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Description

BACKGROUND

1. Technical Field

[0001] The present disclosure generally relates to the
field of vascular therapy for application to a limb of a body,
and more particularly, to a compression apparatus con-
figured to artificially stimulate blood vessels of the limb.

2. Description of the Related Art

[0002] A major concern for immobile patients and per-
sons alike are medical conditions that form clots in the
blood, such as, deep vein thrombosis (DVT) and periph-
eral edema. Such patients and persons include those
undergoing surgery, anesthesia and extended periods
of bed rest. These blood clotting conditions generally oc-
cur in the deep veins of the lower extremities and/or pel-
vis. These veins, such as the iliac, femoral, popiteal and
tibial return deoxygenated to the heart. For example,
when blood circulation in these veins is retarded due to
illness, injury or inactivity, there is a tendency for blood
to accumulate or pool. A static pool of blood is ideal for
clot formations. A major risk associated with this condi-
tion is interference with cardiovascular circulation. Most
seriously, a fragment of the blood clot can break loose
and migrate. A pulmonary emboli can form blocking a
main pulmonary artery, which may be life threatening.
[0003] The conditions and resulting risks associated
with patient immobility may be controlled or alleviated by
applying intermittent pressure to a patient’s limb, such
as, for example, portions of a leg and foot to assist in
blood circulation. Known devices have been employed
to assist in blood circulation, such as, one piece pads
and compression boots. See, for example, U.S. Patent
Nos. 4,696,289 and 5,989,204.
[0004] Compression devices that consist of an air
pump connected to a disposable wraparound pad by one
or more air tubes have been used. The wraparound pad
is placed around the patient’s foot or other extremity. Air
is then forced into the wraparound pad creating pressure
around the parts of the foot or other extremity.
[0005] These known devices may suffer from various
drawbacks due to their bulk, cumbersome nature of use,
potential for contamination and irritation to the extremity
during application and use. These drawbacks reduce
comfort, compliance, cause skin breakdown and may dis-
advantageously prevent mobility of the patient as recov-
ery progresses after surgery.
[0006] An apparatus according to the preamble of
claim 1 is known from US-A-5 354 260.
[0007] It would be desirable to overcome the disad-
vantages and drawbacks of the prior art with a foot sleeve
that prevents contamination, mitigates the incidence of
skin breakdown and facilitates disposal with an extremity.
It is contemplated that a compression apparatus includ-

ing the foot sleeve reduces bulk and is not cumbersome
during use to improve comfort and compliance to a pa-
tient. It is further contemplated that the compression ap-
paratus is easily and efficiently manufactured.

SUMMARY

[0008] The present invention provides an apparatus
according to claim 1.
[0009] Accordingly, a compression apparatus is pro-
vided that prevents contamination, mitigates the inci-
dence of skin breakdown and facilitates disposal with an
extremity for overcoming the disadvantages and draw-
backs of the prior art. Desirably, a compression appara-
tus including the foot sleeve reduces bulk and is not cum-
bersome during use to improve comfort and compliance
to a patient. The compression apparatus is easily and
efficiently fabricated.
[0010] The embodiments of the compression appara-
tus, according to the present disclosure, are configured
to provide vascular therapy, including for example the
prevention of deep vein thrombosis ("DVT") by artificially
stimulating blood vessels throughout the foot of a patient,
including the toes and the heel, to increase blood circu-
lation for patients. The compression apparatus according
to the present disclosure is an intermittent pneumatic
compression device for applying slow compression to a
foot. Such pressure simulates blood flow that would nor-
mally result from, for example, walking, by employing a
foot sleeve that is supported about a foot of a patient.
[0011] The compression apparatus may have an in-
flatable bladder designed to cover and engage the entire
area of the bottom of the foot, beyond the heel and ball
to a substantial portion of the toes. The inflatable bladder
wraps about the side portions of the foot via a hook and
loop type connector flap that transverses the instep of
the foot.
[0012] The inflatable bladder includes an outside layer
and an inside layer. The bladder can be formed by weld-
ing the outside layer and the inside layer together. The
bladder provides a uniform application of pressure to the
entire foot and is then deflated. Moreover, the compres-
sion apparatus may include bladder sections that are ca-
pable of enabling venous refill detection. The compres-
sion apparatus according to the present disclosure in-
cludes various embodiments and combinations as will
be appreciated herein. The various embodiments and
combinations may each be manufactured in various sizes
to accommodate subjects of varying sizes as well as right
and left foot models.
[0013] The compression apparatus includes a strap.
The strap is integrated with a foot sleeve by sandwiching
the strap between separate layers of the foot sleeve body.
The comfort to the patient may be improved by segment-
ing the strap to contour about the heel of the foot. The
strap includes layers configured to provide a barrier to
the cushioning layer from the environment. The foot
sleeve can improve ease of use by having a universal
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design with a one flap metatarsal closure.
[0014] The strap includes a laminate consisting of var-
ious layers. The layers include a center layer that is con-
figured for comfort. Outside layers disposed about the
center layer provide a barrier between the environment
and an outer surface of the foot. One of the outside layers
can be a skin contact layer that is soft to the touch. The
strap is a separate part integrated into the body of the
foot sleeve by being sandwiched between separate lay-
ers of the foot sleeve body and then permanently se-
cured. The body of the foot sleeve may be designed for
adaptability to various foot sizes and shapes by employ-
ing a single metatarsal flap that facilitates ease of use.
The body may be configured to provide inspection of the
tops of the phalanges of the foot.
[0015] One of the advantages of the present disclosure
is a cushioning layer that is not in direct engagement with
the outer surface of the foot. The cushioning layer has a
soft skin contact layer. The foot sleeve may also include
a liner that is configured to provide a physical barrier to
the cushioning layer that assists in the prevention of con-
tamination. The interior cushioning layer provides com-
fort and mitigates skin breakdown. Thus, the foot sleeve
improves patient compliance and provides sanitation by
isolating the cushioning layer from the environment.
[0016] The foot sleeve is also easily manufactured, for
instance, the material stack up contained in the layers
allows the strap and/or foot sleeve to be cut as one piece
and ensures an even stack up of materials.
[0017] The compression apparatus includes an ex-
pandable body configured for disposal about a foot. A
strap extends from the body. The strap is configured for
disposal about the foot adjacent an ankle. The strap has
a first layer configured to engage an outer surface of the
foot adjacent the ankle, a second layer and a third cush-
ion layer disposed therebetween.
[0018] The strap is integrally connected to the expand-
able body. The expandable body includes a first, top layer
and/or a second, bottom layer. Moreover, a portion of the
strap member is disposed between a top and bottom lay-
er of the foot sleeve body. The strap may have a seg-
mented configuration for contour with the foot. The third
cushion layer is disposed within the first layer and the
second layer such that the first layer and the second layer
are configured to provide a barrier to the third cushion
layer. The body can include a metatarsal strap.
[0019] Alternatively, the first layer includes a soft pol-
yester material. The first layer may include a soft poly-
ester material and polyvinylchloride. The third cushion
layer may include a foam material. The second layer can
have an outer surface including a loop material disposed
therewith. The second layer may include a polyvinylchlo-
ride material and an outer surface having a loop material
disposed therewith. Alternatively, the second layer has
an outer surface including a loop material such that the
metatarsal strap includes hook elements that are en-
gageable with the loop material to mount the compres-
sion apparatus with the foot. The body may include hook

