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Description 

This  invention  relates  generally  to  methods  and 
devices  for  treating  incontinence  and  more  specifi- 
cally  relates  to  an  improved  implantable  artificial 
sphincter  system  for  the  control  of  excretory  body 
passages. 

The  artificial  sphincters  fortreating  incontinence 
which  are  known  or  described  in  the  art  often  employ 
a  distally  located  fluid  reservoir,  usually  of  the  balloon 
or  bulb  type,  which  in  conjunction  with  one  or  more 
pumps  serves  to  transfer  fluid  into  or  out  of  an  inflat- 
able  cuff  which  is  disposed  about  the  body  passage- 
way  to  be  occluded.  When  the  cuff  is  inflated,  the 
body  passageway  is  occluded;  when  it  is  deflated  the 
body  passageway  is  opened  and  excretion  occurs.  It 
is  also  the  norm  that  these  basic  components,  that  is, 
cuff,  pump  means,  and  reservoir  are  connected  by 
means  of  lumens  or  fluid  transmission  passageways. 
Typically  one  fluid  transmission  passageway  con- 
nects  the  cuff  with  the  pump  while  a  second  trans- 
mission  line  connects  the  pump  with  the  reservoir. 

The  location  of  the  balloon  type  reservoirs  are  of 
particular  concern  in  the  known  artificial  sphincter 
systems.  This  is  because  reservoirs  of  this  type  tend 
to  be  rather  large,  particularly  in  proportion  to  the 
other  components  of  the  system.  Because  of  their 
size,  they  are  usually  located  in  areas  of  the  body 
which  have  room  for  such  implantation.  In  most  in- 
stances  this  will  be  in  the  abdomen.  However,  to  im- 
plant  bulb  or  balloon  reservoirs  in  the  abdomen  nec- 
essitates  rather  complex  surgery  which  can  be  debil- 
itating  particularly  to  the  elderly.  Moreover,  abdomi- 
nal  surgery  also  incurs  a  fairly  high  risk  of  postoper- 
ative  infection  and  is  almost  always  rather  long  in  dur- 
ation,  requiring  a  fairly  lengthy  postoperative  healing 
period  due  to  the  trauma  to  which  the  body  has  been 
subjected.  It  is  apparent  that  it  would  be  highly  desir- 
able  to  avoid  abdominal  surgery  and  in  general  to  re- 
duce  the  complexity  of  the  implantation  procedures 
for  artificial  sphincters. 

With  known  or  described  artificial  sphincters  it 
can  also  happen  that  high-intensity,  short-duration 
(e.g.,  less  than  5  minutes),  stress-induced  pressure 
"spikes",  which  occur,  for  example,  as  a  consequence 
of  the  sudden  onset  of  coughing  or  laughing,  or  other 
kind  of  stressful  outburst,  or  even  by  the  single  act  of 
suddenly  lifting  a  heavy  object,  will  often  involuntarily 
induce  the  deflation  of  an  occluding  cuff.  This  can 
happen  because  these  kinds  of  pressure  "spikes"  are 
often  considerably  above  the  threshold  pressures 
necessary  for  the  voluntary  activation  of  the  present- 
ly  described  sphincter  systems.  As  a  consequence, 
the  "spike"  can  cause  a  sharp  increase  in  pressure  on 
the  bladder  and  result  in  a  surge  of  fluid  under  pres- 
sure  downstream  from  the  bladder  (particularly  if  the 
latter  is  fairly  full  to  begin  with),  which  can  then  for- 
cefully  deflate  the  cuff  (at  least  partially)  and  cause 

the  urethra  (or  other  excretory  passage)  to  be 
opened  and  excretion  to  occur.  This  manifestation  of 
incontinence,  particularly  where  an  artificial  sphinct- 
er  has  been  implanted,  can  be  especially  distressing 

5  and  even  demoralizing  to  an  individual.  It  is  thus  also 
apparent  that  an  artificial  sphincter  which  would 
avoid  this  problem,  i.e.  which  under  these  conditions 
would  keep  the  cuff  inflated  and  hence  the  urethra 
occluded,  would  also  be  very  desirable. 

10  The  present  invention  relates  to  an  implantable 
artificial  sphincter  system  for  reversibly  occluding  a 
body  passageway,  which  comprises 

a  fluid-inflatable  occlusion  means  adapted  to 
substantially  encircle  a  body  passageway, 

15  a  fluid  capacitor  in  fluid  communication  with 
said  occlusion  means  for  storing  of  fluid  when  said  oc- 
clusion  means  is  deflated,  said  capacitor  being  capa- 
ble  of  distending  under  fluid  pressure,  and 

a  pump  means  in  fluid  communication  with 
20  said  occlusion  means  for  transferring  fluid  from  said 

occlusion  means  to  said  capacitor  to  deflate  said  oc- 
clusion  means  and  open  said  body  passage,  said  oc- 
clusion  means  and  said  fluid  capacitor  being  connect- 
ed  by  means  having  a  predetermined  resistance  to 

25  fluid  flow  such  that  said  occlusion  means  remains 
substantially  inflated  during  short,  significant  pres- 
sure  increases  in  said  body  passage  up  to  a  predeter- 
mined  limit,  but  wherein  said  occlusion  means  at  least 
partially  deflates  on  prolonged  moderate  pressure  in- 

30  creases  in  said  body  passage. 
While  in  its  preferred  embodiment  no  other  fluid 

containing  component  is  needed,  if  desired  a  volume 
compensator  as  hereinafter  described  can  also  be  in- 
cluded  in  the  system. 

35  The  implantable  sphincter  system  of  this  inven- 
tion,  in  its  preferred  form,  defines  a  simple  sphincter 
which  includes  a  minimal  number  of  components,  of 
small  size.  In  a  preferred  form,  to  be  described  here- 
inafter,  it  also  provides  a  mechanism  for  deactivation 

40  of  the  system  to  avoid  somewhat  the  problems  at- 
tendant  with  postoperative  surgical  trauma  and  sen- 
sitivity.  It  also  provides  a  system  of  great  simplicity 
which  can  be  easily  used  by  an  incontinent  person.  It 
further  provides  a  system  which  substantially  inhibits 

45  urine  reflux  or  bladder  distension  as  a  consequence 
of  prolonged  moderate  (e.g.  60-70  cm  of  H20)  pres- 
sure  increases  on  the  bladder,  and  also  substantially 
inhibits  involuntary  incontinence  due  to  short,  but  sig- 
nificant,  "spike"  pressures  occasioned  by  stress,  or 

so  other  emotional  disturbances.  In  male  patients  all  of 
the  components  of  the  system,  including  the  optional 
volume  compensator,  are  implanted  in  or  about  the 
scrotum.  Only  the  cuff  which  circumferentially  sur- 
rounds  the  body  passageway  is  in  any  way  distally 

55  placed.  No  components  need  be  implanted  in  the  ab- 
domen. 

Sphincter  systems  according  to  embodiments  of 
the  invention  will  now  be  described  with  reference  to 
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the  accompanying  drawings  by  way  of  illustration. 
FIG.  1  illustrates  an  implantable  sphincter  sys- 

tem  in  accordance  with  the  preferred  embodiment  of 
this  invention,  with  cuff,  pump  means,  control  assem- 
bly,  and  fluid  capacitor  illustrated  partially  in  vertical 
section. 

FIG.2  is  a  transverse  cross-section  along  the 
axis  2-2  of  the  control  assembly  depicting  the  fluid 
capacitor  in  a  nondistended  form  circumferentially 
disposed  about  the  assembly. 

FIG.3  illustrates  the  implantable  sphincter  in  ac- 
cordance  with  the  preferred  embodiment  of  this  in- 
vention,  similar  in  all  respects  to  FIG.1,  but  showing 
the  fluid  capacitor  in  distended  form. 

