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57) ABSTRACT
The system of the present invention uses inputs from EKG
and PPG signals of blood flow at the end of the limb. To
maximizes the PPG signal the system opens a series of
valves in sequence, to inflate corresponding sequentially
located cells wrapped circumferentially around the limb so
that the most proximal cell inflates first, and its neighbor is
inflated next. Fluid under pressure is supplied to the valves
so that when opened, fluid enters the air cells and inflates
them, compressing the underlying limb sequentially, from
proximal to distal, to push blood downstream. Negative
pressure wound treatment is used in combination with
compression or separately therefrom.
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Leg Bubble Pressure

FIG. 3

Cuff Compression
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FIG. 4

Leg Bubble Pressure
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APPARATUS AND METHOD FOR
PROMOTING WOUND HEALING

[0001] This application claims priority from Patent Coop-
eration Treaty Application PCT/US16/69040 filed Dec. 28,
2016.

FIELD OF THE INVENTION

[0002] The present invention relates generally to a medical
device for applying negative or variable pressure to a portion
of the body and particularly to methods and apparatus for the
application of a sequential and gradient pulse wave for
treating wounds that are difficult to heal or ‘livelihood
limiting claudication and/or ischemic rest pain. An integral
part of the present invention includes methods to determine
blood flow and effects of treatments on tissue.

BACKGROUND OF THE INVENTION

[0003] Impaired circulation, i.e., decreased blood supply
to tissue, is a common condition that can arise from several
causes. For example, atherosclerosis of arteries as well as
diabetic small vessel disease can cause ischemic tissue,
leading to pain and/or non-healing wounds, a serious con-
dition that can lead to limb loss. There are other disorders
that can have devastating outcomes and can benefit from
enhancing the circulation but are not classically related to
named vessel-arterial obstruction. These include diabetic
and other types of peripheral neuropathy, reflex sympathetic
dystrophy, frostbite, chilblains and trauma induced wounds
such as those incurred during combat.

[0004] It is well known to treat impaired circulation with
pressure devices that squeeze the limb, typically by means
of an inflatable pressure cuff or similar device wrapped
around the limb. The pressure device moves fluid within the
treated limb by applying pressure to only a part of the limb.
In the prior art, some types of devices are designed to move
arterial blood flow downstream. In some prior art, the
devices move fluid from tissues from distal portions of the
limb to proximal portions, eventually to the trunk of the
body, to reduce tissue pressure in the limb so as to allow
improved blood inflow. These pressure devices thus perform
external, non-invasive compression therapy.

[0005] The prior art uses three techniques to apply the
pressure, known as waveforms. The first type of waveform
is non-sequential and non-gradient, synchronized with the
cardiac cycle, and thus pulsatile. The limb compressing
component of the device encloses the leg, but not the foot.
This art is illustrated by U.S. Pat. No. 2,690,174, by Maurice
Fuchs. An expandable bladder is placed around the limb and
inflated to a certain pressure for squeezing the limb and
forcing blood to flow distally (at least supposedly) to the end
of the limb. This waveform is simple and basic, and suffers
from several drawbacks. First, the design can use high
pressures that thus risks discomfort since the device has no
specified method to prevent elevated pressure and/or sus-
tained rather than intermittent squeezing. Second, the entire
volume of the bladder, a single compartment, is inflated at
the same time, and thus has the potential to push fluid both
distally and proximally, rather than only to enhance arterial
flow distally to diminish ischemia. This design thus has the
potential to undermine the very goal of circulation improve-
ment by pushing fluid toward the trunk.
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[0006] The second type of waveform is also non-sequen-
tial and non-gradient, synchronized with the cardiac cycle
and thus pulsatile. Its limb squeezing component, however,
does cover the foot.

[0007] This art is illustrated by U.S. Pat. No. 3,961,625, by
Richard S. Dillon. An inflatable plastic enclosure is placed
around the entire limb, including the foot, and inflated to a
certain pressure for squeezing the limb and forcing blood to
flow distally (at least supposedly) to the end of the limb.
Like the first type of waveform described above, it is simple
and basic, but also suffers from several drawbacks. Because,
like the first type of pump design, it squeezes each limb
using a single compartment, its drawbacks stem from that
design. In addition, the entire limb, including the foot is
encased in the plastic enclosure. Thus, the foot is squeezed
along with the rest of the limb, impeding blood flow into the
very part of the limb most vulnerable to ischemia, the end,
at the foot. This design therefore inherently puts the foot at
risk for more ischemia. The enclosure covers the entire limb
including the foot. It is therefore not available for inspection
to assure lack of adverse consequences of squeezing, such as
swelling or cyanosis. It is also thus not available to place a
blood flow monitoring device or sensor, to determine if
indeed squeezing is improving blood flow or to guide
adjustment of timing to optimize compression timing. In
addition, this design uses a rubber cuff at the proximal end
of the limb enclosure to provide a seal. The seal, if too firm
can entrap fluid in the leg, leading to undesired swelling. If
the seal is too loose squeezing the limb via a single com-
partment can allow fluid to exit the limb proximally that is,
opposite to the goal of enhancing distal flow, to the ischemic
end.

[0008] The third type of waveform is prolonged relative to
the duration of the cardiac cycle and of modest strength. This
art is illustrated by U.S. Pat. No. 5,218,954, issued to Paul
S. van Bemmelen and marketed as the ArtAssist® as well as
other devices described below. These include the Arterial-
Flow System® by AirCast® and the FM-220® device by
FlowMedic®. This design is purported to improve circula-
tion by reducing tissue fluid, thereby allowing for more
arterial inflow. This design has not been shown to actually
lead to important clinical outcomes such as limb salvage.
Furthermore, the form of this design that utilizes foot
compression suffers from the same drawbacks as the second
type of waveform cited above that squeezes the foot.
[0009] The non-sequential waveform device, synchro-
nized with the cardiac cycle, is used in U.S, Pat. No.
4,077.402 to Benjamin et al. A single inflatable compartment
is used to squeeze the limb and generate a waveform.
[0010] A non-sequential waveform device, synchronized
with the cardiac cycle, is used in U.S. Pat. No. 3,961,625,
issued Jun. 8, 1976 to Richard S. Dillon. The device depends
on an external source of compressed fluid, as a separate
device supplied by the user, to facilitate cuff inflation. The
limb is encased in a hard outer plastic shell, in which is
placed a single inflatable enclosure. Access to the foot to
monitor blood flow and inspect skin status is thus denied.
[0011] Another non-sequential waveform device, also
synchronized with the cardiac cycle, is used in U.S. Pat. No.
6,921,373, issued Jul. 26, 2005 to Myron 7. Bernstein. It is
described as a peripheral circulation enhancement system. It
times the compression cycle to start at or just after the P
wave, to push fluids out into venous structures and back to
the heart. With the next heart beat the extremity is now void
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of some of the fluid, forcing from the heart fresh oxygenated
blood, thereby promoting circulation through the heart.
[0012] Two patents provide non-cardiac cycle compres-
sions that last seconds. U.S. Pat. No. 5,218,954 to Paul S.
van Bemmelen (ACI Medical, Inc.) and marketed as the
ArtAssist® uses inflatable cells that first compress the foot
and ankle, and, a second later compresses the calf. This
action is described as almost completely emptying the veins
of the foot, ankle and calf. This action is supposed to
facilitate easier flow of arterial blood to the toes and blood-
deprived tissues by increasing the arterial-venous pressure
gradient. Calf compression starts 1 second after foot and
ankle compression, thus providing sequential compression,
from the distal to proximal aspect of the limb, in the opposite
direction to arterial flow. Because a cuff covers and com-
presses the foot, blood flow into this most ischemic part of
the limb at the end of the arterial tree during compression,
which lasts for 4 seconds, is limited. Likewise lack of access
to the foot prevents use of inspection and blood flow
monitoring to document benefit with treatments. Published
reports of benefit range from 30 to 60% and may require
several hundred hours of treatments.

[0013] Another device, U.S. Pat. No. 6,463,934 to Glenn
W. Johnson, Jr. et al (ArterialFlow System by AirCast®,
now part of DJO Global of Vista, Calif.) also describes
delivery of rapid inflation, graduated sequential compression
from the foot to the calf, in reverse direction to arterial flow.
The two non-cardiac cycle and prolonged compression cycle
devices are reported to enhance arterial flow in part by
reducing tissue fluid and/or venous content and thus venous
resistance, to improve arterial inflow.

[0014] None of the aforementioned devices have shown
ongoing established reliable ability to improve circulation
and salvage ischemic limbs or promote rapid healing of
wounds in studies. They are considered to be investigational
by most health insurance systems.

[0015] None of the prior art designs have capability to
produce a sequential, proximal to distal waveform that
mimics and enhance normal physiologic flows, and applies
negative or variable pressure to wounds and to tissue adja-
cent to wounds.

[0016] Moreover, the prior art is replete with references
to the difficulties of achieving high resolution, high
accuracy signals from EKG apparatus, and thus, the
problem of accurately analyzing such signals and of
synchronizing physical actions to them is compounded
greatly. For example, https://www.boundtreeuniversity.
com/print.asp?act=print&vid=1440881 points out
many difficulties in obtaining good lead placement and
thus good EKG signal quality in a variety of situations.
Among the practice points that must be adhered to by
a clinician are the following, any one of which, if not
followed, may compromise signal quality: The ECG
machine should be charged and ready for use

[0017] It should be stocked with sufficient paper for the
recording—tissues, clinical wipes, alcohol wipes

[0018] Female patients should remove tights and should
be offered a cover for their chest once the electrodes
and ECG leads are placed and connected

[0019] Male patients with hairy chests may require to
have the electrode areas shaved, with permission, to
ensure good skin contact

[0020] The skin should be cleaned and dried, according
to local protocol, before placing the electrodes
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[0021] The patient should be supine on the couch. If this
is not possible due to breathless or back problems, then
the couch back may be raised and this noted on the
ECG.

