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©  Medical-therapeutic  device. 
A  device  (1,2)  for  sustaining  the  operation  of  the  blood 

vessels  in  a  limb  of  the  human  body  has  different  chambers 
(8,9,10)  in  contact  with  the  limb  and  filled  with  a  fluid,  which 
is  pulsatingly  pressurized  and  decreased  in  pressure.  The 
invention  improves  such  known  devices  in  order  to  avoid 
rapid  backflow  of  venous  blood  towards  the  extremity  of  the 
limb  during  decrease  of  pressure  in  said  chambers.  This  is 
obtained  by  applying  only  a  small  pressure  drop  m  one  or 
more  proximal  chambers  (10  and  possibly  9).  The  pulsations 
may  be  generated  by  a  foot  pump  being  a  chamber  (3)  under 
the  foot  of  the  patient,  or  by  external  pressurizing  and 
pulsating  means.  The  device  may  be  embodied  as  a  boot  (1) 
for  a  human  leg  or  be  mounted  inside  such  a  boot. 



This  i n v e n t i o n   r e l a t e s   to  a  device   for  s u s t a i n i n g   t h e  

o p e r a t i o n   of  the  blood  v e s s e l s   in  the  human  body,  at  l e a s t   in  p a r t  
i n   one  of  the  l imbs  t h e r e o f ,   with  more  than  one  chamber  to  be  

p o s i t i o n e d   in  c o n t a c t   with  d i f f e r e n t   zones  of  the  body,  s a i d  

chambers  being  adap ted   to  take  up  a  f l u i d   such  as  a i r   u n d e r  

p r e s s u r e   and  having  a  f l e x i b l e   wall   for   t r a n s m i t t i n g   said  p r e s s u r e  
to  the  body,  with  means  to  s u b j e c t   a  f l u i d   in  said  chambers  to  a  

p u l s a t i n g   p r e s s u r e .  

A  device   of  t h i s   kind  is  known  from  U.S.  p a t e n t   4 ,029,087  and 

from  U.S.  p a t e n t   4 , 0 3 0 , 4 8 8 .  

I t   is  known  t h a t   the  blood  supply  to  the  human  l imbs,   i n  

p a r t i c u l a r   to  the  l e g s ,   g ives   problems  p a r t i c u l a r l y   by  ageing  by  

weakening  of  skin  and  muscles ,   so  t h a t   the  backflow  of  b l o o d  

towards  the  h e a r t   is  hampered,  in  p a r t i c u l a r   by  venous  v a l v e -  

i n s u f f i c i e n c y   or  dec reased   muscular   pumping  a c t i v i t y .  

I t   has  thus  been  proposed  a l r e a d y   to  o b t a i n   improvement  b y  

suppor t i ng   and  e x e r t i n g   p r e s s u r e   on  p a r t s   of  such  limbs.  A  good 

p o s s i b i l i t y   to  t h i s   end  is  the  e x e r t i o n   of  a  p u l s a t i n g   p r e s s u r e  

the reon ,   i . e .   of  a  p r e s s u r e   which  is  i n c r e a s e d   and  decreased  a l t e r -  

n a t e l y .  

In  U.S.  p a t e n t   s p e c i f i c a t i o n   4 ,029,087  the  said  chambers  a r e  

s u b j e c t e d   to  a  p u l s a t i n g   p r e s s u r e   from  an  e x t e r n a l   source ,   s u b s e -  

quent  chambers  being  f i l l e d   from  a  chamber  c l o s e s t   to  the  e x t r e m i t y  

of  the  concerning   limb.  During  the  d e c r e a s e   of  p r e s s u r e   as  s econd  

pa r t   of  each  p u l s a t i o n ,   chambers  p o s i t i o n e d   more  remotely   from  t h e  

e x t r e m i t y   of*  sa id   limb  (more  proximal   chambers)  being  e m p t i e d  

through  chambers  c l o s e r   to  said  e x t r e m i t y   (more  d i s t a l   c h a m b e r s ) ,  

or  the  r eve r s e ,   i t   being  a lso   p o s s i b l e   to  connect   the  chambers  e a c h  

s e p a r a t e l y   from  the  o the r s   to  a  r e l i e f   d i s c h a r g e .   Chambers ,  

p o s i t i o n e d   more  remote ly   from  the  e x t r e m i t y   of  said  human  limb  a r e  

f i l l e d   from  more  d i s t a l   chambers  through  narrow  t h r o t t l i n g  

connec t ions   or  by  check  va lves   opening  a g a i n s t   a  r e l a t i v e l y   h i g h  

p r e s s u r e   d i f f e r e n c e ,   so  t ha t   proximal  chambers  in  each  p u l s a t i o n  

cycle   are  s u b j e c t e d   to  a  much  lower  p r e s s u r e   than  d i s t a l   chambers .  