FIG.4  is  a  transverse  cross-section,  similar  in  all 
respects  to  FIG.  2,  but  showing  the  fluid  capacitor  in 
distended  form. 

FIG.5  is  an  environmental  view  illustrating  the 
implantable  sphincter  system,  disposed  in  a  male, 
with  all  components  save  the  cuff  implanted  in  the 
scrotum. 

FIG.6  is  another  embodiment  of  the  implantable 
system  of  this  invention  illustrated  partially  in  vertical 
section,  which  includes  a  volume  compensator  in  flu- 
id  communication  with  the  cuff,  pump,  control  assem- 
bly,  and  fluid  capacitor. 

FIG.7  is  a  side  vertical  section  of  an  externally 
operated  magnetic  deactivation  valve,  depicted  in 
closed  position. 

FIG.  8  is  a  similar  view  of  the  magnetic  valve  of 
FIG.7,  depicted  in  open  position. 

FIG.9  is  a  plan  view  of  the  poppet  of  the  magnetic 
valve  of  FIG.7  and  8. 

FIG.10  is  a  vertical  view  showing  the  insertion  of 
a  hydraulic  needle  into  the  septum  of  the  implantable 
sphincter  system  of  this  invention. 

Referring  now  to  the  drawings  in  more  detail, 
there  is  shown  in  FIG.1  an  implantable  artificial 
sphincter  system  10  in  accordance  with  the  preferred 
embodiment  of  the  invention.  Sphincter  system  10  in- 
cludes  a  pump  12  which  can  be  of  any  suitable  type, 
but  typically  is  of  an  externally  activated  bulb  type 
(hereinafter  to  be  termed  "pump  bulb"),  a  control  as- 
sembly  14,  and  a  cuff  16  which  surrounds  a  body  pas- 
sage  18.  The  cuff  16  includes  a  generally  non-elastic 
backing  20  and  an  inflatable  inner  cushion  22.  The 
cuff  16  is  in  fluid  communication  with  the  pump  bulb 
12  by  means  of  passageway  (i.e.  lumen  or  tube)  24. 
Downstream  from  the  cuff  16  there  is  shown  deacti- 
vation  valve  26,  an  optional  feature  hereinafter  fur- 
ther  described  in  FIGS.  7,  8,  and  9,  which  is  preferably 
magnetically  activated  or  deactivated  by  external 
means. 

Further  downstream  in  control  assembly  14  is 
cuff  check  valve  28  which  prevents  the  flow  of  fluid 
from  the  pump  bulb  12  to  the  cuff  16.  Also  included 
in  control  assembly  14  is  passageway  30  which  exits, 
as  shown,  off  passageway  24  and  includes  a  fluid  re- 

sistor  element  36,  and  passageway  32  which  is  in  flu- 
id  communication  with  pump  bulb  12  through  a  check 
valve  34.  Both  passageways  30  and  32  are  in  fluid 

5  communication  with  fluid  capacitor  38  which  is  dis- 
posed  as  shown  along  the  indicated  area  of  control 
assembly  14.  Finally,  also  shown  is  optional  feature, 
septum  40,  which  as  hereinafter  described  can  be 
used  to  have  fluid  inserted  into  or  removed  from  the 

10  system,  and  to  control  the  pressure  of  the  system,  as 
needed. 

Because  the  entire  sphincter  is  implanted  into 
the  body,  all  surfaces  thereof  are  formed  of  a  phys- 
iologically  inert  or  biocompatible  material.  Illustrative 

15  of  such  material  is  silicon  rubber,  but  any  material 
known  to  be  useful  for  artificial  devices  to  be  implant- 
ed  in  the  body  can  be  employed. 

As  with  the  rest  of  the  system,  the  fluid  capacitor 
38  should  also  be  made  of  a  physiologically  inert  ma- 

20  terial,  but  it  must  be  capable  of  increasing  its  volume 
under  fluid  pressure  such  as  by  being  distended  be- 
cause  of  internally  directed  fluid  pressure  of  a  prede- 
termined  strength.  As  such,  therefore,  it  is  preferably 
a  tubular  membrane  which  will  distend  in  accordance 

25  with  preset  conditions.  The  distensibility  can  be  a 
function  of  thickness,  or  of  the  material,  or  both.  Thus 
if  the  degree  of  distensibility  is  a  function  of  thick- 
ness,  it  can  be  made  of  the  same  material  as,  for  ex- 
ample,  the  rest  of  the  control  assembly.  Alternatively 

30  it  can  be  made  of  a  different  physiologically  inert  ma- 
terial,  but  it  must  still  have  suitable  elasticity.  As  stat- 
ed,  this  degree  of  distensibility  can  be  preset  or  pro- 
grammed  into  the  system. 

The  fluid  capacitor  is  preferably  circumferentially 
35  disposed  about  the  indicated  section  of  the  control 

assembly  14.  This  is  more  clearly  shown  in  the  top 
view,  transverse  cross-section  depicted  in  FIG.2, 
which  is  taken  across  the  axis  2-2  of  the  assembly. 
However,  it  is  possible  for  the  capacitor  to  be  dis- 

40  posed  as  sections  on  sides  of  the  control  assembly. 
In  this  latter  form,  however,  there  must  still  be  fluid 
communication  between  the  sections  so  that  in  es- 
sence  there  is  still  only  one  capacitor. 

Fluid  resistor  or  resistance  element  36  provides 
45  a  generally  predetermined  resistance  to  fluid  flow 

through  passageway  30  to  and  from  capacitor  38. 
This  element  may  be  of  several  types  known  in  the 
art,  but  typically  is  one  of  the  kind  which  defines  a  lab- 
yrinth-type  fluid  passage  such  as  one  formed  by  a 

so  plurality  of  axially  aligned,  perforated  disks  which  are 
adapted  to  define  a  restrictive  path  for  fluid  flow. 

Valves  28  and  34  are  types  well  known  in  the  art. 
Valve  28  is  typically  a  one-way  check  valve  of  the  ball 
and  seat  type  which  permits  fluid  flow  from  the  cuff 

55  to  the  pump  bulb.  Valve  34  is  typically  a  ball  and  seal 
spring-biased  type  which  permits  fluid  flow  from  the 
pump  bulb  12  into  the  fluid  capacitor. 

In  the  sphincter  system  of  this  invention,  the  fluid 
pressure  is  predetermined  and  is  constant  throughout 

3 
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the  system.  To  commence  normal  operation,  that  is, 
to  deflate  the  cuff  16  and  enable  excretion  to  pass  out 
of  the  body  passageway  (hereinafterfor  convenience 
to  be  referred  to  as  the  urethra),  the  pump  bulb  12  is 
initially  squeezed.  This  places  the  fluid  thereof  under 
pressure  which  forces  it  upstream  to  valve  34.  Under 
the  pressure  of  the  fluid,  the  valve  34  is  dislodged 
from  its  normally  closed  position,  i.e.,  the  counter 
force  of  the  spring  34Athereof  is  overcome.  The  now 
open  valve  34  permits  the  fluid  to  continue  into  nar- 
row  passageway  32  and  then  into  capacitor  38,  which 
distends  because  of  its  modulus  of  elasticity.  The 
surge  of  fluid  from  the  pump  bulb  also  moves  up- 
stream  to  valve  28  which  is  pushed  into  a  closed  pos- 
ition,  i.e.,  againstthe  seat  thereof.  At  this  point,  no  flu- 
id  proceeds  upstream  to  cuff  16  through  passageway 
24. 