[0022] After each recording the electrodes and ECG
leads should be cleaned with clinical wipes.

[0023] Limb electrodes must be placed on the limbs—
not the trunk

[0024] Ideally arm electrodes at the wrist and limb
electrodes at the ankles

[0025] In the case of an amputee place the electrode at
the point furthest away but ensure that the electrodes on
the other limb is positioned at the same level.

[0026] https://www.heartelearning.org/
labyrinths?1d=41220&parent=41219& sessID=1

[0027] United States Patent Application 20110004088
teaches,
[0028] Accurate placement of the electrodes on the

patient’s body surface is required to record a useful
ECG using an electrocardiograph or patient monitor.
The ideal placement of electrodes for a standard ECG
is well defined and accepted within the medical indus-
try. However, routine correct placement of the elec-
trodes in the clinical environment is difficult to achieve
for several reasons. First, nurses and ECG technicians
are frequently not adequately trained or are too inex-
perienced to accurately locate the attachment points.
Moreover, individual physical characteristics vary
widely from patient-to-patient. These variations lead to
misinterpretation of the “anatomical guideposts” used
to locate the proper attachment points. Additionally,
patients sometimes have wounds or bandages that
preclude access to the patient’s body surface at the
proper attachment points. Also, attachment of the elec-
trodes to an ECG machine is often accomplished using
long individual ECG leadwires. Even if the electrodes
are accurately placed on the patient, the leadwires
connecting them to the electrocardiograph may be
crossed such that signals are switched at the instrument.

[0029] Lastly, Chinese patent CN204742712U teaches:

[0030] The object of the present invention: to overcome
the disadvantages of the prior art, there is provided a
detecting ECG patient services, activities within the
scope of the hole through the connection piece annular
plate electrode via the electrically detecting cardiac
patient service may be suitable for patients of different
size, to facilitate ECG testing personnel detects, while
protecting the private parts of the patient, to avoid
embarrassment; by the action of the bushing cloth, to
prevent the connection plate or annular plate in direct
contact with the patient’s body, so that electrocardio-
graphic relatively comfortable wearing patient service;
covering the electrode via through the drape, to avoid
exposure to the private parts of the patient wearing the
ECG is detected when the patient does not detect the
ECG service, to avoid embarrassment; clothes just
opposite the garment side front shoulder portion con-
nected as a whole, both the clothes and the other side
of the shoulder are secured by Velcro, useful for a
patient to wear off electrocardiographic patient ser-
vices, improve the efficiency of wear off; clothes with
opposite sides of a plurality of parallel spines Velcro
MAO B, the ECG to detect patient service is suitable
for patients of different body type.
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SUMMARY OF THE INVENTION

[0031] The present invention seeks to provide a novel
apparatus for variable pressure therapy that uses a novel
waveform, herein called the sequential gradient arterial
pulse wave-synchronized waveform, or, abbreviated, the
sequential pulse waveform. The sequential pulse waveform
is similar to the prior art pulsatile waveforms in that a
pulsatile waveform is created. The sequential pulse wave-
form is also similar to prior art sequential waveforms in that
the limb is compressed in different locations in sequence.
However, the similarity ends there. Unlike a pulsatile wave-
form generated by compression of a limb by a single
inflatable cuff, the present invention does not generate a
single waveform. Rather the waveform is delivered in
sequence along the long axis of the limb, from proximal to
distal, with each heartbeat, mimicking and enhancing nor-
mal arterial flow. Many prior art devices are designed to
provide a sequential waveform, from the distal limb to
proximal limb, and is generated by prolonged, greater than
1 second, usually several seconds of squeezing. Such art is
proposed to decrease venous and interstitial fluid volume of
the limb and thus reduce tissue pressure. This reduced
pressure is proposed to reduce peripheral vascular resistance
to arterial inflow, as the means to enhance arterial inflow.

[0032] Such a design mechanism is however, inherently
very limited in its ability to enhance arterial inflow, for the
following reason. For a reduction of venous and interstitial
peripheral resistance to have any appreciable effect on
enabling a drawing in of more arterial blood, that reduced
resistance or pressure would have to first be transmitted
through capillaries to reach their arterial side. But the
capillary system through which the reduced pressure would
have to be transmitted is a high resistance system. So the
ability to transfer the effects of lower pressure on the venous
end of the capillary bed, through that bed to the arterial side
is very limited. In contrast the present invention does not
attempt to purposefully decrease venous resistance as a
means to enhance arterial inflow. Of course, any limb
compression will inherently provide some reduction in
peripheral resistance. Rather, in the present invention
sequential waveforms are delivered, proximally to distally,
with each heartbeat, via a series of inflatable cells located
along the length of the limb, to mimic and enhance natural
arterial flow. The maximal pressure in each cell can be
adjusted to generate a gradient of compression pressure,
greater proximally and lower distally to enhance the natural
pattern of arterial blood to flow down a pressure gradient.
[0033] The myocardial-generated R wave, as detected by
an EKG device, supplies a signal of a consistent event in the
cardiac cycle, in this case an electronic signal in the form of
an R wave from which to time beginning of each sequential
limb compression sequence and cycle. Thus the present
invention enables body part compression in synchrony with
the cardiac cycle. Because sequential limb compression
occurs rapidly, during the cardiac cycle, again it is designed
to mimic and enhance normal arterial flow. Just when during
the cardiac cycle limb compression will optimally enhance
distal arterial flow cannot be determined based on the timing
of myocardial contraction or ventricular systole. This is due
to variable rate of flow of blood down the arterial tree upon
being pumped out of the left ventricle as modulated by the
degree and location of arterial obstruction. The goal of
treatment for the ischemic limb is to maximize blood flow
reaching the end of the arterial tree, at, e.g., the foot, hand
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or amputation stump, to improve and heal non-healing tissue
such as ischemic tissue. To accomplish this, flow at the limb
can be monitored and timing as well as degree of compres-
sion of the limb along its length at multiple sites can be
adjusted to maximize antegrade flow down the limb and thus
delivery of flow distally, to, e.g., the foot.

[0034] The present invention incorporates a monitor to
detect degree of distal limb blood flow. It also incorporates
ability to sequentially squeeze the limb, proximally to dis-
tally, and in a pressure gradient fashion, all designed to
maximally enhance distal arterial flow. To document heal-
ing, the present invention incorporates an infrared detector
that generates a thermal image of tissue in a panoramic
format. None of the prior art methods or apparatus have the
ability to deliver cardiosynchronized sequential or gradient
compression from proximal to distal limb aspects to mimic
and enhance normal arterial flow or to provide compression
in a manner that is guided by distal limb flow to maximize
delivery to the most ischemic aspect of the limb or to
document tissue healing with infrared or other detection/
display methods. In addition, a negative pressure may be
combined at a wound site to increase local blood and lymph
flows to the site, as well as flow away from the site when
variable pressures are applied locally in synchronous fashion
with the gradient compression.

[0035] Based upon several sources of input (radiology
studies, observational deductions, blood flow monitoring
technology) the present device in part enhances arterial
blood flow downstream likely in part by promoting neocan-
glogenesis to create new pathways for blood flow as well as
overcoming the critical closing pressure of previously closed
pre-capillary arterioles, thus opening perfusion through
those capillary beds.

[0036] There is thus provided in accordance with a pre-
ferred embodiment of the present invention apparatus for
applying pressure to a portion of the body, including a
pressure cuff surroundingly engageable with the portion of
the body, the thigh and calf or upper limb including a
plurality of individual inflatable cells, including a most
proximal cell and a most distal cell, and a pressure controller
that inflates at least one of the cells to a selected pressure
during the cardiac cycle and whose timing is determined to
optimize pedal or distal limb inflow.

[0037] In accordance with a preferred embodiment of the
present invention most distal limb blood flow is detected.
[0038] Furthermore in accordance with a preferred
embodiment of the present invention maximal most distal
limb blood flow value is determined.

[0039] Furthermore in accordance with a preferred
embodiment of the present invention maximal blood flow
value is supplied into a detection system.

[0040] Furthermore in accordance with the preferred
embodiment of the present invention the detection system
supplies a signal.

[0041] Furthermore in accordance with the preferred
embodiment of the present invention the signal is supplied
to the valve opening mechanism for the most proximal
inflatable cell.

[0042] Furthermore in accordance with the preferred
embodiment of the present invention the valve is opened to
enable fluid to enter the most proximal cell.

[0043] Furthermore in accordance with the preferred
embodiment of the present invention each cell is connected
to a pressure sensor.
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[0044] Furthermore in accordance with the preferred
embodiment of the present invention the most proximal cell
maximal pressure is adjustable.

[0045] Furthermore in accordance with the preferred
embodiment of the present invention the maximal pressure
in the most proximal cell is set to maximize detected distal
limb pulse wave amplitude.

[0046] Furthermore in accordance with the preferred
embodiment of the present invention the device uses 3
electrical conduits connected to the body.

[0047] Furthermore in accordance with the preferred
embodiment of the present invention the 3 conduits provide
a positive signal, a negative signal and a ground connection.
[0048] Furthermore in accordance with the preferred
embodiment of the present invention the apparatus incorpo-
rates an EKG device.

[0049] Furthermore in accordance with the preferred
embodiment of the present invention the R wave of the EKG
can be detected.

