
J  
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0  3 8 8   2 0 0  

A 2  
(Jv  Publication  number: 

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  int.Ci.s:A61H  2 3 / 0 4  ©  Application  number:  90302781.1 

©  Date  of  filing:  15.03.90 

@  Applicant:  THE  KENDALL  COMPANY 
One  Federal  Street 
Boston  Massachusetts  02110-2003(US) 

@  Inventor:  Dye,  John  F. 
332  Vincent  Place 
Elgin,  Illinois  60120(US) 

®  Priority:  16.03.89  US  324513 
12.04.89  US  336984 
13.04.89  US  337606 
12.04.89  US  336979 

@  Date  of  publication  of  application: 
19.09.90  Bulletin  90/38 

@  Designated  Contracting  States: 
AT  BE  CH  DE  DK  ES  FR  GB  GR  IT  LI  LU  NL  SE ©  Representative:  Kearney,  Kevin  David 

Nicholas  et  al 
KILBURN  &  STRODE  30  John  Street 
London,  WC1N  2DD(GB) 

Full  length  compressible  sleeve. 

©  A  sleeve  for  applying  compressive  pressures 
against  a  patient's  limb  from  a  source  of  pressurized 
fluid,  wherein  the  sleeve  comprises  a  multi-layered 
sheath,  having  a  proximal  and  a  distal  end.  QeneraHy 
parallel  side  edges  extend  between  the  proximal  and 
distal  ends,  which  side  edges,  on  the  proximal  half 
of  the  sheath,  are  adjustably  wrappable  about  the 
patient's  limb,  once  it  is  inserted  in  the  sleeve. 
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FULL  LENGTH  COMPRESSIBLE  SLEEVE 

limb  through  its  open  proximal  end;  the  said  sheath 
having  a  front  portion  for  juxtaposition  with  the  front 
surface  of  a  patient's  limb,  and  a  back  portion  for 
juxtaposition  with  the  back  surface  of  a  patient's 

5  limb;  the  said  front  and  back  portions  of  the  said 
sheath  carrying  mutual  engagement  means  and 
being  adapted  to  be  wrapped  over  each  other  to 
permit  engagement  of  the  mutual  engaging  means, 
permitting  girthwise  adjustment  of  the  said  sleeve 

70  about  a  patient's  limb,  for  example  the  front  and 
back  portions  of  the  sheath  having  transversely 
extending  side  elements,  the  said  side  elements 
having  a  gripping  edge  thereon  and  the  said  front 
portion  having  gripping  means  thereon,  the  said 

75  side  elements  being  wrappable  over  and  securable 
to  the  said  front  portion  of  the  sheath. 

The  said  front  portion  and  the  said  back  portion 
of  the  said  sheath  are  preferably  joined  along  their 
common  edges  coinciding  between  the  said  proxi- 

20  mal  end  and  the  said  distal  end,  to  define  the  said 
sheath. 

The  said  front  portion  and  the  said  rear  portion 
preferably  have  a  common  coinciding  edge  only 
partway  along  the  length  of  the  side  of  the  said 

25  sheath  from  the  said  proximal  end  to  the  said  distal 
end,  to  permit  openability  of  the  said  sheath,  thus 
facilitating  entry  of  a  patient's  limb  into  the  sheath. 

The  said  back  preferably  includes  a  cushion 
pad  for  the  juxtaposition  of  a  patient's  foot 

30  thereagainst. 
A  compressive  chamber  is  preferably  disposed 

in  the  said  back  portion  of  the  said  sheath,  about 
the  said  foot  cushion  pad. 

A  compressive  chamber  is  preferably  longitudi- 
35  nally  disposed  in  the  said  front  portion  of  the  said 

sheath,  extending  from  the  distal  end  thereof,  to  or 
towards  the  proximal  end  thereof,  said  compressive 
chamber  about  the  said  foot  cushion  pad  and  the 
said  longitudinally  disposed  compressive  chamber 

40  in  the  said  front  portion  are  preferably  in  fluid 
communication  with  one  another. 

The  sleeve  preferably  includes  a  plurality  of 
compressive  chambers  extending  transversely 
across  the  said  back  portion  of  the  said  sheath  so 

45  as  to  extend  around  the  fleshy  portions  of  a  leg 
when  the  sheath  is  wrapped  therearound. 

The  chambers  preferably  extend  across  the 
back  portion  of  the  said  sheath  including  the  said 
side  elements.  Thus  they  may  generally  encircle  a 

so  limb  placed  in  the  said  sheath. 
Indicia,  e.g.  a  centre  line,  are  preferably  dis- 

posed  longitudinally  along,  e.g.  the  middle  of  said 
gripping  means,  the  front  portion  to  assist  a  patient 
in  properly  aligning  the  said  sleeve  on  his  limb. 
The  sheath  is  preferably  a  multi-layered  sheath  and 

This  invention  relates  to  pressurizable,  multi- 
chambered,  therapeutic  devices,  and  more  particu- 
larly  to  sleeves  for  applying  compressive  pressures 
against  a  patient's  leg. 

Blood  flow  in  patient's  extremities,  particularly 
the  legs,  markedly  decrease  during  extended  terms 
of  confinement.  Such  pooling  or  stasis,  is  particu- 
larly  acute  in  surgery  and  during  recovery  periods 
immediately  thereafter. 

Blood  flow  compressive  devices,  such  as 
shown  in  U.S.  Patents  4,013,069  and  4,030,488, 
incorporated  herein  by  reference,  develop  and  fa- 
cilitate  the  application  of  compressive  pressures 
against  a  patient's  limbs  and  in  so  doing  promoting 
venous  return.  The  devices  comprise  a  pair  of 
sleeves  which  are  wrapped  about  the  patient's 
limbs,  with  a  controller  for  supplying  the  pressur- 
ized  fluid  to  the  sleeves. 

These  sleeve  devices  may  be  seen  in  U.S. 
Patents  4,402,312  and  4,320,746,  which  are  also 
incorporated  herein  by  reference. 

One  use  for  the  above  mentioned  sleeves  is 
the  prevention  of  deep  vein  thrombosis  (DVT) 
which  sometimes  occurs  in  surgical  patients  who 
are  confined  to  bed.  When  a  DVT  occurs,  the 
valves  that  are  located  within  the  veins  of  the  leg 
can  be  damaged  which  in  turn  can  cause  stasis 
and  high  pressure  in  the  veins  of  the  lower  leg. 
Patients  who  have  this  condition  often  have  leg 
swelling  (edema)  and  tissue  breakdown  (venous 
stasis  ulcer)  in  the  lower  leg. 

It  has  been  shown  that  pneumatic  compression 
can  be  highly  effective  in  the  treatment  of  such 
edema  and  venous  ulcers.  This  treatment  is  usually 
performed  by  the  patient  themselves  at  home  on  a 
daily  basis  and  requires  that  the  patient  be  able  to 
put  on  and  remove  the  sleeves  unassisted.  The 
sleeve  devices  which  are  wrappable  from  a  flat 
configuration  as  shown  in  the  aforementioned  pat- 
ents,  are  difficult  to  apply  by  the  patients  them- 
selves. 

It  is  therefore  an  object  of  the  present  inven- 
tion,  to  provide  a  compressible  sleeve  device  which 
is  easily  utilizable  at  home  by  the  patient  himself. 

A  further  object  of  the  present  invention  is  to 
optimize  therapy  for  venous  ulcers  and  edema 
associated  with  poor  venous  return. 

According  to  the  present  invention  a  sleeve  for 
applying  compressive  pressures  against  a  patient's 
limb  from  a  source  of  pressurized  fluid  comprises 
an  elongated  sheath  preferably  multi  layered  defin- 
ing  a  plurality  of  compressive  chambers  which  may 
be  generally  limb  encircling,  the  said  sheath  having 
an  open  proximal  end  and  a  closed  distal  end,  the 
said  sheath  being  adapted  to  receive  a  patient's 
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closed  distal  end,  the  said  sheath  receiving  the 
patient's  limb  through  its  open  proximal  end;  the 
said  sheath  also  having  a  chambered  front  portion 
for  juxtaposition  with  the  front  surface  of  a  patient's 

5  limb,  and  having  a  chambered  back  portion  for 
juxtaposition  with  the  back  surface  of  a  patient's 
limb;  the  said  sheath  also  having  a  generally  oval 
shaped  pad  arranged  near  the  distal  end  thereof, 
with  a  compressible  chamber  disposed  about  the 

w  periphery  of  the  said  pad;  the  said  front  portion 
chamber  and  said  peripherally  disposed  compress- 
ible  chamber  being  maintained  at  a  constant  base 
pressure  therein  while  the  said  generally  limb  en- 
circling  compressive  chambers  are  pressurized  se- 

/5  quentially. 
Preferably  the  said  front  portion  chamber  and 

the  said  peripherally  disposed  compressible  cham- 
ber  are  in  fluid  communication  with  one  another. 

The  various  forms  of  sleeve  described  above 
20  are  advantageously  utilized  in  carrying  out  the 

method  of  the  invention. 
The  invention  in  a  further  aspect  affords  an 

elongated  compressible  sleeve  device  adapted  for 
enclosing  a  length  of  an  individual's  limb  and  for 

25  applying  compressive  pressure  thereto,  the  said 
device  including  inner  and  outer  sheet  materials 
sealed  together  to  define  a  plurality  of  pressuriza- 
ble  chambers,  the  said  device  further  including 
inlet  means  for  introducing  a  fluid  to  inflate  the  said 

30  chambers,  whereby  to  apply  the  said  compressive 
pressure  against  the  said  enclosed  limb;  having  the 
improvement  wherein  the  said  outer  sheet  is  rela- 
tively  stiff  and  inelastic  whereby  it  remains  rela- 
tively  flat  upon  inflation  by  introducing  the  said  fluid 

35  within  said  chambers,  and  the  said  inner  sheet  is 
soft  and  compliant  whereby  upon  inflation  the  said 
inner  sheet  conforms  substantially  to  the  shape  of 
the  said  enclosed  limb. 

The  present  invention  provides  an  elongated 
40  compressible  sleeve  device  for  enclosing  a  length 

of  a  patient's  limb,  the  sleeve  having  a  plurality  of 
sets  of  adjoining  laterally  extending  fluid  pressure 
chambers. 

The  sleeve  is  preferably  comprised  of  a  single 
45  elongated  outermost  sheet  of  flexible  fluid-impervi- 

ous  material  such  as  urethane-coated  nylon. 
An  "inner"  film  of  a  suitable  flexible  fluid-im- 

pervious  material  such  as  urethane  is  preferably 
disposed  against  the  upper  side  of  the  "outer" 

so  elongated  sheet,  having  common  sealed  peripheral 
margins.  The  film  is  preferably  sealed  with  respect 
to  the  outer  sheet  to  define  a  plurality  of  pres- 
surizable  chambers.  The  outer  sheet  is  most  pref- 
erably  stiffer  and  inelastic  or  less  elastic  relative  to 

55  the  inner  film,  thereby  permitting  the  inner  layer  to 
conform  appreciably  better  to  the  shape  of  the  leg. 
Thus,  the  outer  sheet  will  remain  relatively  flat 
upon  inflation'  while  the  inner  film  inflates  and  the 

comprises  an  innermost  film  of  flexible  extensible 
plastic,  and  an  outermost  sheet  of  flexible  material, 
preferably  less  extensible,  which  between  them 
define  the  said  compressive  chambers.  The  sleeve 
preferably  includes  a  plurality  of  conduits  to  duct 
pressure  fluid  e.g.  air  from  a  pressure  source  to  the 
said  compressive  chambers,  at  least  one  of  the 
said  conduits  preferably  ducting  the  said  air  to 
more  than  one  of  the  said  compressive  chambers. 
The  sheath  preferably  comprises  an  outer  sheet 
which  is  relatively  stiff  and  inelastic  so  that  it  re- 
mains  relatively  flat  upon  inflation  on  introduction  of 
pressure  fluid  within  the  said  compressive  cham- 
bers;  and  an  inner  sheet  which  is  soft  and  compli- 
ant,  so  that  upon  inflation  the  said  inner  sheet 
conforms  substantially  to  the  shape  of  the  said 
limb. 