On  release  of  the  pump  bulb,  the  resulting  pres- 
sure  differential  caused  by  the  pump  bulb  returning 
to  its  unsqueezed  shape  draws  fluid  downstream 
from  the  cuff  16.  Valve  28  is  then  opened  because  the 
downstream  pressure  of  fluid  in  passageway  24  is 
greaterthan  the  pressure  in  evacuated  pump  bulb  12. 
Fluid  then  passes  through  check  valve  28  (and  if 
present,  deactivation  valve  26)  into  pump  bulb  12. 

At  the  same  time,  valve  34  returns  to  its  closed 
position,  because  the  pressure  of  distended  dia- 
phragm  38  also  is  greater  than  that  of  evacuated 
pump  12,  and  the  ball  of  valve  34  is  accordingly  push- 
ed  against  its  seat.  Pressure  exerted  by  capacitor  38 
also  forces  fluid  through  passageway  30  which  is 
time-delayed  by  resistor  36,  the  flow  rate  of  fluid 
through  passage  24  being  accordingly  greater  than 
that  of  passageway  30.  The  continued  squeezing  and 
releasing  of  the  pump  bulb  12  will  transfer  all  fluid 
from  cuff  16  (orany  portion  thereof)  to  the  space  38A 
shown  in  FIG.  3  and  FIG.4  between  diaphragm  38  and 
the  wall  of  control  assembly  14. 

When  sufficient  volume  is  removed  from  cuff  16 
to  release  occluding  pressure  on  the  urethra,  the  pa- 
tient  can  void.  The  urethra  will  remain  open  until  the 
cuff  16  is  refilled.  This  happens  as  follows:  pressure 
in  cavity  38A  being  greaterthan  pressure  in  the  pump 
bulb  12  and  cuff  16,  fluid  is  forced  through  fluid  resis- 
tor  36  into  passageway  24  and  upstream  into  the  cuff. 
If  pump  bulb  12  is  collapsed  from  its  final  squeeze, 
fluid  will  also  flow  downstream  through  passageway 
24  and  through  valve  28  into  pump  bulb  12.  Fluid  will 
continue  to  flow  from  cavity  38A  (which  gradually 
shrinks  to  its  nondistended  form)  into  both  the  cuff  16 
and  pump  bulb  12  until  both  are  filled,  i.e.  until  the 
pressure  of  the  system  is  equalized.  The  filled  cuff 
being  returned  to  its  inflated  state,  the  urethra  is  once 
again  occluded. 

In  FIGS.3and4,  the  fluid  capacitor  38  is  depicted 
in  fully  distended  form,  with  space  38A  disposed  as 
indicated,  and  with  the  cuff  16  deflated  and  the  ureth- 
ra  open.  Thus  without  the  need  for  a  bulb  reservoir  or 

other  distally  located  component,  e.g.  in  the  abdo- 
men,  the  ordinary  function  of  excretion  is  carried  out 
utilizing  a  few  simple  and  small  sized  components. 

5  The  system  of  this  invention  thus  has  the  virtue  of 
simplicity  and  the  great  advantage  of  reducing  the 
need  for  serious  surgery  due  to  the  size,  complexity, 
and  number  of  components. 

However,  other  advantages  are  also  achieved  by 
10  this  invention.  It  can  happen  that  when  the  bladders 

of  incontinent  people  are  subjected  to  long  duration 
pressure  of  moderate  intensity,  (e.g.  60-70  cm  of 
H20),  caused  by  the  prolonged  pressure  increase  in 
the  abdominal  area  or  by  concomitant  bladder  over- 

is  fill,  or  involuntary  bladder  contraction,  a  degree  of  ur- 
ine  leakage  will  occur.  However,  with  most  presently 
described  artificial  sphincters  this  leakage  will  not 
occur  because  the  cuff  will  not  receive  a  signal  to  de- 
flate  upon  the  onset  of  such  stimulus.  The  urethra  will 

20  remain  occluded.  As  a  consequence,  urine  refluxing 
and/or  restriction  of  blood  outflow  and  blood  supply 
to  the  occluded  urethra  may  occur.  The  sphincter  sys- 
tem  of  the  subject  invention,  on  the  other  hand,  is  de- 
signed  to  enable  the  cuff  to  at  least  partially  deflate 

25  and  the  urethra  to  thereupon  open  (thus  permitting 
the  flow  of  a  small  volume  of  urine)  upon  the  onset  of 
such  long  duration,  moderate  intensity  pressures. 
The  way  this  happens  is  as  follows:  upon  the  advent 
of  such  stimulus,  the  fluid  in  the  system  will  start  to 

30  flow  downstream  into  passageways  24  and  30.  In  the 
larger  passageway  30,  the  flow  will  be  impeded  by 
the  resistor  element  36  but  eventually,  because  of  the 
long  duration  of  the  pressure  surge,  the  fluid  will  find 
its  way  through  this  element  into  the  fluid  capacitor. 

35  When  a  pressure  of  predetermined  extent  is  reached, 
the  fluid  capacitor  will  thereupon  distend  because,  as 
shown  in  Fig.  1,  passageway  30  has  a  segment,  rep- 
resented  as  area  30A,  which  is  adjacent  to  and  sub- 
stantially  coextensive  with  the  distensible  membrane 

40  of  fluid  capacitor  38.  As  a  consequence  even  moder- 
ate,  (but  long  duration)  pressures  will  suffice  to  dis- 
tend  the  capacitor  because  the  effect  thereof  will  be 
exerted  along  almost  the  entire  surface  of  the  mem- 
brane  (from  segment  30A).  This  will  at  least  partially 

45  deflate  the  cuff  and  open  the  urethra  to  the  extent 
that  the  required  small  amounts  of  urine  will  exit  or 
"leak".  When  the  pressure  in  the  urethra  caused  by 
the  long-duration,  moderate  pressure  subsides,  fluid 
from  the  capacitor  will  return  to  the  cuff  in  the  previ- 

50  ously  described  manner  and  the  cuff  will  be  reinflat- 
ed. 

However,  the  sphincter  system  of  this  invention 
will  also  act  to  inhibit  undesirable  involuntary  urine 
leakage  when  the  incontinent  person  is  subjected  to 

55  high  intensity,  short-duration  pressure  "spikes" 
which  can  occur  following  a  sudden  pressure  in- 
crease  in  the  abdominal  area  because  of  a  burst  of 
coughing,  laughing,  or  as  stated  before,  when  the 
person  merely  lifts  a  heavy  object.  In  presently  de- 
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scribed  artificial  sphincters,  this  kind  of  short  inten- 
sive  bursts  of  pressure  will  often  trigger  the  involun- 
tary  partial  deflation  of  the  cuff  causing  the  urethra 
to  open  and  urine  to  pass  out  of  the  person.  However, 
the  present  system  will  inhibit  this  deflation  up  to  a 
predetermined  and  safe  level  of  pressure  in  the  ab- 
dominal  area  and/or  the  bladder,  in  the  following  man- 
ner:  when  the  pressure  "spike"  occurs,  there  is  a 
short  pumping  action  exerted  on  the  cuff;  the  flow  of 
fluid  downstream  will  pass  through  check  valve  28 
into  the  pump  bulb  12,  and  also  into  the  larger  pas- 
sage  30.  In  the  latter  passageway  the  resistor  ele- 
ment  36  will  "hold  up"  the  fluid.  Because  of  the  short 
duration  of  the  "spike"  the  pulsed  fluid  will  lose  its  im- 
petus  and  not  reach  the  fluid  capacitor  with  sufficient 
pressure  to  distend  the  capacitor.  However,  the  flow 
of  fluid  through  check  valve  28  into  the  pump  bulb  12 
and  upsteam  through  valve  34  will  also  enter  the  nar- 
row  passageway  32.  However,  because  of  the  very 
narrowarea  of  the  passageway  32,  the  fluid  capacitor 
38  will  also  not  distend.  This  is  because  the  pressure 
"spike"  (provided  it  is  less  than  a  predetermined  lim- 
it),  will  not  (in  the  short  duration  of  time)  be  able  to 
exert  sufficient  force  through  the  narrow  passage- 
way  32  to  effect  distension.  In  principle,  this  would  be 
analogous  to  trying  to  open  a  door  with  one  finger. 

