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©  Pole  clamp  for  infusion  pump. 

©  A  belt  driven  infusion  pump  for  emptying  the 
contents  of  a  syringe  is  disclosed.  A  pole  clamp 
assembly  (30)  is  incorporated  within  the  pump  hous- 
ing  (12A)  and  includes  a  clamping  arm  for  securing 

the  pole  (210)  between  the  clamping  arm  and  the 
housing  (12A).  The  clamping  arm  is  movable  to  a 
storage  position  where  it  is  substantially  flush  with 
the  outer  surface  of  the  pump  housing  (12A). 
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BACKGROUND 

This  invention  lies  in  the  field  of  mechanisms 
for  fastening  medical  accessories  such  as  infusion 
pumps  to  elongate  objects  such  as  poles. 

Infusion  pumps  and  various  other  medical  ac- 
cessories  often  need  to  be  firmly  secured  to  a 
stable  object  such  as  an  I.V.  pole.  The  present 
invention  is  a  mechanism  designed  specifically  to 
facilitate  the  fastening  of  a  syringe  infusion  pump 
to  an  I.V.  pole.  However,  it  has  application  to  the 
fastening  of  other  medical  accessories  to  elongate 
objects  such  as  poles. 

An  example  of  a  medical  accessory  pole  clamp 
of  the  prior  art  is  disclosed  in  European  Patent 
Application  No.  0  224  367. 

SUMMARY 

The  invention  is  a  clamp  for  securing  an  object 
to  a  pole  or  similar  elongate  member.  The  inven- 
tion  has  a  clamp  member  having  a  preferably  L- 
shaped  clamping  surface.  The  invention  grips  the 
pole  between  the  clamping  surface  and  a  wall  of 
the  object  to  be  clamped  to  the  pole. 

The  device  is  used  by  orienting  the  device  so 
that  the  pole  lies  lengthwise  between  the  clamping 
surface  and  a  wall  of  the  housing  of  the  object  to 
be  clamped  to  the  pole.  The  clamp  is  then  moved 
towards  the  wall  so  that  the  pole  lies  loosely  be- 
tween  the  wall  and  the  clamping  surface.  The 
clamp  is  then  urged  towards  the  wall  by  a  tight- 
ener.  The  tightener  is  made  up  of  an  eccentric 
cam.  The  clamp  is  slidable  relative  to  a  carriage 
and  lockable  to  the  carriage.  The  carriage  and  the 
cam  are  substantially  fixed  relative  to  the  housing. 
The  carriage  is  provided  with  a  surface  with  which 
the  cam  interacts  to  urge  the  carriage  a  small 
distance  towards  the  wall  (compared  with  the  dis- 
tance  the  clamp  can  move).  The  distance  moved 
by  the  carriage  is  determined  by  the  eccentricity  of 
the  cam. 

When  the  carriage  is  locked  to  the  clamp,  the 
clamp  can  only  move  the  distance  allowed  by  the 
interaction  of  the  cam  and  the  carriage.  The  rota- 
tion  of  the  cam  thus  causes  the  clamp  to  be 
tightened  against  the  pole. 

The  invention  will  be  further  understood  by  the 
following  drawings  and  detailed  description. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  top  perspective  view  of  the  preferred 
embodiment  of  an  infusion  pump  according  to 
the  invention; 
Fig.  2  is  a  top  perspective  view  of  the  infusion 
pump  as  viewed  from  the  right  hand  side  of  the 
pump  of  Fig.  1  ; 

Fig.  3  is  a  top  perspective  view  of  the  infusion 
pump  viewed  from  the  same  point  as  in  Fig.  2 
but  with  the  upper  housing  elements  removed; 
Fig.  4  is  a  top  plan  view  of  the  infusion  pump 

5  with  the  upper  housing  elements  removed; 
Fig.  5A  is  a  close-up  perspective  view  of  the 
syringe  holder  and  drive  assembly  engagement 
mechanism  in  a  disengaged  state  with  part  of 
the  mechanism  cut  away  for  clarity; 

io  Fig.  5B  is  a  close-up  perspective  view  of  the 
syringe  holder  and  drive  assembly  engagement 
mechanism  in  an  engaged  state  with  part  of  the 
mechanism  cut  away  for  clarity; 
Fig.  6  is  a  top  perspective  view  of  the  syringe 

75  holder  and  drive  assembly  engagement  mecha- 
nism  with  part  of  the  mechanism  cut  away  for 
clarity; 
Fig.  7  is  a  top  perspective  view  of  the  control 
knob  shaft  of  the  preferred  embodiment; 

20  Fig.  8  is  a  top  perspective  view  of  the  disengage 
link  of  the  preferred  embodiment; 
Fig.  9A  is  a  perspective  view  of  the  cradle  used 
in  the  drive  assembly  engagement  mechanism 
of  the  preferred  embodiment; 

25  Fig.  9B  is  a  top  perspective  view  of  the  cradle 
taken  from  a  different  angle; 
Fig.  10A  is  a  top  plan  view  of  the  syringe 
pusher; 
Fig.  1  0B  is  a  top  plan  view  of  the  syringe  pusher 