elements that are engageable with the loop material to
mount the compression apparatus with the foot.
[0020] According to the invention, the compression ap-
paratus has a foot sleeve including an inflatable body
configured for disposal about a foot. The foot sleeve in-
cludes a metatarsal portion. A strap is integrally connect-
ed to the foot sleeve and extends therefrom. The strap
is configured for disposal about the foot adjacent an an-
kle. The strap has a first layer configured to engage an
outer surface of the foot adjacent the ankle, a second
layer and a third cushion layer is disposed therebetween.
The first layer and the second layer are configured to
provide a barrier to the third cushion layer. The first layer
may be configured to prevent engagement of the third
cushion layer with the outer surface of the foot.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The objects and features of the present disclo-
sure, which are believed to be novel, are set forth with
particularity in the appended claims. The present disclo-
sure, both as to its organization and manner of operation,
together with further objectives and advantages, may be
best understood by reference to the following description,
taken in connection with the accompanying drawings,
which are described below.

FIG. 1 is a plan view of one particular embodiment
of a compression apparatus and showing an inflat-
able bladder and a foot in phantom, in accordance
with the principles of the present disclosure;

FIG. 1A is a partial cross-sectional view of the com-
pression apparatus shown in FIG. 1;

FIG. 2 is a cutaway cross section view of a strap of
the compression apparatus shown in FIG. 1;

FIG. 3 is a cutaway cross section view of an alternate
example of the strap of the compression apparatus
shown in FIG. 1, wherein the compression apparatus
having such a strap is not covered by the claims;

FIG. 4 is a plan view of an alternate embodiment of
the compression apparatus shown in FIG. 1, illus-
trating an inflatable bladder in phantom;

FIG. 5 is a plan view of another alternate embodiment
of the compression apparatus shown in FIG. 1, illus-
trating an inflatable bladder in phantom;

FIG. 6 is a plan view of another alternate embodiment
of the compression apparatus shown in FIG. 1, illus-
trating an inflatable bladder in phantom; and