Thus  the  sphincter  system  of  this  invention 
through  the  configuration  of  the  openings  of  the  pas- 
sageways  32  and  30,  and  the  capacitor  design  and 
the  relationship  of  the  valves  through  the  control  as- 
sembly  14,  will  serve  to  open  the  urethra  when  the 
body  is  subjected  to  predetermined,  moderate  inten- 
sity  pressures,  of  a  long,  but  also  predetermined  dur- 
ation,  but  will  serve  to  keep  the  urethra  closed  when 
the  body  is  subject  to  high-intensity  short  duration 
pressure  "spikes",  to  a  pre-established  limit.  The  lat- 
ter  limit  is  desirable  because  for  extremely  high  pres- 
sure  spikes,  i.e.  on  the  order  of  200cm  of  water  or 
greater,  it  will  be  prudent  to  have  the  urethra  open.  In 
the  practice  of  this  invention,  it  can  be  seen  that  pas- 
sageway  30  is  pressure-time  dependent,  while  nar- 
row  passageway  32  is  primarily  only  pressure-de- 
pendent. 

As  previously  mentioned,  in  the  main  passage- 
way  24  a  deactivating  valve  26  can  be  optionally  dis- 
posed  to  effect  the  activation-deactivation  of  the  sys- 
tem  when  such  is  deemed  necessary,  particularly  in 
that  postoperative  period  when  the  urethra  (or  other 
body  passage)  is  greatly  sensitive  to  occlusive  pres- 
sure  due  to  the  trauma  of  the  operation.  In  this  period, 
it  will  be  desirable  to  leave  the  cuff  deflated  so  it  does 
not  compress  or  occlude  the  urethra.  It  will  also  be  de- 
sirable  to  have  the  means  to  shut  the  system  down, 
when  the  patient  is  unconscious,  or  when  for  some 
reason  he  or  she  cannot  voluntarily  manipulate  the 
pump  bulb  in  order  to  carry  on  normal  excretory  func- 
tions,  or  when  the  patient  is  using  a  catheter.  Thus 
the  deactivation  valve  26  has  substantial  value. 

While  any  suitable  type  valve  which  can  be  operated 
externally  of  the  patient  can  be  employed,  in  the  prac- 
tice  of  this  invention  it  has  been  found  that  a  magnetic 

5  valve,  as  hereinafter  described,  is  particularly  effec- 
tive.  This  valve  is  described  specifically  in  FIGS.7 
and  8.  In  this  regard,  FIG.7  represents  the  magnetic 
valve  in  its  closed  position.  At  the  top  thereof  can  be 
seen  passageway  or  tube  24  through  which  the  fluid 

10  to  or  from  the  cuff  16  flows  as  shown  in  FIG.1.  Within 
the  valve  housing,  cap  48  surrounds  and  is  contigu- 
ous  with  valve  seat  50.  Poppet  52  is  shown  tightly 
abutting  with  the  seat  50  through  seal  ring  54.  In  this 
closed  position,  fluid  cannot  pass  upstream,  and  the 

15  sphincter  system  of  the  invention  is  thus  deactivated, 
if  fluid  is  evacuated  from  the  cuff  into  the  capacitor. 
The  rest  of  t  he  valve  encompasses  t  he  inner  features 
of  the  valve,  as  shown.  In  this  regard,  housing  56, 
spring  58,  magnetic  still  rod  60,  internal  magnet  62, 

20  magnet  holder  and  rod  guide  64  and  valve  cap  66 
complete  the  components  of  the  valve.  An  external 
magnet  68,  schematically  drawn,  is  also  shown. 

It  should  be  noted  that  in  this  closed  position,  the 
permanently-aligned  north-south  magnetic  poles  of 

25  the  internal  magnet  62  are  opposite  to  those  of  the 
depicted  external  magnet  68,  the  latter  being  shown 
in  south-north  configuration.  In  the  "open"  position, 
as  shown  in  FIG.8,  i.e.  in  the  activation  mode,  the  in- 
ternal  magnet  (which  is  stationary)  is  shown  as  hav- 

30  ing  pulled  the  magnetic  still  rod  and  the  compression 
spring  58  downward  thus  opening  up  the  passage  70 
to  the  flow  of  fluid.  Arrows  depicting  the  flow  (up- 
ward)  are  shown,  but  the  fluid  flow  can  also  be  down- 
stream  as  well.  In  FIG.8,  the  disposition  of  the  exter- 

35  nal  magnet  is  changed  from  FIG.7;  the  poles  thereof 
are  shown  as  being  aligned  with  the  poles  of  internal 
magnet  62. 

In  operation,  to  deactivate  the  valve  26,  external 
magnet  68,  which  is  stronger  magnetically  than  inter- 

40  nal  magnet  62  is  placed  at  or  near  the  skin  of  the  per- 
son,  proximal  to  the  valve  26.  When  the  poles  of  the 
external  magnet  are  opposite  to  the  poles  of  the  in- 
ternal  magnet  the  magnetic  force  field  of  the  latter  is 
lessened  so  that  it  no  longer  has  sufficient  force  to 

45  counteractthe  strength  of  the  spring  58.  The  magnet- 
ic  still  rod  is  thus  pulled  away  from  the  internal  mag- 
net,  and  the  poppet  is  moved  upwards  to  abut  with  the 
seal  ring  54  thereby  closing  the  valve  and  preventing 
the  flow  of  fluid  in  the  system.  The  sphincter  device 

so  is  thus  deactivated. 
When  the  poles  of  the  external  magnet  are 

placed  in  the  the  same  north-south  alignment  as  the 
internal  magnet  62,  the  magnetic  force  of  the  latter  is 
enhanced;  its  strength  is  now  stronger  than  the 

55  spring  58.  The  magnetic  still  rod  is  now  attracted 
strongly  to  the  internal  magnet,  and  the  poppet  52  is 
then  pulled  away  from  seal  ring  54,  thus  opening  the 
passageway  70.  The  system  is  now  activated.  The 
valve  will  stay  in  the  open  position  with  no  gap  be- 
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tween  the  internal  magnet  and  magnetic  rod,  since 
the  attraction  force  of  the  internal  magnet  is  larger 
than  the  separation  force  being  asserted  by  the  com- 
pressed  spring.  This  will  continue  until  the  need  aris- 
es  for  deactivation. 

The  internal  and  external  magnets  must  have 
sufficient  strength  to  activate  and  deactivate  the 
valve  and  are  deployed  empirically  to  determine  the 
effective  distance  for  activation  and  deactivation.  It 
has  been  found  that  magnets  made  of  neodymium 
having  an  energy  product  in  the  range  of  34-40  MGO 
are  particularly  suitable. 

As  shown  in  FIG.9,  in  top  view,  the  poppet  52  is 
seen  as  having  longitudinal  channels  72  which  permit 
sufficient  fluid  flow  therethrough  when  the  magnetic 
valve  is  in  the  open  position.  It  should  also  be  noted 
that  the  design  of  the  valve  overcomes  the  tendency 
of  the  magnetic  force  exerted  by  the  external  magnet 
to  swerve  and  perhaps  jam  the  magnetic  rod-poppet 
assembly. 

In  passing  it  should  be  noted  that  for  illustration 
purposes  only,  magnetic  valve  26  is  depicted  in  FIG.1 
and  FIG.6  as  being  in  the  open,  activated  position, 
while  in  FIG.3  it  is  depicted  in  the  closed,  deactivated 
position. 

