United States Patent [19]

.\\\.

[11] 4,396,010
Arkans [45] Aug. 2, 1983
[54] SEQUENTIAL COMPRESSION DEVICE 4,255,480 3/1981 KesSel .ovvvrereieirirviecreennns 137/102
4,321,929 3/1982 Lemel tal. e 128/630
{751 Inventor: Edward J. Arkans, Hoffman Estates, emelon et a
‘ Il Primary Examiner—Richard J. Apley
. . Assistant Examiner—George Yanulis
[73] Assignee: ’IIVI’h:SSKendall Company, Walpole, Artorney, Agent, or Firm—James W. Potthast
[21] Appl No.: 164,137 [57] ABSTRACT
[22] Filed: Jun. 30, 1980 A pressure generating device for applying cc_)mpres§ive
pressures from a compressor against a patient’s limb
CI51] Int CL3 e A61H 1/00 through means of a flexible, pressurizable sleeve which
[52] US.ClL .. 128/24 R; 12%?3‘;416 encloses the limb having an overpressure circuit which
. causes venting of the pressurizable sleeve and termina-
58] Field of Search .......... 128/38 ]Zg/ f;71/{i0624’42;715’ tion of power to the compressor in the event of the
B ? ’ pressure assuming an excessive value. The sleeve has a
[56] References Cited ventilation chamber and a controller which generates
U.S. PATENT DOCUMENTS electri'cal.signals to actuate a solenoid controlled va}ve
31527207 8/1970 Gottfried 128/24 R to periodically connect the compressor to the ventila-
3896794 7/1975 M?: G::\eth 824 g tion chamber during cooling cycles.
4,030,488 6/1977 Hasty ...... 128/24 R
4,077,402 3/1978 Benjamin 128/24 R 11 Claims, 4 Drawing Figures

/10
- 16
28 208 20c P
38 o2
44

. |
i
0
™
22D

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Aug. 2, 1983 Sheet 1 of 3 4,396,010

40

/

- 16
24
208 20¢ " gop

%\gec

~ . 18
204 fp_g‘
26 248 % 200
22;1/ 22C
2ap 20A 22
2ac
i
o, 3.
A A
LO0A
TA 5
/B B
208
. S |-
T8 ¢ s
20¢
( (
TC 5 7
yd 5 ¢ F——‘C__D
20D
TD

[A)OC KET

L A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Sheet 2 of 3 4,396,010

Aug. 2, 1983

U.S. Patent

8z
S3INIITS
NOISSTUAWOD

} A
K%
Lo

93
G7T0dINVIW

===
——— = I
90T  |-—mm e —— D LT
L a0 el
orF” BE ‘ T 09 W m 5 L " ﬁ
_ BNT000 dee” | 25 ack 6% mwﬁw
HDIHL 3267 | w3aiiouiNoD [< . { 0 5
VO 9267 | 21N0¥1I3TI3 Z22F 02F 9IF b
IVINY s/ ] T
I\ 0 . 8t T9
-vee oA 8A o’ ﬁmws:omn_ /
|
g8 7S g B
%Ahl.. | _ . 89 .99
i
_ 59 28’ 7
8
a5s “ g6 mw ok 05 29 08
¥i724 ! W_

/i

99

Find authenticated court documents without watermarks at docketalarm.com.

DOCKET
LARM

A



https://www.docketalarm.com/

U.S. Patent Aug. 2, 1983 Sheet 3 of 3 4,396,010

448 160
_L_'}"l 162 3 156
202 T e
; T 168
178 ovc e J 1T ;
) LW 208 = “959/4
U7
C
206 218 150 vc
210 'CI | s
(222 22_0) ve

r136 ¢
[¢)

178 Ivc :_{7g

28— 0o | 72

=
—250 130 ¢ ~Ly68

= Lz

17q IVC 174

OCKET
M

L AR

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

4,396,010

1
SEQUENTIAL COMPRESSION DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a device for applying
compressive pressures against a patient’s limb through
means of a compression sleeve enclosing the limb, and,
more particularly, to a circuit for preventing the appli-
cation of excessive pressure and to control the applica-
tion of pressure to a ventilation chamber of the sleeve.

Compression sleeves and devices for controlling
them are well known and illustrated in the patent art
such as U.S. Pat. Nos. 4,013,069 of Hasty; 4,030,488 of
Hasty; 4,091,804 of Hasty; 4,029,087 of Dye et al.;
3,942,518 of Tenteris et al.; and 2,145,932 of Israel, and
reference may be had thereto for general background
information of structure and utility.

Briefly, flexible compressive sleeves having a plural-
ity of pressure compartments are wrapped around the
limb of a patient and are then intermittently pressurized
to sucessively apply pressure compression to different
parts of the limb.