FIG. 7 is a plan view of another alternate embodiment
of the compression apparatus shown in FIG. 1, illus-
trating an inflatable bladder in phantom.
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DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0022] The exemplary embodiments of the compres-
sion apparatus including the foot sleeve and methods of
operation disclosed are discussed in terms of vascular
therapy including a compression apparatus for applica-
tion to a foot or other limb of a body and more particularly
in terms of a compression apparatus configured to arti-
ficially stimulate the blood vessels of the limb including
the foot, heel and toes of a patient. It is contemplated
that the compression apparatus may be employed for
preventing and overcoming the risks associated with pa-
tient immobility. It is further contemplated that the com-
pression apparatus alleviates the conditions arising from
patient immobility to prevent for example, DVT, and pe-
ripheral edema. It is contemplated that the compression
apparatus according to the present disclosure may be
employed with various types of venous compression sys-
tems, including, but not limited to rapid inflation, slow
compression, non-sequential and sequential compres-
sion apparatus. It is envisioned that the present disclo-
sure, however, finds application with a wide variety of
immobile conditions of persons and patients alike, such
as, for example, those undergoing surgery, anesthesia,
extended periods of bed rest, obesity, advanced age,
malignancy, and prior thromboembolism.
[0023] In the discussion that follows, the term "subject"
refers to a patient undergoing vascular therapy using the
compression apparatus. The following discussion in-
cludes a description of the compression apparatus, fol-
lowed by a description of an exemplary method of oper-
ating the compression apparatus in accordance with the
principals of the present disclosure. Reference will now
be made in detail to the exemplary embodiments and
disclosure, which are illustrated with the accompanying
figures.
[0024] Turning now to the figures, wherein like com-
ponents are designated by like reference numerals
throughout the several views. Referring initially to FIGS.
1, 1A and 2, there is illustrated a compression apparatus
10, constructed in accordance with the principals of the
present disclosure (see, for example, the compression
sleeve described in U.S. Patent Application Serial No.
10/784,607, filed on February 23, 2004 and entitled Com-
pression Apparatus ). Compression apparatus 10 in-
cludes an expandable body, such as, for example, a foot
sleeve 12 configured for disposal about a foot F of a sub-
ject (not shown). Foot sleeve 12 may be disposed with
the right or left foot of the subject. Foot sleeve 12 fluidly
communicates with a pressurized fluid source 14 via tub-
ing 16 and a valve connector 18 (see, for example, the
valve connector described in U.S. Patent Application Se-
rial No. 10/784,639, filed on February 23, 2004 and en-
titled Fluid Conduit Connector Apparatus ) for applying
compression to the left foot and/or the right foot to provide
vascular therapy to the subject and augment venous re-
turn. Compression apparatus 10 employs a controller 20

to regulate fluid pressure for vascular therapy. See, for
example, the controller described in U.S. Patent Appli-
cation Serial No. 10/784,323, filed on February 23, 2004
and entitled Compression Treatment System. Pressu-
rized fluid source 14 may include a pump and may be
stationary or portable. It is contemplated that pressurized
fluid source 14 may include the necessary electronics
and computer software to carry out vascular therapy, in
accordance with the principles of the present disclosure.
[0025] Foot sleeve 12 is configured to apply vascular
therapy to the entire area of the bottom of foot F, beyond
a heel H and a ball B to a substantial portion of toes T.
It is contemplated that foot sleeve 12 or portions thereof
may be disposable. It is envisioned that foot sleeve 12
may include flexible sections, such as, elastic or spandex
materials to facilitate mobility of a limb during use. The
components of strap 22 may be fabricated from materials
suitable for compression vascular therapy such as, for
example, films and fabrics, such as PVC (polyvinyl chlo-
ride) and PE (polyethylene).
[0026] Strap 22 is configured for disposal about foot F
adjacent to the ankle. Strap 22 is integrally connected to
foot sleeve 12 and fixedly mounted between a foot con-
tact layer 26 and an outer layer 28 of foot sleeve 12, as
will be discussed. By way of non-limiting example, foot
contact layer 26 may be formed from the same contigu-
ous material as foot contact layer 32 of foot sleeve 12.
Strap 22 has segmented portions 24 that are configured
to contour about heel H of foot F. It is contemplated that
segmented portions 24 may be variously configured and
dimensioned, such as, rounded or alternatively, strap 22
may have a uniform outer surface, such as, smooth.
[0027] Strap 22 has a first layer, such as, for example,
foot contact layer 26 that is configured to engage to an
outer surface of foot F adjacent the ankle. Foot contact
layer 26 includes a soft polyester material 26a that is soft
for engaging the skin of the subject. This soft skin contact
layer 26 advantageously provides comfort to the subject,
prevents contamination and mitigates skin breakdown.
Foot contact layer 26 may also include a PVC portion
26b disposed adjacent soft polyester material 26a.
[0028] A second layer, such as, for example, outer lay-
er 28 cooperates with foot contact layer 26 such that a
third layer 30 is disposed therebetween. Third layer 30
includes a foam material to provide a cushioning effect
to the subject. It is contemplated that layer 30 may include
alternative materials that provide a cushioned configura-
tion. Outer layer 28 includes a loop type material 28a
disposed therewith, for engagement with a correspond-
ing hook element of foot sleeve 12, and a PVC portion
28b disposed adjacent loop material 28a. Outer layer 28
advantageously prevents contamination of third cushion
layer 30 from the environment, such as, for example, air,
moisture and dirt.
[0029] Foot contact layer 26 and outer layer 28 are
configured to form a physical barrier to third cushion layer
30. This configuration advantageously provides comfort
to the subject, as well as compliance, and prevents con-
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tamination of third cushioning layer 30. In an alternate
example not covered by the claims, as shown in FIG. 3,
strap 22 includes a laminate structure having a cushion
layer 130 and a PVC portion 132 disposed adjacent
thereto. An outer layer 134 is disposed adjacent PVC
portion 132. Layer 134 may include a soft polyester ma-
terial for engaging the outer surface of foot F, or alterna-
tively, may include a loop material to prevent contamina-
tion of cushion layer 130 from the environment.
[0030] Foot contact layer 26 and outer layer 28 are
overlaid to form strap 22. Foot contact layer 26 and outer
layer 28 are fixedly joined at seams adjacent correspond-
ing perimeters thereof, to support the components of
strap 22. The components of strap 22 may be bonded
via welding, e.g., RF welding, adhesive, industrial
strength double sided tape and the like. It is envisioned
that only a portion of the foot contact layer 26 and outer
layer 28 are joined. It is further envisioned that strap 22
includes a plurality of seams, disposed variously there-
about, that join foot contact layer 26 and outer layer 28.
[0031] In an alternative embodiment and with refer-
ence to FIG. 1A, an exaggerated partial cross-sectional
view of a strap member 22 and its union to foot sleeve
12 is shown. The strap member 22 is disposed between
the foot contact layer 32 and outer layer 42 of foot sleeve
12 such that the union of strap 22 and foot sleeve 12 is
generally uniform. Such uniformity provides additional
comfort to the user of the foot sleeve 12. More particu-
larly, foot contact layer 26 and outer layer 28 of strap 22
are joined to interior portions of foot contact layer 32 and
outer layer 42 of foot sleeve 12. Alternatively, it is also
contemplated that cushioning layer 30 may or may not
be disposed between foot contact layer 32 and outer layer
42 of foot sleeve 12.
[0032] Strap 22 has a longitudinally projecting config-
uration extending from foot sleeve 12 and is configured
for disposal about portions of foot F adjacent the ankle.
Strap 22 forms part of a hook and loop type connector.
A hook element 33 is mounted to strap 22 at foot contact
layer 26. As strap 22 is wrapped about the portions of
foot F adjacent the ankle, hook element 33 engages the
loop material of outer layer 42 of foot sleeve 12 to facilitate
mounting of foot sleeve 12 with foot F. Alternative to hook
and loop type elements, clips, adhesive and pins may be
employed.
[0033] Foot sleeve 12 includes a foot contact layer 32
configured to engage foot F for applying pressure thereto.
Foot contact layer 32 has sections 35 and is flexible for
conforming to the shape of foot F. It is envisioned that
foot contact layer 32 may be fabricated from a polyester
fabric. It is contemplated that foot contact layer 32 may
be configured for wicking fluids such as, moisture and
perspiration from an outer surface of foot F. Foot contact
layer 32 may be treated chemically to enhance such wick-
ing effect.
[0034] An inflatable bladder 34 of foot sleeve 12 in-
cludes an upper bladder layer 36 and a lower bladder
layer 38 that are overlaid to form inflatable bladder 34.