In  the  practice  of  this  invention  it  is  preferred  to 
use  a  septum  40,  referred  to  in  FIG.1  ,  as  a  means  for 
having  fluid  withdrawn  or  introduced  into  or  from  the 
sphincter  system.  As  such  the  pressure  of  the  system 
can  be  measured,  monitored  and  adjusted  as  desired 
by  the  attending  physician  or  other  responsible  per- 
son.  FIG.1  0  depicts  a  typical  septum  in  the  act  of  re- 
ceiving  a  hypodermic  needle  74.  As  shown,  septum 
40  includes  a  cap  78  which  is  rigid  and  prevents  the 
needle  from  piercing  the  inner  space  of  the  pump  bulb 
12,  and  a  small  septum  80  which  is  tightly  encased 
by  the  rigid  septum  cap  78.  At  the  base  of  the  small 
septum  is  a  gap  82  which  includes  a  gap  hole  84 
which  is  in  fluid  communication  with  pump  bulb  12. 
The  septum  40  is  made  of  a  self-sealing  material  such 
as  silicone  rubber  which  is  designed  to  re-seal  the 
hole  made  by  the  needle  74  when  the  latter  is  with- 
drawn.  The  rigid  septum  cap  78  keeps  the  section  86 
of  the  septum  under  compression  sothat  self-sealing 
can  take  place.  Outer  guide  ring  88  is  disposed  at  the 
bottom  of  the  septum  to  enable  the  needle  to  be  in- 
serted  at  a  suitable  place  in  the  septum. 

Hypodermic  needle  74  is  in  fluid  communication 
with  an  outside  pressure  adjustment  source  76  which 
includes,  as  shown  in  FIG.1  0,  a  housing  90  and  an  in- 
ner  fluid-containing  pressure  adjustment  balloon  92 
which  keeps  fluid  under  a  constant  but  predetermined 
pressure.  Needle  74  contains  side  holes  94  for  ena- 
bling  fluid  to  be  dispensed  therefrom.  When  inserted 
into  the  septum,  said  holes  94  are  aligned  with  gap 
(or  side  vents)  82.  In  operation,  fluid  is  injected  or 
withdrawn  from  the  needle  74  from  side  holes  94  into 
orf  rom  gap  82  by  opening  valve  96  of  the  fluid  source 

76.  Fluid  will  then  enter  or  exit  from  balloon  92 
through  channel  98.  Whether  fluid  will  be  withdrawn 
or  introduced  into  the  system  will  depend  on  whether 

5  the  pressure  of  the  system  is  less  than  that  of  the  bal- 
loon  92  (in  which  case  fluid  will  be  introduced),  or 
more  than  that  of  the  balloon  (in  which  case  fluid  will 
be  let  out  of  the  system). 

As  stated  previously,  the  system  10  has  a  prede- 
10  termined  pressure  which  is  determined  by  the  volume 

and  compliance  of  the  system.  Only  the  capacity  of 
the  cuff  changes.  This  change  in  capacity  of  the  cuff 
is  largely  determined  by  the  size  of  the  urethra  which 
varies  from  patient  to  patient,  and  can  change  in  the 

15  life  of  the  patient  due  to  the  urethra  becoming  atro- 
phied,  or  because  of  other  causes  such  as  surgery. 
The  change  in  the  cuff  capacity  or  volume  thus  caus- 
es  a  change  in  the  entire  system's  pressure.  It  is 
therefore  desirable  to  have  the  volume  of  the  system 

20  adjustable  in  accordance  with  the  size  of  the  urethra 
and  the  concomitant  volume  of  the  cuff.  The  pressure 
and  volume  of  the  system  are  thus  interdependent. 
The  septum  40  enables  a  doctor  to  establish  the  pres- 
sure  needed  to  have  the  sphincter  function  and  en- 

25  ables  him  to  monitor  the  pressure  of  the  system  after 
the  sphincter  has  been  implanted. 

FIG.5  depicts  the  environmental  displacement  in 
a  male  of  the  sphincter  system  of  this  invention  show- 
ing  the  implantation  of  the  pump  bulb  12  and  the  con- 

30  trol  assembly  14  in  the  scrotum  and  the  deactivation 
valve  26  upstream  thereof.  Cuff  16  is  shown  circum- 
ferentially  surrounding  the  urethra  18  for  occlusion 
thereof  and  is  in  fluid  communication  with  the  scro- 
tum-implanted  components  through  the  fluid  passa- 

35  geway  24. 
FIG.6  is  another  manifestation  of  this  invention 

which  is  useful  when  and  if  the  urethra  is  atrophying 
particularly  after  surgery.  When  this  occurs  more  flu- 
id  is  needed  to  effect  occlusion.  It  differs  from  FIG.1 

40  in  the  inclusion  of  a  volume  compensator  100  which 
comprises  a  rigid  shell  102,  a  compensator  balloon 
104,  and  an  outer  flexible  shell  therefor  106.  The  bal- 
loon  104  is  in  fluid  communication  with  fluid  capacitor 
38  through  passageway  108.  The  outer  flexible  shell 

45  1  06  is  in  fluid  communication  only  with  the  rigid  shell 
102  through  holes  110.  It  should  be  stressed  that  the 
volume  compensator  1  00  is  not  analogous  to  the  bulb 
reservoirs  of  presently  available  sphincter  systems 
because  it  is  implanted  in  the  scrotum  (or  analogous 

so  area)  and  not  in  the  abdomen  as  are  most  of  such  re- 
servoirs,  and  in  that  the  volume  of  the  compensator 
balloon  104  is  limited  by  the  rigid  outer  shell  102.  The 
pressure  which  the  balloon  104  can  exert  is  propor- 
tional  to  the  balloon  volume  but  in  contrast  to  the  em- 

55  bodimentof  this  invention  which  does  not  have  a  vol- 
ume  compensator  (wherein  a  very  small  change  in 
volume  can  effect  significant  changes  in  pressure),  in 
this  embodiment  (i.e.  with  a  volume  compensator) 
the  pressure  of  the  system  is  less  sensitive  to  volume 

6 
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change.  Afterthe  balloon  is  inflated  to  the  limits  of  the 
rigid  shell,  pressure  increases  dramatically  with  al- 
most  no  volume  change.  The  pressure  of  the  sphinct- 
er  system  is  not  controlled  by  the  compensator  in  con- 
trast  to  the  prior  described  reservoirs,  but  as  stated 
the  pressure  of  the  system  is  determined  by  the  ur- 
ethra  size  and  total  fluid  volume  in  the  sphincter  sys- 
tem.  The  volume  compensator  depicted  in  FIG.6  is 
also  significantly  smaller  than  the  reservoirs  of  the 
presently  available  or  described  artificial  sphincters. 
Therefore,  it  is  possible  for  it  to  be  placed  in  the  scro- 
tum  of  male  patients.  The  fluid  volume  in  the  balloon 
104  will  not  be  the  same  for  every  patient  but  is  de- 
pendent  on  the  established  pressure  of  the  system.  In 
general,  to  deflate  the  cuff  in  this  embodiment,  most 
of  the  fluid  is  still  transferred  from  the  cuff  to  the  fluid 
capacitor. 

The  normal  operation  of  the  embodiment  repre- 
sented  by  FIG.6  is  essentially  the  same  as  that  of  the 
preferred  embodiment  represented  by  FIG.1.  That  is, 
the  pressing  of  pump  bulb  12  will  force  liquid  up 
through  check  valve  34.  The  fluid  will  pass  through 
passageway  32  into  the  capacitor  38.  As  the  pump  is 
then  released,  allowing  the  pump  bulb  to  return  to  its 
original  dimension,  fluid  will  be  drawn  from  the  cuff 
16  through  passageway  24,  through  valve  28  into 
pump  bulb  12.  This  fluid  transfer  will  continue  as  long 
as  the  pump  bulb  is  actuated  until  the  cushion  22  of 
cuff  16  is  deflated. 

