pressure is above a desired threshold the suction can be 

	

20 	turned off, and if the pressure is below that or a lower threshold the suction can be turned on. The 

pressure sensor (not shown) can be located between the fluid-filled member 238, 238', 23.8" and the 

sponge 245, 245', 245", or in the sponge, or on a surface of the fluid-filled member. Alternatively, the 

pressure sensor (not shown) can be associated with the air chamber 14, 114„ 214, 214', 214" or other 

embodiments of the flexible member 12,112, 212, 212, 212', 212" or other embodiments. 

	

25 	1.01561 Where the sponge is separable from the fluid-filled chamber, the sponge may be replaced at 

desired intervals. If not separable, the entire unit may be replaced as. deSired. Where the unit has a fluid 

coupling, the suction tube may be detached prior to replacement of the unit. This unit 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 treatment >wrl~ CV', OW and/or 

30 lymphedema. 

[0157j For purposes of explanation and illustration, and not limitation, another exemplary embodiment of 

the present invention is shown in FIGS. 18-24 including a therapeutic compression apparatus 200 and, 

or aspects thereof, in accordance with the invention is shown in FIGS. 1.8-24. and is designated generally 
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by reference character 200. Another-exemplary embodiment in accordance with the invention, or aspects 

Thereof, is shown in. FIGS. 25-34 and is designated generally by reference character 300 and the assembly 

by 310. 

[01581 Turning to FIG.. 24, shown is another embodiment of the therapeutic compression apparatus 300 

	

5 	including aninflation means for providing intermittent pressure to a portion of a human body, such as a 

leg, which promotes blood flow and fluid drainage to treat various conditions, including venous ulcers or 

wounds. In this embodiment the apparatus utilizes a primary bladder 312 and a secondary bladder 314, 

each having inflatable chambers 3I2a, 314a that accommodate an entering fluid by inflating. The bladders 

312, 314 are fluidly coupled by a fluid conduit 316, which attaches to the primary bladder .312 and the 

	

10 	secondary bladder 314 at respective ends 316a, 316b, thereby allowing fluid to flow back and forth 

between the piimary bladder 312 and the secondary bladder 314. The intermittent deflation of one of the 

two bladders 312, 314 causes an intermittent inflation and pressure  increase in the other of the two 

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

[0159] The primary 'bladder 312 is best seen with reference to FIGS. 25A-25C. The primary bladder 312 

	

15 	has a lower wall 320 and.an upper wall 322 bonded together, preferably by heat sealing, on a flange 

portion 324. of the lower wall '320. The lower wall 320 and the upper wall 322 define the inflatable 

chamber 312a therebetween. The upper wall 322 extends orthogonally from the flange portion 324 to 

form a sidewall 326,. and then curves to form a top wall 328 which. is generally parallel to the lower wall 

320. The lower wall 320. including .the flange portion 324, and the upper wall .322 are flexible such that 

	

20 	the lower wall 320 may bend to conform to a surface contour of a leg. A bottom layer 330 of material is 

optionally provided on the lower. wall 320 of the primary bladder 312. The bottom layer 330 is preferably 

a semi-permeablematerial {e.g., a sponge) that absorbs sweat, puss, or other fluids and. provides a more 

delicate contact surface to the wound. If desired, an adhesive film may be provided. on the-flange portion 

324 to help secure the primary bladder 312 to the leg. 

	

25 	[0160] in one embodiment, the primary bladder 312 has a nozzle or connector element 318 extending 

through the upper wall 322 with a first end 318a inside the inflatable chantber 3I2a and a second end 

318b outside of the inflatable chamber 312a. The nozzle 318 receives the fluid conduit 3.16 at the first end 

316a of the fluid conduit .316 (FIG. 24). The second end 318b of the nozzle 318 may alternatively be 

located flush with the sidewall 326 rather than outside of the inflatable chamber 312a so long as an 

	

30 	airtight. seal is provided between the nozzle 318.and the upper wall 322. Thee-nozzle is preferably provided 

with an internal valve (not shown) which is open so long as the fluid conduit 316 is inserted in the nozzle 

318, but which closes and prevents fluid from escaping when the fluid.conduit 316 is removed fromthe 

nozzle 318. As shown in FIG. 25C, the nozzle..318 preferably extends through the sidewall 3326 portion s,:r• 
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of the upper wall 322 parallel with the lower wall 320 so that when the primary bladder 312 is placed over 

a wound on a leg, the nozzle 318 extends 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 

	

5 	leg directly underneath the nozzle 31$ when the primary bladder 312 is attached to the leg as further 

discussed below. In addition, maintaining the nozzle 318 parallel with the surface of the leg will facilitate 

the attachment of the fluid conduit 316 with the primary bladder 312 in a direction principally parallel 

with the surface of the leg,.a configuration that more readily allows clothing to be worn over the primary 

bladder 312. 

	

10 	[01611 In another embodiment (not shown) the primary bladder 312 does not contain a nozzle 318. 

Instead, the first end 316a of the fluid conduit 316 is integrally formed with the primary bladder 312 such 

that the fluid conduit 316 is inseparable from the primary bladder 312. An optional one-way valve 68 is 

provided as described below. If not;provided„ then the system is a closed system that is pressurized during 

a manufacturing process, and thus does not require the primary bladder 312 or any other component: of the 

	

15 	apparatus 10 to be pressurized prior to its operation. 

[0162] Referring to FIGS. 25A-25C, the primary bladder 312 is optionally equipped with a plurality of 

straps 332 which are designed to extend around the leg in order to secure the primary bladder 312 to a. 

bottom portion of the leg. The straps 332 may contain Velcro sections 356 (FIG. 25A) that overlap and 

attach to each other after wrapping around the leg. The straps 332 may also have an elastic quality to 

	

20 	produce axially directed compression forces when they are wrapped around the leg. In one embodiment, 

the straps 332 are wrapper/ with tension over the inflatable chamber 312a after passing around the leg 

such that when the VELCROIM  sections 356 are connected, the straps•332 exert a continuous 

compressive force on the inflatable chamber 312a. In other embodiments (not shown) the:  traps 332 may 

be secured horizontally around the leg or crisscrossed over the primary bladder 312 to secure the primary 

	

25 	bladder 312 to the leg and to provide resistance to the inflatable chamber 31.2a inflating outward, thus 

increasing the pressure on the wound area when additional fluid is /breed into the inflatable chamber 312a 

as further discussed below. 

