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(54)  Blow  molded  venous  drip  chamber  for  hemodialysis. 

(57)  A  blow  molded,  rigid  plastic  venous  chamber 
(12)  for  hemodialysis,  for  use  in  a  venous 
hemodialysis  set  (10).  The  chamber  defines  a 
plurality  of  first  access  ports  (16,18,20)  adjacent 
to  a  first  end  (14)  thereof.  A  second  access  port 
(22)  is  provided  at  an  opposed  end.  A  tubular 
plastic  filter  (32)  is  positioned  in  close-fitting 
relation  within  the  second  access  port  to  pro- 
ject  into  the  chamber.  Unique  advantages  are 
provided  by  such  a  blow-molded,  filter-carrying 
chamber. 
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BACKGROUND  OF  THE  INVENTION 

In  the  well-known  medical  procedure  of  hemo- 
dialysis,  blood  is  collected  from  a  vascular  access  of 
a  patient,  passing  through  a  well-known  arterial  he- 
modialysis  set  by  means  of  a  blood  pump,  to  the  he- 
modialyzer.  the  blood  passes  through  hemodialyzer 
into  a  well-known  venous  hemodialysis  set,  by  which 
the  blood  is  conveyed  back  to  the  vascular  access  of 
the  patient.  Pediatric  flow  rates  are  as  low  as 
20ml/min  while  adult  flow  rates  are  as  much  as 
650ml/min.  This  entire  set-up  is  known  as  an  extrac- 
orporeal  circuit. 

The  venous  hemodialysis  set  has  a  well-known 
venous  blood  chamber,  a  so-called  drip  chamber  that 
is  typically  80-120mm  long  and  17-25mm  outer  diam- 
eter,  designed  to  contain  typically  7-35ml  of  blood  as 
a  flow-through  reservoir  and  operated  such  that 
blood  does  not  completely  fill  the  drip  chamber.  The 
chamber  top  has  a  blood  inlet  tube  connection  port  in 
axial  orientation  communicating  through  the  top  to  a 
blood  inlet  downspout  in  the  main  cavity  of  the  cham- 
ber.  The  downspout  length  may  vary  such  that  the 
downspout  outlet  is  either  above  the  blood  level  (i.e. 
in  the  airspace),  or  beneath  the  blood  level.  Blood  ex- 
its  the  venous  chamber  at  the  bottom  by  an  outlet 
communicating  axially  through  the  bottom  to  a  blood 
outlet  tube  connection  port.  A  filter  is  placed  within 
the  chamber  just  above  the  blood  outlet. 

The  venous  drip  chamber  serves  a  number  of 
functions: 

1.  Air  bubbles  contained  in  the  incoming  blood 
flow  are  forced  by  their  buoyancy  and  reduction 
in  velocity  to  rise  to  the  air  space.  Flow  out  of  the 
chamber  is  thereby  degassed. 
2.  Blood  pressure  can  be  measured  via  a  pres- 
sure  monitor  tube  communicating  through  the 
chamber  top  into  the  air  space. 
3.  Air  foam  is  also  prevented  from  exiting  the 
chamber  by  an  ultrasonic  air/foam  detector  at- 
tached  to  the  outside  of  the  drip  chamber  or  the 
outside  of  the  tubing  just  below  the  venous  cham- 
ber.  The  detector  stops  the  bloodpump  and  caus- 
es  a  clamp  to  close  below  the  venous  drip  cham- 
ber  if  air  or  foam  is  sensed. 
4.  Medicament  tube  access  ports  or  injection 
sites  are  located  on  the  chamber  top,  communi- 
cating  with  the  air  space. 
5.  Clots,  etc.  are  prevented  from  leaving  the 
chamber  by  the  presence  of  a  filter  adjacent  the 
exit  of  the  chamber. 
Currently,  venous  chambers  are  injection  molded 

of  flexible  or  rigid  plastic,  typically  comprising  a  gently 
conical  shape  with  an  open  end  which  is  closed  with 
a  solvent-sealed  top  cap,  after  a  plastic  filter  has  been 
inserted  through  the  open  end  and  placed  into  snap- 
fit  relation  with  the  chamber  near  the  bottom  end. 
Snap-fit  is  required  because,  typically,  the  filter  ma- 

terial  is  not  compatible  for  solvent  bonding  with  the 
chamber  material.  Thus  it  is  retained  by  detents  on 
the  inside  of  the  chamber.  This  is  an  imperfect  solu- 
tion  since: 

5  1.  Such  a  filter  can  occasionally  come  loose 
(when  blood  pressure  expands  the  flexible  cham- 
ber)  and/or 
2.  The  space  between  the  filter  attachment  ring 
and  the  chamber  wall  fills  with  blood  which  stag- 

10  nates,  promoting  clots.  The  scientific  literature 
(e.g.  Ogden)  reports  such  filters  actually  gener- 
ate  more  clots  than  they  trap. 
3.  Assembly  is  difficult  and  costly  because  the  fil- 
ter  must  be  inserted  with  enough  force  to  sur- 

15  mount  the  detents. 
Disadvantages  of  injection  molded  chambers  and 

top  caps  include: 
1.  Leaks  between  the  top  cap  and  the  chamber 
body. 

