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(57) Abstract

A remote controllable medical pumping apparatus (10) for controlling from a local site the application of compressive pressures to a
part of the human body located at a remote site includes means (20) disposed at the remote site for applying compressive pressure about the
body part in accordance with a predetermined pressure, means (38, 40) disposed at the remote site for sensing the predetermined pressure
of the compressive pressure means and transmitting a signal in response thereto, means (42, 64) disposed at the local site for receiving and
manipulating the transmitted signal to either select or generate a pressure signal and cycle signal, and means disposed at the local site for
transmitting the selected or generated pressure signal and cycle signal, means at the remote site for receiving and manipulating (36) the
pressure signal cycle, and actuating the pressure means to cause application of pressure to the body part in accordance with the generated
pressure signal and cycle signal.
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REMOTE CONTROLLABLE MEDICAL PUMPING APPARATUS
BACKGROUND OF THE INVENTION:
FIELD OF THE INVENTION

This invention relates to a remote controllable medical pumping apparatus and more
particularly, but not by way of limitation, to a medical apparatus that is capable of
controlling from a local site application of compressive pressures to a part of the human
body at a remote site.

Rela{ted Art

Applying pressure to a part of the human body for the purpose of eliciting rapid
blood transfer therefrom and subsequently producing Endothelial Derived Relaxing Factor
(EDREF) is believed to have therapeutic effects. EDRF (Nitric Oxide) is understood to be a
naturally occurring vasodilator which is produced by yield shear stress on the endothelial
lining of veins. These shear stresses are readily produced by increasing peak blood flow
velocities through a cross section of the vessels. EDRF helps produce hyperaemia by
dilating vessels and opening capillaries which also assists in inhibiting the formation of
thrombosis.

It is well known that thromboembolism and plilmonary emboli can result from
trauma (such as produced by certain surgeries) or from prolonged venous stasis. These and
other factors are known to contribute to the formation of Deep Vein Thrombosis (DVT) in
the deep proximal veins of a patient undergoing hip/knee replacement and/or other
orthopedic surgery.

Accordingly, pneumatic compression devices have been utilized on a part of the
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human body for the purpose of increasing and/or stimulating blood flow in an attempt to
help prevent this DVT formation. Such devices have been made to adapt to an arm, hand,
foot, calf and thigh and typically include an inflatable bladder or bladders connected to a
pneumatic pump capable of delivering pressure within the bladder(s) to cause stimulation.
Some devices inflate and deflate in a cyclical fashion, while others utilize a number of
bladders which are inflated in a sequential fashion.

Such devices include an on-site integrally associated control panel interface for the
setting, adjustment and programming of the preferred pressure levels and preferred cycle
times for the application of pressure to the patient. Such devices required on-site knowledge
and skill in order to successfully set, adjust or program its operating parameters in
accordance with the on-site monitored patient data. Not infrequently, the patient, attendant
or other third party inadvertently misadjusts the devices operating parameters. Thus,
continuous on-site supervision and monitoring of the operating conditions are commonly
required.

SUMMARY OF THE INVENTION:

It is an object to improve medical pumping apparatus.

It is another object to ease the use of medical.pumping apparatus.

It is an object of the present invention to provide a medical pumping apparatus
which has a communications data link and remote controllability for the setting, adjusting
and programming of a cycle interval and pressure for the apparatus.

It is an object of the present invention to provide a medical pumping apparatus

which can accumulate data such as patient usage compliance, diagnostic and other specific
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patient information and then transmit said information over its communications data link.

It is still another object of the present invention to provide the medical pumping
apparatus of the type described as part of a hospital bed.

Accordingly, the present invention is directed to a remote controllable medical
pumping apparatus for controlling from a local site application of compressive pressures to
a part of the human body at a remote site. The apparatus includes means disposed at the
remote site for applying compressive pressure about the body part in accordance with a
predetermined pressure, means disposed at the remote site and operatively associated with
the pressure means for sensing at least one of pressure and cycle interval, first transmitting
means disposed at the remote site and operatively associated with the sensing means for
transmitting a signal in response to the sensed pressure and/or cycle interval, first receiving
means disposed at the local site for receiving the transmitted signal, first manipulating
means disposed at the local site operably associated with the first receiving means for
manipulating the transmitted signal to select or generate pressure signal and/or a cycle
interval signal, second transmitting means disposed at the local site and operatively
associated with the first manipulating means for transmitting the selected or generated
pressure signal and/or cycle interval signal, second réceiving means disposed at the remote
site for receiving the selected or generated pressure signal, and second manipulating means
disposed at the remote site and operatively associated with the second receiving means for
manipulating the selected or generated pressure signal and/or cycle interval signal and
actuating the pressure means to cause application of pressure to the body part in accordance

