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Implantable  shunt  system  and  method  of  assembly. 

tact  its  respective  base  generally  along  the  outer 
edge  of  the  membrane  in  a  manner  permitting  only 
controlled  one-way  flow  through  the  valve.  The  ante- 
chamber  permits  injection  of  medication  into  the 
shunt  between  a  proximal  catheter  and  the  distal 
flow  control  valve,  and  pumping  of  the  medication  in 
either  direction.  Additionally,  a  method  for  assem- 
bling  the  shunt  system  in  a  quick  and  economical 
manner  is  provided,  which  utilizes  tapered  grommets 
to  anchor  components  in  place  prior  to  adhesively 
securing  tubing  to  the  flexible  encasement. 

©  A  surgically  implantable  shunt  system,  including 
a  flow  control  valve  and  an  antechamber,  is  provided 
for  controlling  the  release  of  entrapped  body  fluids. 
The  flow  control  valve  includes  a  pair  of  molded 

^2  plastic  bases  situated,  respectively,  adjacent  to  an 
^   inlet  and  an  outlet  of  the  valve,  which  bases  are 
I*1*  situated  within  a  flexible  encasement.  Each  base 
'"includes  an  outer  housing,  a  valve  membrane  carrier 

positioned  within  the  housing,  and  a  flow  control 
^"member.  The  flow  control  members  each  include  a 
GriQid  nail-like  central  support  and  a  separate  flexible 

resilient  membrane  positioned  on  the  central  sup- 
Oport.  A  first  flow  control  member  is  capable  of  selec- 
Q^tively  occluding  the  valve  inlet,  but  is  normally 
111  spaced  from  its  base  to  permit  free  fluid  flow 

through  the  inlet.  The  second  flow  control  member  is 
generally  arch-shaped  and  resiliency  biased  to  con- 
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"Implantable  shunt  system  and  method  of  assembly" 

has  further  been  found  desirable  to  provide  a  nee- 
dle  shield  within  the  antechamber  to  provide  means 
for  detecting  the  location  of  the  end  of  a  needle 
inserted  into  the  antechamber,  and  to  further  insure 

5  that  the  needle  does  not  pass  all  the  way  through 
the  antechamber  where  medication  might  be  in- 
jected  directly  into  the  surrounding  tissue.  Although 
the  benefits  of  a  needle  shield  are  self-evident, 
several  problems  have  been  encountered  in  prior 

10  devices.  One  problem  relates  to  the  unintended 
obstruction  of  the  free  flow  of  fluid  from  the  ven- 
tricular  catheter  through  the  antechamber  to  the 
flow  control  valve.  The  positioning  of  a  needle 
shield  within  an  antechamber  often  presents  the 

15  possibility  that  the  antechamber  can  itself  become 
occluded  or  become  obstructed,  and  present  a 
barrier  in  the  drainage  system.  Another  problem 
presented  in  prior  antechambers  is  that  after  initial 
contact  is  made  between  the  end  of  a  needle  and 

20  the  needle  shield,  slight  forces  exerted  on  the 
needle  may  cause  its  tip  to  slide  off  the  needle 
shield  and,  unknowingly,  pass  through  the  ante- 
chamber.  This  can  lead  to  the  injection  of  medica- 
tion  into  the  tissue  surrounding  the  antechamber, 

25  rather  than  within  the  antechamber  itself. 
Further,  in  many  instances  it  is  believed  to  be 

desirable  to  reduce  the  size  of  the  various  shunt 
system  components  as  much  as  possible  without 
interfering  with  the  desirable  shunting  and/or  val- 

30  ving  characteristics  of  the  shunt  system.  With  re- 
gard  to  the  umbrella-type  valve  members  illustrated 
in  U.S.  Patent  N.  4,560,375  (the  contents  of  which 
are  incorporated  herein  by  reference),  it  has  been 
found  that  the  overall  flexible  nature  of  the 

35  elastomer  materials  comprising  the  flow  control 
member  effectively  limits  the  smallest  useful  size 
of  such  members.  In  particular,  during  assembly  of 
valves  utilizing  such  umbrella-type  members,  the 
central  support  is  pulled  through  an  aperture  in  the 

40  base  to  position  the  resilient  membrane  with  re- 
spect  to  one  or  more  fluid  flow  apertures.  As  the 
size  of  the  flow  control  member  is  reduced,  and 
therefore  the  size  of  its  central  support,  the  inher- 
ent  flexibility  of  the  elastomer  central  support  tends 

45  to  make  proper  positioning  of  the  resilient  mem- 
brane  very  difficult.  This  difficulty  arises  from  the 
fact  that  the  central  support  undesirably  stretches 
as  it  is  being  positioned  within  the  base  under  most 
standard  assembly  procedures. 

so  Accordingly,  there  has  been  a  continuing  need 
in  the  medical  arts  for  convenient  and  effective 
devices  for  controlling  the  flow  of  fluid  from  one 
part  of  the  human  body  to  another,  which  devices 
are  relatively  inexpensive  to  manufacture  and  can 
be  constructed  substantially  of  non-metallic  parts 

This  invention  relates  generally  to  surgically 
implanted  shunt  systems  and  related  flow  control 
valves.  More  particularly,  this  invention  relates  to 
shunt  systems  including  one-way  flow  control 
valves  for  controlling  the  flow  of  cerebrospinal  fluid 
out  of  a  brain  ventricle  and  preventing  back  flow  of 
fluid  into  the  brain  ventricle. 

As  is  well  known  in  the  medical  arts,  to  relieve 
undesirable  accumulation  of  fluids  it  is  frequently 
necessary  to  provide  a  means  for  draining  a  fluid 
from  one  part  of  the  human  body  to  another  in  a 
controlled  manner.  This  is  required,  for  example,  in 
the  treatment  of  hydrocephalus,  an  ailment  usually 
afflicting  infants  or  children  in  which  fluids  which 
ought  to  drain  away  instead  accumulate  within  the 
skull  and  thereby  exert  extreme  pressure  and  skull 
deforming  forces. 

In  treating  hydrocephalus,  cerebrospinal  fluid 
accumulated  in  the  brain  ventricles  is  drained  away, 
by  a  catheter  inserted  into  the  ventricle  through  the 
skull,  and  the  catheter  is  connected  to  a  tube  which 
conducts  the  fluid  away  from  the  brain  to  be  rein- 
troduced  into  the  vascular  system,  as  by  extending 
through  the  patient's  jugular  vein  to  the  atrium 
portion  of  the  heart.  To  control  the  flow  of  cere- 
brospinal  fluid  and  maintain  the  proper  pressure  in 
the  brain  ventricle,  a  pump  or  valve  is  placed  in  the 
conduit  between  the  brain  and  the  heart. 

Many  such  devices  have  been  previously  used, 
but  several  of  these  devices  have  tended  to  be- 
come  obstructed  by  particulate  matter  entering  the 
drainage  system  or  by-  the  backward  diffusion  of 
blood  into  the  system.  Further,  some  prior  devices 
have  included  moving  parts  which  tended  to  ad- 
here  to  other  parts  of  the  device  and  become 
immobile.  When  this  occurs,  the  device  itself  be- 
comes  a  barrier  in  the  drainage  system,  and  adds 
to  the  problem  it  is  intended  to  solve. 

Moreover,  manufacturers  have  been  faced  with 
a  dilemma  regarding  the  use  of  metal  components 
in  such  valves.  Some  prior  devices  have  included 
metal  components  which  tended  to  interfere  with  X- 
ray  photography  and  produce  radiation  scatter 
("sunburst  effect")  on  films  taken  by  computerized 
axial  tomography  (CAT)  scanning  equipment",  and 
such  X-ray  photography  and  CAT  scanning  fre- 
quently  accompanies  the  use  of  surgically  implant- 
ed  flow  control  valves. 