20  2.  Clots  promoted  by  blood  foaming  in  its  free-fall 
from  a  short  downspout  at  flow-rates  typically 
above  250ml/min.  The  common  name  of  "drip 
chamber"  came  about  because  at  low  flow  rates 
the  blood  "dripped"  from  a  short  downspout 

25  opening  to  the  blood  level.  More  recently,  flow 
rates  of  up  to  650ml/min  have  become  possible 
because  of  newer  hemodialyzers.  But  short 
downspouts  foam  severely  at  fast  flow  rates  due 
to  turbulence  and  cavitation  caused  by  the  rapid, 

30  continuous  free  fall  of  blood.  Foam  leads  to  in- 
creased  clots  due  the  greater  surface  area  of  an 
air/blood  interface. 
3.  Clots  promoted  by  blood  stagnating  in  the 
space  between  long  downspouts  and  the  cham- 

35  berwall.  Long  downspouts  with  an  outlet  beneath 
the  blood  level  have  been  developed  more  re- 
cently  in  an  attempt  to  reduce  turbulence,  in  the 
same  manner  a  hose  dipped  into  a  bucket  of  soa- 
py  water  will  not  foam.  However,  blood  stagnates 

40  in  the  tight  space  between  the  downspout  and 
the  chamber  wall.  Stagnation  frequently  leads  to 
clots. 
4.  Clots  promoted  by  blood  stagnating  above  the 
outlet  of  a  long  downspout.  At  slower  flow  rates, 

45  long  downspouts  are  counterproductive  because 
blood  stagnates  in  the  blood  layer  above  the 
downspout  outlet,  resulting  typically  in  clotting. 
5.  Excessive  air/foam  alarms  at  high  flowrates 
with  long  downspouts.  Entrained  air  bubbles  in 

so  the  incoming  blood  flow  is  projected  far  enough 
down  into  the  chamber  such  that  they  are  sensed 
by  the  air/foam  detector,  creating  many  alarms 
and  stopping  the  blood  pump.  It  is  well  known  that 
clotting  increases  whenever  the  blood  flow  is 

55  stopped. 
6.  Injection  molding  typically  provides  a  structure 
having  fairly  sharp  angles  and  edges,  which  is 
generally  undesirable  in  blood  handling  appara- 
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tus. 

DESCRIPTION  OF  THE  INVENTION 

Blowmolding  a  venous  chamber  overcomes 
many  of  these  problems.  Arterial  chambers  have  long 
been  blowmolded,  such  as  Swan  et  al.  U.S.  Patent 
No.  4,666,598.  These  have  many  advantages  over  in- 
jection  molded  chambers: 

1.  Blowmolding  creates  a  one-piece  chamber, 
eliminating  the  prevalence  of  leaks  from  bonding 
two  pieces  together. 
2.  The  blood  inlet  and  outlet  may  be  molded  in  a 
variety  of  shapes  and  angles,  not  limited  to  the 
axial  orientation  of  injection  molding.  Also,  the 
opening  of  the  inlet  (or  outlet)  into  the  chamber 
cavity  may  be  in  the  chamber  sidewall  or  cham- 
ber  bottom  rather  than  in  a  downspout  separate 
from  the  chamber  wall.  Thus,  no  stagnant  areas 
are  created.  Further,  the  inlet  blood  tube  con- 
necting  port  may  be  remote  from  the  inlet  opening 
to  the  chamber  cavity.  For  example,  the  inlet 
blood  tube  connecting  port  may  be  in  lateral  rela- 
tion  to  the  chamber  top  while  the  inlet  to  the 
chamber  cavity  may  be  at  the  bottom,  connected 
to  the  tube  port  via  a  conduit  molded  laterally  to 
the  chamber  body. 

It  has  long  been  known  that  a  bottom  inlet 
opening  (causing  upward  flow  into  the  chamber 
cavity)  eliminates  most  causes  of  arterial  cham- 
ber  foaming,  stagnation  and  clotting.  The  inlet 
flow  is  upward  away  from  the  bottom  outlet  (thus 
directing  any  entrained  bubbles  to  the  surface). 
No  separate  "upspout"  within  the  chamber  cavity 
is  required,  thus  eliminating  stagnation  between 
the  wall  and  chamber.  And  blood  enters  beneath 
the  surface  of  the  blood,  eliminating  any  free-fall 
of  blood,  yet  keeping  all  the  blood  in  the  chamber 
in  gentle  mixing  eliminating  stagnation. 
3.  Non-tubular  shapes  may  be  chosen  to  aid  in 
preventing  stagnant  areas  or  turbulent  areas. 
Many  of  these  shapes  are  impossible  by  injection 
molding. 
These  advantages,  however,  have  not  been 