[0050] Furthermore in accordance with the preferred
embodiment of the present invention the system enables
analysis of each R wave generated by the EKG.

[0051] Furthermore in accordance with the preferred
embodiment of the present invention the EKG device
sequentially selects each of 3 combinations of electrical
conduits from which to detect the R wave.

[0052] Furthermore in accordance with the preferred
embodiment of the present invention the system enables
selection of the maximal amplitude of each R wave.
[0053] Furthermore in accordance with the preferred
embodiment of the present invention a system uses the
strongest R wave as an electric signal.

[0054] Furthermore in accordance with the preferred
embodiment of the present invention the signal is used to
provide a trigger.

[0055] Furthermore in accordance with the preferred
embodiment of the present invention the trigger is used to
initiate opening of the cell supply valve of the most proximal
inflatable cell.

[0056] Furthermore in accordance with the preferred
embodiment of the present invention a series of additional
cells occurs along the length of the limb.

[0057] Furthermore in accordance with the preferred
embodiment of the present invention the inflow valve for
each sequential cell is in turn opened immediately after its
neighboring cell valve is opened.

[0058] Furthermore in accordance with the preferred
embodiment of the present invention the time delay for
opening of each most immediately distal neighboring cell
can be adjusted and determined.

[0059] Furthermore in accordance with the preferred
embodiment of the present invention the timing of opening
of each most immediately distal neighboring is determined
to optimize blood flow at the most distal aspect of the limb.
[0060] Furthermore in accordance with the preferred
embodiment of the present invention the timing of opening
of each most immediately distal cell inflow valve after
opening of the inflow valve of its most immediate proximal
cell (the ‘next valve’ delay time) can be set by a default
value.

[0061] Furthermore in accordance with the preferred
embodiment of the present invention the timing of opening
of each most immediately distal inflow valve after opening
of the inflow valve of its most immediate proximal cell can
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also be set by the most proximal or distal limb blood flow
detection system to maximize that value.

[0062] Furthermore in accordance with the preferred
embodiment of the present invention the timing of opening
of each most immediately distal inflow valve after opening
of the inflow valve of its most immediate proximal cell can
be set by the operator.

[0063] Furthermore in accordance with the preferred
embodiment of the present invention the system adjusts time
interval after opening of the most immediately proximal
inflow valve to opening of the immediately most distal
inflow valve.

[0064] Furthermore in accordance with the preferred
embodiment of the present invention the maximal pressure
in each cell can be detected.

[0065] Furthermore in accordance with the preferred
embodiment of the present invention the maximal pressure
in each cell can be adjusted.

[0066] Furthermore in accordance with the preferred
embodiment of the present invention the maximal pressure
in each cell is adjusted by the system to maximize most
distal limb blood flow.

[0067] Furthermore in accordance with the preferred
embodiment of the present invention the maximal pressure
in each most immediately distal cell can be set to a default
value slightly different from its most immediately proximal
cell.

[0068] Furthermore in accordance with the preferred
embodiment of the present invention the maximal pressure
in each of the most immediately distal cell can be adjusted
by the user to maximize most distal limb blood flow.
[0069] Furthermore in accordance with the preferred
embodiment of the present invention the duration of infla-
tion of each cell can be adjusted.

[0070] Furthermore in accordance with the preferred
embodiment of the present invention the duration of infla-
tion of each cell can be set to a default value.

[0071] Furthermore in accordance with the preferred
embodiment of the present invention the duration of infla-
tion of each cell can be adjusted by the device system to
maximize most distal limb blood flow.

[0072] Furthermore in accordance with the preferred
embodiment of the present invention the duration of infla-
tion of each cell can be manually determined by the operator.
[0073] Furthermore in accordance with the preferred
embodiment of the present invention wherein for each
adjacent pair of cells includes a more proximal cell and a
more distal cell, the more proximal cell is inflated at a
particular time after the R wave then the more distal cell,
c+x1 is inflated at a desired time, t+nl, after the more
proximal cell begins inflation.

[0074] Furthermore in accordance with the preferred
embodiment of the present invention the pressure of each
adjacent more distal cell is set as desired.

[0075] Furthermore in accordance with the preferred
embodiment of the present invention the duration of infla-
tion of each adjacent more distal cell is set as desired.
[0076] Furthermore in accordance with the preferred
embodiment of the present invention the desired time of
each adjacent distal cell inflation, pressure of inflation and
duration of inflation, all set as desired, are set either to
default values, manually by the operator, or by the device
system computer generated value to optimize distal limb
blood flow detection.
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[0077] Furthermore in accordance with the preferred
embodiment of the present invention for each cell the
pressure controller/transducer enables inflation to the
desired pressure value.

[0078] Furthermore in accordance with the preferred
embodiment of the present invention the pressure controller
includes a source of pressure and a plurality of valves, each
valve being dedicated to a particular one of the cells, and
each valve being in fluid communication with the source of
pressure and the particular cell.

[0079] Furthermore in accordance with the preferred
embodiment of the present invention preferable each cell
includes a pressure sensor for sensing a pressure of inflation
and deflation of the cell. The pressure controller may inflate
the cells in accordance with desired values of time for
inflation of most proximal cell after the R wave, time for
each cell thereafter after each neighboring most proximal
cell is inflated, and maximal pressures, and duration, that is,
to default values, manually by the operator, programmable
inflation scheme or by the device system computer gener-
ated values to optimize distal limb blood flow detection.
[0080] Furthermore in accordance with the preferred
embodiment of the present invention a method for applying
pressure to a portion of the body, including attaching a
pressure cuff around the portion of the body, the cuff
including a plurality of individually inflatable cells, includ-
ing a most proximal cell and a most distal cell, and inflating
at least one of the cell to a desired pressure during a given
time period.

[0081] Furthermore in accordance with the preferred
embodiment of the present invention wherein for each
neighboring pair of cells including a more proximal cell and
a more distal cell, the more proximal cell is inflated to a
desired pressure at a desired time after the R wave, then the
more distal cell is inflated.

[0082] Furthermore in accordance with the preferred
embodiment of the present invention a method for measur-
ing the amplitude of the pulse wave form.

[0083] Furthermore in accordance with the preferred
embodiment of the present invention a method for measur-
ing the pulse wave form at specific times during a treatment.
[0084] Furthermore in accordance with the preferred
embodiment of the present invention a method for calculat-
ing the percent difference in pulse wave amplitude at inter-
vals during a treatment compared to pre-treatment value.
[0085] Furthermore in accordance with the preferred
embodiment of the present invention a method for display-
ing percent change in pulse wave size.

[0086] Furthermore in accordance with the preferred
embodiment of the present invention a method for identi-
fying and registering specific details of device operation.
[0087] Furthermore in accordance with the preferred
embodiment of the present invention a method for sending
specific details of device operation as a smart phone signal.
[0088] Furthermore in accordance with a preferred
embodiment of the present invention an infrared detector is
able to scan limb tissue to acquire a signal reflective of tissue
heat production, as an indicator of tissue healing status.
[0089] Furthermore in accordance with a preferred
embodiment of the present invention the infrared scanner
can be positioned to acquire a signal in a configuration that
provides a panoramic display so as to conform to the curve
of the tissue that displays pathology such as a wound or
discoloration.
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[0090] Furthermore in accordance with a preferred
embodiment of the present invention the resultant signal
acquired and derived from said scanning can be converted
into a format that can be displayed on a flat screen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0091] FIG. 1 is a view of the simplified depiction of the
apparatus for applying positive and/or negative pressure to
a portion of a patient, constructed and operative in accor-
dance with a preferred embodiment of the present invention.
[0092] FIG. 2 is a view of the detailed illustration of
apparatus for applying positive and/or negative pressure to
a portion of a patient, constructed and operative in accor-
dance with a preferred embodiment of the present invention.
[0093] FIG. 3 is a graphic illustration of arterial pulse
wave synchronized pressure wave forms used to promote
wound healing on a limb, in accordance with a preferred
embodiment of the present invention.

[0094] FIG. 4 is a graphic illustration of arterial pulse
wave synchronized pressure wave forms used to reduce the
symptoms of lymphedema in a limb, in accordance with a
preferred embodiment of the present invention.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

[0095] Referring to FIG. 1 in more detail, there is shown
a simplified block diagram of apparatus. Below is identifi-
cation of the components in FIG. 1.

[0096] 1. EKG signal

[0097] 2. PPG signal

[0098] 3. User interface
[0099] 4. Computing system
[0100] 5. External database
[0101] 6. Air Compressor
[0102] 7. Air Reservoir

[0103] 8. Inflation valves
[0104] 9. Conduits

[0105] 10. Circuitry controlling inflation valves

[0106] 11. Conduits

[0107] 12. Inflation Air Cells

[0108] FIG. 1 depicts a simplified overall design of the

sequential compression system. The system compresses a
limb at specific time intervals determined by inputs to the
system. Inputs to the system include the EKG (1) and
photoplethysmograph (PPG) waveform (2). EKG leads are
attached to the body to supply the heart’s pulsatile electrical
signal, the EKG. At the distal end of the limb where the
blood flow increase is desired, a PPG monitor is attached to
detect pulsatile blood flow in the underlying tissue. A series
of inflatable air cells (12) are wrapped around the limb.
Inflation of air cells occurs from fluid filling the cell through
fluid traversing from the air (fluid) Reservoir (7) through
Conduits (9) through the Inflation Valves (8) through Con-
duits (11) into the Air Cells (12); Fluid releases from the Air
Cells (12) through conduits to Deflation Valves (not
depicted). Fluid is generated by an air compressor (10) to
maintain fluid under high pressure in the Reservoir (7).
[0109] As determined by the device controls, five vari-
ables in cell inflation and thus limb compression can be
adjusted. The variables are:
[0110] (a) delay time: determined by the time interval
when, after the R wave occurs, that the most proximal
inflation valve opens;
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[0111] (b) maximal cuff pressure: determined by dura-
tion of inflation valve opening as directed by a pressure
sensing transducer (not depicted);

[0112] (c) duration of cell inflation: determined by time
interval during which, after the inflation valve closes,
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[0122] 3) Chronic Disease Management Center

[0123] 'This type of environment includes such facilities
as hospital or medical center based out-patient depart-
ments, such as physical/occupational therapy, wound
care, diabetic, geriatric, podiatry, hyperbaric oxygen

the deflation valve (not depicted) opens;

[0113] (d) velocity at which each successive cell infla-
tion begins, beginning proximally, and proceeding dis-
tally: determined by the velocity at which each succes-
sive inflation valve opening occurs after its most several methods for managing its clinical operation as
immediate proximal neighboring cell’s inflation valve well as ease of infection control.
opening occurs; and [0124]

[0114] (e) sequential air cell compression pressure gra-
dient going distally down the limb: determined by the
maximal air cell pressure difference from each proxi-
mal cell to its most immediate neighboring cell.