30  showing  the  pusher  swing  arm  in  a  different 
position  from  that  shown  in  Fig.  10A; 
Fig.  11  is  a  bottom  perspective  view  the  syringe 
pusher; 
Fig.  12  is  a  top  perspective  view  of  the  pole 

35  clamp  assembly; 
Fig.  13  is  a  rear  perspective  view  of  the  clamp 
part  of  the  pole  clamp  assembly; 
Fig.  14A  is  a  top  plan  view  of  the  pole  clamp 
assembly  in  the  open  position; 

40  Fig.  14B  is  a  top  plan  view  of  the  pole  clamp  in 
the  closed  position; 
Fig.  15A  is  a  bottom  plan  view  of  the  eccentric 
of  the  pole  clamp  assembly;  and 
Fig.  15B  is  a  bottom  perspective  view  of  the 

45  eccentric. 

DETAILED  DESCRIPTION 

A  preferred  embodiment  of  the  invention  is 
50  shown  in  the  drawings  and  will  herein  be  described 

in  detail.  Referring  to  Figs.  1  and  2,  an  infusion 
pump  10  is  provided  for  causing  fluid  to  be 
pumped  from  a  syringe.  A  pump  of  this  general 
type  is  disclosed  in  U.S.  Patent  No.  4,838,857, 

55  which  is  incorporated  by  reference  herein.  Such 
pumps  are  frequently  employed  for  administering 
drugs  such  as  antibiotics  over  a  time.  They  are 
preferably  capable  of  accepting  several  sizes  of 
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syringes. 
Pump  10  includes  a  housing  12  which  is  made 

from  a  durable,  light-weight  material.  Housing  12 
comprises  a  base  12A,  a  mid-housing  12B,  a  bat- 
tery  compartment  cover  12C  and  a  drive  mecha- 
nism  compartment  cover  12D.  An  integral  handle 
14,  which  may  also  function  as  a  battery  compart- 
ment,  is  defined  by  one  portion  of  the  housing.  A 
recess  16  is  defined  by  handle  14,  drive  mecha- 
nism  compartment  18,  and  a  portion  of  base  12A. 
Recess  16  includes  an  elongate  opening  20  which 
facilitates  use  of  handle  14.  A  syringe  pusher  22  is 
also  positioned  within  recess  16.  Syringe  pusher  22 
is  adapted  for  engaging  the  flanged  end  of  a  sy- 
ringe  plunger  and  moving  the  plunger  within  the 
barrel  of  a  syringe.  The  operation  of  the  pusher  is 
described  in  greater  detail  below.  The  recess  has 
an  elongated  configuration  of  suitable  length  and 
width  for  accommodating  a  variety  of  syringe  sizes. 

A  pair  of  control  knobs  is  provided  on  the  front 
face  of  the  housing.  A  first  knob  26  is  used  for 
controlling  the  pump  driving  mechanism  and  a  sy- 
ringe  clamp  to  hold  the  syringe  in  place  during 
pumping,  both  of  which  are  discussed  below.  A 
second  knob  28  is  used  to  lock  and  unlock  a  pole 
clamp  30,  as  shown  in  Fig.  2.  Pole  clamp  30  is 
used  for  securing  the  pump  to  an  I.V.  pole  or  a  rail 
(not  shown). 

Referring  to  Figs.  3  and  4,  a  belt/pulley  drive 
mechanism  23  is  employed  for  driving  syringe 
pusher  22.  The  drive  mechanism  23  includes  gear 
assembly  40  and  a  d.c.  motor  34  including  an 
integral  reduction  assembly.  While  a  stepper  motor 
could  alternatively  be  employed,  a  d.c.  motor  is 
preferred  as  it  requires  less  power  and  is  control- 
lable  in  a  less  expensive  and  complex  manner  than 
a  stepper  motor.  Motor  34  is  powered  by  an  appro- 
priate  power  source  such  as  the  four  batteries  36 
shown  in  Figs.  3  and  4.  The  motor  may  have  an 
integral  reduction  gear  assembly  which  drives  pin- 
ion  38.  The  output  shaft  of  the  motor  includes 
pinion  38  which  is  engageable  with  a  gear  reduc- 
tion  assembly  40  which  provides  a  substantial 
overall  gear  reduction.  A  reduction  on  the  order  of 
about  15,000:1  is  provided  by  the  combined  oper- 
ations  of  the  integral  reduction  assembly  of  motor 
34  and  gear  reduction  assembly  40. 

Gear  42  nearest  to  pinion  38  is  mounted  to  a 
cradle  44,  as  shown  in  Figs.  5A,  5B,  6,  9A  and  9B. 
Cradle  44  is  pivotably  secured  to  a  disengage  link 
46,  which  is  shown  in  detail  in  Fig.  8.  A  peg  48 
extending  from  cradle  44  is  positioned  within  a 
slotted  opening  50  within  disengage  link  46.  A  first 
set  of  opposing  openings  52A,  52B  within  cradle  44 
receives  shaft  54  about  which  gear  42  rotates.  A 
second  set  of  openings  56A,  56B  allows  cradle  44 
to  be  pivotably  secured  by  pin  47  to  a  projection 
58  extending  from  base  12A.  Longitudinal  move- 

ment  of  disengage  link  46  accordingly  causes  cra- 
dle  44  to  pivot  about  an  axis  extending  through  pin 
47.  Cradle  44  and  disengage  link  46  and  their 
associated  shafts,  pins,  springs  and  accessories 

5  are  collectively  referred  to  as  "engagement 
means." 