The  r e l i e f   of  the  proximal   chambers  t akes   p l ace   through  d i s t a l  



chambers  through  check  va lves ,   opening  a g a i n s t   a  much  l o w e r  

p r e s s u r e   d i f f e r e n c e   (and  of  course  in  o p p o s i t e   d i r e c t i o n )   than  t h e  

check  va lves   used  for  f i l l i n g   the  chambers  with  the  f l u i d .  

In  U.S.  p a t e n t   s p e c i f i c a t i o n   4 ,030 ,488   a  device   of  t h i s   k i n d  

is  g iven,   in  which  the  chambers  are  f i l l e d   and  emptied  in  a  

p u l s a t i n g   manner  i n d e p e n d e n t l y   of  each  o the r   through  a  common 

supply  and  d i s c h a r g e   condui t   to  a l l   the  chambers,  a  t h r o t t l i n g  

passage  "leading  from  t h i s   condui t   to  each  chamber.  For  more  d i s t a l  

chambers  t h i s   passage   is  wider  than  for   more  proximal   chambers.  I n  

t h i s   way  a  f l u i d   p r e s s u r e   is   b u i l t   up  in  each  chamber,  which  i s  

lower  for  more  proximal   chambers.  In  the  p r e s s u r e   r e l i e f   phase  o f  

each  p u l s a t i o n   a  more  proximal  chamber  is  r e l i e v e d   more  slowly  t h a n  

a  more  d i s t a l   chamber,  but  by  the  lower  p r e s s u r e   in  said  more 

proximal  chamber  i t   r a p i d l y   r eaches   a  p r e s s u r e   as  low  as  t h e  

p r e s su re   in  such  a  more  d i s t a l   chamber  be fo re   the  next  p r e s s u r e  
r i s e   b e g i n s .  

The  i n v e n t i o n   aims  at  improving  such  dev i ce s .   In  t h i s   r e s p e c t  

i t   has  appeared  t h a t   in  such  known  dev i ce s   the  o p e r a t i o n   is  n o t  

op t imal ,   and  moreover  tha t   t h i s   is  to  be  a t t r i b u t e d   to  the  f a c t  

t ha t ,   during  the  p r e s s u r e   d e c r e a s i n g   phase  of  the  p u l s a t i o n s   much 

venous  blood  flows  back  immediately  to  the  d i s t a l   pa r t   of  the  l i m b ,  

in  p a r t i c u l a r   to  the  lower  leg  of  s t and ing   or  s i t t i n g   p a t i e n t s .  

In  view  t h e r e o f   the  i n v e n t i o n   p roposes   to  embody  s u c h  

p u l s a t i n g   means  in  such  a  way  t h a t ,   dur ing  dec rease   of  the  p r e s s u r e  
in  said  chambers,   the  p r e s s u r e   in  one  or  more  more  p r o x i m a l  

chambers  is  ma in t a ined   at  a  much  h ighe r   value  than  the  p r e s s u r e   i n  

one  or  more  more  d i s t a l   chambers  at  l e a s t   u n t i l   the  next  p r e s s u r e  
r i s e   o c c u r s .  

Thereby,  at  l e a s t   one  more  proximal   chamber  loses   i t s   p r e s s u r e  

during  the  r e l i e f   phase  of  the  p u l s a t i o n s   more  slowly  than  at  l e a s t  

one  more  d i s t a l   chamber,  which  has  a  f a v o u r a b l e   i n f l u e n c e   as  t o  

avoiding  such  r ap id   back  flow  of  venous  b l o o d .  

I t   is  p o s s i b l e   to  apply  the  i n v e n t i o n   with  any  des i r ed   number 

of  chambers  along  d i f f e r e n t   p a r t s   of  a  human  leg  and  i f   d e s i r e d  

also  on  an  arm.  The  most  proximal  chamber  may  be  p r e s e n t   on  pa r t   o f  

the  human  t o r s o ,   e .g .   on  b r e a s t ,   shou lde r   or  h i p .  

For  walking  p a t i e n t s   the  p u l s a t i o n s   may  be  gene ra t ed   by  a p p l y -  



ing  a  f l e x i b l e   "pumping  chamber"  below  the  foot ,   which  chamber  i s  

in  f l u i d   communication  wi th   one  or  more  p r e s s u r e   chambers  in  c o n -  

t a c t   with  p a r t s   of  the  leg  so  t h a t   a  f l u i d   such  as  a i r   is  pumped  t o  

sa id   p r e s s u r e   chambers  by  and  from  said  pumping  chamber  when 

p l a c i n g   the  foot   dur ing  walking  and  t h a t ,   when  l i f t i n g   the  f o o t ,  

t h i s   f l u i d   flows  back  i n t o   sa id   pumping  chamber.  This  is  e .g .   known 

f r a n   B r i t i s h   p a t e n t   s p e c i f i c a t i o n   817,521  and  from  European  p a t e n t  

a p p l i c a t i o n   3 9 , 6 2 9 .  