In  a  preferred  form  of  the  invention  the  said 
front  portion  is  adapted  for  placement  against  the 
bony  front  of  a  patient's  leg,  the  said  front  portion 
being  substantially  inelastic,  whereby  when  com- 
pression  occurs  by  introducing  the  said  fluid  within 
the  said  chambers,  tension  is  applied  across  the 
curvature  of  the  said  front  portion,  which  tension 
translates  into  a  pressure  over  the  radius  of  cur- 
vature  along  the  front  of  the  said  leg. 

In  this  preferred  form  of  the  invention  the  said 
inelastic  front  portion  and  the  said  back  portion  of 
the  said  sheath  when  secured  to  enclose  a  pa- 
tient's  leg  provide  pressure  chamber  means  for 
filling  the  hollow  portions  at  either  side  of  the  said 
bony  portion  of  the  leg,  whereby  tension  on  the 
said  inelastic  front  portion  will  result  in  compres- 
sion  at  that  portion  of  the  leg. 

The  said  pressure  chamber  means  in  the  said 
front  portion  is  preferably  partially  bifurcated.  The 
bifurcation  of  the  front  portion  chamber  has  the 
advantage  of  avoiding  any  pressurizable  chamber 
along  the  mid  portion  of  the  front  portion  of  said 
proximal  end  of  the  said  sheath. 

Desirably  the  sleeve  is  provided  with  a  portion 
adapted  to  enclose  a  patient's  foot  when  the  said 
front  and  back  portions  are  wrapped  over  and 
secured  together,  the  said  foot  portion  in  juxtaposi- 
tion  with  the  bottom  of  the  said  patient's  foot  con- 
taining  no  compressive  chamber  and  thereby  being 
non-inflatable. 

Preferably  the  said  portion  enclosing  the  said 
foot  contains  cushion  means  for  the  bottom  of  the 
said  foot. 

The  invention  also  extends  to  a  method  of 
applying  sequentially  variable  compressive  pres- 
sures,  in  addition  to  a  constant  base  pressure, 
against  a  patient's  limb,  from  a  source  of  pressur- 
ized  fluid  comprising  providing  a  multi-layered 
elongated  sheath  around  the  limb,  the  sheath  defin- 
ing  a  plurality  of  generally  limb  encircling  compres- 
sive  chambers  having  an  open  proximal  end  and  a 
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cordance  with  this  invention.  The  front  side  of  the 
sleeve,  which  comprises  the  tongue  portion  thereof, 
is  preferably  inelastic,  so  that  when  compression 
occurs  in  the  remainder  of  the  sleeve  and  onto  the 

5  leg,  tension  is  applied  across  the  curvature  of  the 
tonge  which  in  effect  translates  into  pressure  over 
the  radius  of  curvature  along  the  front  of  a  patient's 
leg. 

The  present  invention  in  a  further  aspect  also 
w  relates  to  an  improved  device  for  applying  com- 

pressive  pressures  to  a  patient's  limb,  and  an  im- 
proved  manner  of  controlling  the  pressure  supplied 
to  the  sleeves.. 

The  device  according  to  this  aspect  comprises 
75  a  sleeve  for  placement  on  a  patient's  limb,  with  the 

sleeve  having  a  plurality  of  chambers  arranged 
longitudinally  along  the  sleeve,  including  a  mon- 
itored  chamber,  means  responsive  to  a  control 
signal  for  forming  a  fluid  under  pressure,  means  for 

20  generating  the  control  signal,  means  for  selecting  a 
predetermined  value  of  the  control  signal  by  the 
generating  means  to  select  a  desired  predeter- 
mined  pressure  by  the  forming  means,  and  means 
for  connecting  the  fluid  from  the  forming  means  to 

25  the  chambers  of  the  sleeve,  including  the  mon- 
itored  chamber. 

A  feature  of  this  aspect  of  the  invention  is  that 
the  pressure  of  the  monitored  chamber  -is  com- 
pared  by  comparing  means  with  the  desired  pre- 

30  determined  pressure  of  the  selecting  means. 
Another  feature  of  this  aspect  of  the  invention 

is  the  provision  of  means  responsive  to  the  com- 
paring  means  for  modifying  the  control  signal  of 
the  generating  means  to  control  the  forming  means 

35  to  form  the  predetermined  pressure. 
Thus,  a  feature  of  this  aspect  of  the  invention  is 

that  predetermined  pressure  is  formed  in  a  simpli- 
fied  manner  merely  by  selection  of  push  buttons. 

Another  feature  of  this  aspect  of  the  invention 
40  is  that  the  predetermined  pressure  is  formed  by 

electrical  signals. 
Yet  another  feature  of  this  aspect  of  the  inven- 

tion  is  that  the  predetermined  pressure  is  formed 
with  increased  precision. 

45  The  present  invention  in  a  further  aspect  is 
concerned  with  the  provision  of  an  improved  con- 
nection  device  of  simplified  construction  for  con- 
necting  a  source  of  fluid  to  the  chambers  in  a 
plurality  of  sleeves. 

50  A  connection  device  in  accordance  with  this 
aspect  of  the  present  invention  preferably  com- 
prises  an  intermediate  member  having  a  pair  of 
opposed  first  and  second  sides,  and  a  plurality  of 
spaced  annular  walls  defining  a  plurality  of  sepa- 

55  rate  annular  channels  extending  substantially  pe- 
ripherally  around  the  intermediate  member,  and 
first  and  second  walls  covering  the  opposed  first 
and  second  sides  of  the  intermediate  member  and 

areas  of  the  film  defining  adjacent  chambers  press 
together,  which  in  turn  substantially  inhibits  zero 
pressure  areas.  The  elongated  sheet  and  attached 
film  is  preferably  folded  upon  itself  along  a  trans- 
verse  fold  near  its  longitudinal  mid-point  The  sheet 
is  then  preferably  joined  along  all  of  one  and  a 
portion  of  its  other  longitudinal  edges  when  folded 
upon  itself  to  leave  one  side  open  from  the  mid- 
point  upwardly  for  ease  of  inserting  the  limb,  there- 
by  forming  a  two-layered  sheath-like  structure, 
open  at  its  proximal  end  to  define  an  inner  film  and 
outer  sheet  arrangement.  A  plurality  of  conduits  are 
preferably  arranged  in  fluid  communication  with 
their  respective  chambers,  each  conduit  preferably 
terminating  in  a  connector  adjacent  the  open  end 
of  the  sleeve. 

The  sleeve  has  a  distal  end  which  is  preferably 
closed  by  its  transverse  fold,  for  the  enclosed 
emplacement  of  a  patient's  foot.  An  oblong  or 
generally  oval  non-inflatable  pad  is  preferably  en- 
closed  between  the  inner  and  outer  sheets  at  the 
distal  end  of  the  sleeve,  on  top  of  the  film,  to 
provide  a  cushion  base  for  the  patient's  foot. 

The  outer  film  of  the  topmost  layer  is  arranged 
to  be  positionable  over  the  front  side  of  a  patient's 
limb.  An  adhering  or  securement  means  is  prefer- 
ably  disposed  along  the  front  of  the  topmost  layer. 

The  side  edges  of  the  topmost  layer,  from  the 
proximal  end  of  the  foot  chamber,  to  the  uppermost 
end  of  the  sleeve,  preferably  have  an  adhering  strip 
attached  therealong.  The  longitudinal  side  portions 
of  the  sieeve  preferably  include  margins  or  flap 
portions  which  are  foldable  onto  the  adhering 
means,  so  as  to  adjustably  encase  the  wearer's 
limb  in  the  sleeve. 

The  topmost  layer  preferably  comprises  a  pair 
of  longitudinally  directed  pressurizable  chambers 
which  are  in  fluid  communication  with  the  pres- 
surizable  chamber  above  and  alongside  the  pa- 
tient's  foot. 

A  longitudinally  directed  centrally  disposed 
sight  line  may  be  arranged  along  the  middle  of  the 
adhering  means  to  permit  the  patient  to  line  up  the 
sleeve,  so  that  the  sight  line  is  aligned  up  the 
middle  of  the  limb,  permitting  most  effective  utiliza- 
tion  and  location  of  the  compressive  chambers  on 
the  limb. 

When  the  sleeve  fully  encloses  a  patient's 
limb,  and  the  marginal  side  flaps  of  the  sleeve  are 
wrapped  over  and  adhered  to  their  respective  sides 
of  the  adhering  means,  the  patient's  limb  is  almost 

-completely  surrounded  by  inflatable  chambers, 
awaiting  sequential  pressurization.  However,  the 
front  of  a  patient's  leg  is  .bony  and  hence  requires 
no  pressurizable  chambers.  The  important  area  is 
the  muscular  area  on  the  sides  and  back  of  a 
patient's  leg,  which  contains  the  veins  to  which 
compressive  pressure  needs  to  be  applied  in  ac- 
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The  present  invention  in  a  further  aspect  re- 
lates  to  an  improved  device  for  applying  compres- 
sive  pressures  against  a  patient's  limb. 

The  device  of  this  aspect  of  the  present  inven- 
5  tion  comprises  a  sleeve  for  applying  pressure 

against  a  length  of  the  patient's  limb,  with  the 
sleeve  having  a  plurality  of  chambers  arranged 
longitudinally  along  the  sleeve.  The  device  prefer- 
ably  has  means  for  intermittently  inflating  the 

io  chambers  during  periodic  compression  cycles.  The 
device  preferably  has  means  for  intermittently  con- 
necting  the  chambers  to  an  exhaust  means. 

This  aspect  of  the  present  invention  preferably 
provides  means  for  establishing  a  residual  pressure 

75  in  the  chambers. 
The  residual  pressure  in  the  chambers  is  pref- 

erably  established  after  chambers  of  the  sleeve  are 
connected  to  the  exhaust  means. 

Preferably  inflating  means  inflate  the  chambers 
20  to  form  a  compressive  pressure  gradient  which 

decreases  from  one  position  e.g.  a  lower  portion  of 
the  sleeve  to  another  portion  e.g.  an  upper  portion 
of  the  sleeve. 

An  advantage  of  this  aspect  of  the  present 
25  invention  is  that  the  residual  pressure  established 

in  the  chambers  reduces  the  requirement  for  air  for 
inflation  of  the  chambers  during  the  periodic  com- 
pression  cycles. 

Another  advantage  of  this  aspect  of  the  inven- 
30  tion  is  that  additional  chambers,  such  as  used  for 

placement  against  the  foot  and  knee,  can  be  pro- 
vided  and  maintained  at  the  residual  pressure. 

Preferably  the  residual  pressure  remains  sub- 
stantially  the  same  throughout  use  of  the  device. 

35  Since  residual  pressure  remains  in  the  cham- 
bers  of  the  sleeves  when  they  are  connected  to  the 
exhaust  means,  the  chambers  may  be  more  readily 
inflated  during  subsequent  compression  cycles. 