Upper bladder layer 36 engages foot contact layer 32 to
facilitate application of pressure for vascular therapy to
foot F. Upper bladder layer 36 and lower bladder layer
38 are fixedly joined via welding at seams along their
perimeters to define inflatable bladder 34. It is contem-
plated that inflatable bladder 34 may include a plurality
of seams, disposed variously thereabout, that join upper
bladder layer 36 and lower bladder layer 38. It is further
contemplated that the seams may be formed by adhe-
sive, heat sealed and the like.
[0035] Upper bladder layer 36 and lower bladder layer
38 may be fabricated from a laminated material, for ex-
ample, a PVC material. It is contemplated that each blad-
der layer may have a thickness of approximately 6 - 15
mils. It is further contemplated that the PVC material may
be laminated to a non-woven or woven material and is
RF heat sealable. Upper bladder layer 36 and lower blad-
der layer 38 may be fabricated from two different thick-
nesses to provide directional inflation. It is envisioned
that the overall dimensions and materials described
throughout this disclosure are not limiting and that other
dimensions and materials may be used. It is further en-
visioned that inflatable bladder 34 may define one or a
plurality of expandable chambers.
[0036] Inflatable bladder 34 extends along foot F to
apply vascular therapy to the entire area of the bottom
of foot F, beyond heel H and ball B to a substantial portion
of toes T. It is contemplated that inflatable bladder 34
may have various geometric configurations, such as, cir-
cular, elliptical and rectangular. Inflatable bladder 34 in-
cludes an inlet port 40 that connects to tubing 16 to fa-
cilitate fluid communication with pressurized fluid source
14.
[0037] An outer layer 42 of foot sleeve 12 is disposed
adjacent to lower bladder layer 38. Outer layer 42 may
be fabricated from a laminated material including fabric
and a loop material, for example, a loop/non-woven lam-
inate. Outer layer 42 provides an attachment surface for
hook elements.
[0038] Outer layer 42 may include die cut holes to pro-
vide for a fluid inlet to pass through, such as inlet port
40. It is envisioned that outer layer 42 and other portions
of foot sleeve 12 may include vent openings disposed
variously thereabout to provide cooling to the subject and
increase mobility during use.
[0039] Foot contact layer 32 and outer layer 42 are
overlaid to form foot sleeve 12. Foot contact layer 32 and
outer layer 42 are fixedly joined at seams adjacent cor-
responding perimeters thereof, to support the compo-
nents of foot sleeve 12. The components of foot sleeve
12 may be bonded via welding, e.g., RF welding, adhe-
sive, industrial strength double sided tape and the like.
It is envisioned that only a portion of the perimeters of
foot contact layer 32 and outer layer 42 are joined. It is
envisioned that foot sleeve 12 includes a plurality of
seams, disposed variously thereabout, that join foot con-
tact layer 32 and outer layer 42.
[0040] The components of foot sleeve 12 may be fab-
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ricated from materials suitable for compression vascular
therapy such as, for example, films and fabrics, such as
PVC (polyvinyl chloride) and PE (polyethylene), depend-
ing on the particular vascular therapy application and/or
preference. Semi-flexible and flexible fabrics, such as
urethanes and silicones may also be used. Moreover,
foot sleeve 12 may be fabricated from synthetic, natural,
and non-woven materials of varying degrees of softness
and pliability. One skilled in the art, however, will realize
that other materials and fabrication methods suitable for
assembly and manufacture, in accordance with the
present disclosure, also would be appropriate.
[0041] Foot sleeve 12 is configured to support inflata-
ble bladder 34. Foot sleeve 12 extends laterally and is
configured for disposal about foot F and mounting there-
to. Foot sleeve 12 is disposed with foot F such that the
top portion of toes T are visible for observation and in-
spection. A metatarsal flap 44 of foot sleeve 12 wraps
about the side portions of foot F and transverses the in-
step of foot F during vascular therapy. Metatarsal flap 44
forms part of a hook and loop type connector. A hook
element 46 is mounted to foot sleeve 12 at foot contact
layer 32. As metatarsal flap 44 is wrapped about foot F,
hook element 46 engages the loop material of outer layer
42 to facilitate mounting of foot sleeve 12 with foot F. In
turn, this causes inflatable bladder 34 to be disposed
about foot F for vascular therapy. This configuration of
foot sleeve 12 advantageously engages foot F to aug-
ment circulation of vessels of the limb. It is contemplated
that foot sleeve 12 may have various geometric config-
urations, such as, circular, elliptical, and rectangular. Al-
ternative to hook and loop type elements, clips, adhesive,
and pins may be employed.
[0042] Compression apparatus 10, similar to that de-
scribed above, is assembled and packaged for use. In
operation, foot sleeve 12 of compression apparatus 10
is disposed about foot F and in fluid communication with
pressurized fluid source 14, as discussed. Controller 20
regulates vascular therapy of compression apparatus 10
to a subject. Foot sleeve 12 applies compression to foot
F to provide vascular therapy to the subject and augment
venous return. It is envisioned that compression appa-
ratus 10 may include inflatable sleeves for disposal about
various portions of a subject’s limb, such as for example,
thigh, calf, ankle and that a second limb may be treated
in alternate compression cycles with other sleeve(s).
[0043] For example, during a selected compression
cycle for controller 20, inflatable bladder 34 is slowly in-
flated for 5 seconds with air to a pressure, such as 130
mm Hg. This configuration provides vascular therapy to
foot F and augments venous return. At the end of the
inflation and hold, foot sleeve 12 is vented and inflatable
bladder 34 is deflated. Other compression cycles and
pressures are also contemplated.
[0044] In an alternate embodiment, compression ap-
paratus 10 performs venous refill time measurement. Ve-
nous refill time (VRT) measurement is an air plethysmo-
graphic technique that determines when the veins of a