Disengage  link  46  is  positioned  between  pro- 
jection  58  and  a  wall  60  which  extends  from  base 
12A.  The  end  of  disengage  link  46  opposite  from 

io  slotted  opening  50  includes  a  laterally  extending 
wall  62  having  a  rounded  projection  64  extending 
from  an  edge  portion  thereof  (see  Fig.  6  which 
shows  wall  60  and  part  of  disengage  link  46  cut 
away  for  clarity).  Camming  projection  64  is  en- 

15  gageable  with  either  of  two  notches  formed  in  a 
wall  66  extending  radially  from  shaft  68  of  the 
control  knob  26,  depending  upon  the  rotational 
position  of  control  knob  26. 

As  shown  in  Fig.  4,  disengage  link  46  is  urged 
20  in  the  direction  of  pinion  38  by  a  coil  spring  70. 

When  projection  64  is  not  positioned  within  one  of 
the  notches  of  wall  66,  cradle  44  is  in  a  generally 
upright  position  and  gear  42  is  disengaged  from 
pinion  38.  (See  Fig.  5A  which  shows  wall  60  re- 

25  moved  and  part  of  disengage  link  46  cut  away  for 
clarity).  Rotation  of  control  knob  26  to  a  position 
where  projection  64  moves  into  the  notches  of  wall 
66  causes  the  movement  of  disengage  link  46 
away  from  pinion  38.  Cradle  44  accordingly  rotates 

30  about  pin  47,  causing  gear  42  to  engage  pinion  38. 
(See  Fig.  5B  which  shows  wall  60  removed  and 
part  of  disengage  link  46  cut  away  for  clarity).  A 
person  of  ordinary  skill  in  the  art  will  recognize  that 
the  means  for  engaging  the  motor  and  drive 

35  mechanism  may  be  implemented  in  several  equiv- 
alent  ways,  including  by  a  clutch  mechanism. 

The  drive  mechanism  for  the  pump  includes  an 
endless  belt  72  which  is  supported  by  a  drive 
pulley  74  and  an  idler  pulley  76.  Both  pulleys  are 

40  supported  by  the  walls  of  base  12A.  Drive  pulley 
74  is  engaged  with  gear  reduction  assembly  40 
and  driven  thereby.  Syringe  pusher  22  is  secured 
to  belt  72.  As  discussed  above,  first  knob  26  con- 
trols  the  engagement  and  disengagement  of  pinion 

45  38  and  gear  42.  When  engaged,  syringe  pusher  22 
can  only  be  moved  upon  rotation  of  pinion  38. 
Neither  syringe  pusher  22  nor  belt  72  can  be 
moved  manually  at  this  time.  When  disengaged, 
syringe  pusher  22  can  be  moved  manually  to  a 

50  selected  position  as  gear  reduction  assembly  40 
provides  little  frictional  resistance  to  rotation  of  belt 
72.  This  allows  pusher  22  to  be  moved  within 
recess  20  with  little  resistance.  A  syringe  can  thus 
be  easily  positioned  within  recess  16  without  ob- 

55  struction. 
Referring  again  to  Figs.  3  and  4,  a  clamp 

assembly  128  for  clamping  a  syringe  barrel  is 
shown.  In  the  prior  art,  such  assemblies  have  gen- 
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erally  included  heavy  springs  to  maintain  a  syringe 
in  place.  Because  the  user  must  open  the  clamp 
assembly  to  insert  or  remove  a  syringe,  the  force 
exerted  by  the  spring  must  be  limited  to  permit 
ease  of  use.  Lower  spring  forces  do  not,  however, 
provide  effective  holding  capability.  An  alternative 
syringe  clamp  of  the  prior  art  includes  a  clamp 
operated  by  a  screw.  Such  a  device  is  cumber- 
some  and  it  takes  a  long  time  to  open  and  close 
such  a  clamp.  Existing  assemblies  accordingly  in- 
volve  compromises  due  to  these  contradictory  ob- 
jectives. 

The  clamp  assembly  128  in  accordance  with 
the  invention  provides  both  security  and  ease  of 
use  without  compromising  either  feature.  It  includes 
a  locking  mechanism  comprising  a  toothed  mem- 
ber  130  which  is  pivotably  secured  to  base  12A,  a 
spring  132  for  resiliently  urging  toothed  member 
130  about  an  axis  of  rotation,  a  clamping  slide  134 
for  engaging  a  syringe  barrel,  and  a  spring  136  for 
resiliently  urging  the  slide  in  a  selected  direction. 

Toothed  member  130  preferably  includes  a 
toothed  surface  138,  as  best  shown  in  Fig.  4.  This 
surface  is  located  in  opposing  relation  to  a  toothed 
surface  140  of  clamping  slide  134.  Toothed  mem- 
ber  130  is  pivotable  about  a  pin  142  such  that  the 
toothed  surface  of  toothed  member  130  is  movable 
into  and  out  of  engagement  with  the  toothed  sur- 
face  of  the  slide.  Spring  132  urges  the  toothed 
member  out  of  engagement  with  clamping  slide 
134. 