[0115] The variables are controlled by one of three options
at the user interface (3): a computer-implemented system,
operating on computing system (4), which may be a general
purpose digital computer programmed on a non-transitory
memory medium, that receives input from the EKG and PPG
and 1is designed to maximize PPG waveform size; default
settings (found in most patients to maximize PPG size; or
manual override by the user (physician, nurse, therapist,
etc.).

[0116] When a treatment is started, the computing system
(4) reads the EKG (1) and PPG (2) inputs and adjusts the five
variables for cell inflation to optimize the PPG signal.
Alternatively, default settings or manual override can be
used. Settings of variables, PPG size and other pertinent
information can be broadcast to the physician provider’s
smart phone, computer, etc. as desired.

[0117] The device described above can be used in several
types of treatment settings, as follows:

[0118] 1) Hospital environment

[0119] In thislocale, the device’s ease of portability and
ease of storage and cleaning to prevent infection are
noteworthy assets. The device incorporates the capa-
bility to be controlled through multiple screens for the
user-interface (3) displaying operational information
derived from computing system (4) based upon the
requirements of the user administering treatment. Com-
munication with External Database (5) of the device
design can be added by incorporating additional mea-
sures for communication protocols with the hospital IT
systems. This would apply in cases of Electronic Health
Record interoperability for patients, data storage for the
output of the device usage, tracking the use by multiple ~ [0127] 1) Vasodilation medication, for example alpha
types of service providers, appropriately billing in blockers: Hydralazine, nitroglycerin, isosorbide mononi-
accordance to medical systems coding requiremems trate, sodium nitroprusside PDES inhibitors: sildenafil
and the like, and device usage tracking for clinical papaverine, minoxidil, Cilostazol, a selective of 3-type
opera‘[ions management. Funhennore, cuffs (12) and phosphodiesterase PDE3 iIlhibitOI‘, Prostaglandin El and
signal leads (1,2) of the design and any other portions counter irritants like capsaicin. These agents dilate the
of the device that come in direct contact with the patient main arteries; this allows for the device to further increase
or come in contact with diseased areas of the hospital the pre-capillary pressure head and thus enhance down-
must be designed to resist infectious agents, sterilized stream capillary blood flow at the extremity with less
for re-use, or disposed of accordingly to eliminate any energy. These agents can be applied to the skin or taken
spread of infection unknowingly. by oral or parenteral route.

[0120] 2) Physician specialty office/Private clinic [0128] 2) Combination therapy can be provided with

[0121] In this environment, the device’s design pro- hyperbaric oxygen or other therapies to enhance wound
vides similar beneficial attributes as when used in the healing in patients with wounds of the extremity including
hospital environment. These include ease of use and but not limited to gels, growth factors, barrier devices,
cleaning, multiple methods for control and communi- antibiotics, tissue material, skin transplant, stem cell
cation and design for infection control. therapy, etc.

facility, rehabilitation and other medical specialty and
sub-specialty sections, departments and programs. In
these environments, as for other locales of use, the
device’s design enables ease of use and cleaning,

4) In-home/Caregiver administration

[0125] The patient’s place of living may be the private
home setting, their private apartment, an assisted living
facility, long term care center or whatever arrangement
has been made to best suit their needs. In these envi-
ronments the party administrating treatment might be
the patient or his/her caregiver, nurse’s aide, visiting
nurse, physical therapy aide or any one of a number of
properly trained medical personnel. The device has the
capability to be controlled through multiple screens for
the user-interface (3) based upon the requirements of
the user administering treatment. The device’s default
and automatic algorithm capabilities as well as other
built in safety features provides a fail-safe method by
which almost any person at any education and training
level can safely and appropriately use it. Remotely
monitoring treatment using telemedicine can be pre-
scribed with the assurance that the physician or other
healthcare provider is directing proper and safe admin-
istration of treatment with the device. Additional moni-
toring capabilities and measures including video
recording equipment, sensors, and/or any components
needed to ensure proper use of the device may be added
to the design. Communication with External Database
(5) of the device design employs additional measures
for communication protocols with the IT systems in
cases of Electronic Health Record interoperability for
patients, data storage for the output of the device usage,
tracking the use by multiple types of service providers,
appropriately billing in accordance to medical systems
and/or retail system, and device tracking for operations
management.

[0126] For the above mentioned scenarios, the device may
be combined with other treatments for improved blood flow,
such as the following:
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[0129] 3) Medicated gels at the extremities are methods
for vasodilation to increase blood flow; these gels can
cause vasodilation but are not effective in reversing
infections or wound healing. The device can be used in
conjunction with these treatments.

[0130] 4) Synthetic muscle fibers and other dynamic com-
pression devices can be activated at any point in the
compression cycle of the device or before or after treat-
ment. These modalities act as an additive in the localized
force allowing for better sequential compression by the
device, as they can remove the dependence on air flow
based compressions and can provide additional capacity
to have multiple pressure pulses during a blood pressure
wave.

[0131] The importance of enhancing normal pulsatile flow
as a salient means to facilitate improvement of arterial
circulation and overcome ischemia cannot be overempha-
sized.
[0132] Given the connectivity of the device’s air cells and
the number of cells that can be contiguously inflated to
enhance pulsatile flow, the limb compressing pressure can be
altered in a way to mimic and conform to the above
physiological pulse form as shown in the aortic pressure
curve. The current method of providing pressure is more
rectangular as shown in the image below. The device of the
present invention is capable of providing pressure gradients
and changes that can be modified to mimic the physiological
pulse waveform. See FIGS. 3 and 4.
[0133] Different types of pulses convey different disease
activity. Once a specific pulse 1s diagnosed the correction
can be made in the algorithm to treat the patient to maximize
the microcirculation for that condition.
[0134] As is clear from the above discussion, the capabil-
ity provided by the present invention will function as an
artificial auxiliary heart to enhance the blood flow at the
microcirculation level.
[0135] Acupuncture can open the blood vessels allowing
for less resistance to blood flow, thus requiring less energy
to facilitate blood flow. In patients with borderline cardiac
performance like severely impaired left ventricular function,
atrial fibrillation or compromised diastolic or valvular func-
tion, reduction in resistance to blood flow can facilitate
better overall cardiac performance and circulation.

[0136] Sensors at key points of the device can provide

feedback necessary to deliver higher quality treatment.

[0137] a. Vibrations: a vibration sensor can be used to
sense the start of the movement of the blood. This may not
be the actual bloodflow.

[0138] b. Indwelling pressure sensor catheter: there are
catheters which can be put into major vascular structures
close to the site of treatment which will sense the actual
pressure and the feedback from those pressure can help to
guide the adjustment in the cuff pressure.

[0139] c. Wave form at selected point: the heart pumps the
blood in the classic waveform that is critical to mimic
physiological functioning. Various points on the wave-
form if enhanced may have different effect on the ultimate
microcirculation of the treatment part. A sensor pro-
grammed pickup of the waveform and start compressions
based on the waveform or the compressions based on the
position of the waveform as predicted by the structure of
the previous waveform. Once the change in the pressure
has been applied, the waveform changes in a predictable
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manner. This can be used to further modify and fine-tune

the end waveform will have the physiological effect for an

individual patient.

[0140] d. EKG signal: the electrical activity of the heart
travels faster than the actual blood and with current
sensors can be picked up from different parts of the body
including the extremities, chest or a combination of
multiple points.

[0141] e. Doppler flow: can detect the actual flow of blood
under the senses and alteration of the actual flow by the
changes in the pressure can be used to further modify the
pressure to a desired goal.

[0142] Smart materials are designed materials that have
one or more properties that can be significantly changed in
a controlled fashion by external stimuli, such as stress,
temperature, moisture, pH, electric or magnetic fields. As the
field of smart materials develops, materials are available
which can stiffen with the passage of electric current. As the
electric current can be passed very rapidly with the current
electronic circuitry the speed and the options to mimic the
pulse wave accurately is significantly enhanced. The use of
such material leads to significant approximation to the
natural state of pulse. This effect can be used to enhance the
treatment potential of the invention.
[0143] Tourniquets using the invention to provide com-
pression of the limb between the venous pressure and
arterial pressure will engorge the veins without blocking/
diminishing the arterial flow. The embodiment can be used
for either placement of vascular cannulas or for blood draws.
[0144] The entire limb can be encased in the smart mate-
rial to enhance the removal of excess fluid on edema by
compressing in the physiological way to remove fluid with-
out preventing or impeding the arterial or venous blood flow.
[0145] There is a significant problem of syncope whenever
high gravitational forces are applied to the human body. The
blood starts pooling in the dependent portion of the body
causing severe circulatory irregularities and can lead to
stroke or syncope. This device can be connected to the thighs
and arms to prevent excessive or diminished flow to the
center of body in case of significant gravitational forces.