with the selected or generated pressure signal and/or cycle interval signal.
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Additionally the apparatus includes means disposed at the remote site for sensing
patient compliance and wherein the first transmitting means further transmits a signal in
response thereto and wherein the first receiving means further receives the patient
compliance signal and wherein the first manipulating means further manipulates the
transmitted patient compliance signal to either select or generate the pressure signal and/or
cycle interval signal. Also, provided are means disposed at the remote site for sensing
physiological data and wherein the first transmitting means further transmits a signal in
response thereto and wherein the first receiving means further receives the physiological
signal and wherein the first manipulating means further manipulates the transmitted
physiological signal to either select or generate the pressure signal.
BRIEF DESCRIPTION OF THE DRAWINGS:
Figure 1 is a schematic diagram of the remote controllable medical pumping apparatus of
the present invention.
Figure 2 is a remote control of the present invention.
Figure 3 is a pressure verses time diagram illustrating the inflation cycle and venting cycle
normally associated with the sequence of the present invention.
Figure 4 is a diagram of the medical pumping apparaitus integrated into a hospital bed.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT:
Referring now to the drawings, Figure 1 depicts a remote controllable medical

pumping apparatus 10 of the present invention. An inflatable bag 20 shaped to conform to
and be placed about a human foot 24 is secured to foot 24 by a fastener 22. The inflatable

bag 20 can be made of flexible nonpuncturable material such as polyvinyl chloride or
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polyurethane film which is enveloped and peripherally sealed. The fastener 22 may be a
belt, strap or a VELCRO ™ flap.

A pneumatic device 28 capable of delivering cyclical pneumatic pressure to the bag
20 is connected thereto via a conduit 26. The conduit 26 can be fashioned from a plastic
hose six to ten feet in length, for example, with a lumen diameter between one quarter and
one half inch. Pneumatic device 28 includes a valve assembly 30 operably connected to the
conduit 26 for controlling the inflation and venting of the bag 20. A sealed air reservoir 34
operably connects to the valve assembly 30 and is capable of withstanding as much pressure
as is required for the operation of the apparatus 10 and having an adequate safety margin as
is readily ascertainable by one skilled in the art. An electrically powered fluid compressor
32 operably connects to the reservoir 34 for providing compressed air thereto. Also,
included is a controller processing unit (cpu) 36 operably connected to the fluid compressor
32 and valve assembly 30 having non-volatile memory capable of manipulating and storing
control data from a receiver 38 and further capable of accumulating specific information,
such as accumulated patient compliance data, diagnostic data and other patient physiological
related data, and conveying the same to a transmitter 40. The receiver 38 is capable of
receiving, decoding and pre-processing control data,'such as the pressure and cycle time
interval, and the transmitter 40 is capable of pre-processing, encoding and transmitting such
data.

As further depicted in Figure 1, a digital communications data link 54 is provided
via the receiver 38 and the transmitter 46 and the receiver 44 and transmitter 40 to

communicatively connect a controller 42 with the pneumatic device 28 and associated
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controller 48. Communications data link 54 includes a digital communications link, such
as a hardwired link (directly connected), a wireless infrared link, a wireless radio frequency
link, a local area network, or a standard telephone modem link such as is currently
employed to enable computers to communicate with each other and their peripherals. The
communications protocol of data link 54 can be of an industry standard format such as the
RS-232 protocol.

The controller 42 (also shown in Figure 2) includes a receiver 44 capable of
receiving, decoding and pre-processing data received from the pneumatic device 28 via the
digital communiqations data link 54. Additionally, controller 42 includes a transmitter 46
capable of pre-processing, encoding and transmitting control data from the controller 42 to
the pneumatic device 28 where it is received, manipulated and stored by cpu 36. The
controller 42 includes a display 56, such as a liquid crystal display or light emitting diode
array for displaying either the control data signal or the data signal received from receiver
44, a keypad 58 for the manual entering of data corresponding to the amount of pressure,
time and cycle to be transmitted via communications link 54, and a microprocessor 60 for
(i) manipulating received data signals or data signals from keypad 58, (ii) displaying data
on display 56 and (iii) communicating data with the receiver 44 and transmitter 46.