Referring  to  Fig.  7,  shaft  68  of  control  knob  26 
includes  a  flat  longitudinal  surface  144  at  the  bot- 
tom  thereof,  the  remainder  of  shaft  68  being  a 
substantially  cylindrical  camming  surface  145. 
Toothed  member  130  includes  an  arm  146  which 
adjoins  the  bottom  portion  of  shaft  68.  The  rota- 
tional  position  of  flat  surface  144  determines  wheth- 
er  arm  146  engages  the  flat  or  cylindrical  surface 
of  shaft  68.  If  flat  surface  144  is  moved  into  oppos- 
ing  relation  with  arm  146,  spring  132  causes  tooth- 
ed  member  130  to  move  out  of  engagement  with 
slide  134.  Rotation  of  shaft  68  causes  the  cylin- 
drical  surface  to  engage  arm  146,  thereby  rotating 
toothed  member  130  about  pin  142  and  into  en- 
gagement  with  slide  134. 

Slide  134  houses  spring  136  which  causes  it  to 
move  into  engagement  with  a  syringe  barrel. 
Spring  136  extends  between  a  projection  148  ex- 
tending  from  base  12A  and  an  inner  wall  of  slide 
134.  Slide  134  includes  a  face  portion  150  having 
an  arcuate  surface  for  accommodating  a  syringe 
barrel.  Face  portion  150  extends  vertically  with 
respect  to  base  12A  and  is  positioned  within  recess 
16. 

While  a  linear  slide  134  is  disclosed,  a  person 
of  ordinary  skill  in  the  art  would  be  able  to  imple- 
ment  this  aspect  of  the  invention  in  several  equiv- 

alent  ways,  for  example  by  substituting  a  rotatable 
clamping  member  for  slide  134. 

The  orientation  of  wall  66,  flat  portion  144  and 
camming  surface  145  of  shaft  68  determine  the 

5  order  of  the  engagement  of  gear  42  with  pinion  38 
and  toothed  member  130  with  toothed  surface  140. 
Wall  66,  flat  portion  144  and  camming  surface  145 
can  be  oriented  such  that  (1)  gear  42  and  pinion  38 
mesh  simultaneously  with  each  other  when  flat 

io  portion  144  causes  toothed  member  130  to  engage 
with  toothed  surface  140;  (2)  gear  42  and  pinion  38 
mesh  only  once  toothed  member  130  and  toothed 
surface  140  engage  or  (3)  gear  42  and  pinion  38 
mesh  before  toothed  member  130  and  toothed 

is  surface  140  engage.  Wall  66,  flat  portion  144  and 
camming  surface  145  can  also  be  oriented  so  that 
gear  42  and  pinion  38  can  be  engaged  and  dis- 
engaged  while  toothed  member  130  and  toothed 
surface  140  remain  engaged.  The  preferred  em- 

20  bodiment  option  (1)  is  described  herein  with  the 
understanding  that  a  person  of  ordinary  skill  in  the 
art  would  easily  be  able  to  modify  the  device  to 
accomplish  options  (2)  and  (3). 

The  same  result  could  also  be  achieved  by  a 
25  person  or  ordinary  skill  in  the  art  by  substituting  an 

equivalent  electrical  or  electromagnetic  system  for 
the  mechanical  system  disclosed  herein  to  engage 
and  disengage  the  drive  mechanism  and  to  lock 
and  unlock  slide  134. 

30  Before  or  after  securing  the  pump  10  to  the 
pole,  control  knob  26  is  turned  to  a  "release" 
position  if  not  already  in  such  a  position.  A  filled 
syringe  is  positioned  in  recess  16  of  the  pump 
housing  such  that  the  flange  of  the  syringe  barrel 

35  extends  within  slot  152.  Syringe  pusher  22  is  then 
manually  engaged  and  moved  into  position  against 
the  flanged  end  of  the  syringe  plunger.  The  flange 
of  the  syringe  plunger  is  clamped  between  lip  82  of 
the  swing  arm  80  and  one  of  the  projections  94,  96 

40  extending  from  bottom  wall  98  of  the  pusher  hous- 
ing. 

When  in  the  "release"  position,  notched  wall 
66  extending  from  shaft  68  of  control  knob  26 
exerts  no  pressure  upon  the  disengage  link  46.  Coil 

45  spring  70  accordingly  positions  disengage  link  46 
such  that  cradle  44  is  substantially  upright  and 
gear  42  of  gear  reduction  assembly  40  is  dis- 
engaged  from  pinion  38  extending  from  d.c.  motor 
34.  In  addition,  toothed  member  130  rides  upon  flat 

50  surface  144  of  the  shaft  of  control  knob  26,  allow- 
ing  spring  132  to  maintain  toothed  member  130  out 
of  engagement  with  slide  134  of  syringe  clamp 
assembly  128.  The  on-off  switch  for  the  motor  is, 
of  course,  in  the  "off"  mode  at  this  time  due  to  the 