available  before  in  a  venous  chamber: 
1.  Heretofore  there  has  been  no  known  way  to 
place  a  filter  into  a  blow  molded  chamber.  Venous 
chambers  require  a  filter. 
2.  Venous  chambers  must  be  of  flexible  material 
if  they  are  to  fit  properly  to  air/foam  detector 
probes.  A  flexible  chamber  is  more  difficult  to 
blow  mold  as  the  parison  sags  more  easily  before 
it  is  blown. 
3.  A  blood  inlet  opening  at  the  bottom  results  in  a 
non-tubular  shape  which  cannot  fit  in  current 
chamber  holders  for  air/foam  detectors. 
By  this  invention,  a  blow-molded,  flexible  or 

semi-rigid  plastic  venous  chamber  for  hemodialysis  is 

provided.  The  chamber  defines  a  plurality  of  first  ac- 
cess  ports  substantially  adjacent  to  a  first  chamber 
and,  one  of  which  is  a  blood  tube  inlet  port.  A  blood 

5  tube  exit  port  is  provided  at  substantially  the  opposed 
end  of  the  chamber.  By  this  invention,  a  tubular  plas- 
tic  filter  is  positioned  in  close-fitting  relation  within  the 
exit  port  to  project  into  the  chamber. 

By  this  means,  the  desired  blow  molded  venous 
10  chamber  may  be  provided,  while  carrying  a  filter  in  a 

manner  which  has  not  been  previously  successfully 
accomplished. 

The  blowmolded  chamber  may  define  an  out- 
wardly-facing  annular  step  with  the  exit  port.  The  tub- 

is  ular  plastic  filter  defines  an  outer  end  portion  that  car- 
ries  a  radially  outwardly  projecting  annular  flange, 
proportioned  to  slidingly  pass  through  the  exit  port, 
but  to  engage  the  annular  step  to  limit  inward  travel 
of  the  filter  to  a  predetermined,  innermost  position. 

20  Additionally,  flexible  tubing  may  be  sealed,  typi- 
cally  solvent  sealed,  to  the  exit  port  and  within  the 
port  at  a  position  outwardly  of  the  plastic  filter.  By  this 
means,  the  plastic  filter  may  be  retained  within  the 
exit  port  by  the  presence  of  the  tubing. 

25  Typically,  the  blood  inlet  port  may  be  positioned 
in  separate,  lateral  relation  to  the  chamber,  with  a 
communicating  conduit  extending  from  the  blood  inlet 
port  at  the  first  end  of  the  chamber  toward  the  op- 
posed  end  in  such  separate,  lateral  relation.  This 

30  blood  inlet  conduit  enters  the  cavity  of  the  chamber 
at  a  position  below  the  first  end,  either  in  the  sidewall 
or  in  the  opposed,  second  end.  By  this  means,  a  blow 
molded  chamber  may  carry  at  least  three  access 
ports,  while  being  readily  manufacturable  by  flow 

35  molding  technology,  and  without  resulting  in  a  blow 
molded  chamber  of  unduly  enlarged  cross  section. 

Preferably,  a  portion  of  the  blow  molded  venous 
chamber  adjacent  its  first  end  is  relatively  flat  and 
wide  in  cross  section,  when  compared  with  a  portion 

40  of  the  chamber  below  where  the  blood  inlet  conduit 
enters  the  cavity  of  the  chamber.  By  this  means  a 
number  of  benefits  accrue: 

1  .  The  flattened,  upper  portion  facilitates  the  wide 
spacing  of  the  first  ports  in  the  first  end  of  the 

45  blowmolded  chamber, 
2.  The  tubular,  lower  portion  allows  the  chamber 
to  be  placed  in  currently  available  air/foam  detec- 
tor  equipment,  which  require  a  round,  cross  sec- 
tional  fitment  area. 

so  3.  The  flattened,  upper  portion,  in  conjunction 
with  a  sidewall  blood  inlet  to  the  chamber  cavity, 
promotes  gentle  mixing  of  the  blood  a  high  or  low 
flowrates. 
Additionally,  the  blow  molding  technology  which 

55  is  utilized  herein  can  provide  blood-contacting  inner 
portions  thereof  which  are  essentially  free  of  sharp 
angles  and  edges.  This  facilitates  the  desirable,  gen- 
tle  handling  of  the  blood  as  it  passes  through  the  he- 
modialysis  set  to  which  the  chamber  of  this  invention 
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is  attached. 
The  blow-molded  flexible  plastic  venous  cham- 

ber  may  be  manufactured  for  use  as  part  of  a  venous 
flow  set  for  hemodialysis  by  blow  molding  a  chamber 
having  a  plurality  of  first  access  ports  adjacent  one 
end,  one  of  which  is  a  blood  tube  connection  port,  and 
a  second  blood  tube  connection  port  at  its  other  end. 
The  blow  molded  chamber  is  then  cooled,  and  a  tub- 
ular  plastic  filter  is  inserted  into  the  blood  tube  exit 
port  in  close-fitting  relation,  so  that  the  filter  projects 
into  the  blow  molded  chamber.  The  filter  may  be  se- 
cured  in  the  chamber. 