The  main  function  of  the  volume  compensator  is 
to  minimize  sphincter  pressure  changes  when  the  ur- 
ethra  diameter  changes  such  as  when  the  latter  atro- 
phies  or  is  atrophying.  When  this  occurs,  as  stated, 
the  capacity  of  the  cuff  will  also  increase.  In  systems 
where  the  volume  compensator  is  not  present,  even 
a  slight  volume  change  can  effect  dramatic  changes 
in  pressure.  For  varying  reasons,  it  may  not  be  desir- 
able  to  adjust  the  pressure  of  the  system  by  injecting 
fluid  therein  through  the  septum.  If  the  volume  com- 
pensator  is  in  the  system,  as  in  this  embodiment,  it 
may  not  be  necessary  to  do  this.  Instead,  when  pres- 
sure  drops  in  the  cuff  because  of  the  atrophied  or 
atrophying  urethra,  the  pressure  of  the  volume  com- 
pensator,  which  becomes  higherthan  that  of  the  cuff, 
"compensates"  by  sending  fluid  back  into  the  system 
and  through  passageway  30  up  into  the  cuff,  thus 
maintaining  the  proper  inflation  of  the  latter,  and  con- 
tinuing  the  occlusion  of  the  urethra. 

It  is  apparent  that  modifications  and  variations 
besides  those  specifically  mentioned  herein  may  be 
made  in  the  structures  and  techniques  described 
herein  and  depicted  in  the  accompanying  drawings 
without  departing  from  the  concept  of  the  present  in- 
vention.  For  example,  while  the  magnetic  valve  em- 
bodiment  is  depicted  as  being  applicable  to  the 
sphincter  system  of  this  invention,  it  can  also  be  used 
in  conjunction  with  any  hydraulic  sphincter  device. 

Claims 

1.  An  implantable  artificial  sphincter  system  for  re- 
5  versibly  occluding  a  body  passageway  (18), 

which  comprises 
a  fluid-inflatable  occlusion  means  (16) 

adapted  to  substantially  encircle  a  body  passage- 
way, 

10  a  fluid  capacitor  (38)  in  fluid  communica- 
tion  with  said  occlusion  means  for  storing  of  fluid 
when  said  occlusion  means  is  deflated,  said  ca- 
pacitor  being  capable  of  distending  under  fluid 
pressure,  and 

15  a  pump  means  (12)  in  fluid  communication 
with  said  occlusion  means  for  transferring  fluid 
from  said  occlusion  means  to  said  capacitor  to 
deflate  said  occlusion  means  and  open  said  body 
passage,  characterised  in  that  said  occlusion 

20  means  and  said  fluid  capacitor  are  connected  by 
means  having  a  predetermined  resistance  to  fluid 
flow  such  that  said  occlusion  means  remains 
substantially  inflated  during  short,  significant 
pressure  increases  in  said  body  passage  up  to  a 

25  predetermined  limit,  but  wherein  said  occlusion 
means  at  least  partially  deflates  on  prolonged 
moderate  pressure  increases  in  said  body  pas- 
sage. 

30  2.  An  implantable  sphincter  system  according  to 
claim  1  ,  which  comprises  a  volume  compensator 
means  (100)  in  fluid  communication  with  said  oc- 
clusion  means  (16)  and  said  capacitor  (38)  for 
compensating  change  of  volume  in  the  sphincter 

35  system  such  that  said  occlusion  means  on  said 
change  of  volume  is  capable  of  occluding  said 
body  passage  on  fluid  inflation,  the  fluid  pressure 
in  said  occlusion  means  being  substantially  the 
same  before  and  after  said  change  in  volume. 

40 
3.  A  sphincter  system  according  to  claim  2  wherein 

said  volume  compensator  comprises  a  flexible  in- 
ner  balloon  (104)  located  within  a  rigid  enclosure 
(1  02)  and  a  flexible  outer  shell  (1  06)  surrounding 

45  and  in  fluid  communication  with  said  rigid  enclo- 
sure. 

4.  A  sphincter  system  according  to  any  one  of 
claims  1  to  3  wherein  said  fluid  capacitor  (38)  in- 

50  eludes  a  flexible  membrane  capable  of  distending 
under  fluid  pressure. 

5.  A  sphincter  system  according  to  any  one  of 
claims  1  to  4  wherein  said  system  includes  a  fluid 

55  resistor  (36)  for  restricting  the  flow  of  fluid  from 
said  occlusion  means  (16)  to  said  fluid  capacitor. 

6.  A  sphincter  system  according  to  claim  5  wherein 
said  fluid  capacitor  (38)  is  connected  with  said 
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occlusion  means  (16)  through  a  second  fluid  pas- 
sage  (30)  including  said  fluid  resistor  (36),  said 
second  fluid  passage  being  in  fluid  isolation  from 
a  first  fluid  passage  (32)  through  which  fluid  is 
transferred  from  said  occlusion  means  to  said 
fluid  capacitor  by  said  pump  means. 

7.  A  sphincter  system  according  to  any  one  of 
claims  4  to  6,  wherein  the  fluid  pressure  required 
to  distend  said  flexible  membrane  is  higher  on  flu- 
id  connection  through  said  first  fluid  passage 
(32)  than  on  fluid  connection  through  said  sec- 
ond  fluid  passage  (30). 

8.  A  spincter  system  according  to  any  one  of  claims 
1  to  7  wherein  said  pump  means  (12)  is  adapted 
to  be  penetrated  by  a  hollow  needle  (74)  without 
loss  of  fluid  pressure  within  said  sphincter  sys- 
tem. 

9.  A  sphincter  system  according  to  claim  8  wherein 
said  pump  means  includes  a  septum  (40)  which 
may  be  penetrated  by  a  hollow  needle  (74)  with- 
out  loss  of  fluid  pressure  within  said  sphincter 
system. 

10.  Asphincter  system  according  to  claim  6  wherein 
fluid  flow  in  the  first  fluid  passage  is  pressure  de- 
pendent,  while  in  the  second  fluid  passage  it  is 
pressure-time  dependent. 

11.  A  sphincter  system  according  to  any  one  of 
claims  1  to  10  wherein  a  valve  (26)  is  situated  be- 
tween  said  occlusion  means  and  the  remainder 
of  said  system  for  breaking  the  fluid  communica- 
tion  between  said  occlusion  means  and  said  re- 
mainder  of  said  system  on  closing  said  valve. 

12.  A  sphincter  system  according  to  claim  11  wherein 
the  valve  includes  a  magnet  (62)  having  fixed  po- 
lar  alignment,  which  magnet  acts  to  open  or  close 
the  valve  (26)  when  the  magnetic  field  thereof  is 
strenghened  or  weakened  as  a  consequence  of 
a  second  magnetic  field  directed  at  such  magnet 
from  an  externally  disposed  magnetic  source 
(68). 

13.  Asphincter  system  according  to  claim  12wherein 
said  external  magnetic  source  (68)  is  a  magnet 
adapted  to  be  held  outside  of  the  surface  of  a 
body  containing  the  passageway  to  be  occluded, 
in  close  proximity  to  the  internally  disposed  mag- 
net  of  the  valve. 

14.  A  sphincter  system  according  to  any  one  of 
claims  1  to  13  wherein,  in  a  male,  the  fluid  capac- 
itor  and  pump  are  adapted  to  be  implanted  sub- 
stantially  within  the  scrotum  of  such  male,  and 

the  body  passageway  is  the  urethra. 