[0146] As depicted in FIG. 1 and FIG. 2, the inflation

system is comprised of the individual components: Air

Compressor (6), Air Reservoir (7). Inflation valves (8),

Conduits (9), Circuitry controlling inflation valves (10),

Conduits (11), Inflation Air Cells (12), and can be replaced

with other mechanisms that actuate compression onto the

limb in a sequential manner. These include:

[0147] 1) Nanotechnology of material which stiffens
with electrical current or fluid or any other activator
where the material would surround the limb to be
compressed, have appropriate conduits to an actuator,
and have the capability to compress at local areas along
the entirety of the limb or area to be compressed.

[0148] 2) Using the Inflation System of any fluid other
than air that can compress the limb.

[0149] An alternative embodiment may also combine a

sub-atmospheric pressure reservoir and vacuum pump,

together with suitable valves and valve actuators with the

Inflation System elements already described. By combining

these elements, extremely rapid inflation-deflation cycles

may be achieved by venting the inflation air cells to the low
pressure reservoir, rather than to the ambient atmosphere.

Additionally, the sub-atmospheric pressure reservoir may be

used in combination with vacuum wound healing dressings
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to provide wound treatment that overcomes the deficiencies
inherent in prior art vacuum wound dressing systems.
[0150] Use of the device can be applied to any other body
parts outside of the leg including arms to improve blood
circulation at the distal ends, to treat, e.g., Raynaud’s,
frostbite and so forth, and upon the torso to improve blood
circulation at any areas with reduced bloodflow, as well as,
conceivably, the carotid arteries if compression of trachea
can be avoided, so as to treat hair regrowth, eye disorders,
and brain diseases and disorders including Alzheimer’s.
[0151] The device can be applied to one area of the body
to treat, heal, or affect other areas of the body. Blood flow
improvement in one area can have a parallel affect in the
contralateral limb or just allow better overall blood flow to
the entirety of the body. This can cause healing in patients
in a myriad of conditions including:
[0152] 1. Hair growth on scalp
[0153] 2. Increased brain blood flow in age related
memory disorders
[0154] 3. Stroke: selectively compressing carotid artery
and preventing pressure on the trachea so the person
can continue to breathe

[0155] 4. Visual loss due to vascular diseases of eye
[0156] 5. Sinus blood flow to heal sinus infections
[0157] 6. Carotid sinus pressure or massage can be used

to treat hypertension and increase parasympathetic

tone/discharge in the body
[0158] The signals and feedback loops are used to deter-
mine the starting time within the cardiac cycle of the
sequential cell inflation and deflation cycle. The signals and
feedback loops can be altered to provide a more accurate
starting time of the compression cycle. The R wave of the
EKG serves as the starting point to initiate each limb or
vessel compression cycle. Other physiological or environ-
mental signals can be used in the system as necessary to
provide better information on increasing blood flow at the
extremities. While in treatment, a feedback loop using the
waveform size generated by the photoplethysmography
(Pulse oximetry, tissue PO2 tension or other modes of
evaluating tissue perfusion changes), provides evaluation of
the effectiveness of that timing and other compression
parameters (e.g., duration of each compression) so as to
improve blood flow at the target site. Another signal that can
be used to optimize the timing and other variables of limb
compression is the ratio of PCO2 to PO2 in the blood at the
distal end of the limb. Alternatively, in patients with atrial
fibrillation and other rhythm disturbances, there may be poor
correlation between EKG and blood flow. In such conditions
the plethysmogram reading can be the only loop sensing in
milliseconds and sending the signal to activate the pump
with a brief delay.
[0159] The use of limb EKG leads to provide EKG signal
is a significant innovation operationally. It removes the need
of making the patient bare chested to place EKG leads and
thus make the application of device in convenient open
space as compared to a locked space. In addition, it
decreases time of person setting up the device and is more
convenient for the patient.
[0160] Data Use Strategy

[0161] Use to optimize the time of treatment (eg 1st
session 20 min, then 35 min and then 30 for 4 sessions,
spaced at day 0, 2, 4, 6, 7 am, 7 pm etc)
[0162] Use to optimize the rate of pressure change in
given session and later on optimizing opening of blood
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vessels and prevent damage to vasculature. (There will
be an inflection point after which increased pressure
will damage the vascular endothelium.) Long term data
will feed back into optimizing the pressure details and
duration and frequency timing for treatment sessions.
[0163] Short term optimization data will provide the
best time t0 start treatments for new patients, and what
standardized or default settings may be optimal.
[0164] At home devices will be based on those setting
requiring no input or minimal input from the provider.
[0165] Referring to the invention in more detail, the appa-
ratus in accordance with the invention is shown schemati-
cally on the block diagram in FIG. 1 and FIG. 2 of the
drawings in more detail. Its function and operation is herein
described in detail. The apparatus is illustrated in these
figures in association with a patient who is shown schemati-
cally for the treatment of a wound or ulcer on the lower leg,
for example. As will appear more fully hereafter, the patient
is electrically connected to the apparatus by way of electro-
cardiograph electrodes and their conducting wires (1), the
patient is mechanically connected by way of a probe (2) of
a blood flow measuring instrument which optically detects
blood pulse from the skin, in this case a toe, and the patient
is pneumatically connected to the apparatus by way of a cuff
(12) placed circumferentially around the limb. The cuff (12)
contains a series of cells, each adjacent to its immediate
neighbor, and each can be partially overlapping the imme-
diately neighboring cell. In practice, cells are assigned
sequential numbers. The most proximal cell is located on the
proximal thigh of the leg and is designated ‘12 leg cell 1’
(12LC1). The most distal cell, located on the distal calf, is
designated, in this figure, 12.C3. The number of cells can be
unlimited, to a finite number N, thus, the most distal cell on
the limb can read 4LCN. If the limb to be treated is an upper
limb, ie., arm, the most proximal cell, ‘12 arm cell 1’
(12AC1), 1s located around the proximal arm.
[0166] The apparatus comprises means for applying pres-
sure to the selected body part of the patient. Such means
comprises a series of inflatable cells contained within a cuff,
placed adjacent to each other on the limb. Each cell encircles
the body part. The cuff containing the cells is held around the
limb by any suitable means, such as by hook and loop or
Velcro® strap.
[0167] Each cell consists of an inflatable, elastic hollow
cylindrical means having an elastic inner wall and a simi-
larly flexible but inelastic outer wall. The cells can take the
form similar to a blood pressure cuff structure.
[0168] The apparatus is provided with means for supply-
ing air under pressure to the cuff cells, via a series of
contiguous conduits, extending from the fluid reservoir, and
connecting through to contiguous conduits. A quick connect/
disconnect or coupling port may be affixed within the
housing wall, and is connected respectively to the air cells.
[0169] The above referenced contiguous conduits have
four connections. One is the port of a series of solenoid-
operated two way valves, inflation valves, with one valve
supplying each cell. A positive pressure is supplied to a port
of each of these valves by way of the conduits. Each cell is
supplied with fluid under pressure by its own inflate valve.
The conduit for each cell is connected to a fluid reservoir.
The air reservoir is supplied with fluid, as a gas, under
pressure by a gas compressor pump.
[0170] Another series of valves, deflate valves, one for
each air cell, are connected with the conduit system to
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control flow therethrough, that is, to facilitate air cell defla-
tion. These valves are actuated between open and closed
positions by their respective connections to the computer.
Pressure transducers sense pressure in each cell via their
connectivity to the fluid conduction system. The transducers
control energization of the solenoid for inflate valves.
[0171] The conduit system is also connected to safety
check pressure valves. The control system provides for
adjusting delay in cuff inflation from R wave, peak cuff
pressure, duration of cuff inflation, velocity of inflation of
each bladder in succession and also gradient of peak pres-
sure from proximal to distal cuffs so as to most mimic and
enhance normal physiologic blood flow, in the following
manner.

[0172] The pneumatic system operates as follows:
[0173] At the time of initiation of a cycle, the cells, in, e.g.,
the leg cuff, 4LC1-4LC3 are in a deflated condition so that
the pressure transducers sense zero pressure and the trans-
ducer switch maintains the inflation valves in the closed
position. Since valves are closed, the air under pressure from
the reservoir is shut off from going through these valves via
the conduit system to their respective air cells (4CL1
through 4CLN). Each limb compression cycle begins with
the initiation of the QRS complex from the electrocardio-
graph at time t0.

[0174] Each R wave starts a delay circuit which times out
at time t1 at which time valve is actuated to its open position
interconnecting conduits. The delay value, time from t0 to
tl, is set at a default value, or set per the controller so as to
maximize downstream pulse wave as gauged by the PPG
wave form amplitude. The goal is to delay onset of cell
inflation and thus limb compression so the artificial pulse
created by cell inflation and thus limb compression occurs
simultaneously with the natural or physiologic pulse, to
maximally enhance that physiologic pulse and resultant
downstream flow.

[0175] The algorithm provides for inflation valves to
remain open sufficiently long so that maximal or peak cell
pressure is reached to maximize PPG wave form amplitude.
The default value of peak cell pressure may be a desired
value as shown to maximize PPG size. To accomplish cell
inflation, air is applied to cuff 4L.C1 through its inflate valve.
The pressure transducer allows inflation to continue until the
cell 4LC1 has achieved a pressure which opens a pressure
transducer switch (not shown), thus actuating supply valve
to the closed position and maintaining the cell pressure as
determined by the control computer.