[01631 The lower wall 320, upper wall 322, and bottom layer 330 of the fluid primary bladder 312 may be 

formed in a variety of shapes and from a variety of materials, but flexible plastic or rubber is preferred so 

	

30 	that the fluid primary bladder 312 may bend to accommodate the specific contour and curves of a given 

leg. The size of the primary bladder 312 may be varied, and different sizes may be chosen depending on 

the size and location of the wound, The upper wall 322 of the fluid primary bladder 312 is preferably 

made from a material such as a flexible and resilient plastic (e.g., polyurethane, polyvinylchloride (PVC), 
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or polypropylene) that changes shape in order to permit the volume of the inflatable chamber .312a to 

increase as additional fluid enters therein. The material of the upper wall 322 should be non-rigid so that 

as pressure increases inside the inflatable chamber 312a, the pressure is not absorbed by the upper wall 

322, but rather, is transmitted through the wall to the leg. The operation of the primary bladder 312 as part 

	

5 	of the overall apparatus 10 is discussed in more detail below. 

[01641 The fluid secondary bladder 314 is best seen with reference to FIG. 26. The secondary bladder 314 

has a lower wall 334 with a flange i.‘12, and an upper wal1336. that forms a sidewall 33$ and a top wall 

340. The fluid secondary bladder 314 may be formed in the same manner as the primary bladder 312. The 

lower wall 334 and upper wall 336 are bonded together, preferably by heat sealing op the flange 342 of 

	

10 	the lower wall .334. The upper wall 336 and lower wail 334 define the inflatable chamber 314a. The upper 

wall 336 extends orthogonally from thellange 342 to form the sidewall 338 and curves to form the top 

wall 340, which is generally parallel 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 bend to conform to a surface contour 

of an ankle. 

	

IS 	[01651 In one embodiment as shown in FIG. 27, the. secondary bladder 314 is worn in a bent 

configuration that conforms to the heel. The size and shape of the inflatable chamber 314a of the 

secondary bladder 314 may vary significantly, and is by way of example and no; limitation between about 

three and six inches long, about one and a half to three inches wide, and when inflated between about one 

quarter and one half inch in height;The shape of the inflatable chamber 314 preferably conforms to the 

	

20 	shape of .a foot or heel. A bottom layer 344 of material is optionally provided to the lower wall 334 of the 

secondary bladder 314. If the fluid secondary bladder 31.4 is worn without any footwear covering it, then 

the bottom layer 344 may provide added cushioning for the heel and/or may provide a non-slip surface 

having a higher coefficient of static friction. than the lower wall 334. The fluid secondary bladder 314 may 

also be worn upside down wherein the-inflatable chamber 314a is operably disposed on the exterior 

	

25 	thereof, and the bottom layer 344 is divosedon the interior thereof in direct contact with the heel. The 

bottom layer 330 is optional in either of these configurations as the primary function of the secondary 

bladder 314, as discussed in further detail below, is to pump fluid into the primary bladder 312 and 

receive fluid back from the primary bladder 312 during the normal walking motion. 

[01661 In one embodiment, the secondary bladder 314 may have a nozzle or connector element: 346 

	

30 	extending through the upper wall 336 with a first end.346a inside the inflatable chamber 314a, and a 

second end 346b outside of the inflatable chamber314a. The nozzle 346 receives the fluid conduit 316 at 

the second end 316b of the fluid conduit 316(FIG. 24). The nozzle 346 is preferably provided with an 

internal valve (not shown) which is open so long as the fluid conduit 316 is inserted in the nozzle 346, but 
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which closes and prevents fluid fail escaping when the fluid conduit 316 is removed from the nozzle 

346. The nozzle 346 preferably extends through the sidewall 338 portion of the upper wail 3.36.arallel 

with the lower wall. 334 so that. when the secondary bladder 314 is bent into a configuration with the 

nozzle 346 extending in an upward direction principally parallel with the back of the leg. 

	

5 	[01673 In another embodiment the secondary bladder 314 does not contain a nozzle 346. Instead, the 

second end 316b of the fluid conduit 316 is integrally formed with the secondary bladder 314 such that 

the fluid conduit 316 is inseparable from the secondary bladder 312. As described above, an optional one-

way valve 368 is provided as described below. If not provided, then the system is a closed system that is 

pressurized during a manufacturing process, and thus does not require the secondary bladder 314 or any 

	

10 	other component of the apparatus 10 to be pressurized prior 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 described as being divided into a compression section 348 and a connecting 

section. 350. As the secondary bladder 314 is attached to a heel of a foot (further discussed below), the 

compression section 348. of the inf4tablechamber 314a is operably disposed directly beneath the heel 

	

15 	while the connecting section 350 is oriented in a direction principally parallel with the direction of the leg 

(MG. 27). Positioning the nozzle 346 such that it extends in the direction of the connecting section 350 

perpendicular to the compression section 348 prevents the onzzle 346 from being compressed as a user 

steps down on the. compression section 348 while walking. in addition, positioning the nozzle 346 in a 

direction perpendicular to the compression section 348 allows the fluid conduit 316 to attach to the 

	

20 	secondary bladder 314 paralld with the leg and prevents the fluid conduit 316 from being compressed by 

the ankle or leg while a person is walking. 

[01693 The secondary bladder 314 is preferably equipped with at least two front and/or rear straps 352, 

354 which wrap amund the foot to secure the fluid secondary bladder 314 to a bottom portion of the foot. 

The straps 352, 354 preferably include Velcro sections 360 that overlap and attach to each other after 

	

2.5 	-wrapping around the foot. The front straps 352 extend from a front flap 358 that is 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 away from the front flap 358. The.rear straps 354 connect directly to 

either the flange 342 or the lower `gall 334 of the secondary bladder 314 by heat sealing, glue,.stitching, 

or other equivalent means. The rear.  straps 354 start at a rear portion of -the secondary bladder 314 and 

	

30 	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 VELCRWm  sections (not shown) that overlap and attach to each other on the 

top of the foot. In one embodiment, the front and rear straps 352, 354 are wrapped with. tension over the 

top of the foot such thata continuous compressive force is exerted on the inflatable chambtv 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 nozzle 346 

extending upward from the connecting section 350 is compressed. 

[0170] Different embodiments of a secondary bladder may include a crescent-shaped with inflatable 

chamber 314a' and nozzle 346, or a rectangularly shaped: with inflatable chamber 3I4a" and nozzle 346" . 