55  position  of  motor  on/or  switch  214  with  respect  to  a 
switch  actuating  peg  216  which  extends  radially 
from  the  shaft  of  control  knob  26.  On-off  switch  214 
is  shown  as  actuated  by  control  knob  26,  but  can 

4 
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of  course  be  actuated  by  a  separate  control. 
Two  additional  settings  are  provided  in  accor- 

dance  with  the  preferred  embodiment  of  the  inven- 
tion,  "motor  off"  and  "motor  run".  When  control 
knob  26  is  turned  from  "release"  to  "motor  off", 
the  curved  portion  of  the  bottom  of  shaft  68  en- 
gages  toothed  member  130,  thereby  urging  it  into 
engagement  with  slide  134  of  syringe  clamp  as- 
sembly  128.  Radially  extending  wall  66  of  shaft  68 
simultaneously  engages  laterally  extending  wall  62 
of  disengage  link  46,  urging  disengage  link  46 
away  from  gear  assembly  40.  These  two  actions 
cause  syringe  clamp  assembly  128  to  be  locked  in 
position  and  gear  reduction  assembly  40  to  engage 
pinion  38  via  gear  42  mounted  to  the  cradle  44. 
Control  knob  26  is  maintained  in  the  "motor  off" 
position  as  one  of  the  two  notches  within  wall  66 
receives  rounded  projection  64  of  disengage  link 
46. 

Control  knob  26  may  be  turned  to  a  second 
detent  (run)  position  wherein  rounded  projection  64 
moves  within  the  second  notch  of  wall  66  extend- 
ing  radially  from  control  knob  shaft  68.  The  posi- 
tions  of  disengage  link  46  and  toothed  member  130 
are  the  same  whether  control  knob  26  is  in  the 
"motor  off"  or  "motor  run"  position.  When  moved 
to  the  "run"  position,  however,  peg  216  extending 
from  the  shaft  68  of  control  knob  26  engages  motor 
on/off  switch  214,  thereby  causing  motor  34  to 
operate. 

It  is  important  to  insure  that  a  syringe  is  prop- 
erly  positioned  prior  to  operating  the  pump.  Both 
the  plunger  flange  and  the  syringe  barrel  flange 
must  be  properly  engaged  to  insure  proper  posi- 
tioning.  The  system  for  detecting  whether  the 
plunger  flange  is  properly  engaged  is  described 
below  with  respect  to  syringe  pusher  22.  Means 
are  also  provided  for  insuring  that  the  syringe  bar- 
rel  flange  is  properly  positioned  before  the  motor 
34  is  allowed  to  operate. 

Syringe  pusher  22  is  shown  in  greatest  detail 
in  Figs.  10A,  10B  and  11.  Fig.  10B  shows  pusher 
22  as  positioned  when  engaging  the  flanged  end  of 
a  syringe  plunger  while  Fig.  10A  shows  it  in  the 
fully  closed  position  where  no  plunger  would  be 
engaged. 

Syringe  pusher  22  includes  a  housing  78  to 
which  a  swing  arm  80  is  pivotably  mounted.  Swing 
arm  80  includes  a  lip  82  suitable  for  engaging  the 
flange  of  a  syringe  plunger.  A  spring  84  is  secured 
to  a  peg  86  extending  from  the  opposite  end  of 
swing  arm  80,  and  urges  it  towards  the  position 
shown  in  Fig.  10A.  A  first  switch  88  is  mounted  to 
housing  78  for  detecting  the  position  of  swing  arm 
80.  Different  signals  are  accordingly  provided  de- 
pending  upon  whether  arm  80  is  in  the  position 
shown  in  Fig.  10A  or  Fig.  10B.  The  presence  or 
absence  of  a  syringe  may  accordingly  be  detected. 

In  addition,  the  user  will  be  alerted  as  to  whether 
the  syringe  plunger  flange  is  properly  engaged. 
The  latter  feature  is  important  in  that  swing  arm  80 
provides  anti-siphon  protection.  In  other  words,  the 

5  syringe  plunger  cannot  be  moved  on  its  own  while 
clamped  to  syringe  pusher  22  and  while  motor 
pinion  38  is  engaged  as  described  above. 

A  lever  90  is  also  pivotably  mounted  to  syringe 
pusher  housing  78.  Lever  90  is  positioned  adjacent 

io  to  a  second  switch  92  which  provides  a  signal 
when  an  occlusion  is  detected  or  when  the  syringe 
plunger  has  reached  the  end  of  the  bottom  of  the 
syringe  barrel.  A  cover  93  is  secured  to  housing  78 
for  protecting  lever  90  and  switches  88,  92. 

is  A  pair  of  projections  94,  96  is  secured  to  lever 
90  and  extends  through  a  pair  of  openings  in 
bottom  wall  98  of  housing  78.  First  projection  94  is 
longer  than  second  projection  96  and  is  positioned 
closer  to  pivot  100  about  which  lever  90  rotates.  A 

20  spring  102  resiliently  urges  lever  90  towards  bot- 
tom  wall  98  of  housing  78.  It  will  be  appreciated 
that  a  greater  force  is  required  to  move  lever  90 
when  first  projection  94  is  used  to  apply  a  force  to 
it  than  when  the  second  projection  96  is  so  em- 