Another  advantage  of  this  aspect  of  the  inven- 
40  tion  is  that  the  device  controls  endothelial  stretch 

or  venous  distension. 
Another  advantage  of  this  aspect  of  the  inven- 

tion  is  that  by  preinflating  the  chambers  of  the 
sleeve  to  the  residual  pressure,  the  sleeves  are 

45  much  less  sensitive  to  fit. 
Another  advantage  of  this  aspect  of  the  inven- 

tion  is  that  the  residual  or  base  line  pressure 
makes  the  sleeve  conform  more  readily  to  the 
limbs. 

so  Another  advantage  of  this  aspect  of  the  inven- 
tion  is  that  the  performance  required  for  a  com- 
pressor  to  be  suitable  to  be  used  in  the  device  to 
inflate  the  sleeves  is  reduced,  such  that  the  com- 
pressor  may  be  made  smaller  and  less  powerful. 

55  Another  advantage  of  this  aspect  of  the  inven- 
tion  is  that  in  certain  embodiments  of  the  invention 
the  sleeve  may  be  designed  to  make  it  easier  to 
apply  since  it  is  less  sensitive  to  fit. 

closing  the  channels  of  the  intermediate  member, 
with  each  of  the  walls  having  opening  means  ex- 
tending  therethrough  and  separately  communicat- 
ing  with  each  of  the  channels  of  the  intermediate 
member.  The  device"  according  to  this  aspect  pref- 
erably  has  a  plurality  of  first  conduits  separately 
communicating  with  each  of  the  channels  of  the 
intermediate  member  to  permit  passage  of  fluid  to 
the  channels.  The  device  according  to  this  aspect 
preferably  has  a  first  connector  positioned  adjacent 
the  first  wall  and  having  a  plurality  of  annular  walls 
defining  separate  annular  channels  extending  sub- 
stantially  peripherally  around  the  first  connector, 
with  each  of  the  channels  of  the  first  connector 
separately  communicating  with  the  opening  means 
of  the  first  wall  such  that  the  channels  of  the  first 
connector  separately  communicate  with  the  chan- 
nels  of  the  intermediate  member,  with  the  first 
connector  preferably  being  rotatable  with  respect  to 
the  intermediate  member.  The  device  preferably 
has  a  plurality  of  second  conduits  separately  com- 
municating  with  each  of  the  channels  of  the  first 
connector  to  permit  passage  of  fluid  from  the  chan- 
nels.  The  device  preferably  has  a  second  connec- 
tor  positioned  adjacent  the  second  wall  and  having 
a  plurality  of  annular  walls  defining  separate  an- 
nular  channels  extending  substantially  peripherally 
around  the  second  connector,  with  each  of  the 
channels  of  the  second  connector  separately  com- 
municating  with  the  opening  means  of  the  second 
wall  such  that  the  channels  of  the  second  connec- 
tor  separately  communicate  with  the  channels  of 
the  intermediate  member,  with  the  second  connec- 
tor  preferably  being  rotatable  with  respect  to  the 
intermediate  member.  The  device  preferably  has  a 
plurality  of  third  conduits  separately  communicating 
with  each  of  the  channels  of  the  second  connector 
to  permit  passage  of  fluid  from  the  channels.  In  a 
preferred  form  of  this  aspect  of  the  invention  the 
device  has  means  for  releasably  retaining  the  first 
connector  at  a  plurality  of  positions  relative  to  the 
intermediate  member,  and  preferably  means  for 
releasably  retaining  the  second  connector  at  a  plu- 
rality  of  positions  relative  to  the  intermediate  mem- 
ber. 

An  advantage  of  this  aspect  of  the  present 
invention  is  that  the  connector  may  be  readily 
assembled  and  disassembled  in  order  to  connect 
or  disconnect  a  sleeve  which  is  attached  to  the  first 
or  second  connector. 

A  further  advantage  is  that  the  first  and  second 
connectors  may  be  rotated  to  a  desired  position 
relative  to  the  intermediate  member'  and  retained  in 
place. 

Preferably  the  first  and  second  walls  comprise 
elastic  members  in  order  to  provide  seals  between 
the  intermediate  member  and  the  first  and  second 
connectors. 
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The  valve  means  preferably  comprises  a  first 
body  portion  having  an  annular  wall  defining  a 
cavity,  a  second  body  portion  having  an  annular 
wall  and  opening  means,  means  for  releasably  se- 

5  curing  said  annular  walls  of  the  first  and  second 
body  portions  together,  a  valve  seat  in  the  cavity  of 
the  first  body  portion,  a  valve  member  extending 
from  an  outer  portion  of  the  second  body  portion, 
and  means  for  biasing  the  valve  member  against 

w  the  seat. 
In  a  second  form  of  this  aspect  the  invention 

extends  to  a  device  for  applying  compressive  pres- 
sures  against  a  patient's  limb,  comprising  a  sleeve 
for  applying  pressure  against  a  length  of  a  patient's 

75  limb,  the  said  sleeve  having  a  plurality  of  chambers 
arranged  longitudinally  along  the  sleeve;  means  for 
establishing  a  base  pressure  in  said  chambers;  and 
means  for  intermittently  inflating  the  said  chambers 
to  a  pressure  greater  than  the  said  base  pressure 

20  while  forming  a  compressive  pressure  gradient 
which  decreases  from  a  lower  portion  of  the  sleeve 
to  an  upper  portion  of  the  sleeve. 

In  a  third  form  of  this  aspect  the  invention 
extends  to  a  device  for  applying  compressive  pres- 

25  sures  against  a  patient's  limb,  comprising  a  sleeve 
for  enclosing  a  length  of  a  patient's  limb,  the  said 
sleeve  having  a  plurality  of  chambers  arranged 
longitudinally  along  the  sleeve;  means  for  intermit- 
tently  inflating  said  chambers  during  periodic  com- 

30  pression  cycles;  and  means  for  intermittently  con- 
necting  the  chambers  to  an  exhaust  means  during 
periodic  decompression  cycles;  and  means  for  es- 
tablishing  a  residual  pressure  in  the  chambers  dur- 
ing  the  decompression  cycles. 

35  The  establishing  means  preferably  comprises 
valve  means. 

Alternatively,  the  establishing  means  may  com- 
prise  a  container  retaining  a  quantity  of  liquid,  and 
conduit  means  of  the  connecting  means  extending 

40  into  the  liquid. 
In  a  fourth  form  of  this  aspect  the  present 

invention  extends  to  a  device  for  applying  com- 
pressive  pressures  against  a  patient's  limb,  com- 
prising  accumulator  means  defining  a  cavity  for 

45  retaining  a  volume  of  fluid;  means  for  forming  a 
source  of  pressurized  fluid  in  the  said  accumulator 
means;  a  sleeve  having  a  plurality  of  chambers 
arranged  longitudinally  along  the  sleeve;  valve 
means  for  sequentially  connecting  the  cavity  to  the 

so  said  chambers  while  forming  a  compressive  pres- 
sure  gradient  which  decreases  from  a  lower  portion 
of  the  sleeve  to  an  upper  portion  of  the  sleeve; 
pressure  relief  means  to  permit  passage  of  fluid  at 
a  predetermined  pressure;  and  means  for  selec- 

55  tively  connecting  the  cavity  to  the  pressure  relief 
means  to  form  the  predetermined  pressure  in  the 
accumulator  means. 

The  valve  means  preferably  permits  passage 

The  invention  in  one  embodiment  of  this  as- 
pect  of  the  device  may  be  utilized  to  treat  venous 
ulcers  and  edema  in  the  home. 

In  another  embodiment  of  this  aspect  the  de- 
vice  may  be  utilized  for  the  control  of  deep  venous 
thrombosis  in  hospital. 

According  to  a  first  form  of  this  aspect  of  the 
present  invention  a  device  for  applying  compres- 
sive  pressures  against  a  patient's  limb,  comprises 
a  sleeve  for  applying  pressure  against  a  length  of  a 
patient's  limb,  the  said,  sleeve  having  a  plurality  of 
chambers  arranged  longitudinally  along  the  sleeve; 
means  for  intermittently  inflating  the  said  chambers 
during  periodic  compression  cycles;  and  means  for 
intermittently  connecting  the  chambers  to  an  ex- 
haust  means  and  for  establishing  a  residual  pres- 
sure  in  the  chambers. 

The  inflating  means  preferably  form  a  com- 
pressive  pressure  gradient  in  the  said  chambers 
which  decreases  from  a  lower  portion  of  the  sleeve 
to  an  upper  portion  of  the  sleeve. 

The  sleeve  preferably  includes  at  least  one 
additional  chamber.  The  establishing  means  prefer- 
ably  forms  a  base  pressure  in  the  said  additional 
chamber. 

The  sleeve  preferably  includes  a  chamber  for 
applying  pressure  against  the  foot.  The  establishing 
means  preferably  forms  a  base  pressure  in  the  foot 
chamber. 

The  sleeve  also  preferably  includes  a  chamber 
for  applying  pressure  against  the  knee.  The  estab- 
lishing  means  preferably  forms  a  base  pressure  in 
the  knee  chamber. 

The  inflating  means  preferably  sequentially  in- 
flates  the  said  chambers. 

The  connecting  means  preferably  includes 
valve  means  for  establishing  the  said  residual  pres- 
sure. 

The  valve  means  preferably  includes  means  for 
adjusting  the  value  of  the  residual  pressure. 

The  sleeve  preferably  includes  at  least  one 
additional  chamber.  The  connecting  means  is  pref- 
erably  connected  to  the  valve  means  and  to  the 
said  additional  chamber. 

The  valve  means  preferably  comprises  a  valve 
member,  a  seat,  and  means  for  biasing  the  valve 
member  against  the  seat. 

The  biasing  means  is  preferably  adjustable. 
The  connecting  means  preferably  simulta- 

neously  connects  the  chambers  to  the  exhaust 
means. 

The  connecting  means  preferably  includes  a 
plurality  of  valves  to  control  the  passage  of  fluid 
from  the  chambers  to  the  exhaust  means. 

The  inflating  means  preferably  includes  means 
for  establishing  a  source  of  pressurized  fluid,  and 
means  for  sequentially  connecting  the  source  to 
the  said  chambers. 
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depicted  therein; 
Figure  3  is  a  plan  view  of  the  elongated 

outer  sheet,  which  when  folded  generally  along  its 
transverse  mid-point,  comprises  the  outer  layer  of 

5  the  sleeve; 
Figure  4  is  a  plan  view  of  an  inner  film 

disposed  upon  the  outer  sheet  having  the  cham- 
bers  defined  by  seal  margins  between  the  inner 
film  and  the  outer  sheet;  and 

to  Figure  5  is  a  plan  view  on  an  enlarged  scale 
of  the  sleeve,  with  the  inner  and  the  outer  sheet 
joined  at  their  appropriate  peripheral  locations. 

The  present  invention  comprises  an  elongated 
compressible  sleeve  10  for  enclosing  a  patient's 

75  limb,  and  is  of  a  form  and  shape  appropriate  for  a 
leg.  The  sleeve  10,  shown  in  perspective  view  in 
Figure  1,  includes  a  plurality  of  adjoining  generally 
transversely  extending  fluid  pressurizable  cham- 
bers  12,  which  are  shown  more  clearly  in  Figure  4. 