	

5 	The secondary bladders 314' and 314" attach to the heel such that the bulk of each inflatable chamber 

314a', 314a" is operably disposed underneath the heel and bottom of the foot. In such embodiments, the 

inflatable chamber is not divided into a compression section 348 and a connecting section 350 because 

most if not all of the inflatable charober is compressed when the heel strikes the ground. 

[0171] In all embodiments, the amount of fluid in the secondary bladder is chosen so that the primary 

	

10 	bladder can accommodate all of the fluid of the secondary bladder when that fluid is forced out of the 

secondary bladder by the walking motion. Preferably, the system is arranged such that the primary 

bladder generally applies a constant pressure of 30-40 rnm Hg to a wound site, and when fluid is forced 

out of the secondary bladder due to 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 mm 

	

15 	Hg), a maximum pressure of 50-60'mm Hg is preferred. 

[0172]1n the configuration of FIG. 26 and the other possible embodiments described above, the fluid 

conduit 316 can be affixed to the inflatable chamber 314a', 314a" of the secondary bladder 314', 314". 

Alternatively, the secondary bladder 314', 314" can be provided with a nozzle or connector element 346', 

346" which extends through the upper wall with a first end inside the inflatable chamber, and a second 

	

20 	end outside oldie inflatable chamber. The second end of the nozzle is preferably disposed behind the heel 

so that the nozzle 346', 346" will not be crushed by the foot in a standing position or during the walking 

motion. 

[0173] As shown in FIG. 26, secondary bladder 314" may be provided with front and rear straps 352", 

354", which are shortened and are provided with adhesive sections 366 located at the ends of the straps 

	

25 	352,354 for attachment directly to the foot (or sock). 

[0174] In the embodiments of the present invention in which the fluid conduit 3.16 is integrally formed 

with and permanently connected to the bladders 312, 314, the apparatus .10 is a closed system. Such 

embodiments do not require the pressurization of either of the bladders 312, 314 or of the fluid conduit 

316 prior to their use. Rather, during the manufacturing process of apparatus 10, the ends 316a, 3:1 ób of 

	

30 	the fluid conduit 316 are fluidly coupled to and form airtight seals with the inflatable chambers 312a, 

314a. During the heat sealing awe or both of the inflatable chambers 312a, 314a, the amount of fluid 

trapped in the system is controlled. Alternatively, if a one-way valveinorzle. 368 is provided, then after 
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the fluid conduit 316 is permanently attached to the bladders 312, 314, pressurization of the therapeutic 

compression apparatus 300 and assembly 310 may take place by means of the one-way valve/nozzle 368 

such as a check valve or relief valve. The one-way valve/mule 368 is used to pressurize the therapeutic 

compression apparatus 300 and assembly 310 to a desired pressure by connection to a fluid source such as 

	

5 	an air pump. Once the desired pressure is reached (which may be below the ambient air pressure), the 

fluid source is removed from the one way valve 368, which closes. in such embodiments, nozzles 318, 

346 are not necessary because the therapeutic compression apparatus 300 and assembly 310 are a closed 

system. Fluid flows freely between the bladders 31.2, 314 through the fluid conduit 316 (with the pressure 

in each of the bladders 312, 314 varying as the therapeutic:compression apparatus 300 and assembly 310 

	

10 	is operated in the manner discussed below), but no additional fluid is allowed into the apparatus 10. The 

apparatus 10 is secured to the body by attaching the foot and primary bladders 3.14, 312 to the foot and 

leg as discussed herein. The one way valve 368 such as a check valve or relief valve may alternatively be 

located on either of the inflatable chambers 312a, 314a of the bladders 312, 314 rather than on the fluid 

conduit 316. 

	

15 	[0175:1 In other embodiments, the fluid conduit 316 is detachably connected to the nozzles 318,.3.46. of the 

primary bladder 3.12 and secondarrbladder 314. In. such embodiments, the ends 316a, 316b of the fluid 

conduit may be inserted through the nozzles 318, 346 to fluidly couple the primary bladder 312 with the 

secondary bladder 314 in an. airtight manner. The air-tight connection between the fluid conduit 316 and 

the nozzles 318, 346 may he accomplished by male and female threaded surfaces, bayonet locks, or other 

	

20 	equivalent means known in the art. The nozzles318, 346 may contain two way valves (not shown). tbr 

pressurizingeither or both of the inflatable chambers 31.2a, 314a prior or subsequent to attaching the fluid 

conduit 316. The fluid conduit 316 is preferably made from rubber or plastic and by way of example and 

not by way of limitation has a diameter in the range of 1/4 to 1/2 inch, a length in the range of two to 

twelve inches, and walls having a thickness in the range of 1/8 to 1/2 inch. This wall thickness is 

	

25 	recommended to prevent or minimize expansion of the fluid conduit.316 as the pressure varies therein 

throughout the operation of the therapeutic compression apparatus 300 and assembly 310 (Le, the 

tube preferably can withstand pressures of 60 mm Hg and above without expanding), 

101761 In embodiments in which the fluid conduit 316 is permanently attached to the bladders 312; 3Z4, 

the therapeutic compression apparatus 300 and assembly 310 are assembled by simply attaching the foot 

	

30 	and primary bladders 314, 312 to the foot and leg as described herein. No additional set-up is necessary, 

[0177] In embodiments in which the fluid conduit 316 is detachably connected to the bladders 312, 31.4, 

the apparatus may be assembled by either first attaching the foot and primary bladders 314, 312 to the 

foot and leg, and then connecting the fluid conduit 3.16 to. the nozzles .318, 346, or by first connecting the 

38 



WO 2018/052676 	 PCT/US2017/048241 

fluid conduit 316 to the foot and primary bladders 314, 312, and then connecting thefoot and primary 

bladders 314, 312 to the foot and leg. In such embodiments, a fluid 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 air pump. As fluid is supplied, the 

	

5 	bladder(s) 312, 3.14 will inflate and pressurize. When the fluid source is removed. from the nozzles 318, 

346, the valves in the nozzles will maintain the pressure in each of the bladders 312, 314. The fluid 

conduit 316 may then be pinched at one of the two ends 316a, 316b while the other of the two ends 316a, 

316h is coupled to one of the nozzles 318, 346. The fluid conduit 316 opens the valve within the nozzle as 

it enters therein. The pinched end of the fluid conduit 316 is then coupled to the other nozzle, which 

	

10 	opens that nozzle's valve, and the apparatus 10 is then ready for operation. The fluid used inside of the 

therapeutic compression apparatus 300 and assembly 310 may be air, liquid, or a combination of both 

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

[01781 In yet another embodiment of the present invention, the primary bladder 312 is positioned on the. 

kg by means of a flexible leg wrap apparatus 370 such as the one disclosed in the commonly owned U.S. 