It  is  often  desirable  to  provide  an  antechamber 
as  a  component  of  a  shunt  system  between  the 
ventricular  catheter  and  the  flow  control  valve.  Such 
placement  of  an  antechamber  as  a  component  of 
the  shunt  system  enables  a  physician  to  inject 
medication  into  the  shunt  system  at  a  convenient 
location  for  flushing  either  distally  or  proximally.  It 
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membrane  temporarily  contacts  the  adjacent  valve 
seat  in  a  manner  to  occlude  the  inlet  fluid  passage- 
way.  A  second  flow  control  member  on  the  other 
hand,  is  attached  to  the  base  adjacent  the  outlet. 

5  This  second  flow  control  member  positions  its  resil- 
iently  biased  membrane  to  contact  a  valve  seat  on 
the  second  base  in  a  manner  normally  occluding 
the  outlet  fluid  passageway,  but  selectively  opens 
to  permit  controlled  unidirectional  flow  thereth- 

10  rough.  Such  valve  construction  normally  prevents 
flow  of  fluid  through  the  valve,  but  permits  fluid 
flow  through  the  valve  when  the  upstream  fluid 
pressure  exceeds  the  downstream  fluid  pressure 
by  a  predetermined  amount. 

75  Moreover,  a  variety  of  pressure/flow  character- 
istics  can  be  provided  by  the  flow  control  valve  of 
the  preferred  embodiment  by  providing  it  with  dif- 
ferent  resilient  membranes  of  varying  thicknesses. 
The  resistance  to  flow  through  the  valve  increases 

20  with  an  increase  in  membrane  thickness. 
In  order  to  provide  the  desired  resistance  to 

adhesion  between  the  bases  and  the  resilient 
membranes,  particularly  during  storage  of  the 
valve,  the  bases  are  preferably  formed  of  poly- 

25  propylene  material  and  the  membranes  are  prefer- 
ably  formed  of  a  silicone  elastomer  material.  Fur- 
ther,  the  flexible  encasement  which  cooperates  with 
the  bases  to  form  an  intermediate  fluid  passageway 
is  also  preferably  molded  of  a  silicone  elastomer 

30  material. 
The  base  adjacent  to  the  inlet  preferably  in- 

cludes  a  relatively  rigid  recess  in  which  the  mem- 
brane  is  positioned  to  protect  it  against  deformation 
when  the  flexible  encasement  is  manually  manipu- 

35  lated.  With  a  similar  purpose,  the  base  adjacent  the 
outlet  includes  a  non-deformable  outlet  chamber  in 
which  the  membrane  is  positioned.  Further,  the 
valve  membrane  carriers  each  define  a  plurality  of 
fluid  flow  apertures  of  channels  which  are  collec- 

40  tively  covered  by  the  adjacent  flow  control  mem- 
ber. 

The  antechamber  means  includes,  generally,  a 
rigid  needle  shield  situated  within  a  relatively  flexi- 
ble  encasement  or  housing.  The  structure  of  the 

45  antechamber  means,  and  its  position  relative  to  a 
proximal  catheter  and  the  distal  flow  control  valve, 
permits  the  injection  of  medication  into  the  shunt 
system,  and  provides  means  for  pumping  the 
medication  either  distally  or  proximally.  The  needle 

so  shield  has  a  dog  bone-like  cross-section,  and  the 
ends  of  the  needle  shield  are  contoured  to  permit 
its  abutment  against  the  antechamber  encasement 
without  occluding  the  openings  therethrough.  The 
dog  bone-like  cross-section  of  the  needle  shield 

55  helps  to  prevent  a  tip  of  a  needle  from  slipping  off 
the  needle  shield  during  injection  of  medication  into 
the  shunt  system. 

To  facilitate  assembly  of  the  shunt  system, 

which  are  not  subject  to  adhering  to  one  another 
and  causing  a  malfunction  of  the  device.  Further, 
such  a  device  is  needed  which  utilises  multiple 
valve  membranes  in  series  for  safety  and  reliability. 
Additionally,  a  novel  flow  control  member  is  need- 
ed  which  permits  the  economical  manufacture  and 
assembly  of  flow  control  valves  on  a  smaller  scale 
than  that  previously  possible.  Moreover,  a  shunt 
system  is  needed  which  includes  an  antechamber 
wherein  medication  can  be  injected  between  the 
ventricular  cathether  and  the  flow  control  valve, 
which  antechamber  provides  means  for  effectively 
positioning  the  end  of  a  needle  within  the  injection 
chamber  and  yet  is  of  such  a  construction  that  the 
unobstructed  flow  of  fluid  through,  the  injection 
chamber  is  assured.  As  will  become  apparent  from 
the  following  description,  preferred  embodiments  of 
the  present  invention  satisfy  these  needs  and  pro- 
vide  other  related  advantages. 

In  a  preferred  embodiment  of  the  present  in- 
vention  there  is  provided  a  shunt  system  of  control- 
ling  the  flow  of  fluids  from  one  part  of  the  human 
body  to  another,  which  is  constructed  substantially 
of  non-metallic  materials  and  provides  trouble-free 
and  reliable  operation  in  use.  The  system  is  rela- 
tively  inexpensive  to  manufacture,  and  can  be  easi- 
ly  modified  to  provide  a  variety  of  pressure/flow 
characteristics.  The  shunt  system  preferably  in- 
cludes  antechamber  means  for  injecting  medication 
into  the  shunt  system,  and  a  multiple-membrane 
flow  control  valve  for  controlling  the  flow  of  fluid 
from  one  portion  of  the  human  body  to  another. 

In  a  preferred  embodiment,  the  flow  control 
valve  includes  a  pair  of  relatively  rigid  bases  which 
are  invested  within  a  relatively  flexible  encasement. 
Each  base  includes  an  outer  housing  and  a  valve 
membrane  carrier  securely  positioned  within  the 
outer  housing.  The  bases  define  inlet/outlet  fluid 
passageways,  and  are  positioned  within  the  en- 
casement  such  that  the  encasement  defines  an 
intermediate  fluid  passageway  between  the 
inlet/outlet  fluid  passageways.  Further,  the  encase- 
ment  is  deformable  by  external  pressure  to  facili- 
tate  manual  flushing  of  the  valve. 

A  flow  control  member  is  attached  to  each 
base  to  control  the  flow  of  fluid  through  the  valve. 
Each  flow  control  member  includes  a  rigid  central 
support  or  nail,  and  an  arch-like  flexible  resilient 
membrane.  The  central  support  is  attached  to  the 
respective  valve  membrane  carrier  and  extends 
therefrom  to  support  the  resilient  membrane  over 
the  outlet  side  of  the  valve  membrane  carrier.  A 
first  flow  control  member  attached  to  the  base 
adjacent  the  inlet  is  positioned  with  respect  to  a 
valve  seat  on  the  first  base  to  normally  permit  free 
fluid  flow  through  the  inlet  fluid  passageway.  It  is 
further  positioned,  however,  so  that  upon  deforma- 
tion  of  the  encasement  to  flush  the  valve,  the 



EP0  334  157A2 

tubing  is  attached  to  each  base  by  sliding  an  end 
of  the  tubing  into  the  base,  placing  a  grommet  into 
the  end  of  the  tubing  to  expand  the  end  thereof, 
and  then  pulling  the  tubing  in  a  second  direction 
away  from  the  base.  The  expanded  end  of  the 
tubing  engages  the  base  in  a  secure  manner  to 
form  a  frictional  attachment.  After  the  flexible  en- 
casement  is  placed  over  the  bases,  the  open  ends 
of  the  encasement  are  sealed  to  adjacent  portions 
of  the  tubing  extending  outwardly  from  the  valve. 