Additionally,  there  may  be  formed  in  the  blow 
molded  chamber  during  the  molding  process  an  out- 
wardly  facing,  annular  step  within  the  second  access 
port.  The  tubular  plastic  filter  may  define  an  out  end 
portion  that  carries  a  radially  outwardly  projecting  an- 
nular  flange  which  is  proportioned  to  slidingly  pass 
through  the  exit  port,  but  which  is  large  enough  to  en- 
gage  the  annular  step.  This  limits  the  inward  travel  of 
the  filter  to  a  predetermined,  innermost  position. 
Then,  blood  tubing  of  a  set  may  be  sealed  in  the  exit 
port  behind  the  filter  and  annular  step,  to  secure  the 
filter  in  position. 

The  plastic  venous  chamber  of  this  invention  may 
then  be  assembled  into  a  venous  set  for  hemodialy- 
sis,  to  exhibit  the  numerous  advantages  discussed. 

In  another  aspect  of  this  invention,  venous  hemo- 
dialysis  blood  lines  typically  have  an  injection  site  for 
the  administration  of  drugs  and  the  like,  and  for  sam- 
pling.  Traditional  venous  lines  have  injection  sites 
mounted  on: 

a.  The  chamber  top  cap  and  communication  with 
the  airspace  above  the  blood  level,  or 
b.  The  sidewall  of  the  chamber  and  communicat- 
ing  with  the  airspace  above  the  blood  level,  as 
described  in  Heath  et  al.,  or 
c.  The  venous  blood  tubing  upstream  of  the  ven- 
ous  chamber. 
Traditionally,  any  of  these  injection  sites  were 

suitable  because  they  satisfied  the  nursing  dictum 
that  no  injections  be  given  below  the  air  detector/line 
clamp  assembly,  in  order  to  avoid  the  risk  of  air  emboli 
given  to  the  patient. 

Today,  however,  important  but  expensive  new 
drugs  such  as  EPO  (erythropoietin)  cannot  be  admin- 
istered  interdialytically  to  one  of  these  venous  injec- 
tion  sites,  because  it  is  feared  the  drug  could  be  trap- 
ped  in  the  venous  filter  or  chamber  sidewalls  where 
blood  velocity  is  reduced.  Nurses  are  now  having  to 
risk  giving  EPO  and  other  drugs  directly  into  the  fis- 
tula  needle,  with  the  attendant  risk  to  the  patient  of  air 
emboli. 

With  a  hemodialysis  machine  having  an  airdetec- 
tor/line  clamp  assembly  mounted  on  the  venous  line 
typically  at  least  two  inches  below  a  venous  chamber, 
it  is  possible  to  design  a  venous  bloodline  whereby  an 
injection  site  is  placed  in  the  tubing  downstream  of  the 

venous  chamber,  yet  upstream  of  the  air  detector/line 
clamp. 

By  this  means  it  is  possible  to  inject  valuable 
5  drugs  interdialytically  in  a  safe  manner. 

DESCRIPTION  OF  THE  DRAWINGS 

In  the  drawings,  Fig.  1  is  a  plan  view  of  a  venous 
10  hemodialysis  set  which  carries  a  blow-molded  cham- 

ber  of  this  invention; 
Fig.  2  is  an  enlarged,  side  elevational  view  of  the 
chamber  of  Fig.  1  ,  shown  in  the  process  of  being 
blow  molded; 

15  Fig.  3  is  an  elevational  view,  rotated  90  degrees 
from  the  view  of  Fig.  2,  of  the  chamber  after  blow 
molding,  with  the  filter  inserted,  and  also  show- 
ing  connection  with  the  various  tubings  of  the 
venous  set; 

20  Fig.  4  is  a  transverse  sectional  view  taken  along 
line  4-4  of  Fig.  1; 
Fig.  5  is  an  enlarged,  elevational  view  of  a  blow 
molded  chamber  generally  tubular  in  shape; 
Fig.  6  is  an  enlarged,  top  end  view  of  the  blow 

25  molded  chamber  of  Fig.  5; 
Fig.  7  is  an  enlarged,  elevational  view  of  a  blow 
molded  chamber  with  the  blood  inlet  conduit  en- 
tering  the  chamber  cavity  from  the  second  op- 
posed  end,  with  the  filter  inserted; 

30  Fig.  8  is  an  enlarged,  side  elevational  view  of  the 
chamber  of  Fig.  7; 
Fig.  9  is  an  enlarged,  top  end  view  of  the  chamber 
of  Fig.  7; 
Fig.  10  is  an  enlarged,  elevational  view  of  a  blow 

35  molded  cassette  carrying  an  arterial  and  venous 
chamber; 
Fig.  11  is  a  side  elevational  view  of  the  cassette 
of  Fig.  10; 
Fig.  12  is  a  top,  plan  view  of  the  cassette  of  Fig. 

40  10;  and 
Fig.  13  is  a  partially  schematic  view  of  a  dialysis 
system  showing  another  aspect  of  this  invention. 