	

15 	Pat No. 7,276.037, Which has been incorporated by reference in its entirety. The leg wrap apparatus 370, 

shown in FIGS. 28A-28B, has an inflatable air bladder chamber 372 secured to a flexible wrap member 

373. The flexible member 373 is designed to wrap around the leg in a wrapped configuration with the air 

bladder chamber 372 being operably disposed on an interior surface of the flexible member 373 such that 

the flexible member 373 exerts pressure over a large area of a leg. In this embodiment, no straps or other 

	

20 	attachment means need be connected to the primary bladder 312 because the flexible member 373 serves 

the dual function of positioning the primary bladder 312 on the leg (the primary bladder- 312 being 

sandwiched between the inflatable air bladder chamber 372 and the leg) and providing additional pressure 

to other areas of the leg. 

[0179]In one embodiment, the intlinable chambers 312a, 314a of the leg and secondary bladders 312, 

	

25 	314 are prefilled such that when they are secured to the leg and foot and used in conjunction with the leg 

wrap apparatus 370, the leg wrap apparatus causes the primary bladder 312 to substantially deflate when a 

patient is lying down or has the foot elevated while walking (i.e. when the foot is not compressing the 

secondary bladder 314). In such embodiments, it.is preferrai that the fluid displaced from the primary 

bladder 314 to the secondary bladder 312 cause the inflatable chamber 312a of the secondary bladder 312 

	

30 	to inflate to approximately one-half to three-quarters of its maximum volume. In these embodiments, the 

leg wrap apparatus 370 alone puts pressure on the saphenous vein of the patient while the patient is lying 

down or has his or her foot elevated. When the secondary bladder 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 intermittent on and off compression will help to promote circulation 

to an ulcer bed disposed on the patient's leg underneath the primary bladder 312 and leg wrap apparatus 

370. 

[0180j The inflatable air bladder 372 is optionally provided with a pressure gauge and an automatic 

	

S 	pressure relief valve coupled to the inflatable air bladder chamber 372 to vent air from the chamber 372 to 

the ambient environment when the internal pressure reaches a threshold maximum pressure. For example, 

the therapeutic compression apparatus 300 and assembly 310 may be attached to the leg and foot as 

described.above in any of the embodiments. The flexible member 373 is then wrapped with tension 

around the leg and over the primary bladder 312 with the air bladder chamber 372 touching the inflatable 

	

10 	chamber 312a and exerting a pressure thereon (FIGS. 28A and 288). If during operation of the 

therapeutic compression apparatus 300 and assembly 310, the pressure in the inflatable air bladder 372 

becomes higher than the threshold maximum., then the automatic pressure relief valve releases air from 

the chamber 372, which re due the tension in the flexible member 373. The flexible leg wrap apparatus 

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

	

15 	(01811 Once the therapeutic compression apparatus 300. and assembly 310 is assembled and fastened to a 

person as discussed above, the therapeutic compression apparatus 300 and assembly 310 operates as a 

peon walks. During the standard heel to toe motion of walking, the compression section. 348 of the 

secondary bladder inflatable chamber 314a is squeezed between the heel and the ground, which puts 

external pressure on the compression section 348 forcing all or most of the fluid out thereof, (i.e, the 

	

20 	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 35.0 of the inflatable chamber 

314a, into andthrough the fluid conduit 316, and up into the primary bladder 312. The inflatable chamber 

312a of the primary bladder 312. inflates to accommodate the entering fluid. As the inflatable chamber 

3:12a inflates, the sidewall. 326 of the inflatable chamber 312a presses against the straps 332 of the 

	

25 	primary bladder and/or the flexible member 373 of the leg wrap apparatus 370. The straps 332 and/or 

flexible member 373, which are securely fastened to the leg with tension and preferably extend over the 

top of the inflatable chamber 312a, provide resistance to the sidewal1326 flexing or bowing outward,. 

which limits the volume increase of the inflatable chamber 312a. The additional fluid entering the 

inflatable chamber 312a thus causes an increase in the pressure therein. This increased pressure is 

	

30 	transmitted through the lower wall 320 and/or bottom layer 330 to the leg. 

[0182j When the person's foot rollsfram heel to toe, the external pressure from the person's weight is 

removed from the heel. At that point, the pressure in the fluid conduit 316 and the inflatable chamber 

312a of the primary bladder 312 is greater than the pressure in the inflatable chamber 314a 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 31.6. This process repeats as the person walks, 

	

5 	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 iffhe primary bladder 312 is pressurized before placing it on the leg, 

	

30 	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 

	

15 	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 arc 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 

	

20 	chamber 312a of the primary bladder 312 produces a greater inwardly directed (minimum) compressive 
flame on the leg. The operation of the apparatus 10 to inflate the inflatable chamber 312a will produce 
additional pressure on the kg 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. 29 of a therapeutic compression 

	

25 	apparatus 400 constructed in accordance with the present invention, showing compression bladder 402 
integrally lomied 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 asecondary wrap 404 (such as a 

	

30 	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 2913) and opposed distal end portion (bottom as oriented in Fl<71..29A and 2913) 
which is configured and adapted to conform mound 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 inner 

sheet 406 and outer sheet 408 are made out of a nylon laminated polyurethane sheet which are configured 

and adapted to be RF welded together. However, any other suitable materials which are weldable or 

	

5 	otherwise joined while being airtight can be used. Continuous peripheral weld line 410 forms an airtight 

boundary of integrally formed bladder 402. In this exemplary embodiment„bladder 402 is a single 

continuous bladder throughout the primary wrap 403 and secondary wrap 404. However, it is envisioned 

that secondary wrap 404 can have an independent bladder either separately inflatable or inflatable through 

a one-way valve or other desired inflation/deflation configuration. Secondary wrap404 can also be 

	

10 	configured and adapted to provide a differing pressure from primary wrap 403. In an exemplary 

embodiment:, bladder 402 located in secondary wrap 404 is configured and adapted to be located 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 a patient's foot. 