5  Patentanspruche 

1.  Implantierbares,  kunstliches  Schlielimuskelsy 
stem  zum  reversiblen  Absperren  eines  Korperka- 
nals  (18),  welches  umfalit 

10  eine  mittels  Fluid  aufblahbare  Absperreinrich- 
tung  (16),  die  derart  gestaltet  ist,  daft  sie  einen 
Korperkanal  im  wesentlichen  umgibt, 
eine  Fluidkapazitat  (38)  in  Fluidverbindung  mit 
der  Absperreinrichtung  zur  Speicherung  von  Flu- 

15  id,  wenn  die  Absperreinrichtung  entleert  ist,  wo- 
bei  die  Kapazitat  unter  Fluiddruck  ausdehnbar 
ist,  und 
eine  Pumpeinrichtung  (12)  in  Fluidverbindung  mit 
der  Absperreinrichtung  zur  Ubertragung  von  Flu- 

20  id  von  der  Absperreinrichtung  zur  Kapazitat,  urn 
die  Absperreinrichtung  zu  entleeren  und  den  Kor- 
perkanal  zu  offnen, 
dadurch  gekennzeichnet,  dad 
die  Absperreinrichtung  und  die  Fluidkapazitat 

25  durch  eine  Einrichtung  verbunden  sind,  die  einen 
vorbestimmten  Fluidstromungswiderstand  auf- 
weist,  derart,  dali  die  Absperreinrichtung  wah- 
rend  kurzer,  signif  ikanter  Druckanstiege  im  Kor- 
perkanal  bis  zu  einer  vorbestimmten  Grenze  im 

30  wesentlichen  aufgeblaht  bleibt,  bei  dem  jedoch 
die  Absperreinrichtung  bei  ausgedehnten,  mode- 
raten  Druckanstiegen  im  Korperkanal  zumindest 
teilweise  entleert  wird. 

35  2.  Implantierbares  Schlielimuskelsystem  nach  An- 
spruch  1,  welches  eine  Volumenkompensations- 
einrichtung  (100)  in  Fluidverbindung  mit  der  Ab- 
sperreinrichtung  (16)  und  der  Kapazitat  (38)  zur 
Kompensation  von  Volumenanderungen  im 

40  Schlielimuskelsystem  aufweist,  derart,  dali  die 
Absperreinrichtung  auf  die  Volumenanderung 
hin  in  der  Lage  ist,  den  Korperkanal  bei  Fluidin- 
flation  abzusperren,  wobei  der  Fluiddruck  in  der 
Absperreinrichtung  vor  und  nach  der  Volumen- 

45  anderung  im  wesentlichen  derselbe  ist. 

3.  Schlielimuskelsystem  nach  Anspruch  2,  bei  dem 
der  Volumenkompensator  einen  flexiblen,  inne- 
ren  Ballon  (104)  aufweist,  der  innerhalb  einer 

so  starren  Umhullung  (1  02)  angeordnet  ist,  und  eine 
flexible,  auliere  Schale  (106),  die  die  starre  Um- 
hullung  umgibt  und  mit  dieser  in  Fluidverbindung 
steht. 

55  4.  Schlielimuskelsystem  nach  einem  der  Anspru- 
che  1  bis  3,  bei  dem  die  Fluidkapazitat  (38)  eine 
flexible,  unter  Fluiddruck  ausdehnbare  Membra- 
ne  aufweist. 

8 
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5.  Schlielimuskelsystem  nach  einem  der  Anspru- 
che  1  bis  4,  bei  dem  das  System  einen  Fluidwi- 
derstand  (36)  aufweist  zur  Einschrankung  der 
Fluidstromung  von  der  Absperreinrichtung  (16)  5 
zur  Fluidkapazitat. 

6.  Schlielimuskelsystem  nach  Anspruch  5,  bei  dem 
die  Fluidkapazitat  (38)  mit  der  Absperreinrich- 
tung  (16)  uber  einen  zweiten  Fluidkanal  (30),  der  10 
den  Fluidwiderstand  (36)  aufnimmt,  verbunden 
ist,  wobei  derzweite  Fluidkanal  von  einem  ersten 
Fluidkanal  (32),  durch  den  Fluid  von  der  Absperr- 
einrichtung  zur  Fluidkapazitat  mittels  der 
Pumpeinrichtung  ubertragen  wird,  fluidisoliert  15 
ist. 

7.  Schlielimuskelsystem  nach  einem  der  Anspru- 
che  4  bis  6,  bei  dem  der  zur  Ausdehnung  der  fle- 
xiblen  Membrane  erforderliche  Fluiddruck  bei  ei-  20 
ner  Fluidverbindung  uber  den  ersten  Fluidkanal 
(32)  hoher  ist  als  bei  einer  Fluidverbindung  uber 
den  zweiten  Fluidkanal  (30). 

8.  Schlielimuskelsystem  nach  einem  der  Anspru-  25 
che  1  bis  7,  bei  dem  die  Pumpeinrichtung  (12) 
derart  gestaltet  ist,  dali  sie  mittels  einer  hohlen 
Nadel  (74)  penetrierbar  ist  ohne  einen  Fluid- 
druckverlust  innerhalb  des  Schlielimuskelsy- 
stems.  30 

9.  Schlielimuskelsystem  nach  Anspruch  8,  bei  dem 
die  Pumpeinrichtung  ein  Septum  (40)  umfalit, 
das  mittels  einer  hohlen  Nadel  (74)  penetrierbar 
ist  ohne  einen  Fluiddruckverlust  innerhalb  des  35 
Schlielimuskelsystems. 

10.  Schlielimuskelsystem  nach  Anspruch  6,  bei  dem 
die  Fluidstromung  im  ersten  Fluidkanal  druckab- 
hangig  ist,  wahrend  sie  im  zweiten  Fluidkanal  40 
druckdauerabhangig  ist. 

11.  Schlielimuskelsystem  nach  einem  der  Anspru- 
che  1  bis  10,  bei  dem  ein  Ventil  (26)  zwischen  der 
Absperreinrichtung  und  dem  Rest  des  Systems  45 
angeordnet  ist  zur  Durchbrechung  der  Fluidver- 
bindung  zwischen  der  Absperreinrichtung  und 
dem  Rest  des  Systems  bei  einem  Schlielien  des 
Vent  i  Is. 

50 
12.  Schlielimuskelsystem  nach  Anspruch  11,  bei 

dem  das  Ventil  einen  Magneten  (62)  aufweist  mit 
einerfesten  Polausrichtung,  derzurOffnung  und 
zum  Schlielien  des  Ventils  (26)  dient,  wenn  des- 
sen  Magnetfeld  infolge  eines  zweiten  Magnet-  55 
felds,  das  von  einer  extern  angeordneten  Ma- 
gnetquelle  (68)  auf  solchen  Magneten  gerichtet 
ist,  verstarkt  oder  geschwacht  wird. 

13.  Schlielimuskelsystem  nach  Anspruch  12,  bei 
dem  die  externe  Magnetquelle  (68)  ein  Magnet 
ist,  der  derart  gestaltet  ist,  dali  er  aulierhalb  der 
Oberflache  eines  Korpers  gehalten  werden 
kann,  der  den  zu  verschlielienden  Kanal  enthalt, 
in  unmittelbarer  Nahe  zu  dem  intern  angeordne- 
ten  Magneten  des  Ventils. 

14.  Schlielimuskelsystem  nach  einem  der  Anspru- 
che  1  bis  13,  bei  dem  bei  einem  Mann,  die  Fluid- 
kapazitat  und  die  Pumpe  derart  gestaltet  sind, 
dali  sie  im  wesentlichen  innerhalb  des  Skrotums 
dieses  Mannes  implantiert  werden  konnen,  wo- 
bei  der  Korperkanal  die  Harnrohre  ist. 