The controller 48 is, for example as shown in Figure 4, operably associated with a
hospital bed 84, and includes a receiver 52 and a transmitter 50, both of which likewise
serve the function as described above, and microprocessor 62 which may likewise include a
keypad 64, control knobs 66 for operating a conventional adjustable hospital bed as is

known in the art and display 68 capable of producing the necessary control data and
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transmitting same via communications link 54 to the pneumatic device 28.

It is understood in the invention that the controller 42 may be either manually,
manually aided or automated with the use of artificial intelligence software being integrated
into the micro processor 60, as is known in the art. Additionally, such intelligence can be
integrated into the cpu 36 and/or microprocessor 62.

Referring now to Figure 3, the timing diagram for the preferred system is depicted.

The graph 72 shows fluid pressure in the bag 20 with respect to time. At a predetermined
time 80, valve assembly 30 compresses fluid to the bag 20 where the pressure is maintained
until predetermined time 82 when the compressed fluid is vented to atmosphere via valve
assembly 30. The time between the inflation of the preceding cycle and the inflation of the
succeeding cycle is given at 76. The time between the venting of the preceding cycle and
the inflation of the succeeding cycle is given at 78. The peak pressure level is shown at 74.

These control parameters are set by the controller 42 or controller 48 and transmitted to
the pneumatic fluid supply device 28 by way of the digital communications link 54.

Referring now to Figure 4, the medical pumping apparatus 10 may be removably or
permanently associated with the hospital bed 84 of the present invention. The pneumatic
fluid supply device 28 can be installed at a location under the bed on the bed frame, for
example, and may be operatively connected to a power source available through the bed 84.

The digital communications data link 54 is connected to pneumatic fluid supply device 28
and routed through bed 84 to connect to the controller 48 attached to the side of the bed 84.

By so connecting the controllers 42 and 48 with the device 28, a single

communications link is established which permits remote access to the device 28 and bed
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84, for example, for determining and controlling the same.
The above described invention is set forth for exemplary purposes only and is not
intended to be limiting in scope of the claims appended hereto. Accordingly,
modifications, derivations and improvements will be readily apparent to those skilled in the

art and should be encompassed by the claims hereto.
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1. A remote controllable medical pumping apparatus for controlling from a local site
application of compressive pressurcs to a part of the human body at a remote site, comprising,:
means disposed at the remote site for applying compressive pressure about the
body part in accordance with a predetermined pressure:
mcans disposcd at the remote site and operatively associated with said pressure
mcans for sensing said predetermined pressure;
first transmitting mcans disposed ut the remole site operatively associated with the
sensing means for transmitting a signal in responsc 1o said scnsed pressurc;
first recciving mcans disposcd at the local site for receiving said transmitied
signal;
first manipulating and display means diposed at the local sitc and opecrably
associated with the first recciving means for manipulating and displaying suid transmitted
signal to cnable esclection of a preferred pressure signal;
sceond transmilting means disposed at the local site and opcratively associated
with the first manipulating means for transmitting said preferred pressure signal;
second receiving mcans disposcd at the remote site for receiving said preferred
pressure signal; and
second manipulating means disposed a; the remotce site and operatively associated
with said second receiving means for manipulating said rcccived preferred pressure signal
and actuating said pressure means o cause application of pressure to the body part in
accordance with said generated preferred pressure signal.
2. The remote controllable medical pumping apparatus of claim |, which further
includes means disposcd at the remote site for sensing paticnt compliance and wherein said first
transmitting means further transmits a signal in response thereto and whercin said first receiving

means further reccives said patient compliance signal and wherein suaid fiest manipulating mcans
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further manipulates and displays said transmitted patient compliance signal for use in selection of
suid preferred pressure signal.

3. The remote controllable medical pﬁmping apparutus of claim 1, which further
includes means disposed at the remote site for sensing physiological data and wherein said first
transmitting means further transmits a signal in rcsponse thereto and wherein said first recciVing»
means further receives said physiological signal and wherein said first manipulating means
further manipulates and displays said transmitted physiological signal for usc in sclection of said
preferred pressurc signal.

4. ‘I'he remotc controllable mcdical pumping apparatus of claim 1, wherein said
pressure means, said [irst transmitter mcans, said second receiver means and said second
manipulating means arc opcratively associated with a hospital bed.