[0185] Hook and loop fasteners 424 are provided along the edge of inner and outer sheets in order to ease 

	

15 	adjustment and secure therapeutic compression apparatus 400 on a patient's lower leg and foot. It is 

envisioned that therapeutic compression apparatus 400 can also be secured to a patient's lower leg by 

other means, such as zippered, buttoned, or be cuff shaped by other such suitable means. Further, it is also 

envisioned that hook and loop closures 424 can be replaced by material similar to that of ankle strap 422 

described below and be welded/sewn/attached to bladder 402 for improved comfort. 

	

20 	[0186] In one embodiment of the present invention inflation means 700 is a hand pump which can attach 

to inflation port 500 to inflate bladder 402. It can be appreciated that a mechanical or automatic inflation 

pump (not shown) can also be attached to inflation port 500 to inflate and deflate bladder 402 to provide 

pulsating pressure to a user's lower leg. A number or variety of inflation means can be employed not 

limited to a manual pump, hand pump, foot pump, mechanical pump, electrical pump, battery-operated 

	

25 	purim,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. A vent valve is also be incorporated into therapeutic compression apparatus 400 or with inflation 

means 700 to allow a user to selectively deflate bladder 402. Further, a relief valve is -also incorporated 

	

30 	with either inflation means 700 or bladder 402 to prevent overinflationoncea maximum pressure is 

detected. Examples of relief valveehre described in U.S. Pat. No. 7;276,037 and U.S. Pat. No. 7,850,629, 

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 can 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 he obtained cost-effectively. A number of 
different embodiments of bladder configurations can be used in the therapeutic compression apparatus of 

	

5 	the subject invention such as those configurations described above. In another embodiment therapeutic 
compression apparatus 400 may have a bladder 402 with a plurality of spot welds 414 therein. Spot welds 
414 may be strategically placed within bladder 402 in a pre-determined pattern based on the desired 
gradient profile relative to the compression needed at the patient's treatment site. Spot welds 414 enable 
bladder 402 to define the gradient profile when inflated through inflation port 500. The geometric 

	

10 	placement of spot welds 414 within bladder 402 allows increased inflation of certain portions of bladder 
402, and can create one or more fluid chambers within bladder 402. This configuration is particularly 
useful when compression is needed to improve fluid movement. (e.g., blood, lymph, etc.) within the body. 
Further, linear weld lines 416 allow for better compression along the back of a patient's calf by increasing 
tension applied to the back of the calf of a patient. This increased tension can generate a more effective 

	

15 	calf compression in order to increase venous flow. Linear weld lines 416 located laterally along the back 
of the calf create a ribbed portion, which keeps the inflated profile of therapeutic compression apparatus 
400 compact which can further increase ambulation and reduce interference with a patient's clothes. 
Secondary wrap 404 can also be made from an elastic garment without bladder 402. 

[0188] It can he appreciated that depending on the location of the therapeutic compression apparatus 

	

20 	being placed on the patient's body Part or limb, different pressure gradients may be utilized. Examples of 
other bladder pressure gradient profiles are described in U.S. patent application Ser. No, 12/91.1,563 and 
U.S. patent application Ser. Ntl 12/855,185, the disclosures of which are incorporated by reference in 
their entirety. 

[0189] Once therapeutic compression apparatus 400 is secured around a patient's limb such as for 

	

25 	instance a lower leg, bladder 402 is not able to shift out of place, thus increasing comfort and reducing 
fitting issues on the patient. In order to increase the ease of ambulation by a patient, in an exemplary 
embodiment, ankle cushion 426 can be attached adjacent heel port 420 to prevent the occurrence of a 
pinch point and reduce pressure on a patient's Achilles tendon. In combination with ankle cushion 426, 
ankle strap 422 can be used. In an exemplary embodiment, ankle strap 422 can include non-elastic foam 

	

30 	which prevents a pinch point at the bottom of lower leg wrap 403 and the upper part of secondary wrap 
404. A further advantage to providing ankle strap 422 is that bladder 402 proximate ankle strap 422 is 
pulled tight against a patient's leg and improves compression near the heel of a patient. Ankle strap 422 is 
advantageously wrapped around the patient's ankle and footprior to affixing hook and loop fasteners 424. 
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In order to improve comfort, through-holes 418, as seen in FIG. 29, 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, 

	

5 	[0190] In accordance with an e.xeniWary 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 

	

10 	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 configuredand adapted to improve 

	

15 	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 /Maris or mechanism for each of the various embodiments of the present invention. 

	

20 	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 

	

25 	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 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 

	

30 	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 eachpatient individtudly.. 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", "13", "C", "D" 
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which each would correspond to a certain pressure such as 25 mm-Hg, 35 mm-Hg, 45 mm-Hg and 55 

mm-Fig. 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 or in another 

	

5 	embodiment has a button or a switch to deflate the primary and/or secondary bladder and thus release the 

pressure. In any embodiment where there is 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 bladder (402). In anther embodiment as shown in FIGS. 31A-31C and 35, the switch may 

have a plurality of integrated umbrella valves so that one umbrella valve is set and closed to maintain the 

	

10 	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 and/or secondary bladder so as to release the pressure 

such as while the patient is walking (pressure increases en the calf with each step) or flying (pressure 

increases based on altitude), and a thirds umbrella valve which would release all the air or fluid in the 

primary and/or secondary bladder and thus release all pressure and deflate the therapeutic compression 

	

15 	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 maintains the amount of air or fluid in the primary and/or secondary 

bladder and thus maintains the set pressure, say fir instance at 45 mm-Hg, the second umbrella valve is 

set to release the air or fluid within the primary and/or secondary bladder if the pressure within exceeds 

45 mm-Hg and bring the pressure down to 45 mm-Hg (such as when in high altitude or other increases in 

	

20 	pressure) and then maintain the pressure at 45 mm-1-lg, and a third umbrella valve is set to open and 

release all the air or fluid within the primary and/or secondary bladder and thus release all pressure when 

activated by the patient so as to deflate the primary and/or secondary bladder and the therapeutic 

compression apparatus. By way of another example, the dial may include graphics such as (A) "Walk" 

wherein the set pressure amount is maintained while the patient walks and the pressure spikes and returns 

	

25 	over and over in time as the umbrella valve remains in the closed position, (B) then a graphic of "Air" 

wherein the set pressure amount will be maintained by this umbrella vale occasionally releasing pressure 

as the pressure increases over the sE't amount or value so that the umbrella valve is activated to release air 

or fluid within the primary and/or secondary bladder and release the pressure yet then close and stay 

closed to maintain the set pressure amount, and (C) "Release" or "Deflate" wherein the pressure will be 

	

30 	released and the air or fluid within the primary and/or secondary bladder released to deflate and -this 

umbrella valve is always in the open position. In this embodiment there are three umbrella valves with 

one set to always open the primary andlor secondary bladder to release pressure completely, one set to 

always close to maintain air or fluid in the primary and/or secondary bladder to maintain pressure, and a 
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third set to open or release at a predetermined or set pressure point. In all of the embodiments referring to 

umbrella valve the umbrella valve may also be a switch (manual or otherwise) or a digital switch or any 

other known means to open, close or partial release air or fluid within a bladder and thereby maintain, 

change or release pressure therein. 