limb have completely refilled with blood following a com-
pression cycle. See, for example, the venous refill time
measurement described in U.S. Patent No. 6,231,532 to
Watson et al. . The VRT minimizes the amount of time
that the blood remains stagnant inside the veins. The
VRT is substituted for the default rest time between com-
pression cycles. It is contemplated that the VRT tech-
nique and algorithm can be used for both leg sleeve and
foot sleeve compression.
[0045] The VRT measurement uses an air plethysmo-
graphic technique where a low pressure is applied to in-
flatable bladder 34. As the veins fill with blood, the pres-
sure in inflatable bladder 34 increases until a plateau is
reached. The time that it takes for the pressure to plateau
is the VRT. If two sleeves are connected to controller 20,
then the VRT is determined separately for each limb be-
ing compressed and the greater of the two measure-
ments is used as the new vent time of the compression
cycle. The VRT measurement for each sleeve is made
as each particular sleeve reaches set pressure independ-
ently. However, the vent time is not updated until VRT
measurements have been calculated for both sleeves.
[0046] For example, compression apparatus 10 may
employ the VRT measurement after the system initiates
vascular therapy. Subsequently, after 30 minutes have
elapsed, a VRT measurement will be taken on the next
full inflation cycle. After foot sleeve 12 inflates, inflatable
bladder 34 is vented down to zero.
[0047] It is contemplated that a selected bladder pres-
sure is monitored and the vent to the bladder is closed
when the pressure falls to 5-7 mm Hg. If the pressure in
the bladder is 5-7 mm Hg on a current cycle then a VRT
measurement is taken. If the pressure in the bladder does
not vent down to 5-7 mm Hg then the vent time will remain
at its current value and another measurement will be
made in 30 minutes.
[0048] The VRT measurement algorithm determines
when the pressure in inflatable bladder 34 plateaus after
compression. The VRT measurement algorithm initiates
with a time counter started from the end of the inflation
cycle, which occurs after inflatable bladder 34 reaches
5-7 mm Hg (enough pressure to cause the bladder to
remain in contact with the surface of the foot) and the
venting is stopped. The VRT measurement initiates with
the time counter started from the end of the inflation cycle.
[0049] The pressure in inflatable bladder 34 is then
monitored with a 10-second, moving sample window.
The window moves in 1-second intervals. When the dif-
ference between the first and last values in the window
is less than approximately 0.05 - 0.5 mm Hg, the curve
has reached its plateau. The VRT measurement is con-
sidered done, and the time interval is determined. The
end of the window is considered to be the point at which
the venous system in the foot has refilled.
[0050] The VRT measurement is considered errone-
ous if at any time during the measurement, the pressure
in inflatable bladder 34 is below 2 mmHg, the calculation
is discarded, and the old value of VRT is used. This may
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occur if there is a leak in the system. It is contemplated
that if the pressure is greater than 20 mmHg at any time
during the VRT measurement, the old value of the VRT
is used.
[0051] Referring to FIG. 4, an alternate embodiment
of compression apparatus 10 is shown. Compression ap-
paratus 10 includes a foot sleeve 212, similar to foot
sleeve 12 described above with regard to FIGS. 1, 1A
and 2, configured for disposal about foot F. A pair of
straps 222, similar to strap 22 described above with re-
gard to FIGS. 1, 1A and 2, extend from foot sleeve 212.
Straps 222 are configured for disposal about foot F ad-
jacent to the ankle. One or a plurality of straps 222 may
be employed.
[0052] Straps 222 have a longitudinally projecting con-
figuration extending from foot sleeve 212 and are con-
figured for disposal about portions of foot F adjacent the
ankle. As discussed herein, it is contemplated that straps
222 may be separately or monolithically formed with foot
sleeve 212. Straps 222 form part of hook and loop type
connectors. Hook element 232 and loop element 232a
are mounted to straps 222. As each of straps 222 are
wrapped about the portions of foot F adjacent the ankle,
hook element 232 engages loop material 232a to facili-
tate mounting of foot sleeve 212 with foot F. It is contem-
plated that hook elements 232, 232a may engage loop
material disposed with an outer surface of foot sleeve
212 to facilitate mounting of foot sleeve 212 with foot F.
[0053] An inflatable bladder 234, similar to bladder 34
described above with regard to FIGS. 1 and 2, extends
longitudinally along foot F to apply vascular therapy to
the entire area of the bottom of foot F, beyond heel H
and ball B to a substantial portion of toes T. Inflatable
bladder 234 includes an inlet port 240 that connects to
tubing 16 to facilitate fluid communication with pressu-
rized fluid source 14.
[0054] Foot sleeve 212 is configured to support inflat-
able bladder 234. Foot sleeve 212 extends laterally and
is configured for disposal about foot F and mounting
thereto. Foot sleeve 212 is disposed with foot F such that
the top portion of toes T are visible for observation and
inspection. A pair of metatarsal flaps 244 extend laterally
from foot sleeve 212 for wrapping about the side portions
of foot F and transversing the instep of foot F during vas-
cular therapy. Metatarsal flaps 244 form the hook and
loop type connectors. Hook element 246 and loop ele-
ment 246a are mounted to foot sleeve 212. As metatarsal
flaps 244 are wrapped about foot F, hook element 246
engages to loop element 246a to engage the foot sleeve
212 to facilitate mounting of foot sleeve 212 with foot F.
In turn, this causes inflatable bladder 234 to be disposed
about foot F for vascular therapy. This configuration of
foot sleeve 212 advantageously engages foot F to aug-
ment circulation of vessels of the limb. Foot sleeve 212
includes vent openings 250 disposed to provide cooling
to the subject and increase mobility during use.
[0055] Referring to FIG. 5, another alternate embodi-
ment of compression apparatus 10 is shown. Compres-