20  The  sleeve  10  is  comprised  of  an  outermost 
flexible  fluid-impervious  sheet  14,  made  of 
urethane-coated  nylon,  or  the  like,  in  an  elongated 
form,  as  shown  in  Figure  3.  The  outermost  sheet 
14  has  a  first  end  16  and  a  second  or  opposed  end 

25  18,  each  of  which  has  a  transverse  dimension  that 
narrows  (tapers)  slightly  to  a  general  mid-point  of 
the  sheet  1  4,  defined  by  a  transverse  fold  line  20. 

The  sleeve  10  is  also  comprised  of  an  inner- 
most  flexible  fluid-impervious  film  22,  made  of 

30  plastic  material  such  as  urethane,  having  a  periph- 
eral  outline,  as  shown  in  Figure  4,  which  is  gen- 
erally  similar  to  the  configuration  of  the  outermost 
sheet  14.  As  previously  stated,  the  outermost  sheet 
is  stiffer  and  less  elastic  or  inelastic  relative  to  the 

35  innermost  film  so  that  the  latter  conforms  well  to 
the  shape  of  the  leg  while  the  former  remains 
relatively  flat  upon  inflation. 

The  film  22  has  a  first  end  24  and  a  second 
end  26,  each  of  which  has  a  transverse  dimension 

40  that  narrows  slightly  to  a  general  mid-point  of  the 
film  22  defined  by  the  common  transverse  "fold" 
line  20.  The  peripheral  outline  of  the  innermost  film 
22  is  substantially  the  same  as  the  periphery  of  the 
outermost  sheet  14.  Preferably,  however,  the  length 

45  of  the  film  22,  to  the  right  of  the  common  "fold" 
line  20  as  shown  in  Figure  4,  is  shorter  than  the 
corresponding  length  of  the  outer  sheet  14,  e.g.  of 
the  order  of  20%  shorter. 

In  both  the  outermost  sheet  14,  and  the  inner- 
50  most  film  22,  the  longer  portion  of  each  to  one  side 

of  their  common  fold  line  20,  comprises  the  back- 
side  portion  17  of  the  sleeve  10  having  elongated 
side  marginal  portions  70  which  wrap  about  the 
patient's  limb  from  the  backside  thereat,  which 

55  portions  are  to  the  left  of  the  fold  line  20,  viewing 
Figure  2. 

The  innermost  film  22  is  placed  over  the  out- 
ermost  sheet  14,  with  their  common  fold  line  20, 

of  fluid  from  the  chambers  to  the  cavity  while  the 
connecting  means  preferably  permits  passage  of 
fluid  from  the  cavity  to  the  pressure  relief  means. 

The  connecting  means  preferably  includes 
valve  means  for  connecting  the  cavity  to  the  pres- 
sure  relief  means. 

The  forming  means  preferably  comprises  a 
compressor. 

The  device  preferably  includes  means  for  ad- 
justing  the  predetermined  pressure  of  the  pressure 
relief  means. 

The  pressure  relief  means  preferably  com- 
prises  valve  means  to  permit  passage  of  fluid 
therethrough.  Alternatively  the  pressure  relief 
means  comprises  a  container  retaining  a  quantity 
of  liquid,  and  conduit  means  in  fluid  communication 
with  the  accumulator  means  and  extending  below 
an  upper  level  of  the  liquid. 

In  a  fifth  form  of  this  aspect  the  present  inven- 
tion  extends  to  a  device  for  applying  compressive 
pressures  against  a  patient's  limb,  comprising:  a 
sleeve  for  applying  pressure  against  a  length  of  a 
patient's  limb,  the  said  sleeve  having  a  plurality  of 
chambers  arranged  longitudinally  along  the  sleeve; 
means  for  intermittently  inflating  the  said  chambers 
during  periodic  compression  cycles;  and  valve 
means  for  simultaneously  connecting  the  chambers 
to  an  exhaust  means  and  for  establishing  a  residual 
pressure  in  the  chambers. 

The  establishing  means  preferably  comprises  a 
pressure  relief  valve.  The  device  preferably  in- 
cludes  conduit  means  connecting  the  valve  means 
to  the  exhaust  means. 

In  a  sixth  form  of  this  aspect  the  present  inven- 
tion  extends  to  a  device  for  applying  compressive 
pressures  against  a  patient's  limb,  comprising:  a 
sleeve  for  applying  pressure  against  a  length  of  a 
patient's  limb,  the  said  sleeve  having  a  plurality  of 
compression  chambers  arranged  longitudinally 
along  the  sleeve;  means  for  intermittently  inflating 
the  said  chambers  during  periodic  compression 
cycles;  chamber  means  defining  a  chamber  en- 
closing  the  compression  chambers;  and  means  for 
forming  a  residual  pressure  in  the  chamber  of  said 
chambers  means. 

The  chamber  means  preferably  comprises 
elongated  wall  means  enclosing  the  said  compres- 
sion  chambers. 

The  invention  may  be  put  into  practice  in  var- 
ious  ways  and  one  specific  embodiment  will  be 
described  by  way  of  example  to  illustrate  the  in- 
vention  with  reference  to  the  accompanying  draw- 
ings,  in  which: 

Figure  1  is  a  perspective  view  of  a  full  limb 
length  compressible  sleeve  constructed  according 
to  the  principles  of  the  present  invention; 

Figure  2  is  another  perspective  view  of  the 
sleeve  shown  in  Figure  1,  with  a  patient's  limb 
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plication  No.  Serial  No.  (our  case 
P15029EP)  based  on  USSN  336979.  This  type  of 
supply  is  described  in  more  detail  below. 

The  coupling  adapter  51  may  very  desirably  be 
5  of  the  type  described-  and  claimed  in  our  copen- 

ding  Application  No.  Serial  No.  (our  case 
P15025EP)  based  on  USSN  337606.  This  type  of 
adapter  is  described  in  more  detail  below. 

The  sequential  pressuriation  and  depressuriza- 
io  tion  mentioned  above  may  be  carried  out  as  de- 

scribed  and  claimed  in  our  copending  Application 
No.  Serial  No.  (our  case  P15026EP)  based 
on  USSN  336984.  This  type  of  pressurization  is 
discussed  in  more  detail  below. 

75  During  assembly  of  the  sleeve  1  0,  the  frontside 
19  of  the  sleeve  10  is  folded  over  onto  the  back- 
side  portion  17  of  the  sleeve  10,  along  their  com- 
mon  fold  line  20,  and  are  joined,  as  by  stitching  or 
the  like,  along  their  common  peripheral  points,  as 

20  indicated  by  "P",  shown  in  Figure  5.  The  common 
peripheral  points  P  may  be  recited  as  one  gen- 
erally  longitudinally  common  side  edge  52,  and 
another  side  edge  54,  only  a  portion  of  which  is 
common  to  the  frontside  19  and  the  backside  17.  A 

25  longitudinal  opening  56  extends  almost  half-way 
along  one  longitudinal  side,  and  the  sleeve  10  is 
open  at  its  proximalmost  end  60,  to  permit,  in 
conjunction  with  the  side  opening  56,  a  patient  to 
easily  slide  his  leg  "L"  into  the  sheath-like  arrange- 

so  ment  of  the  sleeve  1  0. 
A  generally  rectangular  (slightly  truncated) 

patch  of  receiving  cloth  62  is  secured  to  the  out- 
side  upper  portion  of  the  frontside  19,  of  the 
sleeve,  as  shown  in  Figures  1,  2,  3,  and  5.  A 

35  narrow  strip  64  of  hook  means,  such  as  the 
trademarked  "Velcro"  material,  is  attached  adjacent 
the  elongated  marginal  side  edges  70,  as  shown  in 
Figures  1  ,  2,  and  5. 
'  After  a  patient  has  placed  his  leg  or  limb  in  the 

40  sheath-like  sleeve  10,  the  longitudinal  side  portions 
along  the  proximal  segment  of  the  sleeve  10,  may 
be  wrapped  about  the  patient's  limb  "L"  as  shown 
in  Figure  2,  so  that  the  narrow  strip  64  of  hook 
means  engages  the  receiving  cloth  62  to  encircle 

45  the  patient's  limb  and  hold  the  sleeve  closely  ar- 
ound  the  leg.  A  marker  (or  sight)  line  "M"  as 
shown  in  Figure  1  ,  may  be  disposed  on  the  topside 
of  the  receiving  cloth  62,  to  facilitate  alignment  of 
the  sleeve  with  the  front  midportion  of  the  patient's 

so  limb  (leg).  The  sheath  shown  in  Figure  5  is  of  a 
size  such  as  to  reach  just  above  the  knee.  Longer 
sheaths  may  be  used. 

Air  or  other  pressurizable  fluid  may  then  be 
directed  through  the  conduits  46  into  the  chambers 

55  34,  38,  40,  42  and  44  in  the  manner,  e.g.  of 
sequence  and  pressure  profile,  created  by  the 
pressure  generator  aforementioned.  (One  such  ar- 
rangement  is  described  below.) 

and  their  first  ends  24  and  16  also  contiguous,  as 
shown  in  Figure  4.  The  section  of  the  sleeve  1  0,  to 
the  right  of  the  fold  line  20,  as  shown  in  Figure  4, 
will  comprise  the  frontside  portion  19,  of  the  sleeve 
10,  when  the  film  22  and  sheet  14  are  folded  along 
the  fold  line  20,  onto  themselves,  to  form  the 
sleeve. 

The  innermost  film  22  may  then  be  sealed  to 
the  outermost  sheet  14  generally  at  the  periphery 
23  of  the  film  22  and  at  seal  lines  32  which  also 
define  a  plurality  of  longitudinally  spaced  trans- 
versely  directed  pressurizable  chambers  12  be- 
tween  the  innermost  film  22  and  the  outermost 
sheet  14.  The  seal  lines  32  and  the  chambers  12 
are  shown  in  Figure  4  prior  to  the  folding  of  the 
elongated  sheet  14  and  the  film  22  and  subsequent 
peripheral  joining.  Suitable  sealing  means,  e.g.  ra- 
dio  frequency  (RF)  sealing  means,  will  be  readily 
suggested  to  those  skilled  in  the  art. 

A  foot  pad  36,  of  generally  oval  shape,  is  non- 
pressurizably  disposed  between  the  sheet  14  and 
the  film  22,  to  form  a  cushion  against  which  a 
patient's  foot  is  placed,  as  may  be  seen  in  Figure 
2.  A  front  pressurizable  chamber  34,  partially  bi- 
furcated,  is  disposed  to  the  right  of  the  fold  line  20 
of  Figure  4.  The  front  chamber  34  is  in  fluid  com- 
munication  with  a  chamber  35  which  extends  ar- 
ound  the  side  portions  of  the  foot  pad  36.  The 
bifurcated  chamber  34  eliminates  any  pressure 
chamber  juxtaposed  against  the  very  forwardmost 
bony  part  of  a  patient's  leg,  when  it  is  enclosed  in 
the  sleeve  10.  This  in  turn  applies  compression  to 
the  flat  leg  sections  on  either  side  of  the  forward- 
most  bony  portion  of  the  lower  leg.  Since  these  flat 
leg  sections  are  the  sites  of  many  ulcers,  it  follows 
that  they  are  important  areas  for  applying  compres- 
sive  pressure  in  accordance  with  this  invention. 
The  backside  portion  17  of  the  sleeve  10  includes 
a  lowermost  pressurizable  ankle  chamber  38,  an 
intermediate  calf  chamber  40,  a  first  thigh  chamber 
42  and  an  upper  thigh  chamber  44.  Each  chamber 
38,  40,  42  and  44  has  an  orifice  46  for  the  supply 
of  pressure  fluid  e.g.  for  the  sequential  pressuriza- 
tion  and  depressurization  of  those  chambers, 
through  a  plurality  of  conduits  50,  through  a  cou- 
pling  adapter  51,  which  is  in  fluid  communication 
through  further  conduits  53  with  a  compression 
generator.  This  arrangement  may  be  as  identified 
in  various  patents  including  those  previously  incor- 
porated  by  reference  herein.  The  chamber  35,  dis- 
posed  about  the  sides  and  forepart  of  the  pad  36, 
as  well  as  the  pressurizable  chamber  34  in  the 
frontside  of  the  sleeve  10,  including  the  top  of  the 
foot,  is  preferably  maintained  at  a  constant  base 
pressure  of  about  10  pounds  pressure,  from  a 
pressure  generating  source  as  aforementioned. 