[0176] Meanwhile, an electronic control circuit that timed
out the delay period also started a duration counter at the
same time as it actuated deflate valves to their closed
position to maintain air cell pressure. The duration times out,
i.e., ends, at time t2 whereupon deflate valves are restored to
their original open position, thus allowing open access of the
air cells under pressure to ambient air and thus allowing
ready deflation and rapid exhaustion of the cells 4LC1-N.
[0177] The system also provides for adjustment of dura-
tion of cuff inflation as follows. Cuff inflation is set at a
default duration value. The algorithm is guided by PPG
waveform amplitude to increase duration to maximize this
amplitude. Duration of inflation is set to a maximum value
that will not impede cuff deflation and cuff emptying before
the next cardiac cycle begins. Thus, if a longer duration than
the default value increases PPG amplitude, it will be used,
if not, the algorithm defaults to its original value. So, the
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algorithm is designed to maximize downstream blood deliv-
ery, as determined by the PPG pulse wave amplitude.
[0178] Thus, the computer control system, in accordance
with the invention comprises a feedback loop in which the
cell pressure is measured and this measured cell pressure is
allowed to determine how long the filling is to continue.
[0179] The controlling system provides to adjust velocity
at which each successive cell inflate valve opens to begin
that cell’s inflation after its most immediate proximal neigh-
boring cell’s inflate valve opens. Or cells can be set to inflate
simultaneously. A default value is provided for the velocity
at which each successive cell inflation valve opens after its
most immediate neighboring cell’s inflate valve. Feedback
from the PPG waveform size drives the algorithm to adjust
the velocity up or down, to as high as a default maximum
value and down to a default minimum value, or simultane-
ously. To create a high level velocity, the cells can be in an
open system (with output of individual cell connected to
atmosphere) or closed system (with output of individual cell
connected to one another). The velocity value that leads to
maximal PPG size is maintained.

[0180] As described above, the pressure wave is modified
by interconnectivity of various cells. The various valves can
open and close depending on the pressure required to mimic
the physiological pulse wave. The valves can be of multiple
types, one-way valve, bidirectional valve, open to atmo-
spheric pressure, connected to a sub-atmospheric pressure
reservoir, connected to the next cell or connected to multiple
cells, these changes will provide a method to control the
various pressures and change them to mimic the enhanced
physiological pulse wave. This physiological enhancement
is critical to improve the microcirculation in the diseased
state.

[0181] The interconnectivity is one important aspect of the
present invention as this may be used to enhance the speed
of pressure changes. As these valves release the pressure
from one cell to another the changes in the pressure are
smoother and do not cause any significant shock to the
vasculature thereby preventing further damage. The speed
can be altered very rapidly if they are interconnected as the
pressure is not required to be brought down to zero or
hundred percent for individual cells only and this cuts down
the time for enhancement of the next cell by the transmitted
pressure from the reservoir. Alternatively, each cell or any
subset of cells may be connected to a sub-atmospheric
pressure reservoir in order to provide for rapid pressure
adjustment, and valves may be modulated to provide smooth
transitions that a free of shock.

[0182] The current way of providing pressure treatment to
enhance circulation is not physiological and is more vertical
as shown in the image with on and off options only. This may
provide significant shock to the microcirculation leading to
more damage than providing any benefit.

[0183] The algorithm also provides for adjustment of the
gradient of pressure of peak cuff inflation, from the most
proximal to the most distal bladder. Thus, the gradient can
be set to a value of zero between adjacent bladders or up to
a value as desired in mmHg.

[0184] Means are provided for controlling the inflation of
the cuff by controlling the application of air to the cuff from
the pressure supply. Such means comprises a means to
actuate inflation valves between their closed positions so no
fluid can flow through the valves and there is no commu-
nication between the positive pressure supply conduits and



US 2019/0083353 Al

an open position in which the valves provide communication
between the fluid reservoir and its conduits. The control
means also comprises a duration controller function which
determines the time period during which the valve drives
hold the valve in the open or “inflate” position. Connected
to the duration controller function is a delay controller
function which initiates operation of the duration controller.
The velocity control function determines the velocity with
which the inflation valves open to enable filling of each
sequential cell from the most proximal cell through 4LCN,
with N being the total number of cells, after the inflation
valve for the most proximal cell 4LC1 opened to start
inflation of that cell. The gradient control function deter-
mines the decrease in pressure of each successive cell
(4CL2-N) compared to the most proximal cell (4CL1).
[0185] The delay controller function, pressure controller
function, duration controller function, velocity controller
function and gradient controller function are operated in
response to various conditions of the patient and the appa-
ratus in accordance with the invention comprises means for
sensing these conditions. To this end, there is provided an
electrocardiograph function comprising electrode means
which includes electrodes attached in a standard Einthoven
triangle manner and which sends its signal into an EKG
amplifier (not shown). The amplifier is designed in this
device to detect in sequence signals from lead positions I, 11
and III of the standard Einthoven triangle format. The
amplifier has an additional function to measure each of these
three inputs, from lead positions I, II and III, and to
determine which is strongest, that is, provides the highest
QRS amplitude. This strongest value, detected, new to this
device, is provided as its output. That output is connected by
suitable electrical lines to the delay controller function.
[0186] There is also provided a blood flow measuring
instrument in the form of a photoplethysmograph which uses
a probe or any comparable blood flow detecting system
attached to the distal part of the limb, e.g., toe or some other
location such as a non-healing amputation stump whereas
the flow is directly related to the blood flow in an affected
body part. The probe or a comparable blood flow detecting
device, optically, in the case of the PPG, senses the blood
flow and provides an electrical output signal having an
amplitude and wave shape corresponding to the blood flow
being sensed. The output signal of the probe is connected to
the amplifier of the blood flow measuring instrument (not
shown), the output of which is connected to a control
computer by suitable electrical lines. The signal from the
amplifier is also optionally delivered to a display screen
which displays an image of the blood flow sensed. The
signal from the amplifier is also provided into a circuit that
registers its amplitude at specific times as desired, for
example, a pre-treatment or initial reading of the pulse wave
amplitude, in mm; and at time intervals during a treatment,
such as 1) a minute after a treatment is initiated, 2) half way
through a treatment session; and 3) just before a treatment
ends. The pulse wave registering circuit calculates the
percent change in pulse amplitude that is measured at the
three times during a treatment and displays that value in the
Pulse Wave Change display, item.

[0187] The outputs from the EKG amplifier and its R wave
selection system and the photoplethysmograph amplifier are
connected to the control computer.

[0188] The control computer is also provided with output
for information display of the electrocardiograph and blood
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flow pulse signals as well as the percentage of PPG increase
during treatment versus pretreatment value. The output also
allows for a manual data input screen to control, and/or
override the pressure values, timing delay, patient informa-
tion, pertinent treatment parameters and outcomes

[0189] In succeeding cycles of operation, the computer
controller function sequentially alters the timing of either the
delay circuit or the duration circuit a small amount in one
direction. The computer controller function registers the
results during each succeeding cycle of operation. If the
previous alteration of the timing of the delay controller
function or duration controller function results in an increase
in the output from the PPG amplifier the next computer
controller function alteration is in the same direction. If, on
the other hand, the prior alteration results in a decrease in the
output from the PPG amplifier, the next alteration is in the
opposite direction. In this manner, after several cycles of
operation, wherein the computer controller function has
been alternately adjusting the delay controller function and
the duration controller function, the delay controller func-
tion and the duration controller function are finally set to
produce optimum results, namely the maximum blood flow
in the region being sensed by the PPG probe.

[0190] In succeeding cycles of operation, the computer
controller function sequentially alters the velocity of sequen-
tial cell inflation via its controller function starting at the
default value and then moving the velocity a small amount
in one direction, faster, and ultimately to simultaneous
inflation of all cells. The computer controller function reg-
isters the results during each succeeding cycle of operation.
If the previous alteration of the timing of the velocity
controller function results in an increase in the output from
the PPG amplifier the next computer alteration is in the same
direction. If, on the other hand, the prior alteration results in
a decrease in the output from the PPG amplifier, the next
alteration is in the opposite direction, to a slower velocity. In
this manner, after several cycles of operation, wherein the
computer controller function has been alternately adjusting
the velocity controller function, the velocity controller func-
tion is finally set to produce optimum results, namely the
maximum blood flow in the region being sensed by the PPG
probe.

[0191] In succeeding cycles of operation, the computer
controller function sequentially alters the gradient of pres-
sure in each successive or adjacent cell via its circuit,
starting at the default value and then adjusting the gradient
in on direction or the other. The computer controller function
registers the results during each succeeding cycle of opera-
tion. If the previous alteration of the gradient controller
function results in an increase in the output from the PPG
amplifier, the next computer alteration is in the same direc-
tion. If, on the other hand, the prior alteration results in a
decrease in the output from the PPG amplifier, the next
alteration is in the opposite direction, to a different gradient.
In this manner, after several cycles of operation, wherein the
computer controller function has been alternately adjusting
the gradient controller function, the gradient controller func-
tion is finally set to produce optimum results, namely the
maximum blood flow in the region being sensed by the PPG
probe.

[0192] The computer consists of a microprocessor suitably
programmed to run the program described above, which is
stored therein on a non-transitory storage medium and there
is provided suitable switching means to cut the computer out
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of the control function if desired. This permits the control to
be performed either manually or by another control function
such as default settings.