sion apparatus 10 includes a foot sleeve 312, similar to
those described above, configured for disposal about foot
F. A strap 322, similar to those described above, extends
from foot sleeve 312. An inflatable bladder 334, similar
to those described above, extends longitudinally along
foot F to apply vascular therapy to the entire area of the
bottom of foot F, beyond heel H and ball B to a substantial
portion of toes T. Inflatable bladder 334 includes side
portions 336 that extend laterally therefrom to engage
side portions of foot F during application of foot sleeve
312 with foot F.
[0056] Foot sleeve 312 is configured to support inflat-
able bladder 334. Foot sleeve 312 extends laterally and
is configured for disposal about foot F and mounting
thereto. Foot sleeve 312 is disposed with foot F such that
the top portion of toes T are visible for observation and
inspection. A pair of metatarsal flaps 344 extend laterally
from one side of foot sleeve 312 for wrapping about the
side portions of foot F and transversing the instep of foot
F during vascular therapy. Metatarsal flaps 344 form part
of hook and loop type connectors. Hook elements 346,
346a are mounted to foot sleeve 312. As metatarsal flaps
344 are wrapped about foot F, hook elements 346, 346a
engage the loop material of foot sleeve 312 to facilitate
mounting of foot sleeve 312 with foot F. In turn, this caus-
es inflatable bladder 334 to be disposed about foot F,
including side portions 336 engaging the side portions of
foot F, for vascular therapy. This configuration of foot
sleeve 312 advantageously engages foot F to augment
circulation of vessels of the limb.
[0057] Referring to FIG. 6, another alternate embodi-
ment of compression apparatus 10 is shown. Compres-
sion apparatus 10 includes a foot sleeve 412, similar to
those described above, configured for disposal about foot
F. A strap 422, similar to those described above, extends
from foot sleeve 412. An inflatable bladder 434, similar
to those described above, extends longitudinally along
foot F to apply vascular therapy to the bottom of foot F,
beyond heel H and ball B to a substantial portion of toes T.
[0058] Foot sleeve 412 has wings 444 (similar to met-
atarsal flaps described above) and is configured to sup-
port inflatable bladder 434. Foot sleeve 412 extends lat-
erally, via wings 444, and is configured for disposal about
foot F and mounting thereto. Foot sleeve 412 is disposed
with foot F such that the top portion of toes T are visible
for observation and inspection. Wings 444 wrap about
the side portions of foot F and transverse the instep of
foot F during vascular therapy. Wings 444 form part of
hook and loop type connectors. Hook element 446 and
loop element 446a are mounted to wings 444. As wings
444 are wrapped about foot F, hook element 446 engag-
es with loop element 446a to facilitate mounting of foot
sleeve 412 with foot F. In turn, this causes inflatable blad-
der 434 to be disposed about foot F for vascular therapy.
This configuration of foot sleeve 412 advantageously en-
gages foot F to augment circulation of vessels of the limb.
[0059] Referring to FIG. 7, another alternate embodi-
ment of compression apparatus 10 is shown. Compres-
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sion apparatus 10 includes a foot sleeve 512, similar to
those described above, configured for disposal about foot
F. A strap 522, similar to those described above, extends
from foot sleeve 512. An inflatable bladder 534, similar
to those described above, extends longitudinally along
foot F to apply vascular therapy to the bottom of foot F,
beyond heel H and ball B to a substantial portion of toes
T. Inflatable bladder 534 includes longitudinal portions
536 that extend longitudinally therefrom to engage de-
sired portions of the bottom of foot F during application
of foot sleeve 512 with foot F. Foot sleeve 512 is config-
ured to support inflatable bladder 534. This configuration
of foot sleeve 512 advantageously engages foot F to aug-
ment circulation of vessels of the limb.
[0060] It will be understood that various modifications
may be made to the embodiments disclosed herein.
Therefore, the above description should not be construed
as limiting, but merely as exemplification of the various
embodiments. Those skilled in the art will envision other
modifications within the scope of the claims appended
hereto.