For  p a t i e n t s   who  cannot   walk,  e .g .   are  bed r idden   or  in  a  

wheeled  c h a i r ,   such  p u l s a t i o n s   may  be  gene ra t ed   with  the  aid  of  a  

pump  or  p r e s s u r e   ve s se l   and  a  c o n t r o l l e d   p u l s a t i o n   d e v i c e ,   e .g .   a s  

d i s c l o s e d   in  the  sa id   U.S.  p a t e n t   s p e c i f i c a t i o n s   4 ,030 ,488   and 

4 , 0 2 9 , 0 8 7 .  

The  i nven t ion   moreover  r e l a t e s   to  p r e f e r r e d   embodiments  o f  

said  p r i n c i p l e .  

For  f u r t h e r   e x p l a n a t i o n   of  the  i n v e n t i o n   i t   is   good  to  n o t e  

t h a t ,   for  avoiding  said  r ap id   backflow  of  venous  blood  dur ing  t h e  

p r e s s u r e   r e l i e f   phase  i t   is   as  such  not  at  a l l   n e c e s s a r y   t ha t   t h e  

p r e s s u r e   in  the  most  p rox imal   chamber  is  dec reased   at  a l l .   I t  

shou ld ,   however,  be  avoided  t h a t ,   when  the  p u l s a t i o n s   are  s t o p p e d ,  

e .g .   i f   the  p a t i e n t   s tops   wa lk ing ,   s i t s   or  l i e s   down  i m m e d i a t e l y  

a f t e r   walking,   or  when  s t opp ing   or  i n a d v e r t e n t   f a l l i n g   out  of  t h e  

e x t e r n a l   source  for   the  p u l s a t i o n s   proximal   chambers  remain  at  t h e  

same  h igher   p r e s s u r e   and  thus   would  tend  to  t i e   up  the  human  l i m b  

dur ing   a  longer   pe r iod .   I t   is  thus  neces sa ry   to  r e l i e v e   a l so   t h e  

more  and  most  proximal  chamber ( s ) ,   but  so  s lowly  t h a t   d u r i n g  

o p e r a t i o n   of  the  p u l s a t i o n s   the  p r e s s u r e   in  said  chamber(s)   r e m a i n s  

h igh ,   as  i n d i c a t e d ,   while   n e v e r t h e l e s s   a l lowing  slow  but  s u f f i -  

c i e n t l y   rap id   dec rease   of  said  p r e s s u r e   in  the  absence  o f  

p u l s a t i o n s .  

T h r o t t l i n g   openings  for   the  p r e s s u r e   r e l i e f   may  be  p r e s e n t   b e -  

tween  the  d i f f e r e n t   chambers,   but  they  may  a lso   lead  d i r e c t l y   f rom 

each  chamber  to  the  o u t s i d e .  

The  i nven t ion   w i l l   now  be  e x p l a i n e d   in  more  d e t a i l   w i t h  

r e f e r e n c e   to  the  a t t a c h e d   drawings .   T h e r e i n :  

Fig.  1  is  a  somewhat  d iagrammat ic   v e r t i c a l   s e c t i o n   through  a  

boot ,   embodied  as  or  compr is ing   a  device   according   to  the  i n v e n t i o n ;  



Fig.  2  is  a  d e t a i l   of  t h i s   dev ice   at  a  l a r g e r   s c a l e ;  

Fig.  3  shows,  a l so   on  a  l a r g e r   s c a l e ,   another   embodiment  o f  

the  d e t a i l   of  Fig.  2;  and 

Fig.  4  g ives   a  graph  of  p r e s s u r e   a g a i n s t   time  for  a  d e v i c e  

accord ing   to  Fig.  1.  

The  dev ice   of  Fig.  1  is  embodied  as  a  boot  1,  p rov ided   wi th   a  

number  of  chambers  3,  8,  9,  10  for   p r e s s u r e   p u l s a t i o n s ,   being  p e r -  

manently  or  e a s i l y   d e t a c h a b l y   mounted  in  sa id   boot.   The  chamber s  

have  f l e x i b l e   f l u i d - t i g h t   w a l l s ,   which  p r e f e r a b l y   are  not  e l a s t i c  

or  only  very  l i t t l e ,   such  as  a  f a b r i c   impregnated  and /or   covered  by  

a  s u i t a b l e   f l e x i b l e   p l a s t i c s   or  rubber   m a t e r i a l .   In  t h i s   case  t h e y  

are  mu tua l ly   connected  to  a  un i t   2.  The  boot  may  have  z i p p e r s   o r  

b o o t l a c e s   not  shown  to  be  e a s i l y   p u l l e d   on  and  taken  o f f .  