25  ployed.  The  projections  are  accordingly  positioned 
such  that  the  flanged  end  of  a  relatively  large 
syringe  mounted  to  the  pump  will  engage  first 
projection  94  while  the  flanged  end  of  a  relatively 
small  syringe  will  engage  second  projection  96.  A 

30  greater  force  is  accordingly  required  to  actuate 
switch  92  when  a  large  syringe  is  in  place  than 
when  a  small  syringe  is  employed.  This  is  desir- 
able  as  a  greater  force  is  required  to  drive  the 
plunger  of  a  large  syringe  than  a  small  syringe 

35  under  normal  operating  conditions.  A  correspond- 
ingly  larger  force  should  be  necessary  to  generate 
an  occlusion  signal  when  a  large  syringe  is  being 
emptied  than  when  a  small  syringe  is  emptied. 

As  discussed  above,  syringe  pusher  22  is  se- 
40  cured  to  belt  72.  A  connecting  member  104,  as 

best  shown  in  Fig.  9,  extends  from  housing  78. 
Connecting  member  104  includes  three  projections 
106,  108,  110.  Belt  72  is  positioned  between  pro- 
jections  106,  108,  110  such  that  the  toothed  sur- 

45  face  thereof  engages  a  toothed  surface  112  of 
lower  projection  110.  Connecting  member  104  ex- 
tends  through  an  elongate  slot  112  (Fig.  1)  in 
housing  12  which  adjoins  recess  16  in  which  a 
syringe  may  be  positioned.  A  channel  114  is  de- 

50  fined  by  the  connecting  member.  The  channel  re- 
ceives  the  upper  edge  of  a  wall  of  the  mid-housing 
12B.  The  opposite  end  of  the  syringe  pusher  22 
includes  a  projection  116  which  rides  upon  another 
upper  edge  of  the  mid-housing  12B.  A  relatively 

55  narrow,  elongate  slot  118  is  defined  within  handle 
14  for  receiving  projection  116.  Syringe  pusher  22 
is  accordingly  supported  at  both  ends  by  mid- 
housing  12B. 

5 
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A  resilient,  semi-rigid,  elongate  band  120,  as 
best  shown  in  Fig.  3,  is  provided  for  covering  slot 
112.  Band  120  is  preferably  opaque,  and  includes 
a  plurality  of  openings  122  extending  through  at 
least  a  portion  thereof.  Band  120  is  sufficient  in 
length  and  width  to  cover  the  entire  slot  regardless 
of  the  position  of  syringe  pusher  22.  A  rectangular 
notch  124  is  provided  within  the  band  for  receiving 
connecting  member  104  of  syringe  pusher  22. 
Band  120  is  accordingly  movable  with  the  syringe 
pusher  about  a  generally  oval  path.  Mid-housing 
12B  may  include  a  slotted  wall  (not  shown)  for 
guiding  band  120  about  the  path  shown  in  Figs.  3 
and  4. 

Band  120  is  preferably  employed  for  several 
purposes  in  addition  to  serving  as  a  liquid  barrier.  It 
accordingly  includes  openings  122  which  are 
equidistantly  spaced.  Lines  may  be  printed  upon 
band  120  in  lieu  of  the  openings.  A  detector  126  as 
shown  in  Figs.  3  and  4  is  positioned  adjacent  to 
band  120  and  detects  each  opening  as  the  band 
moves  with  the  syringe  pusher.  Detector  126  and 
band  openings  122  function  in  combination  to  in- 
sure  that  the  syringe  pusher  has  not  become  de- 
tached  from  the  belt  and  that  the  syringe  pusher  is, 
in  fact,  moving  as  motor  34  is  operating.  They  also 
allow  the  injection  rate  to  be  determined  as  the  rate 
at  which  the  openings  122  pass  by  detector  126  is 
detected.  Portions  of  band  120  which  do  not  pass 
by  detector  126  need  not  be  provided  with  open- 
ings. 

Referring  to  Fig.  1,  a  slot  152  is  formed  within 
the  drive  mechanism  compartment  cover  12D  and 
the  mid-housing  12B.  A  generally  curved  wall  157 
is  provided  in  mid-housing  12B  such  that  a  syringe 
barrel  may  be  placed  and  clamped  against  curved 
wall  157.  First  and  second  walls  projecting  154, 
156  bound  slot  152.  First  wall  154  projects  away 
from  the  plane  of  curved  wall  157  a  distance  ap- 
proximately  equal  to  the  thickness  of  the  barrel  wall 
of  a  syringe.  Referring  now  to  Figs.  3  and  4,  a 
pivotably  mounted  sensor  link  158  is  positioned  in 
curved  wall  157  just  below  second  wall  156  in 
opposing  relation  to  the  face  portion  150  of  the 
slide.  Sensor  link  158  extends  through  a  slot  159 
adjoining  the  second  wall  156,  and  is  engageable 
by  a  syringe  only  if  the  flange  thereof  is  positioned 
within  slot  152  between  walls  154,  156.  First  wall 
154  thus  prevents  sensor  link  158  from  being  en- 
gaged  by  the  barrel  of  a  syringe  unless  the  flange 
thereof  is  within  slot  152  and  the  syringe  barrel  lies 
flush  against  curved  wall  157.  If  not  so  positioned, 
wall  154  engages  the  syringe  barrel  so  that  it  is 
spaced  from  the  sensor  link  158.  A  detector  160  is 
positioned  adjacent  to  the  sensor  link.  Detector  160 
is  closed  when  the  flange  of  a  syringe  barrel  is 
properly  positioned  with  slot  152  and  barrel  wall 
engages  sensor  link  158. 