The  supply  of  fluid  pressure  may  be  controlled 
as  described  and  claimed  in  our  copending  Ap- 
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compressive  pressure  device  of  the  present  inven- 
tion; 

Figure  7  is  a  diagrammatic  view  of  the  de- 
vice  of  the  present  invention;  and 

5  Figures  8  to  10  are  diagrammatic  views  of 
electrical  signals  utilized  in  the  device  of  the  inven- 
tion. 

Referring  now  to  Figure  7,  there  is  shown  a 
device  generally  designated  110  for  applying  com- 

w  pressive  pressures  to  a  patient's  limb.  The  device 
110  has  a  sleeve  112  for  placement  on  the  pa- 
tient's  limb  having  a  plurality  of  inflatable  chambers 
114,  116,  and  118  arranged  longitudinally  along  the 
sleeve  112,  including  the  lower  ankle  chamber  114. 

75  Preferably  it  is  chamber  114  which  is  monitored. 
The  device  110  has  a  linear  oscillator  compres- 

sor  120  for  forming  a  fluid,  such  as  gas,  under 
pressure.  The  compressor  1.20  is  energized  by  an 
electrical  cord  122  which  may  be  connected  to  a 

20  suitable  source  of  electrical  energy  by  a  plug  123, 
and  which  has  a  triac  124  electrically  connected  to 
the  cord  122  for  turning  power  on  and  off  to  the 
compressor  120. 

The  output  of  the  compressor  120  is  connected 
25  by  a  conduit  126  to  a  plurality  of  solenoid  valves 

128,  130,  and  132  which  control  distribution  of  the 
pressurized  fluid  from  the  compressor  120  to  the 
sleeve  chambers  114,  116,  and  118  by  associated 
conduits  114a,  114b,  and  114c  in  a  manner  forming 

30  a  compressive  pressure  gradient  which  decreases 
from  the  lower  chamber  114  to  the  upper  chamber 
118  of  the  sleeve  112.  A  conduit  134  is  connected 
in  fluid  communication  with  the  conduit  114a  ex- 
tending  from  the  ankle  chamber  114,  and  the  con- 

35  duit  1  34  is  connected  to  a  pressure  transducer  1  36 
which  generates  an  electrical  signal  over  an  elec- 
trical  lead  138  to  a  central  processing  system  141 
(hereinafter  "CPS")  and  to  a  suitable  display  140 
for  indicating  the  pressure  in  the  chamber  114. 

40  The  CPS  141  is  preset  for  a  desired  predeter- 
mined  pressure,  as  will  be  described  below,  and 
the  CPS  141  is  electrically  connected  by  an  elec- 
trical  lead  142  to  the  triac  124.  The  CPS  141 
compares  the  selected  desired  predetermined 

45  pressure  with  the  pressure  measured  by  the  trans- 
ducer  136.  The  CPS  141  forms  a  sine  wave  signal, 
as  shown  in  Figure  8,  and  rectifies  the  signal  of 
Figure  8  into  a  plurality  of  electrical  pulses,  such  as 
positive  pulses,  as  shown  in  Figure  9.  The  CPS 

so  141  normally  generates  a  nominal  number  of 
pulses,  such  as  148,  during  a  specified  period  of 
time.  In  response  to  the  difference  between  the 
selected  and  measured  pressures,  the  CPS  141 
selects  any  number  of  the  pulses  of  Figure  9  by 

55  inhibiting  or  filtering  a  calculated  number  of  pulses 
to  form  the  modified  pulse  pattern,  as  shown  in 
Figure  10.  The  formed  pulses  are  connected  to  the 
triac  124  over  the  lead  142  in  order  to  control  the 

In  view  of  the  foregoing  description  and  illustra- 
tive  drawings,  it  will  thus  be  appreciated  that  the 
present  invention  provides  a  therapeutic  device  for 
applying  compressive  pressure  against  the  leg, 
which  device  is  easily  applied  and  removed  by  the 
patient  and  is  accordingly  particularly  suitable  for 
home  care. 

Apart  from  this  advantage,  the  construction  and 
arrangement  of  elements  of  the  therapeutic  device 
of  this  invention  provides  further  significant  advan- 
tages  which  can  best  be  described  by  reference  to 
the  physiology  of  the  patient's  leg. 

As  was  previously  stated,  the  important  area  to 
be  subjected  to  compression  is  the  muscular  area 
on  the  sides  and  particularly  on  the  back  of  the  leg. 
The  front  of  the  leg  is  bony  and  hence  does  not 
require  this  treatment.  Accordingly,  the  front  side  of 
the  sleeve,  which  we  can  call  the  tongue  portion 
thereof  is  not  provided  with  sequential  compression 
chambers.  Moreover,  the  tongue  portion  is  inelastic 
so  that  compression  occurring  at  the  back  of  the 
leg  causes  tension  to  be  applied  to  the  inelastic 
tongue  portion  which  is  in  turn  translated  to  pres- 
sure  over  the  radius  of  curvature  at  the  front  of  the 
leg. 

It  will  also  be  seen  from  the  foregoing  descrip- 
tion  that  there  is  no  compression  applied  to  the 
bottom  of  the  foot.  Since  blood  does  not  pool 
there,  edema  does  not  occur  and  consequently 
there  is  no  need  to  apply  compression.  On  the 
other  hand,  if  the  bottom  of  the  foot  portion  were 
inflated  to  apply  compression,  the  resulting  pres- 
sure  patterns  would  be  changed  if  the  patient  stood 
on  his  feet,  which  the  patient  is  indeed  permitted  to 
do  when  wearing  the  therapeutic  device  of  this 
invention. 

Yet  another  important  advantage  is  obtained 
from  the  use  of  an  outer  sheet  which  is  relatively 
stiff  and  inelastic  and  an  inner  film  which  is  soft 
and  compliant.  Apart  from  the  fact  that  it  is  desir- 
able  to  have  an  abrasion  resistant  outer  surface, 
this  combination  of  outer  sheet  and  inner  film  per- 
mits  the  inner  film  to  conform  substantially  to  the 
shape  of  the  individual  leg.  Accordingly,  zero  pres- 
sure  points  are  substantialy  precluded,  thus  avoid- 
ing  or  lessening  the  so-called  corrugation  effect 
typically  seen  when  prior  hospital  compressible 
sleeve  devices  are  used  on  edematous  legs. 

Reference  has  been  made  above  to  the  control 
of  the  supply  of  fluid  pressure  optionally  being  as 
described  in  our  copending  Application  No. 
Serial  No.  (our  case  P15029EP). 

This  preferred  aspect  of  the  invention  may  be 
put  into  practice  in  various  ways  and  one  specific 
embodiment  will  be  described  by  way  of  example 
to  illustrate  the  invention  with  reference  to  the 
accompanying  additional  drawings  in  which: 

Figure  6  is  a  plan  view  of  a  controller  for  a 
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ment  is  completed  within  four  cycles. 
Reference  has  been  made  above  to  the  cou- 

pling  adapter  51  optionally  being  as  described  in 
our  copending  Application  No.  Serial  No. 

5  (our  case  P15025EP). 
This  preferred  aspect  of  the  invention  may  be 

put  into  practice  in  various  ways  and  one  specific 
embodiment  will  be  described  by  way  of  example 
to  illustrate  the  invention  with  reference  to  the 

io  accompanying  additional  drawings  in  which: 
Figure  1  1  is  a  sectional  view  of  a  connection 

device  of  the  present  invention; 
Figure  12  is  a  fragmentary  plan  view  of  an 

intermediate  member,  taken  partly  in  section,  and 
75  taken  substantially  as  indicated  along  the  line  12- 

12  of  Figure  11;  and 
Figure  13  is  a  fragmentary  plan  view  of  a 

connector,  taken  partly  in  section,  and  taken  sub- 
stantially  as  indicated  along  the  line  13-13  of  Fig- 

20  ure  1. 
Referring  now  to  Figures  11  to  13,  there  is 

shown  a  connection  device  generally  designated 
210  having  an  intermediate  member  212,  a  first 
connector  214,  and  a  second  connector  216.  The 

25  intermediate  member  212  has  a  pair  of  opposed 
first  and  second  sides  221  and  223,  and  a  plurality 
of  spaced  annular  walls  218a,  218b,  218c,  21  8d, 
and  21  8e  defining  a  plurality  of  separate  annular 
channels  220a,  220b,  220c,  and  220d  extending 

30  substantially  peripherally  around  the  intermediate 
member  212.  The  intermediate  member  212  has 
first  and  second  generally  circular  elastic  walls  222 
and  224  covering  the  opposed  first  and  second 
sides  221  and  223  of  the  intermediate  member  212 

35  and  enclosing  the  channels  220a,  220b,  220c,  and 
220d.  As  shown,  the  walls  222  and  224  have  a 
plurality  of  openings  226  and  227  respectively  ex- 
tending  therethrough  separately  communicating 
with  each  of  the  channels  220a,  220b,  220c,  and 

40  220d  of  the  intermediate  member  212.  Also,  the 
intermediate  member  212  has  a  pair  of  opposed 
bosses  228  which  are  received  in  apertures  230  of 
the  first  and  second  walls  222  and  224  in  order  to 
retain  the  first  and  second  walls  222  and  224  in 

45  place  on  the  intermediate  member  212.  In  this 
configuration  at  least  one  of  the  openings  226  in 
both  the  walls  222  and  224  communicate  with  each 
of  the  channels  220a,  220b,  220c,  and  220d  in  the 
intermediate  member  21  2. 

50  The  intermediate  member  212  has  a  plurality 
of  conduits  232a,  232b,  232c  and  232d  including 
associated  passageways  in  the  intermediate  mem- 
ber  212  which  communicate  with  a  source  of  fluid 
which  passes  through  the  conduits  232a,  b,  c,  and 

55  d  and  separate  ports  234a,  234b,  234c,  and  234d 
into  the  channels  220a,  220b,  220c,  and  220d. 

The  first  connector  214  is  adjacent  the  first  wall 
222,  and  the  second  connector  216  is  adjacent  the 

fluid  pressure  formed  by  the  compressor  120  by 
energizing  and  deenergizing  the  compressor  120 
responsive  to  the  formed  number  of  pulses,  the 
number  of  which  may  vary  during  different  time 
periods,  to  obtain  the  desired  predetermined  pres- 
sure.  Thus,  the  output  of  the  compressor  120  is 
controlled  by  means  of  pulses  through  feedback 
pressure  control  for  the  compressor  1  20. 