[0193] There is also provided means for setting the dura-
tion controller function to be a fixed fraction of the pulse
rate. To this end, the operator is provided with guidelines for
setting the duration as a reciprocal of the pulse rate so that,
as the pulse rate increases, the duration time is shortened.
The option to manually set the duration is provided via an
appropriate switch for connecting it into and out of the
circuit of the apparatus as desired.

[0194] The pressure controller function is provided with a
control dial or comparable adjustment capability for the
manual setting of the pressure, the delay controller function
is provided with a control dial or comparable adjustment
capability for the manual setting of the delay time, the
duration controller function is provided with a control dial or
comparable adjustment capability for the manual setting of
the duration time, the velocity controller function is pro-
vided with a control dial or comparable adjustment capa-
bility for the manual setting of the velocity and the gradient
controller function is provided with a control dial or com-
parable adjustment capability for the manual setting of the
gradient.

[0195] A typical treatment of a patient by the use of the
apparatus in accordance with the invention takes the fol-
lowing course:

[0196] After the pressure, delay, duration, velocity and
gradient have been set in the apparatus, the apparatus is
allowed to run for the length of time determined by the
operator, typically an hour.

[0197] The pulse wave form amplitude percent change
register provides a continuous display of the percent change.
The value is typically provided as a value to be supplied as
a smart phone signal data. The apparatus is typically
adjusted to provide the percent value at the beginning of a
treatment, half way through the preselected treatment dura-
tion and shortly before the treatment ends.

[0198] Infrared sensor (15) acquires input of tissue infra-
red emission. It in turn is connected to geometric optioned
platform (not shown) that enables the sensor to be adjusted
to conform to the panoramic geometry of the tissue being
scanned. At the discretion of the user, a sensor scans tissues
of interest. The resultant acquired signal is sent to a trans-
ducer (not shown). This transducer displays its acquired
signal on a screen and/or supplies the signal for display in an
appropriate software/hardware system (e.g., smart phone or
computer screen). As depicted on FIG. 2, a blood pressure
cuff 13 may provide information to the present invention.
Also as shown, a negative pressure cuff 14 may be posi-
tioned at a wound site on a limb (shown on the limb not
under compression for clarity, but understood to preferably
be positioned at a wound site on a limb under compression
by cuff 12.

[0199] FIG. 3 and FIG. 4 depict time and pressure curves
of air cells during a treatment. Time goes from left to right
along the abscissa. Except for the QRS complex, at t0, the
ordinate depicts pressure in the air cell. The initial event
during a treatment is the production, detection and display of
the QRS complex, depicted at t0. At a particular time
interval after t0, labeled til, the inflation valve for the first
or most proximal air cell, Celll, opens, enabling fluid under
high-pressure to enter that cell, until a desired pressure is
achieved. The inflation valve then closes.
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[0200] At a particular time duration after til, the event td1
occurs, when the deflate valve opens and allows fluid in the
first air cell to exit, allowing the cell pressure to come to
atmospheric pressure. When the next QRS complex occurs,
the previously described series of events repeats.

[0201] The time delay from t0 to til is determined by one
of three methods. The algorithm can determine this value, as
required to maximize PPG waveform size. Alternatively the
device can use the default settings for this value. And in
addition the delay value can be determined manually by the
operator. Likewise, P1 the maximal pressure in the most
proximal cell can be determined by either of these three
methods, by controlling when the intake valve closes. And
the duration of cell one inflation, determined by when the
deflate valve opens, at td1, can be varied by one of these
same three methods.

[0202] The next depicted line drawing is the time and
pressure curve for cell two, the next most immediate neigh-
boring cell just distal to cell one. The QRS complex in this
curve occurs of course at the same time as the QRS complex
event depicted in the top curve.

[0203] But the time when the inflation valve for cell 2
opens, ti2 occurs can be longer. The time difference between
opening of the inflation valve for cell 1, til, and opening of
the inflation valve for cell 2, ti2, is determined by the
velocity with which each successive air cell inflates after its
most proximal neighbor.

[0204] As with other variables, the velocity value, the
speed (in cm/sec) at which each successive cell opens, can
be set by the algorithm to maximize PPG waveform size, or
to the default value or by operator manual override.
[0205] In this depiction, the P value for cell two, P2, is
lower than the P value for cell one, P1. The value for P2, the
maximal pressure in cell two, is determined by the desired
gradient of pressure from the most proximal cell to each
successive immediate neighboring cell. And as with other
variables, the pressure gradient can be set by the algorithm
to maximize PPG size, default value or manual override.
Values for variables of each successive cell, cell three and
beyond, are determined in the same manner as for cells one
and two.

[0206] The advantages of the present invention include,
without limitation, the following: The ability to apply pres-
sure to the limb to enhance antegrade arterial blood flow.
The ability to provide this enhancement with each heart beat
and consequent pulse wave. The ability to mimic the natural
antegrade flow of arterial flow by providing an extra head of
pressure to the pulse wave to push it downstream. The ability
to provide flow enhancing pressure to the limb in a sequen-
tial fashion, to assure enhancement of flow in the antegrade
direction. The ability to provide a gradient of pressure, from
proximal to distal, to mimic and enhance the natural flow of
arterial blood in the body from the high pressure, generated
by left ventricular systole or contraction and aorta elastic
recoil, towards the distal parts of the arterial tree. The ability
to customize limb compression by adjusting the several cell
inflation variables to maximize downstream blood supply.
The ability to utilize a blood flow detecting device at the end
of the arterial tree to optimize delivery of blood flow to the
distal limb. The ability to measure blood flow delivery, as
indicated by PPG waveform size, both before and during a
treatment, and calculate percent increase in size during a
treatmert, to provide objective data on effect of treatment on
the circulation. The ability to supply treatment and outcome
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data to the provider via a broadcast radio signal. The ability
to document improvement in wound size and other tissue
appearance via detection of tissue infrared emission and
thermal display of this information in a panoramic view.
[0207] Other physiologic parameters may be measured or
used as control parameters for the present invention. Patient-
reported pain may be used to moderate or control application
of the present invention. Pain in peripheral arterial disease
can come from several sources.

[0208] Sufficiently severe tissue ischemia often causes
pain, usually at the end of the limb, the end of the arterial
tree where blood supply is minimal. Indeed, patients often
present for treatment because of ischemic pain. Of note,
patients with concomitant peripheral neuropathy, common
in diabetes, may not experience pain. When pain is a
presenting problem with the patient it usually diminishes
with successive. Indeed, this improvement becomes a clini-
cal marker of benefits of treatment.

[0209] Another potential source of pain is compression of
the limb when the device’s cuffs inflate and squeeze the
underlying soft tissue. Should compression be too firm the
patient will complain of pain. Historically maximal cuff
pressures above 140 mmHg (2.7 psi) have been found to
sometimes produce pain under the cuff.

[0210] Enhancement of limb blood flow can lead to pain
through various mechanisms. Enhanced blood flow with the
consequent increase in blood volume may lead to distention
of downstream vasculature and in turn pain. Additionally, in
accordance with the Starling-Landis theory of fluid flow
between body compartments, increased downstream blood
flow may lead to accumulation of interstitial fluid volume
and thus soft tissue distention or edema with pain. Distention
in or around the delicate vascular infrastructure of capillary
beds or pre-capillary arteriole trees can thus become a
limiting factor in providing any treatment that enhances limb
blood flow.

[0211] Of additional concern, compression of the limb by
the inflated cuffs may block venous as well as lymphatic
return and thus lend towards a build up of distal limb tissue
fluid, as edema, that can compromise normal tissue oxygen
and nutrient turnover.

[0212] Ultimately tolerance of enhanced blood flow will
depend on the patient’s pain threshold and factors related to
the disease process. In addition to the tissue damage that the
presence of pain often signals, pain is a noxious sensation,
potentially leading to hypo or even hypertension and other
adverse systemic effects. Pain is thus a very important factor
to be incorporated into the decision-making process of
providing treatments and determining optimal as well as safe
treatment parameters.

[0213] No good method is available to objectively deter-
mine pain. Nevertheless, it is imperative that patient input
about pain and all other adverse experiences be recorded and
used to guide therapy. It is difficult to predict the amount of
pain if any that a particular patient may experience.

[0214] Therefore no standard treatment settings can be
used. Before a treatment is begun the patient is instructed
that they will feel their limb being squeezed; they are
instructed to immediately report any discomfort such as
pain. Furthermore, they are instructed how to turn the
machine off should they experience any problem. The device
is always kept within easy reach of the patient. Patient
feedback about pain is incorporated into the adjustment of
treatment parameters, including maximal cuff pressure, tim-
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ing of initiation, duration of pressure. In practice, the rare
complaints of pain with treatments have been found to only
occur at the beginning of a treatment, at the site of limb
compression, and are readily resolved by simply lowering
maximal cuff pressure. This approach, using the device
algorithm to guide initial treatment settings and then low-
ering maximal cuff pressure on the rare occasion when pain
occurs, serves to maximize blood flow through the limb
without compromising tissue integrity or patient comfort.
And of course the lower maximal cuff pressure setting is
recorded and used for future treatments.

[0215] Certainly it is imperative that the treating clinician
be aware of the risk of pain and factor that issue in to guide
treatments. But, interestingly, rather than the device being at
high risk to impart pain, not infrequently a patient may drift
off to sleep during a treatment, apparently lulled by the
ongoing clicking noises of the device, as the air valves
repeatedly open and close with the beat of their heart.
[0216] Yet another parameter may be “pinking up”, such
as may be seen in patients with “diabetic foot”, usually a
non-healing wound or infection, often on the bottom of the
foot, that is without pain because diabetes has damaged pain
receptors and nerves. In these situations the clinician
depends on tissue appearance, e.g., ‘pinking up” as a marker
of improvement and as a measure of effectiveness of treat-
ment.