In  the  sole   p a r t   t h i s   un i t   has  a  f l e x i b l e   chamber  3,  e x t e n d i n g  

under  the  e n t i r e   su r f ace   of  the  human  foot   sole   or  under  t h e  

g r e a t e r   p a r t   t h e r e o f .   A  c l o s a b l e   connec t ing   n ipp le   4  s e rves   to  k e e p  

said  un i t   f i l l e d   with  a  f l u i d   such  as  a i r ,   e .g .   by  the  use  of  a  

simple  hand  or  foot   pump  5  e a s i l y   connec t ab l e   t h e r e t o   and  d e -  

t achab le   t h e r e f r a n ,   e .g .   as  usual   for   i n f l a t i n g   a i r   beds  or  r u b b e r  

boa ts ,   but  i t   is  a lso   p o s s i b l e   to  f i l l   t h i s   un i t   by  blowing  by  

mouth  or  c o n n e c t i o n   to  any  source  of  p r e s s u r i z e d   a i r   or  o t h e r   g a s .  

A  meter   6  shows  the  f i l l i n g   p r e s s u r e .  
The  n ippe l   4  may  be  connected  a t   any  po in t   to  un i t   2,  e .g .   t o  

one  s ide   of  the  so le   or  h i g h e r .  

The  chamber  3  is  in  open  f l u i d   connec t ion   with  a  chamber  8 

through  a  f l e x i b l e   duct   7  ex t end ing   along  foot   and  ank le .   Above 

chamber  8  t he re   are  two  f u r t h e r   chambers  9  and  10.  To  avoid  h i n -  

drance  to  the  p a t i e n t   and/or   c l o s i n g   of  duct   7  by  the  p a t i e n t ' s  

foot   or  ank le ,   t h i s   duct  may  be  embedded  in  a  s u i t a b l e   m a t e r i a l  

such  as  e l a s t i c   foam  p l a s t i c .  

Said  chambers  8  to  10  extend  along  the  back  s ide  and  a l o n g  

pa r t   of  the  s i de s   of  the  lower  leg.   There  may  a l so   be  one  or  more 
chambers  in  c o n t a c t   with  the  upper  leg  and  i t   is  even  p o s s i b l e   t h a t  

e.g.   a  hose  connec t s   the  upper  chamber  10  to  a  chamber  to  b e  

appl ied   to  the  p a t i e n t   at  the  h e i g h t   of  the  hip.   I f   d e s i r e d   t h e  

duct  7  may  be  very  sho r t   and  chamber  8  may  extend  downwardly  a l o n g  



the  ankle ,   so  t h a t   a  p u l s a t i n g   p r e s s u r e   may  a l so   be  exe r t ed   on  t h e  

median  or  l a t e r a l   a n k l e .  

Within  the  u n i t   2  the  chambers  8  to  10  are  s e p a r a t e d   by  s u b -  

s t a n t i a l l y   h o r i z o n t a l   i n t e r m e d i a r y   wal ls   11.  Each  wall  11  has  a  

flow  connec t ion   12  between  border ing   chambers,  i n d i c a t e d   in  Fig.  1 

only  d i a g r a m m a t i c a l l y   by  a  dash.  In  Fig.  2  and  3  t h i s   connec t ion   12 

is  shown  in  d e t a i l   on  a  l a r g e r   s c a l e .  

In  the  embodiment  of  Fig.  2  a  valve  cas ing  13  is  mounted  in  a n  

opening  in  each  wal l   11.  This  casing  may  be  of  meta l ,   r a t h e r   h a r d  

rubber   or  p l a s t i c s   m a t e r i a l   and  i t   may  be  mounted  by  c l a m p i n g ,  

bonding  or  v u l c a n i s i n g   or  any  o ther   s u i t a b l e   connec t ion   method  t o  

wall  11.  A  valve  body  14  is  f r e e l y   movable  up  and  down  in  s a i d  

casing  and  c o n s i s t s   of  me ta l ,   rubber  or  p l a s t i c s   m a t e r i a l .   At  l e a s t  

one  of  the  p a r t s   13  and  14  is  made  of  e l a s t i c   m a t e r i a l   of  s u c h  

f l e x i b i l i t y   t h a t   body  14  is  i n t r o d u c e a b l e   in to   cas ing  13.  I t   i s  

a lso   p o s s i b l e   to  p rov ide   cas ing   13  with  a  s e p a r a t e   p a r t   e n c l o s i n g  

body  14  a f t e r   i n t r o d u c t i o n   and  mountable  e .g .   by  screwing  o r  

screws,  welding  or  g l u e i n g .  