A  controller  144  with  a  suitable  display  is  illus- 
trated  in  Figure  6  which  is  utilized  to  control  the 
device  110.  The  controller  144  has  a  cycle  monitor 
portion  146,  and  a  fault  indicator  display  148.  The 
controller  144  has  a  pressure  display  140,  pre- 
viously  described  in  connection  with  Figure  7, 
which  is  used  to  show  the  set  pressure,  preferably 
the  ankle  pressure.  An  additional  display  1  60  to  the 
right  of  the  cycle  monitor  1  46  indicates  whether  or 
not  the  controller  144  has  achieved  the  set  pres- 
sure.  The  control  membrane  switches  152  and  154 
are  used  for  increasing  and  decreasing  the  set 
ankle  pressure.  To  the  left  of  the  fault  indicator  148 
is  hidden  a  membrane  switch  156,  which,  when 
pressed,  will  cause  the  pressure  display  140  to 
monitor  ankle  pressure  for  one  complete  cycle,  e.g. 
of  72  seconds,  after  which  the  display  140  will 
revert  to  displaying  the  set  pressure.  During  this 
monitoring  phase,  there  should  be  no  difference 
between  the  set  pressure  and  the  final  compres- 
sion  pressure  displayed. 

When  the  controller  144  is  first  turned  on  the 
following  sequence  of  events  will  occur.  The  con- 
troller  144  will  default  to  a  set  pressure  of  45 
mmHg  and  will  show  this  on  the  display  140.  The 
compressor  120  will  come  to  full  output  during  the 
inflation  portion  of  the  cycle  in  order  to  more  quick- 
ly  fill  the  sleeve  112.  During  this  start  up  phase,  the 
high  pressure  alarm  162  can  be  ignored,  if  neces- 
sary;  however,  as  soon  as  the  pressure  at  the  end 
of  the  ankle  compression  exceeds  some  predeter- 
mined  minimum  value,  the  output  of  the  compres- 
sor  120  will  be  reduced.  The  light  emitting  diode 
(hereinafter  "LED")  160  indicating  that  the  set  pres- 
sure  has  not  been  achieved  is  lit.  Within  four  cy- 
cles,  the  system  reaches  its  set  pressure.  At  that 
time,  the  running  LED  164  will  light,  and  the  pre- 
vious  LED  160  will  extinguish.  If  a  pressure  other 
than  45  mmHg  is  desired,  pressing  the  upper  pres- 
sure  adjusting  membrane  switch  152  will  increase 
the  set  pressure  in  1  mmHg  increments  for  each 
pressing  of  the  switch.  Holding  the  switch  down  for 
two  seconds  will  result  in  the  set  pressure  increas- 
ing  at  a  rate  of  approximately  1  mmHg.  each  half 
second  for  as  long  as  the  switch  is  held.  Pressing 
the  lower  membrane  switch  154  will  decrease  the 
set  pressure  in  the  same  way.  the  set  pressure 
range  is  25  mmHg  to  65  mmHg.  When  the  set 
pressure  is  changed,  the  running  LED  164  is  extin- 
guished  and  the  adjusting  LED  is  lit.  The  adjust- 
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and  second  walls  222  and  224  with  the  respective 
channels  236a,  b,  c,  and  d  of  the  first  and  second 
connectors  214  and  216. 

The  first  and  second  connectors  214  and  216 
5  have  an  outer  annular  wall  270  having  a  plurality  of 

spaced  inwardly  directed  teeth  258  which  are  re- 
leasably  received  in  associated  notches  260  of  the 
intermediate  member  212  in  order  to  releasably 
retain  the  first  and  second  connectors  214  and  216 

w  at  a  plurality  of  desired  rotational  positions  relative 
to  the  intermediate  member  212.  Thus,  the  first  and 
second  connectors  214  and  216  may  be  moved  to 
a  number  of  desired  rotatable  positions,  such  as 
eight,  and  may  be  releasably  secured  in  place  by 

75  tightening  the  bolt  252.  At  the  same  time,  the  first 
and  second  elastic  walls  222  and  224  provide  seals 
between  the  intermediate  member  212  and  first 
and  second  connectors  214  and  216  to  prevent 
leakage  in  the  connection  device  210.  The  first  and 

20  second  connectors  214  and  216  have  an  outer 
generally  circular  recess  262  to  receive  associated 
generally  circular  plates  264,  with  the  plates  264 
being  retained  in  place  in  a  suitable  manner,  such 
as  by  adhesive.  The  plate  264  of  the  first  connector 

25  21  4  has  an  aperture  266  to  permit  passage  of  the 
bolt  252  therethrough. 

In  use,  the  bolt  252  may  be  removed  from  the 
connection  device  210  in  order  to  readily  disas- 
semble  the  first  and  second  connectors  214  and 

30  216  and  associated  sleeves  from  the  intermediate 
member  212,  and  permit  easy  assemblage  of  the 
first  and  second  connectors  214  and  216  and  the 
associated  sleeves  to  the  intermediate  member 
212  by  securement  of  the  bolt  252  in  the  connector 

35  device  21  0. 
Reference  has  been  made  above  to  optional 

sequential  pressurization  and  depressurization  as 
described  in  our  copending  Application  No. 
Serial  No.  (our  case  P15026EP). 

40  This  preferred  aspect  of  the  invention  may  be 
put  into  practice  in  various  ways  and  a  number  of 
specific  embodiments  will  be  described  to  illustrate 
the  invention  with  reference  to  the  accompanying 
additional  drawings,  in  which: 

45  Figure  14  is  a  perspective  view  of  a  control- 
ler  for  a  compressive  pressure  device  of  a  first 
embodiment  of  this  aspect  of  the  present  invention; 

Figure  15  is  a  plan  view  of  an  internal  por- 
tion  of  the  controller  of  Figure  14; 

50  Figure  16  is  a  perspective  view  of  a  sleeve 
for  use  with  the  device  of  Figure  1  4; 

Figure  17  is  a  diagrammatic  view  of  the 
controller  of  Figure  14; 

Figure  18  is  a  fragmentary  elevational  view 
55  of  a  second  embodiment  of  a  device  in  accordance 

with  this  aspect  of  the  present  invention; 
Figure  19  is  a  graph  illustrating  pressure 

profiles  as  plotted  versus  time  formed  by  a  device 

second  wall  224.  Since  the  first  and  second  con- 
nectors  214  and  216  are  substantially  identical  in 
structure,  like  reference  numerals  will  be  used  to 
designate  like  parts  in  the  connectors  214  and  216. 
The  first  and  second  connectors  214  and  216  have 
a  plurality  of  separate  annular  walls  238a,  238b, 
238c,  238d  and  238e  defining  separate  annular 
channels  236a,  236b,  236c,  and  236d  extending 
substantially  peripherally  around  the  connector  214 
and  216.  Each  of  the  channels  236a,  b,  c,  and  d  of 
the  first  connector  214  separately  communicate 
with  the  openings  226  in  the  first  elastic  wall  222 
associated  with  the  channels  220a,  220b,  220c,  and 
220d  of  the  intermediate  member  212.  Similarly, 
each  of  the  channels  236a,  b,  c  and  d  of  the 
second  connector  216  separately  communicate 
with  the  openings  227  of  the  second  elastic  wall 
224  such  that  the  channels  236a,  b,  c,  and  d  of  the 
second  connector  216  communicate  with  the  chan- 
nels  22a,  b,  c,  and  d  of  the  intermediate  member 
212. 

The  first  and  second  connectors  214  and  216 
each  have  a  set  of  conduits  (first  conduits  240a,  b, 
c,  and  d  and  second  conduits  241a,  b,  c  and  d) 
which  communicate  respectively  through  respec- 
tive  ports  (242a,  b,  c,  and  d  and  243a,  b,  c  and  d) 
with  the  separate  respective  channels  236a,  b,  c, 
and  d  and  237a,  b,  c  and  d. 

Thus,  in  use,  the  fluid  under  pressure  passes 
through  the  conduits  232a,  b,  c,  and  d  into  the 
channels  220a,  b,  c,  and  d  of  the  intermediate 
member  212,  through  the  openings  226  of  the  walls 
222  and  224  into  the  channels  236a,  b,  c,  and  d  of 
the  first  and  second  connectors  214  and  216  and 
through  the  conduits  240a,  b,  c,  and  d  into  sepa- 
rate  chambers  of  a  pair  of  sleeves,  with  each 
sleeve  being  associated  with  one  of  the  connectors 
214  and  216. 

The  first  and  second  connectors  214  and  216 
have  a  bore  244  and  245,  respectively,  extending 
therethrough,  the  first  and  second  walls  222  and 
224  have  bores  246  and  248,  extending  thereth- 
rough,  and  the  wall  21  8a  of  the  intermediate  mem- 
ber  212  has  a  bore  250  extending  therethrough. 
The  connection  device  210  has  an  elongated  bolt 
252  having  a  knob  254  at  one  end,  and  a  threaded 
portion  256  adjacent  the  other  end.  The  bore  245 
of  the  second  connector  216  is  threaded  257  to 
receive  the  threaded  portion  256  of  the  bolt  252. 
Thus  the  bolt  252  may  be  utilized  to  releasably 
assemble  the  first  and  second  connectors  214  and 
216  to  the  intermediate  member  212  while  permit- 
ting  rotation  of  the  first  and  second  connectors  214 
and  216  relative  to  the  intermediate  member  212. 
However,  in  all  rotational  positions  of  the  first  and 
second  connectors  214  and  216,  the  channels 
220a,  b,  c,  and  d  of  the  intermediate  member 
communicate  through  the  openings  226  of  the  first 
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passage  of  pressurized  fluid  from  the  accumulator 
330  through  the  port  336a  and  conduit  338a  into 
the  ankle  chamber.  343a  in  order  to  inflate  the 
ankle  chamber  and  apply  a  compressive  pressure 

5  by  the  ankle  chamber  against  the  patient's  limb, 
with  the  pressure  curve  or  profile  350  of  the  ankle 
chamber  being  illustrated  in  Figure  19  there  pres- 
sure  in  mmHg  is  plotted  against  time  in  seconds. 
As  shown,  the  ankle  chamber  is  inflated  while  the 

w  pressure  curve  or  profile  352  of  the  accumulator 
330  decreases  as  a  function  of  time  to  a  value 
approximately  the  maximum  ankle  pressure.  After  a 
sufficient  time  of  inflation  and  increase  of  pressure 
in  the  ankle  chamber,  the  valve  334c  is  opened  to 

75  permit  passage  of  the  pressurized  fluid  through  the 
port  336c  and  conduit  338c  to  a  calf  chamber  343b 
in  the  sleeve  340,  resulting  in  inflation  of  the  calf 
chamber  with  the  pressure  curve  or  profile  354  of 
the  calf  chamber  being  illustrated  in  Figure  19. 

20  After  sufficient  inflation'  of  the  calf  chamber,  the 
valve  334d  is  opened  to  permit  passage  of  pressur- 
ized  fluid  through  the  port  336d  and  conduit  338d 
to  a  thigh  chamber  343c  of  the  sleeve  340,  and  the 
thigh  chamber  is  inflated  in  order  to  increase  pres- 

25  sure  in  the  thigh  chamber,  as  illustrated  by  the 
curve  357  in  Figure  19.  In  this  manner,  the  ankle, 
calf  and  thigh  chambers  are  sequentially  inflated  at 
spaced  intervals  of  time  during  intermittent  com- 
pression  cycles.  As  can  be  seen  in  Figure  19,  the 

30  pressure  352  of  the  accumulator  330  is  substan- 
tially  identical  to  the  pressure  in  the  ankle  and  calf 
chambers. 