An  embodiment  of  the  invention  is  described 
below  by  way  of  example  with  reference  to  the 
accompanying  drawings  wherein:- 

FIGURE  1  is  a  perspective  environmental 
view  of  a  shunt  system  embodying  the  present 
invention,  illustrating  the  relative  positioning  of  an 
antechamber  and  a  flow  control  valve; 

FIGURE  2  is  an  enlarged  sectional  view  of 
the  antechamber  taken  generally  along  the  line  2-2 
of  Figure  1  ; 

FIGURE  3  is  an  enlarged  sectional  view  tak- 
en  generally  along  the  line  3-3  of  Figure  2,  illustrat- 
ing  the  specific  construction  of  a  needle  shield 
within  the  antechamber; 

FIGURE  4  is  a  fragmented  partially  sectional 
view  of  the  antechamber,  taken  generally  along  the 
line  4-4  of  Figure  2,  illustrating  the  end  configura- 
tion  of  the  needle  shield  which  is  contoured  to 
insure  that  the  needle  shield  cannot  occlude  either 
the  inlet  or  the  outlet  of  the  antechamber; 

FIGURE  5  is  an  enlarged  sectional  view  of 
the  flow  control  valve  taken  generally  along  the  line 
5-5  of  FIG.  1; 

FIGURE  6  is  an  exploded  perspective  view 
of  the  shunt  system  illustrating  the  manner  in  which 
various  components  are  assembled; 

FIGURE  7  is  an  enlarged  partially  sectional 
view  of  a  valve  membrane  carrier  having  a  flow 
control  member  mounted  thereon; 

FIGURE  8  is  an  exploded  perspective  view 
of  the  flow  control  member  and  valve  membrane 
carrier  illustrated  in  FIG.  7  AND  ROTATED  180°  ; 

FIGURE  9  is  an  enlarged  sectional  view  of 
the  flow  control  valve  similar  to  that  illustrated  in 
FIG.  5,  further  showing  one  method  of  flushing  the 
valve  in  the  distal  direction;  and 

FIGURE  10  is  an  enlarged  elevational  sec- 
tional  view  taken  generally  along  the  line  10-10  of 
FIG.  9. 

20  includes,  broadly,  an  antechamber  22  and  a 
multiple-membrane  flow  control  valve  24,  which  are 
connected  by  segments  of  surgical  tubing  26,  28 
and  30  to  drain  fluids  from  one  portion  of  the 

5  human  body  to  another.  When  the  sytem  20  is 
used  in  the  treatment  of  hydrocephalus,  the  ante- 
chamber  22  and  the  flow  control  valve  24  form 
portions  of  a  fluid  conduit  extending  from  a  proxi- 
mal  catheter  (not  shown),  which  is  inserted  through 

10  the  skull  into  a  brain  ventricle  containing  cere- 
brospinal  fluid  under  pressure,  to  a  distal  catheter 
(also  not  shown),  which  serves  to  discharge  cere- 
brospinal  fluid  into,  for  example,  the  atrium  portion 
of  a  patient's  heart. 

75  As  will  become  apparent  below,  the  shunt  sys- 
tem  provides  a  highly  reliable  valve  designed  to 
prevent  valve  seat  deformation  and  membrane  to 
valve  seat  sticking.  The  shunt  system  of  the 
present  invention  is  inexpensive  to  produce,  and 

20  the  use  of  metal  as  a  functional  component  has 
been  eliminated.  Moreover,  positioning  concerns 
relating  to  the  valve  have  been  minimized  through 
the  provision  of  a  cylindrical  design.  Thus,  due  to 
the  symmetry  of  the  system,  there  is  no  top  or 

25  bottom  which  must  be  anchored  in  place  over  the 
patient's  skull  for  proper  operation. 

As  illustrated  in  FIGS.  1  through  4  and  6,  the 
antechamber  22  includes  a  flexible,  generally  cylin- 
drical  encasement  or  housing  32  and  a  relatively 

30  rigid  needle  shield  34  positioned  within  the  housing 
32.  The  housing  32  includes  openings  at  each  end 
for  receiving  ends  of  tubing  sections  26  and  28. 
The  housing  32  is  secured  to  the  tubing  sections 
26  and  28  by  a  suitable  adhesive.  When  connected 

35  as  shown,  fluid  flowing  through  the  shunt  system 
20  from  the  proximal  catheter  to  the  valve  24  must 
first  pass  through  the  antechamber  22. 

The  needle  shield  34  is  preferably  constructed 
of  a  polypropylene  material  to  form  a  plate  36 

40  having  a  dog  bone-like  cross-section  (see  FIG.  3). 
A  polypropylene  material  is  preferred  for  the  nee- 
dle  shield  34  in  order  to  minimize  any  potential 
sticking  between  the  housing  32,  which  is  prefer- 
ably  constructed  of  a  silicone  elastomer  material, 

45  and  the  needle  shield.  The  dog  bone-like  cross- 
section  of  the  needle  shield  34  helps  to  prevent  a 
tip  of  a  needle  38  from  slipping  off  the  needle 
shield  during  injection  of  medication  into  the  shunt 
system  20. 

so  The  needle  shield  34  is  further  provided  con- 
toured  ends  40,  which  permit  the  needle  shield  to 
abut  adjacent  the  ends  of  the  connecting  tubing  26 
and  28,  without  occluding  them.  This  feature  helps 
assure  a  user  of  the  shunt  system  20  that  the  flow 

55  of  fluid  through  the  components  thereof  will  not  be 
unintentionally  obstructed. 

As  illustrated  in  FIG.  3,  the  housing  32  of  the 
antechamber  22  can  be  punctured  by  the  needle 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

The  drawings  show  a  surgically  implantable 
shunt  system  generally  designated  in  Fig.  1  by  the 
reference  number  20.  This  improved  shunt  system 
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portions  54  and  62  to  form  a  fluid  tight  seal  there- 
between.  A  central  reinforced  aperture  66  is  pro- 
vided  for  receiving  a  portion  of  the  respective  flow 
control  member  52  or  60,  and  this  central  aperture 

s  66  is  surrounded  by  three  additional  apertures  68 
which  provide  a  plurality  of  channels  through  which 
fluid  is  permitted  to  flow. 

The  flow  control  members  52  and  60  are  ar- 
ranged  serially  within  the  valve  24  for  controlling 

10  the  flow  of  cerebrospinal  fluid  out  of  a  brain  ventri- 
cle  and  preventing  backflow  of  fluid  into  the  brain 
ventricle  by  the  provision  of  resilient  nonmetallic 
membranes  70  (see  FIG.  8).  The  membranes  70 
are  molded  of  a  synthetic  polymer  material  dif- 

75  ferent  from  the  material  of  the  valve  membrane 
carriers  50  and  58,  and  are  secured  relative  to  the 
valve  membrane  carriers  to  generally  cover  the 
fluid  flow  apertures  68. 

The  first  flow  control  member  52  is  positioned 
20  on  the  first  valve  membrane  carrier  50  to  normally 

permit  free  fluid  flow  through  the  inlet  fluid  pas- 
sageway.  Thus,  the  first  flow  control  member  52 
does  not,  in  the  preferred  embodiment,  limit  the 
flow  of  fluid  from  the  valve  inlet  to  the  valve  outlet. 

25  The  first  flow  control  member  52  is  positioned, 
however,  so  that  upon  deformation  of  the  encase- 
ment  46  to  flush  the  valve  24,  membrane  70  will 
temporarily  seaiingly  contact  a  first  valve  seat  72 
provided  by  the  first  valve  membrane  carrier  50,  in 

30  a  manner  to  occlude  the  inlet  fluid  passageway. 
The  resilient  membrane  70  of  the  second  flow 

control  member  60,  on  the  other  hand,  is  normally 
biased  to  close  communication  between  the  inlet 
74  and  the  outlet  76  of  the  valve  24,  but  will  open 

35  to  permit  flow  when  the  pressure  on  the  proximal 
side  of  the  resilient  membrane  70  exceeds  the 
pressure  on  the  distal  side  by  a  predetermined 
amount.  Moreover,  should  the  pressure  on  the  dis- 
tal  side  of  the  resilient  membrane  70  ever  exceed 

40  the  pressure  on  the  proximal  side,  tending  to  cause 
flow  in  a  reverse  direction  through  the  valve  24,  the 
membrane  70  of  the  second  flow  control  member 
60  will  seal  tightly  against  a  second  valve  seat  78 
provided  on  the  second  valve  membrane  carrier 

45  58.  This  effectively  seals  the  fluid  flow  apertures  68 
through  the  second  valve  membrane  carrier  58, 
and  prevents  any  such  reverse  flow  through  the 
valve  24. 