Revendications 

1.  Systeme  de  sphincter  artificiel  implantable  pour 
fermer  de  facon  reversible  un  passage  corporel 
(18),  qui  comporte 

un  moyen  (16)  de  fermeture  pouvant  etre 
gonfle  par  un  fluide  et  destine  a  entourer  sensi- 
blement  un  passage  corporel, 

un  condensateur  (38)  a  fluide  en  commu- 
nication  de  fluide  avec  ledit  moyen  de  fermeture 
pour  emmagasiner  du  fluide  lorsque  ledit  moyen 
de  fermeture  est  degonfle,  ledit  condensateur 
pouvant  etre  distendu  sous  la  pression  du  fluide, 
et 

un  moyen  a  pompe  (12)  en  communication 
de  fluide  avec  ledit  moyen  de  fermeture  pour 
transferer  du  fluide  dudit  moyen  de  fermeture  au- 
dit  condensateur  af  in  de  degonf  ler  ledit  moyen  de 
fermeture  et  d'ouvrir  ledit  passage  corporel,  ca- 
racterise  en  ce  que  ledit  moyen  de  fermeture  et 
ledit  condensateur  a  fluide  sont  relies  par  un 
moyen  ayant  une  resistance  predeterminee  a 
I'ecoulement  du  fluide  afin  que  ledit  moyen  de 
fermeture  reste  sensiblement  gonfle  durant  des 
elevations  de  pression  courtes  et  notables  dans 
ledit  passage  corporel  jusqu'a  une  limite  prede- 
terminee,  mais  dans  lequel  ledit  moyen  de  ferme- 
ture  se  degonfle  au  moins  partiellement  lors 
d'elevations  moderees  et  prolongees  de  la  pres- 
sion  dans  ledit  passage  corporel. 

2.  Systeme  de  sphincter  implantable  selon  la  reven- 
dication  1,  qui  comporte  un  moyen  (100)  a 
compensateur  de  volume  en  communication  de 
fluide  avec  ledit  moyen  de  fermeture  (16)  et  ledit 
condensateur  (38)  pour  compenser  une  variation 
de  volume  dans  le  systeme  de  sphincter  afin  que 
ledit  moyen  de  fermeture,  lors  de  ladite  variation 
de  volume,  soit  capable  de  fermer  ledit  passage 
corporel  lors  d'un  glonf  lage  par  le  fluide,  la  pres- 
sion  du  fluide  dans  ledit  moyen  de  fermeture 
etant  sensiblement  la  meme  avant  et  apres  ladite 
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variation  de  volume. 

3.  Systeme  de  sphincter  selon  la  revendication  2, 
dans  lequel  ledit  compensateur  de  volume 
comprend  un  ballonnet  interieur  flexible  (104) 
place  a  I'interieur  d'une  enceinte  rigide  (102)  et 
une  coque  exterieure  flexible  (106)  entourant  la- 
dite  enceinte  rigide  et  en  communication  de  flui- 
de  avec  elle. 

4.  Systeme  de  sphincter  selon  I'une  quelconque 
des  revendications  1  a  3,  dans  lequel  ledit 
condensateur  (38)  a  fluide  comprend  une  mem- 
brane  flexible  capable  de  se  distendre  sous  la 
pression  d'un  fluide. 

5.  Systeme  de  sphincter  selon  I'une  quelconque 
des  revendications  1  a  4,  dans  lequel  ledit  syste- 
me  comprend  une  resistance  (36)  a  fluide  desti- 
nee  a  restreindre  I'ecoulement  d'un  fluide  dudit 
moyen  de  fermeture  (1  6)  vers  ledit  condensateur 
a  fluide. 

6.  Systeme  de  sphincter  selon  la  revendication  5, 
dans  lequel  ledit  condensateur  (38)  a  fluide  est 
relie  audit  moyen  de  fermeture  (16)  par  un  se- 
cond  passage  (30)  de  fluide  comprenant  ladite 
resistance  (36)  a  fluide,  ledit  second  passage  de 
fluide  etant  isole  d'un  premier  passage  (32)  de 
fluide  par  lequel  du  fluide  est  transfere  dudit 
moyen  de  fermeture  audit  condensateur  a  fluide 
par  ledit  moyen  a  pompe. 

7.  Systeme  de  sphincter  selon  I'une  quelconque 
des  revendications  4  a  6,  dans  lequel  la  pression 
du  fluide  demandee  pour  distendre  ladite  mem- 
brane  flexible  est  plus  elevee  lors  d'une  liaison 
parf  luide  par  ledit  premier  passage  (32)  de  fluide 
que  lors  d'une  liaison  par  fluide  par  ledit  second 
passage  (30)  de  fluide. 

8.  Systeme  de  sphincter  selon  I'une  quelconque 
des  revendications  1  a  7,  dans  lequel  ledit  moyen 
a  pompe  (12)  est  destine  a  etre  penetre  par  une 
aiguille  creuse  (74)  sans  perte  de  pression  de 
fluide  a  I'interieur  dudit  systeme  de  sphincter. 

9.  Systeme  de  sphincter  selon  la  revendication  8, 
dans  lequel  ledit  moyen  a  pompe  comprend  une 
cloison  (40)  qui  peutetre  penetree  par  une  aiguil- 
le  creuse  (74)  sans  perte  de  pression  de  fluide  a 
I'interieur  dudit  systeme  de  sphincter. 

10.  Systeme  de  sphincter  selon  la  revendication  6, 
dans  lequel  I'ecoulement  d'un  fluide  dans  le  pre- 
mier  passage  de  fluide  depend  de  la  pression, 
tandis  que  dans  le  second  passage  de  fluide,  il 
depend  de  la  pression  et  du  temps. 

11.  Systeme  de  sphincter  selon  I'une  quelconque 
des  revendications  1  a  10,  dans  lequel  un  clapet 
(26)  est  situe  entre  ledit  moyen  de  fermeture  et 

5  la  partie  restante  dudit  systeme  pour  rompre  la 
communication  de  fluide  entre  ledit  moyen  de 
fermeture  et  ladite  partie  restante  dudit  systeme 
lors  d'une  fermeture  dudit  clapet. 

10  12.  Systeme  de  sphincter  selon  la  revendication  11, 
dans  lequel  le  clapet  comprend  un  aimant  (62) 
ayant  un  alignement  polaire  fixe,  lequel  aimant 
agit  de  facon  a  ouvrir  ou  fermer  le  clapet  (26)  lors- 
que  son  champ  magnetique  est  renforce  ou  affai- 

rs  bli  par  suite  d'un  second  champ  magnetique  diri- 
ge  sur  cet  aimant  a  partir  d'une  source  magneti- 
que  (68)  disposee  a  I'exterieur. 

13.  Systeme  de  sphincter  selon  la  revendication  12, 
20  dans  lequel  ladite  source  magnetique  exterieure 

(68)  est  un  aimant  destine  a  etre  maintenu  sur  le 
cote  exterieur  de  la  surface  d'un  corps  contenant 
le  passage  a  fermer,  a  proximite  etroite  de  I'ai- 
mant,  dispose  interieurement,  du  clapet. 

25 
14.  Systeme  de  sphincter  selon  I'une  quelconque 

des  revendications  1  a  13,  dans  lequel,  chez  un 
sujet  masculin,  le  condensateur  a  fluide  et  la 
pompe  sont  destines  a  etre  implantes  sensible- 

30  ment  a  I'interieur  du  scrotum  de  ce  sujet  mascu- 
lin,  et  le  passage  corporel  est  I'uretre. 
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