	

5 	[01.94] The inflation means and valves shown in FIGS 30A and 3013 include an inflation pop having an 

elbow connector 510 which is welded to the compression apparatus to allow air to flow into it. A check 

valve or relief valve is inserted intOthe elbow connector 510. A dust cap 520 or valve cap is included to 

prevent dust clogging the check valve and if inserted in a reverse configuration the inflated bladder is 

deflated manually. This is spring loaded so that the inflation means can inflate the bladder and once the 

	

10 	inflation means is removed the spring seals the bladder such that the pressure is not released until 

manually or automatically decreased or deflated. The check valve may also be non-spring activated and 

activated by any other known means. The inflation means may include a bulb, motorized, batter-

operated or electric means. The inflation. means may include the dials shown or a simpler dial or one 

valve. Further embodiment are shown in FIGS. 31-38. 

	

15 	[01951 The inflation means 700 shown in FIGS. 31A and 31.13 and 31C include a hand pump 700. The 

inflation means 600 includes a tube 690 connected to a pump assembly including a valve dial 614 and in 

this embodiment throe umbrella valves 616, as Wen as a label 612 which the user can use to see the 

various pressure amounts for the therapeutic compression apparatus 10, 100, 200, 300, or 400, The valve 

dial 614 is connected to the hand pump bulb 700 by a valve base 620. The hand pump bulb 700 may be a 

	

20 	squeeze bulb or any other known hand pump or ball. As shown in FIG. 3113, which is a cross section of 

FIG. 31A, the valve dial 614 may include a check valve 630 which is a safety component such that the 

user does not overinflate the compression apparatus and cause harm to himself or herself. The check 

valve 630 may be joined to the valve base 620 via any known means, such as for example only, adhesive 

640. The valve dial 614 may further include an 0-ring 650 and a lubricant, such as by way of example 

	

25 	only grease 660, applied to the 0-ring 650. Further, the valve dial 614 may include a drive screw 670 and 

a washer 680. The inflation means 600 may further include, as shown in FIG. 31C, a detent spring 655 

and a detent ball 656. The donut spring 655 and detent ball 656 has an audible "click" and provides a 

tactile and audible way for the user to know the pressure is changing. 

[01961 Another embodiment of the inflation means is shown in FIGS. 32A. and 3213, 33 and 34. The 

	

30 	inflation means 810 includes a tube 811 and a dial 818. The dial 818 is a manometer type and the arrow 

moves around based on the pressure via the bulb 700. The dial 818 is connected to a check valve 830 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 valve 830 via any known joining means, and in this embodiment is shown by way of example 

only, as a t-connector 820. 

[01971 .Another embodiment of the inflation means (not shown) is includes a plunger assembly. The 

plunger assembly includes an. umbrella valve (similar to the umbrella valves 61.6. shownin FIG, 31A). 

	

5 	The umbrella valve includes an 0-ring assembled into a slot to prevent air leakage out of the spring hole. 

The plunger assembly has a predetermined height so as to control relief pressure in the dial 618 or dial 

valve 610. The plunger assembly further includes at least one or multiple relief slots which allow air 

pressure to access the umbrella valve-itself. 

[0198] FIG. 34 is a cross-section view.  of another embodiment of the inflation means wherein the dial 

	

10 	610 includes a recess 930 in varying increments such that the umbrella valve 910 stretches and has 

different: relief pressures. A pointer 921) is included in this embodiment which resists the spring load and 

holds the dial 610 down at a premise height. The compression spring 910-chives the valve retainer 

upwards within the inflation means 900. The dial 610 has the pointer 920 located above the slide 940. 

The compression spring 910 and °ging 990 are located along the slide 940. The umbrella valve 10 is 

	

15 	connected below the slide 940. The inflation means further includes a washer 950 and a screw drive 960. 

Also shown are the check valve 980 and the valve base 980. A distal end of the blob 700 is also shown. 

[01991 Another embodiment of the inflation means 1000 is shown in FIG. 35 including a dial 1050 

having below a detent ball 1010 and a detent spring 1020. The detent ba11101.0 and detent spring 1020 

act as an audible and tactile manner for the user to know the pressure change. The insertion tip 1030 is 

	

20 	shown joined to the tube 690. In this embodiment the three umbrella valves may be set so that one is 

always in the (men position to.release the air or fluid in the. primary andlor secondary bladder and thus 

release the pressure for a deflated position of the bladder(s), the second umbrella valve may be set in a 

closed position so as to maintain the air or fluid in the primary and/or secondary bladder and maintain the 

pressure, and the third umbrella valve is at a set pressure amount or value such that as the pressure 

	

25 	increases the umbrella valve opens and releases the excess pressure and then the umbrella valve closes to 

maintain the set pressure amount or value. 

[0200] Another embodiment of the inflation means 1100 is shown in FIG..36. The dial 1110 includes a 

label 1120 for the user to visualize the pressure amounts in use. The dial 1610 further includes at least 

one, and in this embodiment crass-section shown as two or three, umbrella valves 1140. In this 

	

30 	embodiment the three umbrella valves may be set so that one is always in the open position to release the 

air or fluid in the primary and/or secondary bladder and thus release the pressure for a deflated position of 

the bladders, the second umbrella valve may be set in a closed position so as to maintain the air or fluid 
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in the primary and/or secondary bladder and maintain the pressure, and the third umbrella valve is at a set 

pressure amount or value such that as the pressure increases the umbrella valve opens and releases the 

excess pressure and then the umbrella valve closes to maintain the set pressure amount or value.. Further 

included are a drive screw 1150 and washer 1160. An 0-ring 1 170 is included and lubricated via grease 

	

5 	1180. The valve body 1130 is joined to a connected bulb 700 via any known connecting or joining 

means, and in this embodiment by way of example only, is an adhesive 1.190. The check housing 1220 

includes the check valve and a silicon disk 1210. 