DESCRIPTION  OF  SPECIFIC  EMBODIMENTS 
45 

Referring  to  the  drawings,  Fig.  1  shows  a  venous 
hemodialysis  set  10  which  may  be  generally  conven- 
tional  in  design  except  for  blow  molded  plastic  cham- 
ber  12  of  this  invention  and  its  relationship  with  set  1  0. 

so  Blow  molded  plastic  chamber  12,  as  shown,  com- 
prises  a  first  end  14  defining  three  separate  first  ac- 
cess  ports  16,  18,  20. 

Plastic  chamber  12  also  defines  a  second  access 
port  22  at  the  end  opposed  to  the  first  end  14. 

55  Blow  molded  venous  chamber  12  may  be  blow 
molded  from  a  parison  of  flexible  or  rigid,  plastic  such 
as  rigid  polyvinyl  chloride,  or  poly(ethylene  terephtha- 
late),  particularly  a  glycol-modif  ied  variety  of  the  lat- 
ter.  Suitable  plastic  formulations  for  this  purpose  are 
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commercially  available. 
Access  port  16  of  chamber  12  communicates 

with  flexible  tubing  24,  with  tubing  24  typically  being 
sealed  within  port  16.  Tubing  24  at  its  other  end  car-  5 
ries  a  conventional  connector  26,  which  is  adapted  for 
connection  with  the  blood  outlet  port  of  a  hemodialyz- 
er. 

Access  port  18  is  connected  to  pressure  monitor 
tubing  28,  which  carries  at  its  opposed  end  a  conven-  10 
tional  connector  30  for  a  pressure  monitor. 

Access  port  20  may  comprise  a  conventional 
needle  pierceable  partition  of  resealable  elastomer,  of 
a  conventional  design. 

Second  access  port  22  is  shown  to  carry  a  tubu-  15 
lar  plastic  filter  32,  which  is  proportioned  to  be  insert- 
ed  through  second  access  port  22,  as  shown  in  Fig. 
3.  The  interior  of  second  access  port  22  defines  an  in- 
ternal,  annular  step  34.  Rear  flange  36  of  filter  32  en- 
gages  the  outer  surface  of  step  34,  so  that  it  is  re-  20 
strained  from  further  inward  motion  into  chamber  12. 
Flexible  tubing  38  also  enters  into  port  22  within  the 
port  at  a  position  outwardly  from  plastic  filter  32  and 
flange  36.  Thus,  the  inner  end  of  tubing  38  causes 
plastic  filter  32  to  be  retained  within  second  access  25 
port  22  by  the  presence  of  such  tubing.  Tubing  38 
may  be  conventionally  solvent  sealed  in  its  position  in 
second  port  22. 

The  opposed  end  of  tubing  38  defines  a  conven- 
tional  connector  40  for  connection  to  a  fistula  needle,  30 
which,  in  turn,  penetrates  the  fistula  of  the  patient  for 
return  of  dialyzed  blood. 

Injection  site  42  is  also  carried  on  tubing  38,  and 
may  be  of  conventional  design. 

Access  port  16  is  shown  to  be  carried  on  a  sep-  35 
arate,  generally  longitudinal  arm  17  of  chamber  12, 
which  is  separated  from  the  remainder  of  chamber  12 
by  partition  line  19.  Partition  line  19  is  formed  during 
the  blow  molding  process  so  that  tubular  section  17 
is  approximately  cylindrical  in  shape.  Then,  tubular  40 
section  17  communicates  with  the  remainder  of  the 
chamber  12  at  a  lateral  flow  position  21  which  is  be- 
tween  the  first  end  14  and  opposed  end  22.  By  this 
means,  a  third  port  may  be  provided  to  the  first  end 
of  chamber  12  without  undue  crowding  of  the  respec-  45 
tive  ports. 

Turning  particularly  to  Fig.  2,  the  shape  of  the 
molded  chamber  12  from  the  side  is  shown.  It  can  be 
seen  that  the  area  adjacent  first  end  14  is  relatively 
flat  and  wide  in  cross  section,  by  comparison  of  Figs.  50 
2  and  3,  when  compared  with  a  portion  50  of  the 
chamber  which  is  spaced  from  first  end  14,  and  typi- 
cally  which  is  adjacent  opposed  end  22.  This  facili- 
tates  the  desired  width  and  shape  of  portion  50  to  fit 
into  currently  available  machines  with  air/foam  detec-  55 
tors  requiring  such  a  width  and  shape,  while  the  area 
adjacent  first  end  14  does  not  provide  undue  volume 
or  taking  excessive  amount  of  space  to  accommodate 
the  three  ports  at  first  end  14. 