Valve  body  14  has  p r o t r u s i o n s   15  such  as  b a t t l e m e n t s ,   which  i n  

the  h i g h e s t   p o s i t i o n   of  body  14  engage  a  shou lde r   16  in  casing  13 

so  as  to  al low  f l u i d   to  pass  through  openings  17  in  the  b a t t l e -  

ments.  Moreover  t h i s   body  14  as  a  r e l a t i v e l y   narrow  bore  18  and  a  

conica l   ou te r   s u r f a c e   19  having  the  same  cone  angle  as  a  sea t   20  i n  

casing  13.  Said  angle   is  chosen  of  such  a  high  value  t h a t   body  14 

leaves   said  s ea t   20  upwardly  e a s i l y   and  is  not  clamped  t h e r e b y .  

In  Fig.  3  t h e r e   is  small   tube  21  of  rubber   or  the  l i k e   e l a s t i c  

m a t e r i a l ,   bonded,  e .g .   v u l c a n i s e d ,   s e a l i n g l y   in  a  hole  in  wall  11.  

This  tube  21  is  open  at   i t s   lower  end  and  c losed   by  end  wall  22  a t  

i t s   top.  Above  wal l   11  i t   has  a  l o n g i t u d i n a l   ( v e r t i c a l )   cut  23,  s o  

narrow  tha t   i t   is  c losed   (gas  t i g h t )   i f   the  a i r   p r e s s u r e s   to  b o t h  

s i d e s   t h e r e o f   are  equal   and  for   a l l   p r e s s u r e   d i f f e r e n c e s   with  a  

h igher   p r e s s u r e   at  the  o u t s i d e   of  t h i s   cut.   Moreover,  the re   is  a  

small  ( t h r o t t l i n g )   hole  24  p e n e t r a t i n g   the  wall  of  tube  21  above  

wall  11. 

The  o p e r a t i o n   of  t h i s   device   is  as  f o l l o w s :  

Af te r   the  e n t i r e   un i t   2  is  f i l l e d   by  a i r   of  a  p r e s s u r e   somewhat 

h igher   than  a t m o s p h e r i c ,   e .g .   somewhat  l e s s   than  40  mn  Hg  gauge  



p r e s s u r e ,   and  a  human  being  walks  on  t h i s   boot  1,  the  chamber  8  i s  

compressed  when  p u t t i n g   down  the  foo t ,   p a r t   of  the  a i r   in  t h i s  

chamber  is  pushed  by  duct  7  to  chamber  8  and  r a i s e s   the  p r e s s u r e  

t h e r e i n .   This  causes   opening  ( l i f t i n g   to  the  p o s i t i o n   shown)  o f  

valve  body  14  ( F i g .  2 )   or  of  s l o t   23  (Fig.  3)  between  chambers  8 

and  9  towards  chamber  9.  The  p r e s s u r e   r i s e   in  chamber  9  c a u s e s  

valve  body  14  or  s l o t   23  between  chambers  9  and  10  to  open  and  

chambers  8,  9  and  1 0 - t h u s   r a p i d l y   reach  about   the  same  p r e s s u r e ,  

upon  which  the  va lves   14  or  s l o t s   23  c l o s e .  

When  l i f t i n g   the  foot   the  a i r   tends   to  flow  in  the  o p p o s i t e  

d i r e c t i o n ,   chamber  8  is  s u b j e c t e d   to  a  d e c r e a s e   in  p r e s s u r e   t o -  

ge the r   with  chamber  3  by  the  i n c r e a s e   in  volume  of  the  l a t t e r .   The 

t h r o t t l i n g   openings   18  (Fig.  2)  or  24  (Fig.  3)  now  form  the  o n l y  

flow  connec t i on   between  chambers  8,  9  and  10,  so  t h a t   the  p r e s s u r e  
in  chamber  9  d e c r e a s e s   more  slowly  than  in  chamber  8  and  in  chamber 

10  the  p r e s s u r e   drop  is  even  more  slow.  By  the  r e l a t i v e l y   rap id   s e -  

quence  of  s t ep s   dur ing  walking  said  p r e s s u r e   drop  in  chambers  9  and  

10  is  not  only  more  slow  but  f i n a l l y   a l s o ,   u n t i l   the  next   p r e s s u r e  
r i s e   beg ins ,   l e s s   in  amount,  and,  for   chamber  10,  even  i f   d e s i r e d  

n e g l i g i b l e .  

The  p r e s s u r e   changes  of  course  depend  on  the  r e l a t i e v e   vo lumes  

of  the  chambers.   The  chambers  8,  9  and  10  may  be  r e l a t i v e l y   th in   i n  

a  d i r e c t i o n   p e r p e n d i c u l a r   to  the  leg,   and  chamber  3  is  chosen  at  a  

r e l a t i v e l y   c o n s i d e r a b l e   volume.  