[0201j In another embodiment of the present invention the compression apparatus may be a stand-alone 

thigh compression or thigh compression portion added to the leg and foot compression apparatus of the 

	

].0 	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 joining to 

an inflation means. The inner layer includes a plurality of fasteners. 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 

	

15 	compression apparatus may be used such as on the back, calf, ann, stomach, torso, shoulder and other 

body parts, such that the designation as the "thigh" compression apparatus is not limited to only use of 

such apparatus on the thigh of a patient. It is envisioned that compression apparatus can 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. 

	

20 	[0202] FIGS. -37 and 38 show yet another embodiment of the present invention with the compression 

apparat is being configural to be used on a patient's arm. The arm compression apparatus 1300 includes 

a layer 1310 and an inflation port 1105 which is capable of connecting or joining to an inflation means. 

The outer layer 1310 includes a plurality of fasteners 1324 which may fasten around the patient's thumb 

1395 and fingers 1390. In one embodiment the thigh compression apparatus 1300 includes, by way of 

	

25 	example only, hook and loop fasteners 1324 along the edge to ease adjustment and secure therapeutic 

compression apparatus 1300 on a patient's arm. Other uses of the arm compression apparatus 1300 may 

be used such as on the hack, shoulder, torso, calf, arm, stomach and other body parts, such that the 

designation as the "ann" compression apparatus is not limited to only use of such apparatus 1300 on the 

arm of a patient. It is envisioned that compression apparatus 1300 can also be secured to a patient's arm 

	

30 	or other body part by other means, such as zippered, buttoned, or be cuff shaped by other such suitable 

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

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

during extended wear of compression 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 

include a portion 1330 for use around the patient's elbow as shown in FIG. 37 and may include an 

aperture. In another embodiment as shown in FIG. 38 two smaller compression apparatus (compared to 

the apparatus inFIG. 29A) are used on the lower arm and the upper arm of the patient with a plurality of 

	

S 	tabs 1405 capable of connecting to each other such as via hook and loop closure or VELCROrm  or any 

other known connecting means such as buckles, straps, buttons, snaps, zippers and other combinations. 

As shown in FIG. 38, the at least two therapeutic compression apparatus 1400 which are capable of 

connecting or joining to an inflation means and capable of connecting to each other via tabs 1405. The 

outer layer 1410 includes a plurality of fasteners 1424 which may fasten around the patient's thumb 1495 

	

10 	and fingers. Other configuration may be employed so that the patient may apply pressure and 

compression to pans of the leg, arm, wrist, hand, shoulder, waists  torso, chest and the like. 

[0203] The inventive therapeutic compression apparatus may be included in a kit having various wound 

dressings and/or bandages. The wound. dressings and/or bandages may be disposed of on a more frequent 

basis and the inventive therapeutic compression apparatus is applied in conjunction or combination with 

	

15 	the wound dressings and/or bandages. In one embodiment the therapeutic compression apparatus is used 

over or on. top of the wound dressing applied to the skin. 

(0204) Mother embodiment of the present invention includes a method of applying a measured 

compression amount with feedback. As shown in FIG. 39, Compression Bladder .A is inflated by 

inflation Source C the nature of Compression Bladder A is such.that theamount of compression is 

	

20 	determined by the amount. of inflation medium (typically air) pumped into A from .C. In this design, 

Inflation Source 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 Item F. Inflation Source €` is 

able to read the line pressure from the Coupling Line E to determine the interface pressure from Bladder 

B 	in this design, Inflation Source C can be calibrated to provide only the amount of inflation medium 

	

25 	necessary into Compression Bladder A as determined by matching the desired interface pressure from 

Bladder B. Other configurations may be employed so that feedback may be obtained from the inflation 

means and compression apparatus. 

[0205] Another embedment of the present invention includes a Sequential Gradient Compression with 

Single Chamber. As shown in FIG. 40, the compression apparatus includes an inflation bladder to apply 

	

30 	not only gradient compression but sequential (filling up of the foot portion first and making its way 

upwards) compression. In this embodiment as shown in FIG. 40,. Inflation Device A is coupled to the 

device in two places (Intake Port C and Exhaust Port I)). By inflating and providing air that goes directly 

into Channel B. the Foot Bladder Portion E inflates first, before the Main Bladder F. Air. Then exits out of 
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Exhaust 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. 

[0200 Another embodiment of the present invention include an electric or other automated inflation 

means such that the bladder is inflated to a set volume or by reading the back pressure of which is being 

	

S 	filled in. A pressure cycling function may be included. Further, an embodiment may have an inflation 

means such. that the inflation maintains in the bladder(s) even after the inflation means is removed. Such 

inflation means may be integral to the compression apparatus itself or may be removable. Such inflation 

means may include an integrated circuit and/or wireless capability for tracking of usage, pressure, 

compliance by the patient in regard to maintaining certain pressures recommend by a physician or part of 

	

10 	such patient's treatment plan, and other health data such as standing pressure and moving or working 

pressure, pedometer (number of steps), heartbeat, blood pressure and any other possible monitoring of the 

patient. Depending on the feedback obtained the inflation means may be programmed to increase or 

decrease the pressure without manual changing by the patient. Farther, the inflation means may be 

configured so that the physician or other treatment professional may increase or decrease the pressure 

	

15 	remotely based on the feedback. Other combinations may be included such as manual changing of the dial 

or inflation means in combination With automated means or electric means or digital means. 

[0207] The dials shown arc non-digital by way of non-limiting example only but a digital means may 

also be employed. A motorized pump and digital display may be used. The valve may include digital or 

electric means to change or modify pressure at a set rate or intervals or based on feedback from the 

	

20 	monitoring means. The apparatus may include various sensors and monitors. 