Also,  Fig.  2  shows  the  blow  molding  process  of 
chamber  12  from  a  hot  parison  which  is  being  repeat- 
edly  applied  to  the  blow  mold  halves  42,  44  by  a  con- 
ventional  extrusion  means.  As  is  conventional,  the 
blow  mold  halves  open,  and  the  hot  parison  from  the 
extruder  is  advanced  into  the  space  between  blow 
mold  halves  42,  44.  The  blow  mold  halves  then  close, 
pinching  the  parison  at  their  respective  ends  48,  51, 
or,  additionally  their  sides  46,  49,  while  also  forming 
partition  19  in  the  molding  chamber.  Then,  com- 
pressed  air  or  the  like  is  conventionally  inserted 
through  blow  tube  53  leading  to  first  ports  16,  18,  20 
and  second  port  22  respectively,  to  inflate  the  pari- 
son,  so  that  the  parison  expands  to  the  confines  of 
the  molding  chamber  defined  with  the  blow  mold 
halves  42,  44.  This  position  is  held  until  the  parison 
has  cooled  sufficiently  to  form  the  desired  chamber 
12  of  this  invention. 

Following  trimming  by  conventional  means,  as 
shown  in  Fig.  3,  plastic  filter  32  may  be  inserted 
through  second  port  22,  followed  by  insertion  of  tub- 
ing  38  which  is  sealed  in  place  so  that  flange  36  is 
trapped  between  step  34  and  tubing  38  for  retention 
of  the  plastic  filter  in  desired  position. 

The  remaining  tubings  24,  28  may  be  sealed  into 
their  respective  ports,  and  the  components  of  the  in- 
jection  site  may  be  applied  to  port  20. 

Thus,  by  this  means,  a  venous  hemodialysis  set 
may  be  manufactured  in  which  a  blow  molded  cham- 
ber,  having  an  inserted  filter  32,  is  provided.  The  sig- 
nificant  advantages  of  such  a  chamber  are  as  dis- 
cussed  above.  Specifically,  the  chamber  of  this  in- 
vention  may  be  made  substantially  free  of  sharp  an- 
gles  and  edges  at  its  blood-contacting  inner  portions. 
This  is  easily  accomplished  in  blow  molding  as  an  in- 
herent  characteristic  thereof,  while  such  is  not  the 
case  with  respect  to  injection  molded  components. 
Also,  the  specific  shape  of  the  chamber  of  this  inven- 
tion  permits  chamber  12  to  be  of  relatively  small  size 
and  internal  volume,  while  providing  adequate  cross 
section  to  accommodate  three  ports  on  first  end  14. 
The  entry  of  blood  through  port  16,  17  into  a  flattened, 
central  portion  of  the  chamber  by  smooth,  radiussed 
horizontal  inlet  21  provides  advantages,  in  that  blood 
velocity  is  dissipated  in  its  horizontal  travel  across  the 
flattened  cross  section  when  it  is  turned  upward  by 
the  gentle,  radiussed  curve  of  shoulder  27.  Flow  will 
form  a  gentle  counterclockwise  pattern  in  the  flat- 
tened  section  adjacent  the  first  end.  Any  entrained  air 
bubbles  will  outgass  at  the  blood  surface  29  to  join 
the  airspace  33.  Further,  at  low  flow  rates  the  blood 
above  inlet  21  will  not  become  stagnant  owing  to  the 
counterclockwise  pattern,  nor  at  high  flow  rates  will 
undue  turbulence  be  allowed  as  the  velocity  is  dissi- 
pated.  Further,  there  is  no  stagnation  area  between 
the  conduit  17  and  chamber  wall  as  there  is  between 
an  injection  molded  downspout  and  chamber  wall. 
This  invention  allows  one  chamber  suitable  for  high  or 
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low  flows,  for  all  current  machines. 
Figs.  5  and  6  show  a  chamber  similar  to  Figs.  1- 

4  except  the  cross  sectional  shape  is  substantially 
cylindrical  in  nature  throughout  its  length. 

Referring  to  Figs.  7  through  9,  there  is  shown  a 
blow  molded  venous  chamber  suitable  for  a  class  of 
dialysis  machine  where  the  air/foam  detector  is 
mounted  below  the  chamber  and  its  ultrasound 
probes  are  mounted  on  the  tubing  below  the  cham- 
ber.  Here,  blow  molding  may  be  of  rigid  plastic  be- 
cause  the  ultrasound  probes  do  not  touch  the  cham- 
ber  wall,  and  the  blood  inlet  to  the  main  cavity  of  the 
chamber  may  be  at  the  end  opposed  to  the  first  end 
114.  The  entry  of  blood  through  access  port  118  is 
shown  to  be  carried  on  a  separate,  generally  longitu- 
dinal  arm  110  of  chamber  106,  which  is  separated 
from  the  remainder  of  chamber  106  by  partition  line 
120.  Partition  line  120  is  formed  during  the  blowmold- 
ing  process  so  that  tubular  section  110  is  approxi- 
mately  cylindrical  in  shape.  Then,  tubular  section  110 
communicates  with  the  remainder  of  the  chamber 
106  at  a  position  opposite  of  the  first  end  114. 