The  outer  housings  48  and  56,  and  the  valve 
so  membrane  carriers  50  and  58  are  preferably 

formed  of  a  polypropylene  material,  and  the  mem- 
branes  70  are  preferably  formed  of  an  elastomer 
material,  preferably  a  silicone  elastomer  material. 
Both  polypropylene  and  elastomer  materials  have 

55  been  shown  to  produce  an  acceptable  level  of 
tissue  reaction,  and  the  use  of  this  particular  duality 
of  materials,  in  contrast  to  the  use  of  only  a  single 
material,  markedly  decreases  the  change  of  the 

38  in  order  to  inject  medication  into  the  shunt 
system  20.  The  silicone  elastomer  material  of  the 
housing  32  has  a  sufficient  thickness  to  permit 
insertion  of  a  twenty-five  gauge  or  smaller  needle 
38  without  affecting  the  ability  of  the  housing  to 
reseal  after  needle  has  been  withdrawn.  The  poly- 
propylene  material  of  the  needle  shield  34  has 
sufficient  rigidity  to  prevent  the  needle  38  inserted 
through  the  housing  32  from  passing  all  the  way 
through  the  antechamber  22.  This  permits  the  phy- 
sician  to  feel  where  the  tip  of  the  needle  38  is 
positioned  during  injection,  to  insure  that  the  medi- 
cation  is  being  injected  into  the  shunt  system  20 
and  not  into  the  surrounding  tissue.  Following  the 
injection  of  medication,  the  antechamber  22  can 
then  be  used  as  a  pump  for  directing  the  medica- 
tion  toward  the  proximal  catheter  or  toward  the  flow 
control  valve  24. 

To  pump  medication  within  the  antechamber 
22  toward  the  proximal  catheter,  the  physician  sim- 
ply  depresses  the  section  of  surgical  tubing  28 
between  the  antechamber  22  and  the  valve  24 
through  manual  percutaneous  pressure,  and  then 
depresses  the  housing  32  of  the  antechamber  to 
flush  the  contents  thereof  through  the  proximal 
section  of  the  surgical  tubing  26.  In  a  similar  man- 
ner,  the  medication  within  the  antechamber  22  can 
be  pumped  distally  toward  the  valve  24.  This  is 
accomplished  by  percutaneously  occluding  the 
proximal  surgical  tubing  26,  and  then  depressing 
the  housing  32  to  flush  medication  therein  through 
the  intermediate  section  of  surgical  tubing  28  to  the 
valve  24. 

With  reference  now  to  FIGS.  1  and  5  through 
10,  the  flow  control  valve  24  includes  a  first  base 
42  positioned  adjacent  an  inlet  74  of  the  valve,  and 
a  second  base  44  positioned  adjacent  an  outlet  76 
of  the  valve.  These  bases  42  and  44  are  invested 
within  a  flexible  encasement  46. 

the  first  base  42  includes  a  first  outer  housing 
48,  and  a  first  valve  membrane  carrier  50  securely 
positioned  within  the  first  outer  housing.  The  first 
valve  membrane  carrier  50  provides  a  cylindrical 
support  for  a  first  flow  control  member  52,  and  is 
press-fit  within  a  support  portion  54  provided  by 
the  first  outer  housing  48. 

Similarly,  the  second  base  44  includes  a  sec- 
ond  outer  housing  56,  and  a  second  valve  mem- 
brane  carrier  58  securely  positioned  within  the  sec- 
ond  outer  housing.  The  second  valve  membrane 
carrier  58  provides  a  cylindrical  support  for  a  sec- 
ond  flow  control  member  60,  and  is  press-fit  within 
a  support  portion  62  provided  by  the  second  outer 
housing  56. 

As  shown  best  in  FIGS.  7  and  8,  each  of  the 
valve  membrane  carriers  50  and  58  include  a  cylin- 
drical  outer  portion  64  which  abuts  against  a  cor- 
respondingly  shaped  inner  surface  of  the  support 
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brane  thickness. 
As  illustrated  best  in  FIGS.  5  and  9,  the  first 

and  second  bases  42  and  44  are  separated  from 
one  another  within  the  flexible  encasement  46,  so 

5  that  the  central  section  of  the  encasement  can  be 
deformed  ,by  external  pressure  to  facilitate  manual 
flushing  of  the  valve  24.  This  central  portion  of  the 
encasement  46  defines  an  intermediate  fluid  pas- 
sageway  90  between  the  inlet  fluid  passageway 

70  provided  through  the  first  base  42,  and  the  outlet 
fluid  passageway  provided  through  the  second 
base  44. 

In  order  to  protect  the  resilient  membranes  70 
against  possible  deformation  which  may  occur 

75  through  the  percutaneous  manipulation  of  the  valve 
24,  the  first  base  42  is  provided  a  membrane  shield 
92  integrally  formed  with  the  first  outer  housing  48, 
which  extends  outwardly  from  the  first  valve  seat 
72.  This  membrane  shield  92  forms  a  recess  in 

20  which  the  first  flow  control  member  52  is  situated. 
The  second  flow  control  member  60  is  similarly 

protected  against  deformation  due  to  percutaneous 
pressure,  by  situating  the  resilient  membrane  70 
thereof  within  an  outlet  chamber  94  provided  be- 

25  tween  the  second  valve  membrane  carrier  58  and 
the  valve  outlet  76.  The  second  flow  control  mem- 
ber  60  is  thus  completely  surrounded  by  portions 
of  the  rigid  second  base  44,  to  completely  protect 
it  against  deformation  due  to  percutaneous  manipu- 

30  lation  of  the  flow  control  valve  24. 
The  method  of  assembling  the  shunt  system 

20  will  now  be  described  with  reference  to  FIG.  6. 
After  the  second  flow  control  member  60  has  been 
assembled  to  the  second  valve  membrane  carrier 

35  58,  so  that  the  membrane  70  contacts  the  second 
valve  seat  78  in  a  manner  intended  to  normally 
occlude  the  outlet  fluid  passageway,  but  prior  to 
assembling  the  second  valve  membrane  carrier  58 
to  the  second  outer  housing  56,  and  end  of  the 

40  third  section  of  surgical  tubing  30  is  inserted 
through  the  second  outer  housing  56.  A  wedge-like 
grommet  96  is  inserted  into  the  end  of  the  tubing 
30.  This  causes  the  end  of  the  tubing  30  to  be 
expanded,  so  that  as  the  tubing  is  withdrawn 

45  through  the  second  outer  housing  56,  a  friction 
interference  fit  is  formed  between  the  end  of  the 
tubing  30  and  the  second  outer  housing  56. 

Similarly,  an  end  of  the  second  section  of 
surgical  tubing  28  is  inserted  through  the  first  outer 

so  housing  48,  and  a  grommet  96  is  also  placed  within 
the  end  theeof.  When  this  end  of  the  second  tubing 
section  28  is  pulled  back  through  the  first  outer 
housing  48,  a  friction  interference  fit  is  formed 
between  that  end  of  the  second  tubing  section  28 

55  and  the  first  outer  housing  48.  Accordingly,  it  can 
be  seen  that  the  use  of  the  grommets  96  permits 
the  second  and  third  tubing  sections  28  and  30  to 
be  anchored  with  respect  to  the  first  and  second 

membranes  70  adhering  to  any  portion  of  the 
bases  42  and  44,  which  would  clog  the  drain  pas- 
sage  and  defeat  the  purpose  of  the  valve  24. 

An  added  advantage  of  using  these  particular 
materials  is  the  avoidance  of  the  negative  effect  of 
metal  components,  due  to  radiation  scatter  or 
"sunburst  effect,"  on  films  taken  by,  for  example, 
computerized  axial  tomography  (CAT)  scanning 
equipment.  This  type  of  scanning  frequently  ac- 
companies  the  use  of  surgically  implanted  flow 
control  valves,  and  the  absence  of  limitation  of 
metal  in  the  area  scanned  will  permit  more  ac- 
curate  and  complete  results  to  be  gathered  from 
CAT  scanning. 