The  t h r o t t l i n g   opening  18  or  24  between  chambers  8  and  9  i s  

p r e f e r a b l y   wider  than  the  same  opening  between  chambers  9  and  10. 

Thereby,  chamber  9  w i l l ,   during  the  p r e s s u r e   r e l i e f   phase,   much 

more  r a p i d l y   f a l l   in  p r e s s u r e   to  a  p r e s s u r e ,   c o n s i d e r a b l y   l o w e r  

than  the  p r e s s u r e   in  chamber  10,  for   which  i t   is  impor tan t   t h a t   t h e  

p r e s s u r e   remains   high  to  avoid  backflow  of  venous  b l o o d .  

Fig.  4  shows  p o s s i b l e   p r e s s u r e   d i s t r i b u t i o n s   and  p r e s s u r e  

p u l s a t i o n s   in  a   device   according  to  Fig.  1.  In  s t a b l e ,   s t a t i o n a r y  

c o n d i t i o n   the  p r e s s u r e   in  the  e n t i r e   device   is  e .g .   somewhat  l e s s  

than  40  m   Hg.  When  the  p a t i e n t   walks  and  compresses  chamber  3  b e -  

low  his   foot   so l e ,   the  p r e s s u r e   in  chamber  8  near  4b  r i s e s   q u i c k l y  

to  about  the  same  l e v e l .   As  t h i s   p r e s s u r e   r i s e   qu i ck ly   o p e n s  

( l i f t s )   check  va lve   body  14  of  Fig.  2  or  s l o t   23  of  Fig.  3  be tween  



chambers  8  and  9,  the  p r e s s u r e   in  chamber  9  a l so   r i s e s   qu i ck ly   t o  

about  the  same  value   and  the  thereupon  opening  check  valve  body  14 

of  Fig.  2  or  s l o t   23  of  Fig.  3  between  chambers  9  and  10  c a u s e s  

chamber  10  to  fo l low  a lmost   the  same  p r e s s u r e   r i s e .   With  the  w e i g h t  

of  the  p a t i e n t   f u l l y   r e s t i n g   on  t h i s   foot   and  f u l l y   c a n p r e s s e d  

chamber  3  the  p r e s s u r e s   in  the  chambers  8,  9  and  10  have  r i s e n   t o  

say  about  70  mn  Hg. 

Upon  l i f t i n g   t h i s   foo t   the  p r e s s u r e   in  chambers  3  and  8  d r o p s  

r a p i d l y ,   e .g .   to  about   20  to  25  mm  Hg.  As  check  va lve   14  of  Fig.  2 

drops  ( c lo se s )   as  soon  as  the  p r e s s u r e s   in  the  a d j a c e n t   chambers  t o  

both  s ides   t h e r e o f   are  about  equal ,   or  as  s l o t   23  c lo se s   in  t h i s  

s i t u a t i o n ,   the  chambers  8,  9  and  10  are  now  only   in  communica t ion  

by  the  t h r o t t l i n g   open ings   18  of  Fig.  2  or  24  of  Fig.  3.  T h i s  

causes  the  p r e s s u r e   in  chamber  9  to  dec rease   only  g r a d u a l l y ,   e . g .  
to  about  40  mm  Hg,  be fo re   the  p a t i e n t   w i l l   aga in   p l a n t   t h i s   f o o t  

(dashed  l i n e   in  Fig.   4).  The  p r e s s u r e   in  chamber  10  w i l l   d e c r e a s e  

even  l e s s   ( l i ne   of  do t s   and  dashes  in  Fig.  4),   e .g .   to  55 mm  Hg 

when  the  next   p r e s s u r e   r i s e   begins .   Without  harm  the  p r e s s u r e   i n  

chamber  9  may  drop  to  lower  va lues ,   e .g .   by  a  wider   t h r o t t l i n g  

opening  18  or  24.  The  s t a t i o n a r y   p r e s s u r e   in  the  dev ice   of  somewhat 

below  40  mm  Hg  is  low  enough  to  avoid  undes i r ed   blood  c o n g e s t i o n .  

The  chambers  9  and  10  might  a l so   have  a  t h r o t t l i n g   r e l i e f  

opening  to  the  o u t s i d e   for   r e p l a c i n g   or  a d d i t i o n a l   to  openings  18 

between  chambers  8,  9  and  10..  During  the  p r e s s u r e   r i s e   phase  t h e  

p r e s s u r e   in  more  p rox imal   chambers  9  and  10  w i l l   then  remain  l o w e r  

than  in  chamber  8,  but  t h i s   may  be  a c c e p t a b l e ,   i f   only  the  un i t   2 

is  not  allowed  to  remain  d e f l a t e d ,   e .g .   by  making  chamber  3  e l a s t i c  

in  a  sense  t o  t e n d   to  i n c r e a s e   in  volume.  