Second  access  port  132  is  shown  to  carry  a  tub- 
ular  plastic  filter  138  which  is  proportioned  to  be  in- 
serted  through  second  access  port  132,  and  retained 
in  a  manner  similar  to  filter  32  of  Fig.  3.  A  partition  111 
is  also  formed  between  blood  inlet  129  and  blood  out- 
let  128.  The  partition  111  may  be  curved  or  pointed 
away  from  outlet  128.  Looking  at  Fig.  8  in  conjunction 
with  Fig.  9,  one  can  see  that  inlet  129  and  outlet  128 
are  of  preferably  outwardly  tapering  cross  section.  In 
the  case  of  blood  entering  the  chamber  via  conduit 
110,  the  velocity  is  dissipated  by  U-turn  thereof  as 
well  as  the  outwardly  tapering  cross  section  in  inlet 
129. 

Rigid  material  may  be  used  for  these  reservoirs. 
Such  material  typically  maintains  its  shape  as  a  hot 
parison  much  better  than  flexible  material.  Savings  in 
time  and  cost  are  provided.  Also,  by  the  inventive 
chamber  shape,  the  blood  flow  is  gentle,  unturbulent, 
but  efficiently  degassed  before  exiting  the  chamber. 

In  Fig.  10  is  shown  a  blow  molded  cassette  incor- 
porating  an  inventive  venous  chamber.  This  blow 
molded  cassette  comprises  a  single  parison  having  a 
pair  of  spaced  chambers,  with  chamber  204  being 
typically  the  arterial  prepump  chamber,  and  chamber 
206  being  typically  the  venous  chamber.  Blood  inlet 
230  receives  blood  from  an  arterial  connector  such  as 
connector  26,  while  blood  outlet  228  connects  directly 
to  pump  tubing  229.  Likewise  for  venous  chamber 
206,  blood  comes  in  from  the  venous  connector  of  the 
dialyzer  to  inlet  port  218,  which  connects  to  a  sepa- 
rate  conduit  210  that  extends  the  length  of  the  cham- 
bers  204,  206,  forms  a  U-turn  at  211  ,  and  enters  the 
venous  chamber  206.  Blood  outlet  232  from  the  ven- 
ous  chamber  passes  through  filter  250  which  may  be 
of  a  structure  and  mounting  similar  to  filter  32  in  Figs. 
2  and  3,  with  the  blood  traveling  from  there  through 

tubing  233  to  the  venous  patient  connector.  Depend- 
ing  upon  whether  the  system  is  used  in  a  prepump  or 
a  postpump  manner,  saline  or  heparin  can  be  inserted 

5  into  inlets  216,  224,  or  226.  Conduit  208  which  is  sep- 
arate  from  the  chambers  extends  into  the  port  area 
230  of  chamber  204.  Flattened  areas  220  are  also  de- 
fined  by  the  blow  mold  to  provide  the  discrete  cham- 
bers  204,  206,  and  conduits  208,  210. 

10  Thus,  by  the  embodiment  of  Figs.  10-12  it  can  be 
seen  that  the  prepump  chamber  and  the  postpump 
chamber  as  well  as  their  various  ports,  can  be  formed 
into  a  single  blowmolded  cassette  from  a  single  pari- 
son. 

15  Referring  to  Fig.  13,  another  invention  of  this  ap- 
plication  is  disclosed.  A  somewhat  schematic  view  of 
a  dialyzer  system  is  disclosed,  with  a  conventional  di- 
alysis  machine,  specifically  the  Cobe  Centry  Two  di- 
alysis  machine,  carrying  dialysis  arterial  and  venous 

20  sets,  which  are  of  conventional  design  except  as 
otherwise  described  herein. 

An  injection  site  250  is  positioned  in  the  dialysis 
venous  set  downstream  of  venous  chamber  252,  but 
upstream  of  the  position  of  the  set  tubing  which  pass- 

25  es  through  bubble  detector  254  and  downstream 
clamp  256,  both  of  which  are  part  of  the  hardware  of 
the  dialysis  machine  258.  By  this  modification,  as  de- 
scribed  above,  the  administration  of  new  drugs  such 
as  EPO  can  be  effected  with  the  advantages  as  de- 

30  scribed  above. 
The  above  has  been  offered  for  illustrative  pur- 

poses  only,  and  is  not  intended  to  limit  the  scope  of 
the  invention  of  this  application,  which  is  as  defined 
in  the  claims  below. 

35 

Claims 

1  .  A  blow-molded  plastic  blood  chamber  for  hemo- 
40  dialysis,  said  chamber  defining  a  first  access  port 

adjacent  a  first  end  which  is  an  inlet  blood  tube 
connecting  port,  an  outlet  blood  tube  connecting 
port  at  an  opposed  chamber  end,  and  a  tubular 
plastic  filter  positioned  in  close-fitting  relation 

45  within  said  outlet  port  to  project  into  said  cham- 
ber. 

2.  The  blow-molded  chamber  of  Claim  1  in  which  an 
indentation  is  defined  within  said  outlet  port,  said 

so  tubular  plastic  filter  defining  an  outer  end  portion 
that  carries  a  radially  outwardly  projecting,  annu- 
lar  flange  proportioned  to  slidingly  pass  through 
said  second  access  port,  but  to  engage  said  in- 
dentation  to  limit  inward  travel  of  said  filter  to  a 

55  predetermined,  innermost  position. 