Lever  90  and  associated  switch  92  of  the  sy- 
ringe  pusher  function  in  conjunction  with  a  second 
switch  162.  This  switch  162  is  positioned  at  or 
slightly  above  a  point  corresponding  to  the  position 

5  of  the  plunger  of  the  largest  size  syringe  to  be 
employed  within  the  pump  when  it  reaches  the  end 
of  the  syringe  barrel.  Switch  162  is  closed  by 
connecting  member  104  of  the  syringe  pusher  22 
as  it  nears  the  end  of  its  travel  within  the  recess 

io  16. 
The  signal  provided  by  switch  162  does  not,  by 

itself,  cause  the  pump  to  stop  operating  or  cause 
any  alarms  to  be  sounded.  This  is  because  the 
signal  is  generally  provided  while  there  is  still  fluid 

is  within  the  syringe  barrel.  It  is  only  when  switch  92 
within  the  syringe  pusher  also  provides  a  signal 
that  the  motor  34  is  shut  off  and  an  end  of  infusion 
alarm  is  generated. 

Unlike  an  occlusion,  which  requires  prompt  at- 
20  tention,  the  end  of  infusion  does  not  ordinarily 

require  immediate  action  on  the  part  of  a  medical 
staff.  It  is  accordingly  desirable  to  distinguish  be- 
tween  the  alarms  to  be  provided  for  these  respec- 
tive  conditions.  Pump  10  accordingly  includes  the 

25  necessary  hardware  for  allowing  a  more  urgent 
alarm  to  be  generated  in  the  event  of  occlusions 
than  is  generated  at  the  end  of  infusion.  If  signals 
are  generated  by  both  switches  92,  162,  a  non- 
urgent  alarm  can  be  provided.  If  a  signal  is  re- 

30  ceived  only  from  the  switch  92  within  the  syringe 
pusher,  a  different  and  more  urgent  alarm  can  be 
generated. 

As  discussed  above,  a  syringe  is  positioned 
within  recess  16  such  that  the  flange  of  the  syringe 

35  plunger  is  engaged  by  lip  82  of  swing  arm  80  of 
syringe  pusher  22  and  the  flange  of  the  syringe 
barrel  is  positioned  within  notch  152.  Actuation  of 
motor  34  causes  rotation  of  pinion  38,  the  gears 
comprising  gear  reduction  assembly  40,  and,  in 

40  turn,  drive  pulley  74  to  which  drive  belt  72  is 
mounted.  Movement  of  drive  belt  72  causes  sy- 
ringe  pusher  22  to  move  the  syringe  plunger  into 
the  syringe  barrel,  thereby  causing  fluid  to  be 
displaced  outwardly  from  the  barrel.  The  syringe 

45  pusher  moves  at  a  steady  speed  until  the  syringe 
barrel  has  been  emptied  completely,  unless  an 
occlusion  occurs  beforehand.  As  it  moves,  band 
120  moves  with  it,  thereby  preventing  contaminants 
from  entering  the  pump  housing  through  slot  112. 

50  Openings  122  of  band  120  are  detected  by  detec- 
tor  126  in  order  to  insure  that  syringe  pusher  22  is, 
in  fact,  moving  with  belt  72.  A  typical  syringe 
pusher  speed  may  be  about  five  to  six  inches  per 
hour,  though  the  pump  may  be  designed  to  op- 

55  erate  at  different  or  variable  speeds  chosen  by  the 
operator,  depending  upon  its  intended  use. 

Assuming  normal  operation,  syringe  pusher  22 
moves  downwardly  through  recess  16  and  closes 

6 
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end  of  infusion  switch  162  when  it  approaches  the 
end  of  its  travel.  Switch  162  is  maintained  in  the 
closed  position  while  the  syringe  pusher  22  urges 
the  syringe  plunger  into  engagement  with  the  end 
of  the  syringe  barrel.  Further  movement  of  syringe 
pusher  22  from  this  point  causes  lever  90  to  be 
displaced  until  it  closes  "occlusion"  switch  92.  The 
closure  of  "occlusion"  switch  92  causes  motor  34 
to  be  disconnected  from  the  power  supply.  Such 
disconnection  may  be  effected  through  the  use  of  a 
microprocessor  or  mechanical  means,  the  former 
being  preferred. 

The  use  of  microprocessors,  alarms  and  dis- 
plays  in  connection  with  medical  infusion  devices  is 
well  known  to  the  art,  and  need  not  be  discussed  in 
detail  with  respect  to  the  present  invention.  U.S. 
Patent  No.  4,838,857,  for  example,  discloses  one 
such  microprocessor-controlled  pump  having 
alarms  for  indicating  problems,  such  as  occlusions, 
and  displays  for  alerting  the  operator  to  various 
pump  conditions. 