The  flow  control  members  52  and  60  each 
include  a  rigid  nail  80  having  an  elongated  shaft  82 
and  an  expanded  head  84  at  the  end  of  the  shaft. 
The  nail  80  is  capable  of  being  driven  into  the 
central  reinforced  aperture  66  of  the  respective 
valve  membrane  carrier  50  and  58  to  be  fictionally 
retained  therein.  The  nail  is  preferably  constructed 
of  polypropylene  material  which  will  not  stretch  or 
flex  as  the  nail  is  being  driven  into  the  central 
reinforced  aperture  66.  After  the  nail  is  properly 
placed  within  the  aperture,  it  is  preferably  heat 
welded  to  the  respective  valve  membrane  carrier 
50  and  58. 

The  flexible  resilient  membranes  70  have  an 
arch-shape,  as  for  example  a  section  of  a  sphere, 
and  are  designed  to  contact  the  valve  seats  72  and 
78  generally  along  the  outer  edges  of  the  mem- 
brane  in  a  manner  surrounding  the  fluid  flow  ap- 
ertures  68.  Each  membrane  70  is  secured  to  its 
respective  valve  membrane  carrier  50  and  58  by  a 
central  support/nail  80  described  above.  Each 
membrane  70  is  provided  an  aperture  86  which  is 
surrounded  by  a  reinforced  section  88.  The  shaft 
82  extends  through  the  membrane  aperture  86  so 
that  the  reinforced  section  88  abuts  the  head  84  of 
the  naii  80.  The  membrane  is  retained  in  place  on 
the  nail  80  by  an  interference  fit  or  by  use  of  an 
adhesive,  or  by  any  other  suitable  means. 

Since  the  valve  24  of  the  present  invention  is 
primarily  designed  to  provide  controlled  resistance 
to  cerebrospinal  fluid  flow  from  a  brain  ventricle  to 
another  location  in  the  body,  such  as  the  atrium 
portion  of  the  patient's  heart,  it  will  be  appreciated 
that  a  doctor  must  be  able  to  select  a  valve  having 
the  particular  pressure/flow  characteristics  desired 
for  each  individual  application.  That  is,  a  valve 
which  permits  flow  at  a  relatively  low  pressure 
differential  may  not  be  suitable  where  the  main- 
tenance  of  a  higher  pressure  differential  is  indi- 
cated.  Toward  this  end,  in  order  to  provide  a  vari- 
ety  of  valves  having  different  pressure/flow  char- 
acteristics,  the  valve  24  can  be  provided  with  thick 
membranes  or  relatively  thin  membranes.  Resis- 
tance  to  flow  increases  with  the  increase  in  mem- 
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which  the  flow  of  cerebrospinal  fluid  out  of  a  brain 
ventricle  can  be  controlled  while  preventing  the 
backflow  of  fluid  into  the  brain  ventricle,  and  by 
which  the  chance  of  a  valve  clogging  the  drain 

5  pressure  can  be  greatly  decreased.  The  antecham- 
ber  22  and  the  valve  24  can  be  fabricated  conve- 
niently  and  economically,  are  trouble-free  and  reli- 
able  in  use,  provide  convenient  flushing  of  the 
shunt  system,  and  can  be  easily  adapted  to  pro- 

10  vide  a  variety  of  pressure/flow  characteristics.  Al- 
though  two  flow  control  members  are  provided 
within  the  valve  24,  only  the  second  flow  control 
member  60  controls  the  flow  of  fluid  from  the 
ventricular  catheter  through  the  shunt  system  20. 

75  The  first  flow  control  member  52  is  provided,  pri- 
marily,  to  permit  the  intermediate  fluid  passageway 
90  to  be  flushed  as  percutaneous  pressure  is  ap- 
plied  to  the  flexible  encasement  46.  The  provision 
of  flow  control  members  52  and  60  utilizing  a  rigid 

20  central  support  or  nail  80,  avoids  the  difficulties 
inherent  in  utilizing  similar  umbrella-type  valves 
having  a  flexible  central  support.  This  permits  the 
size  of  the  valve  24  to  be  sharply  reduced,  since 
the  size  of  the  membranes  70  and  the  overall  flow 

25  control  members  can  likewise  be  reduced.  More- 
over,  the  antechamber  22  includes  features  which 
help  insure  proper  positioning  of  a  needle  within 
the  antechamber  for  the  injection  of  medication,  yet 
the  structure  of  the  needle  shield  34  is  such  that 

30  possible  occlusion  of  the  antechamber  is  mini- 
mized. 

Although  a  particular  embodiment  of  the  inven- 
tion  has  been  described  in  detail  for  purposes  of 
illustration,  various  modifications  may  be  made 

35  without  departing  from  the  spirit  and  scope  of  the 
invention.  Accordingly,  the  invention  is  not  to  be 
limited,  except  as  by  the  appended  claims. 

The  features  disclosed  in  the  foregoing  de- 
scription,  in  the  following  claims  and/or  in  the  ac- 

40  companying  drawings  may,  both  separately  and  in 
any  combination  thereof,  be  material  for  realising 
the  invention  in  diverse  forms  thereof. 

outer  housings  48  and  56  of  the  first  and  second 
bases  42  and  44,  in  a  quick  and  efficient  manner 
prior  to  further  assembly  of  the  shunt  system  20 
and  the  valve  24. 

Next,  the  first  valve  membrane  carrier  50  (with 
the  first  flow  control  member  52  assembled  there- 
to)  is  press-fit  into  the  support  portion  54  of  the 
first  outer  housing  48.  This  completes  assembly  of 
the  first  base  42.  The  second  valve  membrane 
carrier  58  (  with  the  second  flow  control  member 
60  properly  fixed  thereto)  is  press-fit  into  the  sup- 
port  portion  62  of  the  second  outer  housing  56. 
This  completes  the  assembly  of  the  second  base 
44. 

The  flexible  encasement  46  is  then  passed 
over  the  third  section  of  tubing  30  and  stretched 
over  the  first  and  second  bases  42  and  44.  When 
properly  positioned,  the  first  base  42  will  abut 
against  the  inlet  end  of  the  encasement  46  with  the 
second  section  of  tubing  28  extending  outwardly 
therefrom,  and  the  second  base  44  will  abut 
against  the  outlet  end  of  the  encasement  46  with 
the  third  section  of  tubing  30  extending  outwardly 
therefrom.  The  encasement  46  and  the  first  and 
second  bases  42  and  44  are  finally  fixed  with 
respect  to  one  another  by  the  application  of  an 
adhesive  98  between  the  ends  of  the  encasement 
and  the  outwardly  extending  sections  of  tubing  28 
and  30. 

Following  insertion  of  the  needle  shield  34  into 
the  antechamber  housing  32,  a  second  end  of  the 
second  section  of  tubing  28  can  be  adhesively 
secured  to  the  antechamber  housing  32  in  a  con- 
ventional  manner.  Similarly,  the  first  section  of  tub- 
ing  26  can  be  secured  in  a  conventional  manner  to 
the  other  end  of  the  antechamber  housing  32. 

To  flush  the  flow  control  valve  24,  the  inter- 
mediate  portion  of  the  flexible  encasement  46  is 
pressed  downwardly  (as  shown  by  a  finger  in  FIG. 
9)  to  force  fluid  within  the  intermediate  fluid  pas- 
sageway  90  through  the  fluid  flow  apertures  68  of 
the  second  valve  membrane  carrier  58,  and  past 
the  second  flow  control  member  60  to  the  valve 
outlet  76.  The  first  flow  control  member  52  is 
positioned  with  respect  to  the  first  valve  seat  72  so 
that  upon  an  increase  in  pressure  within  the  inter- 
mediate  fluid  passageway  90  with  respect  to  down- 
stream  fluid  pressure,  the  membrane  70  will  seal 
against  the  first  valve  seat  72  and  prevent  retro- 
grade  flow  out  of  the  valve  24.  Upon  withdrawal  of 
the  percutaneous  pressure  from  the  flexible  en- 
casement  46,  the  second  flow  control  member  60 
will  again  engage  the  second  valve  seat  78  of  the 
second  valve  membrane  carrier  58  to  altogether 
prevent  the  reverse  flow  of  fluid  through  the  fluid 
flow  apertures  68,  and  therefore  the  entire  valve  24. 