Claims

1. A compression apparatus (10) comprising:

a foot sleeve (12) including an inflatable body
(34) configured for disposal about a foot and
having a foot contact layer (32) and an outer
layer (42), the foot contact layer and the outer
layer being overlaid to form the foot sleeve and
fixedly joined at seams adjacent corresponding
perimeters thereof, the foot sleeve including a
metatarsal portion (44);
a strap (22) fixedly connected to the foot sleeve
and extending therefrom, the strap being con-
figured for disposal about the foot adjacent an
ankle,
wherein the strap has a first layer (26) configured
to engage an outer surface of the foot adjacent
the ankle and a second outer layer (28) char-
acterized in that the strap further comprises a
third cushion layer (30) disposed between the
first and second layers of the strap such that the
first layer and the second layer are configured
to provide a barrier to the third cushion layer,
and in that a portion of the strap is sandwiched
between the foot contact layer and the outer lay-
er of the foot sleeve at said perimeters and per-
manently secured thereto.

2. A compression apparatus as recited in claim 1,
wherein the first layer (26) is configured to prevent
engagement of the third cushion layer (30) with the
outer surface of the foot.

3. A compression apparatus as recited in claim 1,

wherein the third cushion layer (30) includes a foam
material.

4. A compression apparatus as recited in claim 1,
wherein the strap (22) has a segmented configura-
tion for contour with the foot.

5. A compression apparatus as recited in claim 1,
wherein the first layer (26) of the strap (22) includes
a soft material that is configured to engage the outer
surface of the foot adjacent the ankle, wherein the
second layer of the strap has an outer surface in-
cluding a loop material (28a) such that the metatarsal
portion (44) includes hook elements (46) that are en-
gageable with the loop material to mount the foot
sleeve (12) with the foot, and wherein the third cush-
ion layer (30) includes foam material.

6. A compression apparatus as recited in claim 1,
wherein the compression apparatus includes a plu-
rality of straps extending from the foot sleeve.