5. ‘'he remotc controllable medical pumping apparatus of claim 1, which (urther
includes means disposcd at the remotc site for sensing cycle interval and wherein suid first
transmitting mcans further transmits a signal in rcsponse thereto and wherein said [irst recciving
means further receives said cycle interval signal, wherein said first manipulating and display
means further displays said cycle interval signal for use in selection of a preferred cycle interval
signal, said second trunsmitter transmils said preferred cycle interval signal, said second recciver
receives said preferred cycle interval signal and said second manipulating means manipulates
said preferred cycle interval signal and actuates said pressure means to apply pressure for a
period of time in accordance with said preferred cycle interval,

6. A remote controllable medical pumping apparatus for controlling from a locul site
application of compressive pressures 10 a part of the human body at a remote site, comprising:

means disposed al the remote site for applying compressive pressure about the

body part in accordance with a predetermined pressure;
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first transmitting means disposed at the remote site operatively associated with the
sensing means for transmitting a signal in response to said senscd pressure,

first rceciving means disposed at the local site for receiving said transmitted
signal;

first manipulating means disposcd at the local site and operably associated with
the first recciving means for manipulating said transmitted signal to gencrawe a preferred
pressure signal;

sccond transmitting meuns disposcd at the local site and operatively associated
with the first manipulating means for transmitting said preferred pressure signal;

second receiving mcans disposed at the remote site for receiving aid preferred
pressure signal; and

second manipulating means disposed at the remote site and operatively associated
with said second recciving means for manipulating said reccived preferred pressure signal
and actuating said pressure means to causc application of pressure to the body part in
accordance with said generated preferred pressure signal.

7. 'The remote controllable medical pumping apparatus of claim 6, which further
includes means disposed at the remotc site for scnsing patient compliance and wherein said first
transmitting means further ransmits a signal in response thereto and wherein said first receiving
means further receives said paticnt compliance signal and wherein said manipulating mcans
further manipulates said transmitted patient compliance signal to gencrate said preferred pressure
signal.

8. 'The remote controllable medical pumping apparatus of claim 7, which further
includes meuns disposed at the remote site for sensing physiological signal and wherein said

transmilling means {urther transmits a signal in response thereto and wherein said first receiving
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means further reccives said physiological signal and wherein said manipulating means further
manipulates said transmitted physiological signal to generatc said preferrcd pressure signal.

9. The remote controllable medical pumping apparatus of claim 6, wherein said
pressurc means, said first wansmitter means, said sccond receiver means and said second
manipulating means are opcratively associated with a bospital bed.

10.  The remote controflable mcdical pumping apparatus of claim 6, which further
includcs means disposed at the remote sitc for sensing cycle interval and wherein said lirst
transmitting means further transmits a signal in response thereto and whercin said first receiving
means further receives said cycle intcrval signal, wherein said first manipulating means further
generates a preferred cycle interval signal, said sccond lransmitter transmits said preferred cycle
intcrval signal, said second recciver receives said preferred cycle interval signal and said second
manipulating mcans maunipulates said preferred cycle interval signal and actuates said pressurc
means to apply pressure [or a period of time in accordance with said preferred cyclc interval.

11.  The remotc controllable medical pumping apparatus of claim 6, which further
includes means disposed at the local site for displaying said signals.

12. A remote controllable medical pumping apparatus for controlling from a local site
application of compressive pressurcs to a part of the human body at a remote site, comprising:

means disposed at the remote sitc fo.r applying compressive pressure about the
body part in accordance with a predetcrmined pressurc;

means disposed at the remote sitc and operatively associated with aid pressure
means for sensing said predetermincd cycle interval;

first transmitting means disposcd at the remote sitc operatively associated with the
sensing mcans for transmilting a signal in response 10 said sensed cycle interval;

first receiving means disposed at the local sitc for receiving said transmitted

signal;
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first manipulating and display mcans disposcd at the local sitc and opcrably
associated with the first recciving means for manipulating and displaying said transmiticd
signal to enable selection of a preferred cycle interval signal;

'sccénd transmitling means disposed at the local sitc and operatively associated
with the first manipulating mcans for wransmitting said preferred cycle interval si gnal;

second receiving means disposed at the remote site for receiving said preferred
cycle interval signal; and

second manipulating means disposed at the remote site and operatively associated
with said second receiving means for manipulating said received preferred cycle interval
signal and actuating said pressurc means o apply pressure for a perind of time in
accordance with said preferred cycle interval.

13. The remote controllable medical pumping apparatus of claim 1, which further
includes means disposcd at the remote site for sensing patient compliance and wherein said first
transmitting means further transmits a signal in responsc thereto and wherein said first receiving
means further receives said paticnt compliance signal and wherein said first manipulating means
further manipulates and displays said transmitted patient compliance signal for usc in selection of
suid preferred cycle interval signal.