From  the  foregoing  it  will  be  appreciated  that 
the  shunt  system  described  provides  a  device  by 

45  Claims 

1.  A  surgically  implantable  shunt  system,  com- 
prising: 
an  inlet; 

so  and  outlet; 
a  first  base  adjacent  to  the  inlet,  the  first  base 
including  an  inlet  fluid  passageway  therethrough 
and  a  first  valve  seat  surrounding  a  portion  of  the 
inlet  fluid  passageway;  _ 

55  a  first  flow  control  member  attached  to  the  first 
base  and  being  positioned  with  respect  to  the  first 
valve  seat  to  normally  permit  free  fluid  flow  through 
the  inlet  fluid  pasageway,  and  alternately,  to  selec- 
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9.  A  shunt  system  as  set  forth  in  claim  4, 
wherein  the  second  base  includes  a  rigid  second 
outer  housing  and  a  second  valve  membrane  car- 
rier  securely  positioned  within  the  second  outer 

5  housing,  the  second  valve  membrane  carrier  in- 
cluding  means  for  positioning  the  central  support  of 
the  second  flow  control  member  so  that  the  outer 
edges  of  the  second  resilient  membrane  contact 
the  second  valve  seat. 

io  10.  A  shunt  system  as  set  forth  in  claim  9, 
wherein  the  second  outer  housing  forms  an  outlet 
chamber  between  the  second  valve  membrane  car- 
rier  and  the  outlet,  and  wherein  the  second  resilient 
membrane  is  positioned  within  the  outlet  chamber. 

75  11.  A  shunt  system  as  set  forth  in  claim  9, 
wherein  the  second  valve  membrane  carrier  de- 
fines  a  plurality  of  channels  comprising  a  part  of 
the  outlet  fluid  passageway,  and  wherein  the  sec- 
ond  valve  seat  is  situated  on  the  second  valve 

20  membrane  carrier. 
12.  A  shunt  system  as  set  forth  in  claim  1, 

including  means  for  injecting  medication  into  the 
shunt  system,  the  injecting  means  including  an 
antechamber  having  an  inlet,  an  outlet,  a  flexible 

25  encasement  which  defines  an  injection  chamber, 
and  a  rigid  needle  shield  situated  within  the  injec- 
tion  chamber,  the  needle  shield  extending  gen- 
erally  the  length  of  the  injection  chamber  and  in- 
cluding  needle  stop  means  for  preventing  a  tip  of  a 

30  needle  from  inadvertently  slipping  off  the  needle 
shield  during  injection  of  medication  into  the  injec- 
tion  chamber,  and  means  for  preventing  occlusion 
of  the  antechamber  inlet  and  outlet  by  the  needle 
shield,  and  further  including  tubing  means  for  con- 

35  necting  the  antechamber  outlet  with  the  first  base. 
13.  A  shunt  system  as  set  forth  in  claim  12, 

including  grommet  means  for  non-adhesively  at- 
taching  an  end  of  the  tubing  means  to  the  first 
base. 

40  14.  A  shunt  system  as  set  forth  in  claim  1, 
including  distal  tubing  means  for  channeling  fluid 
from  the  outlet,  the  distal  tubing  means  being  at- 
tached  to  the  second  base  by  grommet  means 
which  form  a  non-adhesive  attachment  between  the 

45  second  base  and  the  distal  tubing  means. 
15.  An  implantable  flow  control  valve  for  con- 

trolling  the  flow  of  fluid  from  one  portion  of  the 
human  body  to  another,  said  valve  comprising: 
an  inlet; 

so  an  outlet; 
a  first  base  adjacent  to  the  inlet  and  including  a 
first  outer  housing  and  a  first  valve  membrane 
carrier  securely  positioned  within  the  first  outer 
housing,  the  first  outer  housing  and  the  first  valve 

55  membrane  carrier  defining  an  inlet  fluid  passage- 
way  and  a  first  valve  seat  surrounding  a  portion  of 
the  inlet  fluid  passageway; 
a  second  base  adjacent  to  the  outlet  and  including 

tively  contact  the  first  valve  seat  in  a  manner  to 
occlude  the  inlet  fluid  passageway; 
a  second  base  adjacent  to  the  outlet,  the  second 
base  including  an  outlet  fluid  passageway  thereth- 
rough  and  a  second  valve  seat  surrounding  a  por- 
tion  of  the  outlet  fluid  passageway;  and 
a  second  flow  control  member  attached  to  the 
second  base  so  that  the  second  flow  control  mem- 
ber  contacts  the  second  valve  seat  in  a  manner 
normally  occluding  the  outlet  fluid  passageway  but 
selectively  opening  to  permit  controlled  unidirec- 
tional  flow  therethrough. 

2.  A  shunt  system  as  set  forth  in  claim  1 
including  an  intermediate  fluid  passageway  be- 
tween  the  inlet  and  outlet  fluid  passageways,  and 
means  for  flushing  fluid  from  the  intermediate  fluid 
passageway  through  the  outlet  fluid  passageway 
by  application  of  percutaneous  manual  pressure  to 
the  shunt  system. 

3.  A  shunt  system  as  set  forth  in  claim  2, 
including  a  flexible  encasement  generally  surround- 
ing  the  first  and  second  bases,  wherein  the  encase- 
ment  is  deformable  by  external  pressure  to  facili- 
tate  manual  flushing  of  the  valve  and  defines  the 
intermediate  fluid  passageway,  and  further  wherein 
deformation  of  the  flexible  encasement  causes  the 
first  flow  control  member  to  temporarily  engage  the 
first  valve  seat  and  occlude  the  inlet  fluid  passage- 
way. 

4.  A  shunt  system  as  set  forth  in  claim  1, 
wherein  each  flow  control  member  includes  a  cen- 
tral  support  and  a  resilient  membrane,  the  central 
support  being  attached  to  the  respective  base  and 
extending  therefrom  to  support  the  resilient  mem- 
brane,  the  resilient  membrane  being  generally 
arch-shaped  and  having  a  portion  thereof  capable 
of  engaging  the  respective  valve  seat  to  occlude 
the  respective  fluid  passageway. 

5.  A  shunt  system  as  set  forth  in  claim  4, 
wherein  each  central  support  comprises  a  rigid  nail 
which  is  anchored  to  its  respective  base,  and 
wherein  each  resilient  membrane  comprises  a  flexi- 
ble  valve  seat-engaging  member. 

6.  A  shunt  system  as  set  forth  in  claim  5, 
wherein  the  central  support  is  formed  of  a  poly- 
propylene  material,  and  the  membrane  is  formed  of 
an  elastomer  material. 

7.  A  shunt  system  as  set  forth  in  claim  4, 
wherein  the  first  base  includes  a  first  outer  housing 
and  a  first  valve  membrane  carrier  securely  posi- 
tioned  within  the  first  outer  housing,  the  first  valve 
membrane  carrier  including  means  for  positioning 
the  central  support  of  the  first  flow  control  member. 

8.  A  shunt  system  as  set  forth  in  claim  7, 
wherein  the  first  base  includes  a  rigid  recess  in 
which  the  resilient  membrane  of  the  first  flow  con- 
trol  member  is  positioned. 
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20.  A  valve  as  set  forth  in  claim  15,  including 
grommet  means  for  non-adhesively  attaching  the 
bases  to  tubing  means  for  channeling  fluids  to  the 
inlet  and  from  the  outlet. 