If  a  l i q u i d   is  used  i n s t ead   of  gas  or  a i r ,   i t   is   p r e f e r a b l e   t o  

apply  e l a s t i c   wa l l s   for   a t   l e a s t   p a r t   of  the  c h a m b e r s .  

I t   is  p o s s i b l e   to  use  the  un i t   2  w i thou t   a  su r round ing   b o o t ,  

in  which  case  i t   might  be  s t r apped   onto  the  human  l e g .  

Ins t ead   of  any  of  the  va lves   as  shown  in  Figs .   2  and  3  t h e r e  

may  be  simple  b a l l   va lve s   as  check  va lves .   P a r t i c u l a r l y   in  such  a  

case  the  t h r o t t l i n g   opening  between  a d j a c e n t   chambers  may  be  p r o -  

vided  in  the  s e p a r a t i n g   wall   11  t he reo f   i t s e l f ,   as  shown  by  18'  i n  

Fig.  2 .  



If  an  e x t e r n a l   source   is  used  for   the  p u l s a t i o n s ,   e .g .   f o r  

bedr idden  p a t i e n t s   or  p a t i e n t s   in  a  wheeled  c h a i r ,   the  chamber  3 

may  be  omit ted  and  sa id   source  may  be  connected   to  chamber  8 .  

P a r t i c u l a r l y   in  t h a t   case  but  i f   d e s i r e d   a l so   in  a l l   o the r   c a s e s ,  

each  chamber  may  have  i t s   own  s e p a r a t e   connec t ion   to  such  a n  

e x t e r n a l   source  in  which  case  r i s e s   and  f a l l s   in  p r e s s u r e   a r e  

c o n t r o l l e d ,   e .g .   with  the  aid  of  a  m i c r o p r o c e s s o r   in  such  a  way 
tha t   one  or  more  more  proximal   chambers  dur ing   the  p r e s s u r e   f a l l  

are  l e s s   r e l i e v e d   or  l e s s   r a p i d l y   r e l i e v e d   than  one  or  more  d i s t a l  

chambers .  

For  the  p r i n c i p l e   of  the  a c t i o n   of  the  p r e s s u r e   r i s e   phases   o f  

the  chambers  for   the  blood  c i r c u l a t i o n   the  use  of  more  than  t h r e e  

chambers  may  be  deemed  p r e f e r a b l e ,   but  t h i s   is  known  as  such.  F o r  

the  p r i n c i p l e   of  the  p r e s e n t   i n v e n t i o n   the  number  of  s u b s e q u e n t  

chambers  is  of  l e s s   impor tance ,   i f   only   the  most  proximal   chamber  

s a t i s f i e s   the  r e q u i r e m e n t   of  the  i n v e n t i o n   about   a  sma l l e r   va lue   o f  

i t s   p r e s s u r e   drop  dur ing   the  r e l i e f   p h a s e .  



1.  A  device   for   s u s t a i n i n g   the  o p e r a t i o n   of  the  blood  v e s s e l s   i n  

the  human  body,  at  l e a s t   in  pa r t   in  one  of  the  limbs  t h e r e o f ,   w i t h  

more  than  one  chamber  to  be  p o s i t i o n e d   in  c o n t a c t   with  d i f f e r e n t  

zones  of  the  body,  said  chambers  being  adap ted   to  take  up  a  f l u i d  

such  as  a i r   under  p r e s s u r e   and  having  a  f l e x i b l e   wall   f o r  

t r a n s m i t t i n g   sa id   p r e s s u r e   to  the  body,  with  means  to  s u b j e c t   a  
f l u i d   in  sa id   chambers  to  a  p u l s a t i n g   p r e s s u r e ,   c h a r a c t e r i z e d   i n  

t h a t   such  p u l s a t i n g   means  are  embodied  so  t h a t   dur ing   dec rea se   o f  

the  p r e s s u r e   in  sa id   chambers,  the  p r e s s u r e   in  one  or  more  more  

proximal   chambers  is   ma in ta ined   at  a  much  h ighe r   value  than  t h e  

p r e s s u r e   in  one  or  more  more  d i s t a l   chambers  at  l e a s t   u n t i l   t h e  

next  p r e s s u r e   r i s e   o c c u r s .  