14.  The remote controllable medical puxﬁping apparatus of claim 1, which further
includes means disposed at the remote sitc for sensing physiological data and wherein said first
transmitting means further transmits a signal in respons¢ thereto and wherein said first recciving
means farther receives said physiological signal and wherein said first manipulating means
further manipulates and displays said transmitcd physiological signal for usc in selection of said

preferred cycle interval signal.
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15, ‘Lhe remotc controllable medical pumping apparatus of claim 1, wherein said
pressure mcans, said first transmitter means, said sccond recciver means and said second
manipulating mcans are operatively associated with a hospital bed.

16.  The remotc controllablc medical pumping apparatus of claim 1. which further
includes means disposed at thc remote site for sensing pressure and wherein said st
wansmitting means further wransmits a signal in response thereto and wherein said first recciving
means further receives said pressurc signal, whercin said first manipulating and display means
further displays said pressure signal for use in selection of a preferred pressure signal, said
second transmitter transmits said preferred pressure signal, said second receiver receives said
preferred pressure sipnal and said sccond manipulating means manipulates said preferred
pressurc signal and actuates said pressurc means 1o causc application of pressure to the body part
in accordance with said generated preferred pressurc signal.

17, A remote controllable medical pumping apparatus for controlling from a local sitc
application of compressive pressures 1o a part of the human body at a remolc site, comprising:

means disposed al the remote site for applying compressive pressure about the
body part in accordance with & predetermined cycle interval;

means disposed at the remote site for applying compressive pressure about the
body part in accordance with a prcdctcnnincd cycle interval;

first transmitting means disposed at the remote site operatively associated with the
sensing means for transmitting a signal in response Lo said sensed cycle interval;

first receiving means disposed at the local site for receiving said transmitted
signal;

first manipulating means disposed at the local site and operably associated with
the first receiving means for manipulating said transmitted signal to generatc a preferred

cycle interval signal;
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sccond transmitting mcans disposed at the local site and 6pcralively associated
with the first manipulating means for transmitting said preferred cycle interval signal;
second rccciving means disposced at the remote site for receiving said preferred
cycle fntcrval signal; and
sccond manipulating means disposcd at the remote site and operatively associated
with aid second receiving means for manipulating said received preferred cycle interval signal
and uctuales said pressurc means 10 apply pressure for a period of lime in accordance with said
preferred cycle interval.

18.  ‘I'he remote conurollable medical pumping apparatus of claim 17. which further
includes means disposcd at the remote site for sensing paticnt compliance and wherein said first
transmitting means furthcr transmits a signal in response thercto and whercin said first receiving
means further reccives said patient compliance signal and whercin suid manipulating means
further manipulates said transmittcd patient compliance signal to generate said preferred cycle
intcrval signal.

19.  The remote controllable medical pumping apparatus of’ claim 17, which furhter
includes means disposed at the remote site for sensing physiology and wherein said first
transmilting means further transmits a signal in responsc thereto and whercin said first receiving
means further reccives said physiological signal and. wherein said manipulating means further
manipulates said transmitted physiological signal to gencrate said preferred cycle interval signal.

20.  ‘The remote controllable medical pumping apparatus of claim 17, wherein said
pressurc means, said first transmittcr means, said sccond receiver means and said second
manipulating means are operatively associated with a hospital bed.

2l.  The remotc controllable medical pumping apparatus of claim 17, which further
includes mecans disposed at the remotc site for sensing pressure and wherein said first

transmitting mcans further transmits a signal in response thereto and whercin said first recciving
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mcans [urther receives said pressure signal, wherein said first manipulating means further
gencrates a preferrcd pressure signal, said second transmitier transmits said preferved pressure
signal, said sccond receiver reccives said preferred pressure signal and said second manipulating
means mnnipula(es said preferred pressure signal and actuates said pressure means lo cause
application of pressurc to the body part in accordance with said generated preferred pressure
signal.

22. The remote controllable medical pumping apparatus of claim 17, which further

includes means disposed at the local site for displaying said signals.



WO 98/31278 PCT/US97/17573

1/3
© ( , A % 2 ~ _\ M
om0 \M
MUSEE o mﬂ

J R_T

O
ri_;/é
AT z

Fig. 1

N
26

24

20
22



WO 98/31278

PCT/US97/17573
2/3

42

/
Y
UP /UW uP
TIME LEFT  RIGHT
DN '\Dﬂ DN
\/ \/ | \

Fig. 2

74

A




WO 98/31278 PCT/US97/17573

3/3

Fig. 4



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