5  21.  A  surgically  implantable  fluid  shunt,  com- 
prising: 
an  inlet; 
an  outlet; 
a  rigid  base  which  resists  deformation,  the  base 

w  having  an  inlet  surface  in  communication  with  the 
inlet  and  an  outlet  surface  in  communication  with 
the  outlet;  an  aperture  through  the  base  for  permit- 
ting  flow  of  fluid  through  the  shunt  from  the  inlet  to 
the  outlet;  and 

75  a  flow  control  member  for  controlling  the  flow  of 
fluid  from  the  inlet  to  the  outlet,  the  flow  control 
member  including'  a  rigid  nail  and  an  arch-like 
flexible  resilient  membrane  fixed  to  the  nail,* 
wherein  the  nail  is  attached  to  the  base  adjacent  to 

20  the  aperture  and  extends  therefrom  to  position  the 
resilient  membrane,  the  resilient  membrane  being 
resiliency  biased  to  contact  the  base  in  a  manner 
normally  preventing  fluid  flow  through  the  shunt, 
but  selectively  opening  to  permit  controlled  un- 

25  idirectional  flow  through  the  shunt  from  the  inlet  to 
the  outlet. 

22.  A  shunt  as  set  forth  in  claim  21,  wherein 
the  resilient  membrane  contacts  the  outlet  side  of 
the  base  generally  along  the  outer  edges  of  the 

30  membrane  in  a  manner  surrounding  the  aperture  to 
form  a  releasable  seal  between  the  outlet  side  of 
the  base  and  the  outer  edges  of  the  membrane. 

23.  A  shunt  as  set  forth  in  claim  21  wherein  the 
base  is  situated  adjacent  to  the  outlet  and  includes 

35  an  outer  housing  and  a  valve  membrane  carrier 
securely  positioned  within  the  outer  housing,  the 
outer  housing  and  the  valve  membrane  carrier  de- 
fining  an  outlet  fluid  passageway  and  a  valve  seat 
surrounding  a  portion  of  the  outlet  fluid  passage- 

40  way. 
24.  A  shunt  as  set  forth  in  claim  23,  wherein 

the  base  forms  a  non-deformable  outlet  chamber, 
and  wherein  the  flow  control  member  is  situated 
within  the  outlet  chamber. 

45  25.  A  shunt  as  set  forth  in  claim  23,  including  a 
secondary  base  situated  adjacent  to  the  inlet  and 
including  a  secondary  outer  housing  and  a  secon- 
dary  valve  membrane  carrier  securely  positioned 
within  the  secondary  outer  housing,  the  secondary 

so  outer  housing  and  the  secondary  valve  membrane 
carrier  defining  an  inlet  fluid  passageway  and  a 
secondary  valve  seat  surrounding  a  portion  of  the 
inlet  fluid  passageway. 

26.  A  shunt  as  set  forth  in  claim  25,  including  a 
55  flexible  encasement  generally  surrounding  the 

bases,  wherein  the  encasement  is  deformable  by 
external  pressure  to  facilitate  manual  flushing  of  the 

a  second  outer  housing  and  a  second  valve  mem- 
brane  carrier  securely  positioned  within  the  second 
outer  housing,  the  second  outer  housing  and  the 
second  valve  membrane  carrier  defining  an  outlet 
fluid  passageway  and  a  second  valve  seat  sur- 
rounding  a  portion  of  the  outlet  fluid  passageway, 
wherein  the  second  outer  housing  forms  an  outlet 
chamber; 
a  flexible  encasement  generally  surrounding  the 
first  and  second  bases,  wherein  the  encasement  is 
deformable  by  external  pressure  to  facilitate  man- 
ual  flushing  of  the  valve,  the  flexible  encasement 
defining  an  intermediate  fluid  passageway  between 
the  inlet  and  outlet  fluid  passageways; 
a  first  flow  control  member  including  a  first  rigid 
central  support  and  a  first  arch-like  flexible  resilient 
membrane,  the  first  central  support  being  attached 
to  the  first  valve  membrane  carrier  and  extending 
therefrom  to  support  the  first  resilient  membrane 
with  respect  to  the  first  valve  seat  to  normally 
permit  free  fluid  flow  through  the  inlet  fluid  pas- 
sageway,  the  first  resilient  membrane  further  being 
positioned  so  that  upon  deformation  of  the  encase- 
ment  to  flush  the  valve,  the  membrane  temporarily 
contacts  the  first  valve  seat  in  a  manner  to  occlude 
the  inlet  fluid  passageway;  and 
a  second  flow  control  member  including  a  second 
rigid  central  support  and  a  second  arch-like  resil- 
ient  membrane,  the  second  central  support  being 
attached  to  the  second  valve  membrane  carrier  and 
extending  therefrom  to  support  the  second  resilient 
membrane  adjacent  to  the  second  valve  seat,  the 
second  resilient  membrane  being  resiliency  biased 
to  contact  the  second  valve  seat  in  a  manner 
normally  occluding  the  outlet  fluid  passageway  but 
selectively  opening  to  permit  controlled  unidirec- 
tional  flow  therethrough. 

16.  A  valve  as  set  forth  in  claim  15,  wherein  the 
first  valve  membrane  carrier  defines  a  plurality  of 
channels  comprising  at  least  a  part  of  the  inlet  fluid 
passageway,  wherein  the  channels  are  collectively 
occluded  in  a  controlled  manner  upon  engagement 
by  the  first  resilient  membrane  of  the  first  valve 
seat. 

17.  A  valve  as  set  forth  in  claim  15,  wherein  the 
second  valve  membrane  carrier  defines  as  plurality 
of  channels  comprising  at  least  part  of  the  outlet 
fluid  passageway,  wherein  the  channels  are  collec- 
tively  occluded  in  a  controlled  manner  by  the  sec- 
ond  flow  control  member. 

18.  A  valve  as  set  forth  in  claim  15,  wherein  the 
first  base  includes  a  rigid  recess  in  which  the  first 
resilient  membrane  is  positioned. 

19.  A  valve  as  set  forth  in  claim  15,  wherein  the 
second  base  provides  a  non-deformable  outlet 
chamber,  and  wherein  the  second  resilient  mem- 
brane  is  positioned  within  the  outlet  chamber. 
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32.  A  flow  control  member  as  set  forth  in  claim 
31,  wherein  the  head  is  suspended  beyond  the 
outlet  side  of  the  base,  and  wherein  the  flexible 
resilient  membrane  is  resiliency  biased  to  normally 

5  contact  the  outlet  side  of  the  base  generally  along 
the  outer  edges  of  the  membrane  in  a  manner 
surrounding  the  aperture  through  the  base  and 
forming  a  releasable  seal  between  the  outlet  side 
of  the  base  and  the  outer  edges  of  the  membrane. 

10  33.  A  flow  control  member  as  set  forth  in  claim 
32,  wherein  the  membrane  includes  a  central  re- 
inforced  section  which  surrounds  and  is  adjacent  to 
the  nail,  and  a  peripheral  flexible  section  which 
engages  the  base  to  form  the  seal  therebetween. 

75  34.  A  flow  control  member  as  set  forth  in  claim 
33,  wherein  the  thickness  of  the  peripheral  flexible 
section  of  the  resilient  membrane  can  be  adjusted 
to  alter  the  releasable  seal  characteristics  of  the 
flow  control  valve. 

20  35.  A  flow  control  member  as  set  forth  in  claim 
34,  wherein  the  nail  is  heat  welded  to  the  base. 