Patentansprüche

1. Kompressionsvorrichtung (10), die umfasst:

eine Fußhülse (12) mit einem aufblasbaren Kör-
per (34), der konfiguriert ist, um um einen Fuß
angeordnet zu werden, und eine Fußkontakt-
schicht (32) und eine äußere Schicht (42) be-
sitzt, wobei die Fußkontaktschicht und die äu-
ßere Schicht übereinander liegen, um die
Fußhülse zu bilden, und an Nähten in der Nähe
entsprechender Umfänge hiervon fest verbun-
den sind, wobei die Fußhülse einen Metatarsa-
labschnitt (44) aufweist;
ein Band (22), das mit der Fußhülse fest ver-
bunden ist und sich hiervon erstreckt, wobei das
Band konfiguriert ist, um um den Fuß in der Nähe
eines Fußknöchels angeordnet zu werden,
wobei das Band eine erste Schicht (26), die kon-
figuriert ist, um mit einer äußeren Oberfläche
des Fußes in der Nähe des Fußknöchels in Ein-
griff zu gelangen, und eine zweite äußere
Schicht (28) besitzt, dadurch gekennzeichnet,
dass das Band ferner eine dritte Polsterschicht
(30) umfasst, die zwischen der ersten und der
zweiten Schicht des Bandes angeordnet ist, der-
art, dass die erste Schicht und die zweite Schicht
konfiguriert sind, um eine Sperre für die dritte
Polsterschicht zu schaffen, und dass ein Ab-
schnitt des Bandes zwischen der Fußkontakt-
schicht und der äußeren Schicht der Fußhülse
an den Umfängen eingebettet ist und dauerhaft
daran befestigt ist.

2. Kompressionsvorrichtung nach Anspruch 1, wobei

13 14 



EP 1 720 505 B1

9

5

10

15

20

25

30

35

40

45

50

55

die erste Schicht (26) konfiguriert ist, um einen Ein-
griff der dritten Polsterschicht (30) mit der äußeren
Oberfläche des Fußes zu verhindern.

3. Kompressionsvorrichtung nach Anspruch 1, wobei
die dritte Polsterschicht (30) einen Schaumstoff ent-
hält.

4. Kompressionsvorrichtung nach Anspruch 1, wobei
das Band (22) eine segmentierte Konfiguration für
die Anpassung an den Umriss des Fußes umfasst.

5. Kompressionsvorrichtung nach Anspruch 1, wobei
die erste Schicht (26) des Bandes (22) ein weiches
Material aufweist, das konfiguriert ist, um mit der äu-
ßeren Oberfläche des Fußes in der Nähe des
Fußknöchels in Eingriff zu gelangen, wobei die zwei-
te Schicht des Bandes eine äußere Oberfläche be-
sitzt, die ein Schlaufenmaterial (28a) aufweist, der-
art, dass der Metatarsalabschnitt (44) Hakenele-
mente (46) aufweist, die mit dem Schlaufenmaterial
in Eingriff gelangen können, um die Fußhülse (12)
am Fuß anzubringen, und wobei die dritte Polster-
schicht (30) Schaumstoff enthält.

6. Kompressionsvorrichtung nach Anspruch 1, wobei
die Kompressionsvorrichtung mehrere Bänder auf-
weist, die sich von der Fußhülse erstrecken.

Revendications

1. Appareil de compression (10) comportant :

un manchon (12) pour pied comprenant un
corps (34) gonflable conçu pour être disposé
autour d’un pied et présentant une couche (32)
de contact avec le pied et une couche (42) ex-
térieure, la couche de contact avec le pied et la
couche extérieure étant placées l’une sur l’autre
pour former le manchon pour pied et étant as-
semblées de manière fixe au niveau des coutu-
res de manière adjacente aux périmètres cor-
respondants de celles-ci , le manchon pour pied
comprenant une partie métatarsienne (44) ;
une bande (22) reliée de manière fixe au man-
chon pour pied et s’étendant depuis celui-là, la
bande étant conçue pour être disposée autour
du pied de manière adjacente à une cheville,
dans lequel la bande a une première couche
(26) conçue pour venir en contact avec une sur-
face externe du pied de manière adjacente à la
cheville et une deuxième couche extérieure (28)
caractérisée en ce que l’ensemble comporte
en outre une troisième couche de coussinet (30)
disposée entre les première et deuxième cou-
ches de la bande de sorte que la première cou-
che et la deuxième couche sont conçues pour

servir de barrière à la troisième couche de cous-
sinet, et en ce qu’une partie de la bande est en
sandwich entre la couche de contact avec le
pied et la couche externe du manchon pour pied
au niveau desdits périmètres et est fixée de ma-
nière permanente à celles-ci.

2. Appareil de compression selon la revendication 1,
dans lequel la première couche (26) est conçue pour
empêcher la troisième couche de coussinet (30) de
venir en contact avec la surface externe du pied.

3. Appareil de compression selon la revendication 1,
dans lequel la troisième couche de coussinet (30)
comprend un matériau en mousse.

4. Appareil de compression selon la revendication 1,
dans lequel la bande (22) a une configuration seg-
mentée pour épouser le contour du pied.

5. Appareil de compression selon la revendication 1,
dans lequel la première couche (26) de la bande (22)
comprend un matériau mou qui est conçu pour venir
en contact avec la surface externe du pied de ma-
nière adjacente à la cheville, dans lequel la deuxiè-
me couche de la bande présente une surface exter-
ne comprenant un matériau (28a) à boucles de sorte
que la partie métatarsienne (44) comprend des cro-
chets (46) qui peuvent venir en contact avec le ma-
tériau à boucles pour monter le manchon (12) pour
pied avec le pied, et dans lequel la troisième couche
de coussinet (30) comprend un matériau en mousse.

6. Appareil de compression selon la revendication 1,
dans lequel l’appareil de compression comprend
une pluralité de bandes s’étendant depuis le man-
chon pour pied.
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