One potential problem with such devices is that due
to malfunction the pressure can become so great as to
discomfort or even injure the patient. Accordingly, in
known devices such as those shown in the above pa-
tents, pressure release valves have been provided to
prevent such occurrence. The release valves, however,
tend to be relatively slow acting and do not function to
terminate power to the compressor or other pressure
source.

In U.S. Pat. No. 4,091,804, a sleeve is disclosed which
is provided with a ventilation chamber having openings
which face inwardly toward the patient’s limb to inject
air between the limb and the sleeve to ventilate or cool
the limb. A need therefore exists for means to control
the application of pressure to the ventilation chamber in
coordination with the application of power to the pres-
sure chamber.

Known controllers have been constructed from flu-
idic or pneumatic controls. While such types of controls
function in an acceptable manner, they are subject to
mechanical wear and other deterioration.

SUMMARY OF THE INVENTION

The proposed object of the present invention is the
provision of a pressure generating device for applying
compressive forces against a patient’s limb through
means of a flexible compression sleeve having a pres-
sure release device with a pressure sensor and means
responsive to the pressure sensor sensing an excessive
pressure to depressurize the sleeve.

In keeping with this object, upon sensing an excessive
pressure, a pressure switch actuates an overpressure
circuit to both disable a control from periodically ap-
plying pressure to the sleeve and to terminate the appli-
cation of electrical power to a compressor which
supplies the pressure. The overpressure circuit has a
memory which causes the disablement of power termi-
nation to continue after the pressure has decreased
below the excessive pressure. An indicator light notifies
the operator of the disablement.

Another object is to provide a single control for con-
trolling the application of pressure.to both the sleeve
pressure chambers and the ventilation chamber. In the
preferred embodiment an electronic controller controls
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solenoid controlled valves to selectively connect the
various chambers to the pressure source.

Yet another objective is to provide a pulse generator
which is substantially electrical and electronic to avoid
the problems of mechanical wear.

Further objectives, features and advantages will be-
come more apparent from a reading of the following
description of the preferred embodiment and the claims.

DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a perspective view of the sequential com-
pression device as being used to apply compressive
forces and ventilation to the legs of a patient;

FIG. 2 is a schematic diagram, partially in block
form, showing the preferred embodiment of the pulse
generator portion of the device;

FIG. 3 is a comparative timing diagram of the electri-
cal pulses and corresponding resultant pressure pulses
generated by the pressure generator of FIG. 2; and

FIG. 4 is a schematic diagram of the electronic con-
troller shown in FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, the sequential compression
device 10 is seen as being used to apply compressive
pressures and cooling to the legs 12 of a patient 14. The
device 10 includes a sequential pressure generator 16
mounted within a case 18. Generator 16, sequentially
generates the pressure pulses illustrated in FIG. 3, at
output ports 20A, 20B, 20C and 20D, respectively.
These pressure pulses at output ports 20A-20D are
respectively connected through flexible tubes 22A, 22B,
22C and 22D to input ports 24A, 24B, 24C and 24D of
a manifold 26. The manifold 26 is of the type shown and
described in U.S. Pat. Nos. 4,013,069 and. 4,030,488 of
Hasty and has two sets of four identical output ports
(not shown). The four output ports of each set are asso-
ciated and are in fluid communication with the input
ports 24A-24D. The two sets of output ports are respec-
tively connected to a pair of compression sleeves 28 by
a pair of flexible sets of tubes 30.

The pair of compression sleeves 28 are identical to
each other. Each one is wrapped around one of the
patient’s legs 12 and has three pairs of contiguous pres-
sure chambers 32A, 32B and 32C, arranged longitudi-
nally along the length of the sleeve. In addition to
chambers 32A-32C, each of sleeve 28 has one or more
ventilation chambers 32D with a plurality of inwardly
forcing openings for ventilating the patient’s leg 12. The
sleeves are of the type shown in U.S. Pat. Nos.
4,091,804; 4,013,069; 4,030,488 and 4,207,876 of Hasty,
and reference may be had thereto for a more detailed
description of the compression sleeves 28.

Each of chambers 32A are connected in fluid commu-
nication with input port 24A through a pair of flexible
tubes 30 and manifold 26. Each of the pair of chambers
32B and 32C are likewise connected in fluid communi-
cation with input ports 24B and 24C of manifold 26. The
ventilation chambers 32D are connected through one of
flexible tubes 30 and manifold 26 to input port 24D.

Referring now also to FIG. 3, the pressure pulse
generator 16 functions to repetitively generate pulses on
its output ports 20A-20D in the time sequence shown
by the wave forms of FIG. 3. As can be seen in FIG. 3,
the first pulse A commences at time TA and is applied
to the pair of ankle chambers 32A at the lower extrem-
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