36.  A  method  for  assembling  an  implantable 
shunt  system  including  a  flow  control  valve  for 
controlling  the  flow  of  fluid  from  one  portion  of  the 

25  human  body  to  another,  the  valve  including  at  least 
one  base  invested  within  a  valve  housing  and  at 
least  one  flow  control  member,  wherein  the  at  least 
one  base  forms  a  wall  separating  an  inlet  of  the 
valve  from  an  outlet  of  the  valve,  the  at  least  one 

30  base  including  at  least  one  aperture  therethrough 
for  permitting  flow  of  fluid  through  the  valve  from 
the  inlet  to  the  outlet,  the  steps  comprising: 
fixing  the  at  least  one  flow  control  member  to  the  at 
least  one  base  in  a  manner  permitting  only  con- 

35  trolled  unidirectional  fluid  flow  through  the  shunt; 
attaching  a  first  section  of  tubing  to  the  at  least  one 
base  by  sliding  an  end  of  the  first  section  of  tubing 
into  the  base,  placing  a  first  tubing  grommet  into 
the  end  of  the  first  tubing  section  to  expand  the 

40  end  thereof,  and  then  pulling  the  first  section  of 
tubing  so  the  expanded  end  of  the  first  tubing 
section  engages  the  at  least  one  base  and  forms  a 
frictional  attachment  therewith; 
attaching  a  second  section  of  tubing  to  the  at  least 

45  one  base  by  sliding  an  end  of  the  second  section 
of  tubing  into  the  base,  placing  a  second  tubing 
grommet  into  the  end  of  the  second  tubing  section 
to  expand  the  end  thereof,  and  then  pulling  the 
second  section  of  tubing  so  the  expanded  end  of 

so  the  second  tubing  section  engages  the  at  least  one 
base  and  forms  a  frictional  attachment  therewith, 
wherein  the  first  and  second  sections  of  tubing, 
when  so  attached,  define,  in  part,  the  inlet  and 
outlet  of  the  valve; 

55  sliding  the  housing  over  the  tubing  to  envelope  the 
at  least  one  base  and  adjacent  sections  of  the  first 

shunt,  the  flexible  encasement  defining  an  inter- 
mediate  fluid  passageway  between  the  inlet  and 
outlet  fluid  passageways. 

27.  A  shunt  as  set  forth  in  claim  26,  including  a 
secondary  flow  control  member  including  a  rigid 
central  support  and  an  arch-like  flexible  resilient 
membrane,  the  central  support  being  attached  to 
the  secondary  valve  membrane  carrier  and  extend- 
ing  therefrom  to  support  the  resilient  membrane 
with  respect  to  the  secondary  valve  seat  to  nor- 
mally  permit  free  fluid  flow  through  the  inlet  fluid 
passageway,  the  resilient  membrane  further  being 
positioned  so  that  upon  deformation  of  the  encase- 
ment  to  flush  the  shunt,  the  membrane  temporarily 
contacts  the  secondary  valve  seat  in  a  manner  to 
occlude  the  inlet  fluid  passageway. 

28.  A  shunt  as  set  forth  in  claim  21  ,  including 
grommet  means  for  non-adhesively  attaching  the 
bases  to  tubing  means  for  channeling  fluid  to  the 
iniet  and  from  the  outlet  of  the  shunt. 

29.  A  shunt  as  set  forth  in  claim  21  ,  including 
antechamber  means  for  injecting  medication  into 
the  shunt,  the  antechamber  means  having  a  rela- 
tively  flexible  encasement  which  defines  an  injec- 
tion  chamber,  and  a  rigid  needle  shield  situated 
within  the  injection  chamber,  wherein  the  needle 
shield  includes  needle  stop  means  for  preventing  a 
tip  of  a  needle  from  slipping  off  the  needle  shield 
during  injection  of  medication  into  the  injection 
chamber. 

30.  A  shunt  as  set  forth  in  claim  29,  wherein 
the  needle  shield  has  a  dog  bone-like  cross-sec- 
tion,  and  the  ends  of  the  needle  shield  are  con- 
toured  to  permit  its  abutment  against  the  flexible 
encasement  without  occluding  openings  thereth- 
rough. 

31.  A  flow  control  member  for  use  with  an 
implantable  flow  control  valve  for  controlling  the 
flow  of  fluid  from  one  portion  of  the  human  body  to 
another,  the  valve  including  a  base  invested  within 
a  valve  housing,  wherein  the  base  forms  a  wall 
separating  an  inlet  of  the  valve  from  an  outlet  of  the 
valve,  the  base  including  at  least  one  aperture 
therethrough  for  permitting  flow  of  fluid  through  the 
valve  from  the  inlet  to  the  outlet,  the  flow  control 
member  comprising: 
a  rigid  nail  having  an  elongated  shaft  and  an  ex- 
panded  head  at  an  end  of  the  shaft,  the  nail  ca- 
pable  of  being  driven  into  the  base,  and  frictionally 
retained  therein,  or  otherwise  attached  to  the  base, 
so  that  the  head  is  suspended  beyond  the  one  side 
of  the  base;  and 
a  flexible  resilient  membrane  positioned  and  re- 
tained  on  the  shaft  adjacent  to  the  head,  the  mem- 
brane  being  generally  arch-shaped  and  resiliency 
biased  for  contacting  the  base  in  a  manner  pre- 
venting  fluid  flow  through  the  aperture  from  the 
iniet  of  the  valve  to  the  outlet  of  the  valve. 

10 
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and  second  sections  of  tubing;  and  first  section  of  tubing,  and  then  through  the  valve  to 
sealing  the  housing  to  respective  adjacent  portions  the  second  section  of  tubing, 
of  the  first  and  second  sections  of  tubing. 

37.  A  method  as  set  forth,  in  claim  36,  wherein 
the  at  least  one  base  includes  a  first  base  defining  5 
a  valve  inlet  fluid  passageway,  and  a  second  base 
defining  a  valve  outlet  fluid  passageway,  the  at 
least  one  flow  control  member  including  a  first  flow 
control  member  mounted  to  the  first  base,  and  a 
second  flow  control  member  mounted  to  the  sec-  w 
ond  base,  and  wherein  the  first  section  of  tubing 
attaches  to  the  first  base  and  the  second  section  of 
tubing  attaches  to  the  second  base. 

38.  A  method  as  set  foth  in  claim  37,  wherein 
the  first  flow  control  member  is  attached  to  the  first  is 
base  in  a  manner  to  normally  permit  free  fluid  flow 
through  the  inlet  fluid  passageway,  but  when  the 
housing  is  deformed  to  flush  the  valve,  the  first  flow 
control  member  is  temporarily  deformed  to  contact 
the  first  base  in  a  manner  to  occlude  the  valve  inlet  zo 
fluid  passageway, 

39.  A  method  as  set  forth  in  claim  37,  wherein 
the  second  flow  control  member  is  attached  to  the 
second  base  to  contact  the  second  base  in  a 
manner  normally  occluding  the  outlet  fluid  pas-  25 
sageway  but  selectively  opening  to  permit  con- 
trolled  unidirectional  flow  therethrough. 

40.  A  method  as  set  forth  in  claim  37,  wherein 
the  first  and  second  bases  are  spaced  from  one 
another  within  the  housing  to  create,  in  connection  30 
with  the  housing,  a  flushing  volume  of  fluid  there- 
between. 

41.  A  method  as  set  forth  in  claim  37,  wherein 
each  flow  control  member  includes  a  rigid  nail 
having  an  elongated  shaft  and  an  expanded  head  35 
at  an  end  of  the  shaft,  and  a  flexible  resilient 
membrane  positioned  and  retained  on  the  shaft 
adjacent  to  the  head,  the  membrane  being  gen- 
erally  arch-shaped  and  wherein  the  membrane  is 
fixed  to  the  nail,  and  the  nail  is  then  press  fit  into  ao 
its  respective  base  until  properly  aligned,  after 
which  the  nail  is  heat-welded  to  the  respective 
base. 

42.  A  method  as  set  forth  in  claim  41  ,  wherein 
each  base  includes  a  rigid  base  outer  housing  and  45 
a  valve  membrane  carrier,  the  valve  membrane 
carrier  being  fixed  to  the  rigid  base  outer  housing 
after  the  rigid  base  outer  housing  is  secured  to  the 
respective  segment  of  tubing. 

43.  A  method  as  set  forth  in  claim  36,  including  50 
the  step  of  fixing  a  second  end  of  the  first  tubing 
section  to  an  antechamber. 

44.  A  method  as  set  forth  in  claim  43,  including 
the  steps  of  inserting  a  needle  shield  into  the 
antechamber,  and  attaching  a  third  section  of  tub-  55 
ing  to  the  antechamber  opposite  the  first  section  of 
tubing,  to  create  a  fluid  flow  pathway  from  the  third 
section  of  tubing,  through  the  antechamber,  to  the 

11 
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