After  inflation  of  the  thigh  chamber,  at  a  speci- 
fied  time  determi.ning  a  set  pressure  356,  the  valve- 

35  334b  is  opened  in  order  to  open  the  port  336b  and 
establish  communication  by  the  accumulator  330 
with  the  conduit  338b.  In  turn,  the  conduit  338b 
establishes  fluid  communication  with  the  foot 
chamber  344  and  knee  chamber  346  through  a 

40  downstream  portion  338b  of  the  conduit  338b. 
Also,  the  conduit  338b  establishes  communication 
with  a  relief  valve  358  through  a  conduit  portion 
338b  "  which  communicates  with  the  conduit  338b. 
At  this  time,  the  valves  334a,  334c,  and  334d  are 

45  opened  to  permit  passage  of  the  fluid  from  the 
ankle,  calf  and  thigh  chambers  into  the  accumulator 
330,  and  passage  through  the  port  336b  associated 
with  valve  334b  into  the  conduit  338b.  At  this  time, 
a  majority  of  the  pressurized  fluid  passes  to  the 

so  relief  valve  358  which  serves  as  an  exhaust  for  the 
device  318,  as  will  be  further  described  below, 
while  the  remainder  of  the  fluid  passes  through  the 
downstream  conduit  portion  338b  to  a  lesser  ex- 
tent  due  to  the  substantial  length  of  the  down- 

55  stream  conduit  portion  338b'.  As  will  be  further 
described  below,  the  relief  valve  358  allows  a  drop 
of  pressure  in  the  accumulator  330  to  a  substan- 
tially  lower  predetermined  pressure,  such  as  10 

in  accordance  with  this  aspect  of  the  present  inven- 
tion; 

Figure  20  is  a  plan  view  of  an  exhaust  sys- 
tem  for  a  third  embodiment  of  a  device  in  accor- 
dance  with  this  aspect  of  the  present  invention; 

Figure  21  is  an  exploded  view  of  a  relief 
valve  for  use  in  the  device  of  Figure  15  (the  first 
embodiment); 

Figure  22  is  a  sectional  view  of  the  device 
shown  in  Figure  21  ;  and 

Figure  23  is  a  sectional  view  of  a  sleeve  for 
use  in  a  fourth  embodiment  of  this  aspect  of  the 
present  invention. 

Referring  now  to  Figure  14,  there  is  shown  a 
controller  320  for  a  compressive  pressure  device 
generally  designated  318  of  the  invention,  with  the 
controller  320  having  a  display  panel  322.  The 
display  panel  322  has  a  first  'lo'  switch  324  and  a 
second  'hi'  switch  326  for  controlling  two  different 
levels  of  compression  for  a  sleeve  during  use  of 
the  device. 

Referring  now  to  Figures  15  to  17,  the  control- 
ler  320  has  a  plurality  of  closed  walls  328  defining 
an  accumulator  or  cavity  330  with  a  fixed  volume 
for  compression  of  fluid.  The  controller  or  device 
320  has  a  compressor  332  which  discharges  gas 
into  the  accumulator  330,  and  builds  up  pressure  in 
the  accumulator  330  over  a  period  of  time,  such  as 
for  ten  seconds  to  a  pressure  of  80  to  100  mmHg. 
The  controller  320  of  the  device  318  has  a  plurality 
of  solenoid  valves  334a,  334b,  334c,  and  334d  in 
the  accumulator  330  associated  with  ports  336a, 
336b,  336c,  and  336d  of  respective  conduits  338a, 
338b,  338c,  and  338d,  with  the  valves  334a,  334b, 
334c,  and  334d  being  utilized  to  open  and  close 
the  ports  336a,  336b,  336c,  and  336d  of  the  con- 
duits  338a,  338b,  338c,  and  338d  as  desired.  The 
device  318  has  a  compression  sleeve  340  having  a 
plurality  of  inflatable  chambers  342  disposed  lon- 
gitudinally  along  the  sleeve  340,  including  a  sepa- 
rate  chamber  344  for  placement  against  the  foot, 
and  a  separate  chamber  346  for  placement  against 
the  knee.  The  sleeve  340  has  a  connector  348  for 
connection  of  conduits  349  communicating  with  the 
chambers  342  of  the  sleeve  340  with  the  conduits 
338a,  338b,  338c,  and  338d.  The  conduit  338a  is 
connected  to  an  ankle  chamber  343a  of  the  sleeve 
340.  The  conduit  338b  is  connected  to  the  foot  and 
knee  chambers  344  and  346  of  the  sleeve  340.  The 
conduit  338c  is  connected  to  a  calf  chamber  343b 
of  the  sleeve  340.  The  conduit  338d  is  connected 
to  a  thigh  chamber  343c  of  the  sleeve  340. 

The  operation  of  the  device  is  as  follows.  The 
valves  334a,  334b,  334c,  and  334d  are  closed  in 
order  to  prevent  passage  of  fluid  through  the  ports 
336a,  336b,  336c,  and  336d  while  the  compressor 
332  charges  the  accumulator  330  with  the  pressur- 
ized  gas.  Next,  the  valve  334a  is  opened  to  permit 
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In  this  manner,  the  chambers  342  of  the  sleeve 
340  are  sequentially  inflated  to  form  a  pressure 
gradient,  and  during  exhaust  of  the  chambers  342 
in  the  sleeve  340  through  the  relief  valve  358  at 

s  least  once,  a  residual  or  base  static  pressure,  such 
as  10  mmHg,  remains  in  the  ankle,  calf,  and  thigh 
chambers,  as  well  as  being  introduced  into  the  foot 
and  knee  chambers  334  and  336.  The  residual  or 
base  static  pressure  remains  during  non-inflation  of 

10  the  ankle,  calf,  and  thigh  chambers  during  periodic 
decompression  cycles,  and  the  residual  pressure 
curve  or  profile  394  is  illustrated  as  a  function  of 
time  in  the  graph  of  Figure  19  for  the  foot  chamber 
344  and  knee  chamber  346,  and  remains  substan- 

r5  tially  the  same  throughout  operation  of  the  device 
318.  Thus,  the  residual  pressure  remains  in  the 
ankle,  calf,  and  thigh  chambers,  and  this  pressure 
makes  the  sleeve  340  less  sensitive  to  fit  on  a 
patient's  limb  so  that  the  sleeve  340  could  be 

20  loosened  to  a  greater  extent.  Also,  the  demands 
imposed  on  the  compressor  332  to  inflate  the 
sleeves  340  are  substantially  lessened,  such  that  a 
much  smaller  and  less  powerful  compressor  332 
may  be  utilized  in  the  device  318  which  substan- 

25  tially  reduces  its  cost.  The  described  embodiment 
in  connection  with  Figures  14  to  17  may  be  utilized 
by  the  patient  at  home,  and  is  primarily  for  the 
treatment  of  venous  ulcers  and  edema.  Such  a 
system  is  intended  to  be  used  intermittently  on 

30  patients  who  are  awake  and  alert.  In  summary,  the 
device  318  passes  through  a  few  compression  cy- 
cles  to  inflate  the  chambers  342  before  the  base 
line  or  residual  pressure  is  stablished  in  the  cham- 
bers  342.  Thus,  once  the  residual  pressure  is  es- 

35  tablished  in  the  ankle,  calf,  and  thigh  chambers,  the 
requirements  for  fluid  under  pressure  in  order  to 
increase  the  pressure  of  the  chambers  342  to  the 
desired  pressure  profiles  is  substantially  de- 
creased,  thus  decreasing  the  demands  upon  the 

40  nature  of  the  compressor  332. 
Another  embodiment  of  the  present  invention  is 

illustrated  in  Figure  18.  In  this  embodiment,  the 
conduit  338b  extends  to  a  lower  portion  of  a  con- 
tainer  396  containing  a  supply  of  liquid  L,  such  as 

45  water.  The  gas  under  pressure  passes  through  the 
conduit  338b,  and  bubbles  through  the  liquid  L  in 
order  to  establish  the  residual  pressure  in  the 
sleeve  chambers  during  the  non-inflation  or  de- 
compression  periods  of  the  device.  In  this  manner, 

so  the  residual  pressure  of  the  sleeve  340  is  con- 
trolled  through  use  of  the  passage  of  gas  through 
the  liquid  L  The  container  396  may  be  attached  to 
a  side  of  the  controller  320  for  convenience,  if 
desired. 

55  Another  embodiment  of  a  device  398  for  the 
exhaust  of  chambers  from  a  sleeve  is  illustrated  in 
Figure  20,  in  which  like  reference  numerals  des- 
ignate  like  parts.  In  this  embodiment,  the  device 

mmHg,  in  addition  to  establishing  such  a  pressure 
in  the  foot  chamber  344  and  knee  chamber  346.  At 
this  time,  the  valves  334a,  334b,  334c,  and  334d 
are  closed,  and  the  compressor  332  continues  to 
remain  in  operation,  such  that  the  pressure  in  the 
accumulator  330  again  begins  to  substantially  rise 
due  to  the  compressor  332. 

As  shown  in  Figures  21  and  22,  the  relief  valve 
358  has  a  first  body  portion  360  having  a  hollow 
stem  362  at  one  end  for  connection  to  the  conduit 
portion  338b".  The  first  body  portion  360  has  an 
outer  annular  flange  or  wall  364  with  outer  threads 
366.  The  relief  valve  358  has  a  second  body  por- 
tion  368  having  an  inner  annular  flange  or  wall  370 
having  inner  threads  372  which  cooperate  with  the 
threads  366  of  the  flange  364  in  order  to  releasably 
secure  the  second  body  portion  368  at  an  adjust- 
able  position  on  the  first  body  portion  360.  An  outer 
end  of  the  second  body  portion  368  has  an  in- 
wardly  directed  cylindrical  portion  374  having  a 
recess  376  for  purposes  which  will  be  described 
below,  and  a  plurality  of  elongated  slots  or  opening 
means  392  extending  therethrough.  The  relief  valve 
358  has  a  valve  member  or  plunger  378  having  an 
elongated  stem  380  which  is  received  in  the  recess 
or  cavity  376  of  the  cylindrical  portion  374.  The 
valve  member  378  has  an  annular  collar  382  on  the 
stem  380,  and  a  helical  spring  384  which  extends 
between  the  cylindrical  portion  374  and  the  collar 
382.  The  valve  member  378  has  an  inner  outwardly 
diverging  annular  valve  portion  386,  which  faces  an 
elastic  O-ring  388  located  at  an  inner  portion  of  a 
cavity  390  defined  by  the  flange  364.  The  spring 
384  biases  the  valve  member  378  toward  the  first 
body  portion  360  of  the  relief  valve  358,  and  biases 
the  valve  portion  386  toward  the  O-ring  388  which 
serves  as  a  seat.  The  amount  of  force  exerted  by 
the  valve  portion  386  against  the  O-ring  88  may  be 
adjusted  through  suitable  adjustment  of  the  first 
body  portion  360  relative  to  the  second  body  por- 
tion  368  through  use  of  the  cooperating  threads 
366  and  372. 

In  use,  the  fluid  under  pressure  passes  through 
the  stem  362,  between  the  O-ring  388  and  the 
valve  portion  386,  and  through  the  slots  392  in 
order  to  permit  exhaust  of  the  fluid  under  pressure 
from  the  accumulator  330. 

In  use,  the  pressurized  fluid  passing  through 
the  relief  valve  358  moves  the  valve  portion  386 
away  from  the  O-ring  388  such  that  equilibrium  is 
reached  between  the  plunger  spring  384  and  pres- 
sure  in  order  to  permit  passage  of  fluid  from  the 
exhaust  through  the  slot  392,  after  which  the  valve 
member  378.  closes  against  the  O-ring  388..The 
pressurized  fluid  will  continue  to  bleed  through  the 
relief  valve  until  the  valve  334b  closes  to  cause 
fluid  pressure  to  again  build  in  the  accumulator 
330. 
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native  form,  the  conduit  338b  from  the  controller 
320  may  be  connected  directly  to  the  chamber  416 
of  the  device  of  Figure  23  in  order  to  establish  the 
residual  pressure. 