[0217] Another embodiment of the present invention uses
the measurement of parameters indicative of blood flow to
modulate pressures in negative pressure (vacuum) wound
treatment (NPWT). It has been reported that prior art NPWT
devices may cause dangerous bleeding, shock, low blood
pressure, and hematoma. The present invention, by modu-
lating the negative pressure at the wound site in relation to
the patient’s pulsatile blood flow, avoids or reduces such
negative effects, while improving outcomes associated with
NPWT.

[0218] While the invention has been described in its
preferred embodiments, it is to be understood that the words
which have been used are words of description rather than
of limitation and that changes may be made within the
purview of the appended claims without departing from the
true scope and spirit of the invention in its broader aspects.
Rather, various modifications may be made in the details
within the scope and range of equivalents of the claims and
without departing from the spirit of the invention. The
inventors further require that the scope accorded the claims
be in accordance with the broadest possible construction
available under the law as it exists on the date of filing hereof
(and of the application from which this application obtains
priority, if any) and that no narrowing of the scope of the
appended claims be allowed due to subsequent changes in
the law, as such a narrowing would constitute an ex post
facto adjudication, and a taking without due process or just
compensation.

Pulse = Waveform-Driven  Pulse-Enhancing ~ Limb
Compression
[0219] In this embodiment, each arterial pulse of the distal

limb, e.g., the hallux, is detected as the photoplethysmo-
graph waveform. The average time lapse between adjacent
pulse segments is calculated. The average starting point of
the pulse is calculated. Based on the distance of the most
proximal limb cuff from the pulse sensing PPG the expected
time of arrival of a pulse at the proximal cuff is calculated.
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Using that arrival time the timing of the start of limb
comptression is determined so as to enhance the terminal
pulse pressure at the end of the limb. The pulse waveform
size is again used as a feedback after every three beats. If the
waveform size decreases, the time of onset of proximal cuff
inflation is adjusted so that compressions occur at an optimal
time t0 maximize PPG waveform amplitude. The maximal
pressure of the cuff can be adjusted electronically or manu-
ally by the user.

[0220] In an alternate embodiment, each arterial pulse can
be detected proximal to the compression site, e.g., the groin,
is detected as the photoplethysmograph waveform.

[0221] This design configuration-option-provides pulse
wave-enhancing-synchronized limb compression without
requiring EKG information. This design is simple and easy
to use and without a need to connect EKG wires to the
patient. It allows very easy home use.

Distal Wound Pressure in Combination with Cuff Pressure:

[0222] A negative pressure source, generated by the air
compression system, provides this subatmospheric effect,
that is applied to the distal limb during compression treat-
ments. The negative pressure is mediated via a flexible
chamber that surrounds the foot. The negative pressure acts
to further enhance antegrade, i.e., distal limb blood flow. It
accomplishes this by further increasing the pressure gradient
along the long axis of the limb. The negative pressure is
varied in a cardio synchronous manner. This is a unique
feature, not found in other limb compression systems. Vari-
ous forms of pressure techniques are available but using a
available pressure is novel and non obvious.

[0223] While the present invention has been described in
its preferred embodiments, it is to be understood that the
words which have been used are words of description rather
than of limitation and that changes may be made within the
purview of the appended claims without departing from the
true scope and spirit of the invention in its broader aspects.
Rather, various modifications may be made in the details
within the scope and range of equivalents of the claims and
without departing from the spirit of the invention. The
inventors further require that the scope accorded their claims
be in accordance with the broadest possible construction
available under the law as it exists on the date of filing hereof
(and of the application from which this application obtains
priority, if any) and that no narrowing of the scope of the
appended claims be allowed due to subsequent changes in
the law, as such a narrowing would constitute an ex post
facto adjudication, and a taking without due process or just
compensation.

We claim as our invention:
1. An apparatus for improving wound healing by enhanc-
ing blood flow in a vertebrate organism’s limb comprising:
(a) means for detecting cardiovascular activity of the
organism;
(b) means for compressing at least one limb of the
organism progressively from a proximal region to a
distal region of the limb;

(c) means for triggering the compressing means in timed
relation with the detected cardiovascular activity.

2. The apparatus of claim 1 where in the means for
detecting the cardiovascular activity further comprises an
electrocardiographic apparatus connected to one or more
electrodes placed on the skin of the organism.
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3. The apparatus of claim 2 wherein the electrocardio-
graphic apparatus identifies the largest signal from among
those detected, and transmits a signal in timed relation with
the largest detected signal.

4. The apparatus of claim 1 where in the means for
compressing at least one vertebrate organism’s limb com-
prises one or more pneumatic devices adapted to substan-
tially surround at least one transverse region of the limb,
thereby compressing the surrounded region in response to an
increase in pneumatic pressure applied to the device.

5. The apparatus of claim 4 wherein the means for
compressing at least one vertebrate organism’s limb com-
prises a plurality of pneumatic devices, adapted to apply
progressive compression to the limb.

6. The apparatus of claim 4 wherein the means for
compressing at least one vertebrate organism’s limb com-
prises a multi-compartment pneumatic device having fluid
conduits between adjacent compartments.

7. The apparatus of claim 6 wherein the fluid conduits are
sized to provide progressive changes in pneumatic pressure
within each more distal compartment when such pressure is
changed to the adjacent proximal compartment.

8. The apparatus of claim 6 wherein each fluid conduit
comprises a valve.

9. The apparatus of claim 8 wherein each valve changes
state in response to a threshold pressure in the adjacent
proximal compartment.

10. The apparatus of claim 9 wherein the threshold
pressure is electrically controllable.

11. The apparatus of claim 5 wherein a separately con-
trolled source of pneumatic pressure is provided to each
pneumatic device.

12. The apparatus of claim 4 wherein the means for
compressing the limb comprises a plurality of hollow soft
walled cells that are applied circumferentially around the
limb, longitudinally adjacent to each other, along the long
axis of the limb, and connected via a fluid conduit to a
regulated source of compressed fluid, as well as having
connectivity via a fluid conduit to a means to exhaust cell
fluid contents in a regulated manner.

13. The apparatus of claim 3 wherein the means for
compressing at least one vertebrate organism’s limb is
operable to compress the limb in a time interval less than the
interval between successive largest detected signals.

14. The apparatus of claim 13 wherein the time interval is
from zero to the average interval between largest detected
signals measured in a preceding predetermined time epoch.

15. The apparatus of claim 1 further comprising means for
controlling one or more of the amount of compression, rate
of increase of pressure and rate of decrease of pressure
applied to the limb.

16. The apparatus of claim 5 further comprising means for
exerting negative pressure at a wound site on the organism’s
limb.

17. The apparatus of claim 16 wherein the negative
pressure is varied in timed relation to a received signal that
is a detected signal indicative of cardiovascular activity.

18. The apparatus of claim 17 wherein the negative
pressure is varied in timed relation to inflation of the
immediately proximal limb pneumatic compartment.

19. The apparatus of claim 17 wherein negative pressure
in the most distal limb pneumatic compartment is activated
to enter that compartment when positive pressure is changed
in the immediately adjacent proximal compartment.
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20. The apparatus of claim 5 further comprising means for
exerting negative pressure in successive pneumatic compart-
ments located sequentially along the long axis of the limb,
but providing negative pressure from a limb’s distal part to
its proximal part.

21. A method for determining the effect of treatment of a
vertebrate organism using an apparatus comprising (a)
means for detecting cardiovascular activity of the organism;
(b) means for compressing at least one limb of the organism
progressively from a proximal region to a distal region of the
limb; (c¢) means for triggering the compressing means in
timed relation with a detected cardiovascular activity, the
method comprising the steps of (a') directing light of one or
more predetermined wavelengths at a predetermined skin
location on the organism and detecting the reflected or
transmitted light therefrom; (b') determining a pulse wave
representative of the blood flow by analyzing the detected
light; (c') measuring the size of the pulse wave before
treatment and again after treatment; and (d') providing an
indication of the relative sizes of the pre- and post-treatment
pulse waves.

22. A method of treating a vertebrate organism using the
apparatus of claim 1 wherein the following treatment param-
eters may be independently varied:

(a) delay in time from largest detected signal at which

time the most proximal compartment inflation begins;

(b) maximal pressure in one or more compartments;

(¢) duration of compartment inflation;
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(d) time after inflation of most proximal compartment
when the next compartment inflation begins;

(e) pressure of each successive compartment, relative to
its most immediate neighboring proximal compart-
ment; and

duration of treatment.

23. A method of treating a diseased vertebrate organism
comprising the steps of (a) detecting cardiovascular activity
of the organism; (b) compressing at least one limb of the
organism progressively from a proximal region to a distal
region of the limb by; (c) triggering the compressing means
in timed relation with a detected cardiovascular activity.

24. The method of claim 23 wherein the disease is one or
more of the following conditions: peripheral arterial obstruc-
tive disease; microangiopathy; vasculitis; vasovasorum dis-
ease; complex regional pain syndrome; frostbite; eryth-
romelalgia; trauma induced limb wound; chronic limb
wound; diabetic neuropathic wounds; trench foot; Ray-
naud’s disease; peripheral neuropathy; and peripheral arte-
rial diseases in which traditional or standard treatments are
contraindicated or not advised.

25. A method of treating a wounded vertebrate organism
comprising the steps of (a) detecting cardiovascular activity
of the organism; (b) applying sub-atmospheric pressure to at
least one wound site of the organism in timed relation with
a detected cardiovascular activity.

I S T T
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