[0208] In use the therapeutic compression apparatus 10, 100, 200, 300 or 400 may be placed by the 

patient, practioner or care-giver on the chosen limb, such as for instance the lower leg on the calf and foot 

and the secondary wrap, or the foot wrap is fastened around the foot of the patient. The opening aperture 

for the ankle is set by the patient fo comfort. Moving in an upward position from the foot then the 

	

25 	patient, practioner or care-giver fastens or secures the fastening tabs (such as 32a, 32b, 32c, 32d., and 424, 

etc.) up to the knee. If there are additional straps located on the proximal end of the primary bladder or 

calf or leg bladder (near the knee) the first strap should be closed or secured in a tight fashion so that the 

therapeutic 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 a tight fashion so that the therapeutic 

	

30 	compression apparatus fits snugly but not too tight. The patient, practioner or care-giver then removes the 

valve cap from the valve located on the therapeutic compression apparatus such as for instance on the 

primary wrap. The patient, practioner or care-giver then selects a pressure amount of value on the dial of 

the inflation means depending on the treatment and. whether the patient will be walking, sitting, lying 
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down or traveling in a vehicle, train or airplane. Once the pressure amount or value is chosen on the dial 

(such as a given pressure amount such as "35" mm-lig or a text such as "Walk" or "Air"-  or "Travel" or 

"Low" or "Medium" or "High"), the corresponding umbrella valve or switch is activated such that the 

pressure is thereafter maintained (closed position) or modified so as to maintain the- preseure as it amigos 

	

5 	with the activity or altitude when in use). The patient, practioner or care-giver then inserts an end of the 

inflation means into the valve on the therapeutic compression apparatus and the air or fluid is increased to 

inflate the primary and/or secondary bladder and thus achieve a desired pressure amount or valve. Again 

this inflation means may be 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 

	

10 	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. Depending on the inflation means employed such inflation means may be removed and the valve 

	

IS 	cap replaced and the pressure will not decrease except as noted in the "Air" or "Walk".position. At any 

point in use the patient, practioner or care-giver can deflate the primary and/or 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 and decrease the pressure, or the patient, practioner or care-giver can 

reinsert the inflation means and selivt the "Deflate" or "Release" and the corresponding umbrella valve 

	

20 	will be in the open position so as to release the air or fluid in the primary and/or secondary bladder and 

decrease the pressure until a deflated state is achieved for the bladder and the therapeutic compression 

apparatus. The therapeutic compression apparatus can be reinflated and deflated over and over again 

when in use. 

t0209 The present invention has been illustrated and described with respect to specific embodiments 

	

23 	thereof, which embodiments are exemplary and illustrative. of the principles of the invention and are not 

intended to be exclusive or otherwise limiting embodiments. For instance, while in the tbregoing 

embodiments the therapeutic compression apparatus are described as having inflatable bladders, the 

therapeutic compression apparatus may additionally include integrally formed or attached (e.g., by 

adhesive, radieefrequeney welding, etc.) compression members that are not configured far inflation and/or 

	

30 	deflation, For instance, additional compression members may be implemented using any of a variety of 

preformed and/or prefilled cushioning materials such as foam. cushions and/or air, gel, or other fluid filled 

non-inflatable cushions, provided such compression members generate sufficient compression in 

combination with integral compression bladders. Further, while particular shapes, sizes, and materials 
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have been described for purposes of illustration, it will be recognized that any of a variety of shape or size 

can be used, and the materials described are not exclusive but merely illustrative. Also, as noted above, 

while the bladder shown is inflated with air, it will be appreciated that any other fluid or medium such as 

liquid or gel can be used. Moreover, as also noted, it will be understood that bladders may he configured 

	

5 	to have multiple pneumatically independent and/or pneumatically coupled bladder sections, and may also 

he configured to have various contours or lohulations. 

[02101  The therapeutic compression apparatus described herein can be used for any suitable condition 

treatable by compression therapy and the like. For example, therapeutic compression apparatus in 

accordance with the present invention can he used for compression of the venous system for the treatment 

	

10 	of venous ulcers, CVI, DVT, for the treatment of lymphedeina (where it is circulation of fluids in the 

lymph system rather than in the venous system that is promoted), and the like. 

[0211.1 The therapeutic compression apparatus of the instant invention described herein solves many 

problems with the prior art and in the industry and treatment of patients. The therapeutic compression 

apparatus may be applied on the patient's body part by the patient without the need or requirement of a 

	

15 	skilled care-giver as required by current devices and apparatus. It further is capable of maintaining 

sufficient effective pressure without overpressure complications, maintaining compression and the like. 

(02121 The therapeutic compression apparatus of the instant invention includes a universal inflation port 

which is configured to be capable cif connecting to more than one source of compression or inflation 

means such that the patient could vary treatment through varying the inflation source and inflation means 

	

20 	for the treatment apparatus or device. For instance, a patient using The therapeutic compression 

apparatus of the instant invention can alternate between a manual or mechanical or electrical inflation 

means or source of inflation and pressure. Further, the patient can alternate between static or intermittent 

inflation and pressure when using the inventive therapeutic compression apparatus 

[02131 The therapeutic compression apparatus of the instant invention also reduces the problem is 

	

25 	leakage of set compression within the treatment apparatus and devices, bandages, stockings and hosiery 

and instead promotes a more effective treatment for CVI, DVT and/or lymphedema and other treatments. 

[02141 While the subject invention of the present disclosure has been described with respect to preferred 

and exemplary embodiments, those skilled in the art. will readily appreciate that various changes and/or 

modifications can. be made to the invention without departing from the spirit or scope of the invention as 

	

30 	described herein. There have been, described and illustrated herein several embodiments of an 

intermittent pressure apparatus anda method of installing and operating same. While particular 

embodiments of the invention have been described, it is not intended that the invention be limited thereto, 
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as it is intended that the invention be as broad in scope as, the art will allow and that the specification he 

read likewise. Thus, while particular shapes and sizes of inflatable bladders and straps have been 

disclosed, it will be appreeiated that other shapes, sizes, and attachment means may be used as well. It 

will also be understood that while Velcro and adhesive means have been disclosed for helping to secure 

S 	the bladders to the leg and foot, other types of attachments such as hooks, snaps, or wmps may be used. In 

addition, it will be appreciated that while the fluid conduit may be detachably connected to the bladders 

using mating threaded portions or bayonet locks, other means of attachment known in the art may be 

used. It will therefore be appreciated. by those skilled  in the art that yet other modifications could be made 

to the provided invention without deviating from its spirit 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. 
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31. The therapeutic compression apparatus of claim 13, further comprising a vent valve

operatively connected to the leg bladder for deflation. 




































































	13500SG-Consolidated specification
	13500SG-Description
	13500SG-claims

	DRW (4)