398  has  a  plurality  of  solenoid  valves  400a,  400b, 
400c,  and  400d.  The  valve  400a  is  connected  by  a 
conduit  402  to  the  valve  400c,  and  the  valve  400c 
is  connected  by  a  conduit  404  to  the  valve  400d.  In 
turn,  the  valve  400d  is  connected  by  a  conduit  406 
to  a  pressure  relief  valve  358  of  the  type  previously 
described  in  connection  with  Figures  21  and  22 
which  operates  in  the  same  manner.  In  this  em- 
bodiment,  the  valves  400a,  400c,  and  400d,  which 
are  respectively  connected  to  the  ankle,  calf,  and 
thigh  chambers  of  the  sleeve,  are  simultaneously 
opened  in  order  to  permit  passage  of  the  fluid  from 
the  ankle,  calf,  and  thigh  chambers  through  the 
conduits  402,  404,  and  406  to  the  relief  valve  358 
which  serves  as  an  exhaust  for  the  fluid  under 
pressure.  The  valve  358  closes  at  a  predetermined 
pressure,  e.g.  5-10  mmHg,  as  previously  de- 
scribed,  in  order  to  establish  the  base  line  or 
residual  pressure  in  the  chambers  such  that  the 
requirements  for  subsequent  inflation  of  the  cham- 
bers  and  demands  for  the  compressor  are  mini- 
mized.  The  device  398  of  Figure  20  is  designed 
primarily  for  use  in  the  hospital  for  the  treatment  of 
deep  venous  thrombosis,  and  the  sleeve  for  this 
device  may  not  have  a  foot  or  knee  chamber.  The 
valve  400b  is  used  in  connection  with  a  ventilation 
chamber  in  the  sleeve  which  passes  air  onto  the 
patient's  limb  such  that  the  gas  is  continuously 
expelled  to  the  atmosphere,  and  need  not  be  con- 
nected  to  the  relief  valve  358. 

Another  embodiment  of  the  present  invention  is 
illustrated  in  Figure  23,  in  which  like  reference 
numerals  designate  like  parts.  In  this  embodiment, 
there  is  shown  a  sleeve  408  having  a'  plurality  of 
inflatable  chambers  410  disposed  longitudinally 
along  the  sleeve  408.  The  device  of  Figure  23  has 
an  outer  fluid  impervious  wall  412  which  closes  the 
chambers  41  0  of  the  sleeve  408  in  sealing  engage- 
ment  to  form  a  chamber  416  between  the  wall  412 
and  chambers  410.  The  device  has  a  plurality  of 
conduits  414  which  are  connected  to  the  chambers 
410  of  the  sleeve  408  and  to  the  chamber  416 
between  the  wall  412  and  the  chambers  410.  The 
chambers  410  of  the  sleeve  408  are  inflated  in  a 
suitable  manner  through  the  conduits  414,  as  pre- 
viously  described,  while  the  chamber  416  closed 
by  the  wall  412  is  also  inflated  over  the  chambers 
410  in  order  to  establish  a  residual  or  base  line 
pressure  outside  of  the  chambers  410  for  purposes 
as  previously  described. 

In  a  preferred  form,  the  device  of  Figure  23  has 
an  adapter  418  which  is  connected  between  a 
conduit  420,  such  as  the  conduit  338b  connected 
to  the  solenoid  valve  334b  of  Figure  17,  with  the 
adapter  418  containing  a  pressure  regulator  which 
may  be  modified  by  a  suitable  adjustment  device 
422  such  that  a  desired  pressure  may  be  main- 
tained  accurately  in  the  chamber  416.  In  an  alter- 

Claims 

1  .  A  sleeve  for  applying  compressive  pressures 
w  against  a  patient's  limb  from  a  source  of  pressur- 

ized  fluid,  characterized  in  that  it  comprises  an 
elongated  sheath  (10)  preferably  multi  layered  de- 
fining  a  plurality  of  compressive  chambers  (12) 
which  may  be  generally  limb  encircling,  the  said 

75  sheath  having  an  open  proximal  end  (60)  and  a 
closed  distal  end,  the  said  sheath  being  adapted  to 
receive  a  patient's  limb  through  its  open  proximal 
end;  the  said  sheath  having  a  front  portion  (19)  for 
juxtaposition  with  the  front  surface  of  a  patient's 

20  limb,  and  a  back  portion  (17)  for  juxtaposition  with 
the  back  surface  of  a  patient's  limb;  the  said  front 
and  back  portions  of  the  said  sheath  carrying  mu- 
tual  engagement  means  (62,64)  and  being  adapted 
to  be  wrapped  over  each  other  to  permit  engage- 

25  ment  of  the  mutual  engaging  means,  permitting 
girthwise  adjustment  of  the  said  sleeve  about  a 
patient's  limb. 

2.  A  sleeve  for  applying  compressive  pressures 
about  a  patient's  limb  as  claimed  in  Claim  1  char- 

30  acterized  in  that  the  said  front  portion  and  the  said 
rear  portion  have  a  common  coinciding  edge  (54) 
only  partway  along  the  length  of  the  side  of  the 
said  sheath  from  the  said  proximal  end  to  the  said 
distal  end,  to  permit  openability  of  the  said  sheath, 

35  thus  facilitating  entry  of  a  patient's  limb  into  the 
sheath. 

3.  A  sleeve  for  applying  compressive  pressures 
about  a  patient's  limb  as  claimed  in  Claim  1  or 
Claim  2  characterized  in  that  the  said  back  portion 

40  includes  a  cushion  pad  (36)  for  the  juxtaposition  of 
a  patient's  foot  thereagainst. 

4.  A  sleeve  for  applying  compressive  pressures 
about  a  patient's  limb  as  claimed  in  any  one  of 
Claims  1  to  3  characterized  in  that  a  compressive 

45  chamber  (34)  is  longitudinally  disposed  in  the  said 
front  portion  of  the  said  sheath,  extending  from  the 
distal  end  thereof,  to  or  towards  the  proximal  end 
thereof. 

5.  A  sleeve  for  applying  compressive  pressures 
so  about  a  patient's  limb  as  claimed  in  any  one  of 

Claims  1  to  4  characterized  in  that  it  includes  a 
plurality  of  compressive  chambers  (38,40,42,44) 
extending  transversely  across  the  said  back  portion 
(17)  of  the  said  sheath  so  as  to  extend  around  the 

55  fleshy  portions  of  a  leg  when  the  sheath  is  wrapped 
therearound. 

6.  A  sleeve  as  claimed  in  any  one  of  Claims  1 
to  5  characterized  in  that  the  sheath  comprises  an 
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12.  A  method  as  claimed  in  Claim  11  char- 
acterized  in  that  a  sleeve  as  claimed  in  any  one  of 
Claims  1  to  10  is  placed  around  the  patient's  limb. 

13.  In  an  elongated  compressible  sleeve  device 
adapted  for  enclosing  a  length  of  an  individual's 
limb  and  for  applying  compressive  pressure  thereo, 
the  said  device  including  inner  and  outer  sheet 
materials,  sealed  together  to  define  a  plurality  of 
pressurizable  chambers,  the  said  device  further 
including  inlet  means  for  introducing  a  fluid  to 
inflate  the  said  chambers,  whereby  to  apply  the 
said  compressive  pressure  against  the  said  en- 
closed  limb;  the  improvement  wherein  the  said 
outer  sheet  is  relatively  stiff  and  inelastic  whereby 
it  remains  relatively  flat  upon  inflation  by  introduc- 
ing  the  said  fluid  within  said  chambers,  and  the 
said  inner  sheet  is  soft  and  compliant  whereby 
upon  inflation  the  said  inner  sheet  conforms  sub- 
stantially  to  the  shape  of  the  said  enclosed  limb. 

outer  sheet  (14)  which  is  relatively  stiff  and  inelas- 
tic  so  that  it  remains  relatively  flat  upon  inflation  on 
introduction  of  pressure  fluid  within  the  said  com- 
pressive  chambers;  and  an  inner  sheet  (22)  which 
is  soft  and  compliant,  so  that  upon  inflation  the  said  5 
inner  sheet  conforms  substantially  to  the  shape  of 
the  said  limb. 

7.  A  sleeve  as  claimed  in  any  one  of  Claims  1 
to  6  characterized  in  that  the  said  front  portion  is 
adapted  for  placement  against  the  bony  front  of  a  w 
patient's  leg,  the  said  front  portion  being  substan- 
tially  inelastic,  whereby  when  compression  occurs 
by  introducing  the  said  fluid  within  the  said  cham- 
bers,  tension  is  applied  across  the  curvature  of  the 
said  front  portion,  which  tension  translates  into  a  is 
pressure  over  the  radius  of  curvature  along  the 
front  of  the  said  leg. 

8.  A  sleeve  as  claimed  in  Claim  7  character- 
ized  in  that  the  said  inelastic  front  portion  and  the 
said  back  portion  of  the  said  sheath  when  secured  20 
to  enclose  a  patient's  leg  provide  pressure  cham- 
ber  means  (34)  for  filling  the  hollow  portions  at 
either  side  of  the  said  bony  portion  of  the  leg, 
whereby  tension  on  the  said  inelastic  front  portion 
will  result  in  compression  at  that  portion  of  the  leg.  25 

9.  A  sleeve  as  claimed  in  Claim  8  character- 
ized  in  that  the  said  pressure  chamber  means  (34) 
in  the  said  front  portion  is  partially  bifurcated. 

10.  A  sleeve  as  claimed  in  any  one  of  Claims  1 
to  9  characterized  in  that  it  includes  a  portion  30 
adapted  to  enclose  a  patient's  foot  when  the  said 
front  and  back  portions  are  wrapped  over  and 
secured  together,  the  said  foot  portion  in  juxtaposi- 
tion  with  the  bottom  of  the  said  patient's  foot  con- 
taining  no  compressive  chamber  and  thereby  being  35 
non-inflatable. 

1  1  .  A  method  of  applying  sequentially  variable 
compressive  pressures,  in  addition  to  a  constant 
base  pressure,  against  a  patient's  limb,  from  a 
source  of  pressurized  fluid,  comprising  providing  a  40 
multi-layered  elongated  sheath  around  the  limb,  the 
sheath  defining  a  plurality  of  generally  limb  encir- 
cling  compressive  chambers  having  an  open  proxi- 
mal  end  and  a  closed  distal  end,  the  said  sheath 
receiving  the  patient's  limb  through  its  open  proxi-  45 
mal  end;  the  said  sheath  also  having  a  chambered 
front  portion  for  juxtaposition  with  the  front  surface 
of  a  patient's  limb,  and  having  a  chambered  back 
portion  for  juxtaposition  with  the  back  surface  of  a 
patient's  limb;  the  said  sheath  also  having  a  gen-  so 
erally  oval  shaped  pad  arranged  near  the  distal  end 
thereof,  with  a  compressible  chamber  disposed 
about  the  periphery  of  the  said  pad;  the  said  front 
portion  chamber  and  said  peripherally  disposed 
compressible  chamber  being  maintained  at  a  con-  55 
stant  base  pressure  therein  while  the  said  generally 
limb  encircling  compressive  chambers  are  pressur- 
ized  sequentially. 

15 
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