3.  The  blow-molded  chamber  of  Claim  2  in  which 
flexible  tubing  is  sealed  to  said  outlet  port  and 
within  said  outlet  port  at  a  position  outwardly  of 
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said  plastic  filter,  whereby  said  flange  and  plastic 
filter  is  retained  within  said  outlet  port  by  the 
presence  of  said  tubing. 

4.  The  blow  molded  chamber  of  Claim  1  in  which  the 
inlet  port  is  positioned  in  separate,  lateral  relation 
to  said  chamber,  and  from  which  extends  a  con- 
duit  toward  said  opposed  end  in  said  separate, 
lateral  relation,  while  also  communicating  with 
said  chamber  at  a  position  between  said  first  and 
opposed  ends. 

5.  The  blow  molded  chamber  of  Claim  4  in  which  the 
conduit  inlet  communicates  in  radiussed  horizon- 
tal  direction. 

6.  The  blow  molded  chamber  of  Claim  1  in  which  a 
portion  of  said  chamber  adjacent  said  first  end  is 
relatively  oval  in  cross  section,  when  compared 
with  a  portion  of  said  chamber  adjacent  said  op- 
posed  end. 

7.  The  blow  molded  chamber  of  Claim  1  in  which  the 
inlet  port  is  positioned  in  separate,  lateral  relation 
to  said  chamber  and  from  which  extends  a  con- 
duit  toward  said  opposed  end  in  said  separate, 
lateral  relation,  while  also  communicating  with 
said  chamber  at  said  opposed  end. 

8.  The  blow  molded  chamber  of  Claim  7  in  which  the 
inlet  port  and  outlet  port  are  of  the  same  height, 
by  means  of  a  partition  positioned  between  them. 

9.  The  blow  molded  chamber  of  Claim  1  in  which 
three  of  said  first  access  ports  are  present. 

10.  Avenous  hemodialysis  set  which  includes  at  least 
one  blow  molded  plastic  venous  chamber  of 
Claim  1. 

an  outwardly-facing  annular  step  is  defined  with- 
in  said  second  access  port,  a  tubular  plastic  filter 
defining  an  outer  end  portion  that  carries  a  radi- 

5  ally  outwardly  projecting,  annular  flange  propor- 
tioned  to  slidingly  pass  through  said  second  ac- 
cess  port,  but  to  engage  said  annular  step  to  limit 
inward  travel  of  said  filter  to  a  predetermined,  in- 
nermost  position. 

10 
13.  The  blow-molded  chamber  of  Claim  12  in  which 

flexible  tubing  is  sealed  to  said  second  access 
port  and  within  said  port  at  a  position  outwardly 
of  said  plastic  filter,  whereby  said  plastic  filter  is 

15  retained  within  said  second  access  port  by  the 
presence  of  said  tubing. 

14.  Avenous  hemodialysis  set  which  includes  at  least 
one  blow-molded,  rigid,  plastic  venous  chamber 

20  of  Claim  13. 

15.  The  venous  hemodialysis  set  of  Claim  14  in  which 
said  blow  molded  chamber  carries  three  of  said 
first  access  ports. 

25 
16.  The  venous  hemodialysis  set  of  Claim  15  in  which 

the  blood  contacting  inner  portions  of  said  blow- 
molded  chamber  are  essentially  free  of  sharp  an- 
gles  and  edges. 

30 
17.  In  a  dialysis  system  which  comprises  dialysis  set 

means  mounted  in  a  dialysis  machine,  said  dial- 
ysis  set  means  comprising  a  venous  chamber, 
the  improvement  comprising  an  injection  site 

35  positioned  downstream  of  said  venous  chamber, 
but  upstream  of  the  bubble  detector  and  down- 
stream  clamp  of  said  dialysis  apparatus,  whereby 
drugs  may  be  administered  through  the  set  to  the 
patient  downstream  of  the  venous  chamber. 

40 

11.  A  blow-molded,  rigid,  plastic,  venous  chamber  for 
hemodialysis,  said  chamber  defining  a  plurality  of 
first  access  ports  adjacent  a  first  end,  a  second 
access  port  at  an  opposed  end,  and  a  tubular,  45 
plastic  filter  positioned  in  close-fitting  relation 
within  said  second  access  port  to  project  into  said 
chamber,  at  least  one  of  said  first  access  ports 
being  positioned  in  separate,  lateral  relation  to 
said  chamber  and  extending  from  said  first  end  so 
toward  said  opposed  end  in  separate,  lateral  re- 
lation,  while  also  communicating  with  said  cham- 
ber  at  a  position  between  said  first  and  opposed 
ends,  and  in  which  a  portion  of  said  chamber  ad- 
jacent  said  first  end  is  relatively  flat  and  wide  in  55 
cross  section,  when  compared  with  a  portion  of 
said  chamber  adjacent  said  opposed  end. 

12.  The  blow-molded  chamber  of  Claim  11  in  which 
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