2.  A  device   a cco rd ing   to  claim  1,  in  which  a  flow  connec t ion   f o r  

the  f l u i d   is  p rov ided   between  two  or  more  chambers,   so  t ha t   t h e  

p r e s s u r e   in  one  or  more  chambers  i s   i n c r e a s e d   v ia   said  c o n n e c t i o n  

as  a  r e s u l t   of  a  p r e s s u r e   r i s e   in  a n o t h e r   chamber,  which  is  a d a p t e d  

to  be  p o s i t i o n e d   more  d i s t a l   with  r e s p e c t   to  the  human  l i m b ,  

c h a r a c t e r i z e d   in  t h a t   said  chamber ( s ) ,   in  which  the  p r e s s u r e   i s  

r a i s e d   through  such  a  connec t ion ,   has  (have)  a  t h r o t t l i n g   r e l i e f  

opening  g iv ing   more  r e s i s t a n c e   to  the  flow  of  f l u i d   t h e r e t h r o u g h  

than  said  flow  c o n n e c t i o n ,   and  t h a t   means  are  provided  to  c l o s e  

said  flow  c o n n e c t i o n   dur ing  the  p e r i o d i c   p r e s s u r e   r e l i e f   phase  o f  

the  p u l s a t i o n s .  

3.  A  device   a c c o r d i n g   to  claim  2,  in  which  sa id   t h r o t t l i n g   r e l i e f  

opening  is  p rov ided   between  said  chambers  in  o rde r   to  al low  r e l i e f  

of  one  chamber  g r a d u a l l y   towards  a  more  d i s t a l   chamber .  

4.  A  device   a cco rd ing   to  any  of  the  p r e c e d i n g   c la ims ,   in  which  a  

check  valve  is   p rov ided   between  a d j a c e n t   chambers,   embodied  so  a s  

to  c lose   said  flow  connec t ion   between  sa id   chambers  in  the  p r e s s u r e  
r e l i e f   phase  of  the  p u l s a t i o n s .  



5.  A  device   according   to  claim  4  t o g e t h e r   with  claim  2  or  c l a i m  

3,  in  which  the  check  valve  has  such  a  t h r o t t l i n g   opening  in  i t s  

va lve   body  to  al low  passage   of  f l u i d   t h e r e t h r o u g h   in  i t s   c l o s e d  

p o s i t i o n .  

6.  A  device   accord ing   to  claim  4  in  combinat ion   with  claim  2  o r  

c la im  3,  in  which  t h e r e   is  an  e l a s t i c   hose  between  a d j a c e n t  

chambers,   closed  at   the  end  p o s i t i o n e d   in  the  more  p r o x i m a l  

chamber,  having  a  t h r o t t l i n g   opening  at   or  near   sa id   end  in  i t s  

wal l   and  having  a  narrow  s l o t   in  i t s   pa r t   ex t end ing   in to   said  more 

prox imal   chamber,  which  s l o t   is  c losed   e l a s t i c a l l y   by  the  e l a s t i c  

m a t e r i a l   of  the  hose  along  i t s   s i des   and  opening  as  soon  as  t h e  

f l u i d   p r e s s u r e   i n s ide   the  hose,   being  the  p r e s s u r e   in  the  more 

d i s t a l   one  of  said  a d j a c e n t   chambers,   is  h ighe r   than  the  f l u i d  

p r e s s u r e   in  the  more  p roximal   chamber .  

7.  A  device   acoording  to  any  of  c laims  2  to  6,  in  which  a  chamber 

is  p r o v i d e d ,   adapted  to  be  p o s i t i o n e d   below  the  human  foot   sole  s o  

t h a t ,   in  walking,   t h i s   chamber  is  p r e s s u r i z e d   and  s u b s t a n t i a l l y  

emptied  when  p l a c i n g   the  foot   and  is  dec reased   in  p r e s s u r e   and  

f i l l e d   by  the  f l u id   when  the  foo t   is  l i f t e d ,   t h e r e   being  a  f l u i d  

flow  connec t ion   between  t h i s   chamber  and  an  a d j a c e n t   chamber 

adapted   to  be  in  c o n t a c t   with  p a r t   of  the  human  leg  and  from  t h i s  

l a t t e r   to  one  or  more  f u r t h e r   chambers  adapted  to  be  in  c o n t a c t  

with  a  more  proximal  p a r t   of  the  human  body,  a t   l e a s t   the  f l u i d  

c o n n e c t i o n   between  the  two  most  proximal   chambers  having  such  a  

t h r o t t l i n g   r e l i e f   opening  and  sa id   c los ing   means  to  c lose   t h i s  

c o n n e c t i o n   during  the  p e r i o d i c   p r e s s u r e   r e l i e f   phase  of  the  p u l s a -  
t i o n s .  

8.  A  device   according   to  c la im  7,  in  which  the  flow  c o n n e c t i o n  

between  said  chamber  adapted   to  be  p o s i t i o n e d   below  the  human  f o o t  

and  the  most  a d j a c e n t   chamber  is  f r ee   from  such  c l o s i n g   and  t h r o t t -  

l i n g   means .  
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