If  lever  90  is  caused  to  close  "occlusion" 
switch  92  before  end  of  infusion  switch  162  is 
closed,  a  signal  is  generated  indicating  the  occur- 
rence  of  an  occlusion.  Such  a  signal  causes  a 
different  alarm  and/or  display  to  be  generated  than 
when  "occlusion"  switch  92  is  closed  after  the  end 
of  infusion  switch. 

The  syringe  may  be  removed  once  emptied  by 
turning  control  knob  26  to  the  "release"  position. 
This  action  releases  both  toothed  member  130 
from  slide  134  of  the  syringe  clamp  assembly  128 
and  reduction  gear  assembly  40  from  pinion  38 
extending  from  motor  34.  Pusher  22  and  swing  arm 
80  thereof  may  then  be  displaced  with  respect  to 
the  syringe  plunger,  and  slide  134  displaced  with 
respect  to  the  pump  housing.  The  syringe  is  easily 
removed  once  these  retaining  elements  have  been 
moved. 

Figs.  12-15B  show  the  pole  clamp  30  and  the 
mechanism  for  moving  the  pole  clamp  between  a 
storage  position  where  it  is  substantially  flush  with 
pump  housing  12,  as  shown  in  Fig.  14B,  and  a 
deployed  position  as  shown  in  Fig.  14A.  As  dis- 
cussed  above,  the  pole  clamp  is  operated  by  turn- 
ing  knob  28  shown  in  Figs.  1  and  2. 

The  pole  clamp  30  has  a  generally  L-shaped 
construction,  the  longer  section  thereof  being 
slidably  mounted  within  a  recess  164  within  base 
12A.  A  generally  rectangular  opening  166  extends 
through  the  longer  section  of  pole  clamp  30.  A 
rectangular  protrusion  168  extends  within  opening 
166  at  a  corner  thereof. 

A  wall  170  having  a  surface  172  including 
ratchet  teeth  extends  from  a  surface  of  pole  clamp 
30  towards  the  drive  mechanism  compartment  cov- 
er  12D.  Wall  170  adjoins  the  lower  edge  of  the  pole 
clamp  30  and  extends  below  a  recessed  area  174 

therein. 
The  clamping  surface  32  of  pole  clamp  30 

facing  the  drive  mechanism  compartment  cover 
12D  includes  centrally  located  recessed  area  174 

5  which  is  bounded  by  a  peripheral  wall  176.  Open- 
ing  166  extends  through  recessed  area  174  while 
toothed  wall  170  extends  from  peripheral  wall  176. 
A  carriage  178  is  slidably  positioned  within  re- 
cessed  area  174.  Carriage  178  includes  an  oval 

io  opening  180  which  is  aligned  with  a  portion  of 
opening  166  extending  through  pole  clamp  30.  An 
arcuate  recess  182  is  formed  within  carriage  178 
near  the  inner  end  thereof.  An  integral  peg  184 
extends  from  carriage,  and  is  located  adjacent  to 

is  the  arcuate  recess. 
A  pawl  186  is  pivotably  mounted  to  peg  184. 

Pawl  186  includes  a  set  of  ratchet  teeth  188  which 
are  engageable  with  toothed  surface  172  of  wall 
170  extending  from  pole  clamp  30.  A  peg  190 

20  extends  from  pawl  186  and  into  arcuate  recess 
182.  A  spring  192  positioned  within  arcuate  recess 
182  engages  peg  190,  thereby  urging  pawl  186 
towards  engagement  with  toothed  surface  172  of 
wall  170.  Clamp  30  is  thereby  releasably  locked  to 

25  carriage  178. 
Referring  to  Fig.  13,  the  side  of  pole  clamp  30 

opposite  to  wall  170  includes  an  elongate  slot  194 
extending  along  an  edge  thereof.  A  peg  196  ex- 
tends  from  the  inner  end  of  slot  194.  As  shown  in 

30  Figs.  10,  12A  and  12B,  a  slot  198  is  provided  within 
base  12A  which  at  least  partially  overlaps  slot  194 
in  pole  clamp  30.  A  peg  200  extends  from  one  end 
of  slot  198.  An  extension  spring  202  is  secured  to 
pegs  196,  200  and  resiliently  urges  pole  clamp  30 

35  towards  the  open  position  shown  in  Fig.  14A. 
Referring  to  Figs.  15A  and  15B,  knob  28  for 

controlling  the  pole  clamp  30  is  shown  without  the 
cap  portion  thereof.  Knob  28  includes  a  cylindrical 
shaft  204  having  a  notch  206  defined  in  the  lower 

40  end  thereof.  The  shaft  is  secured  to  an  eccentric 
cam  208.  The  axis  of  eccentric  cam  208  is  offset 
from  that  of  shaft  204  by  about  an  eighth  of  an 
inch.  Shaft  204  is  rotatably  fixed  to  housing  12. 
Eccentric  cam  208  is  positioned  within  oval  open- 

45  ing  180  of  carriage  178  while  the  notched  end 
portion  extends  within  elongate  opening  166  within 
pole  clamp  30.  The  purpose  of  oval  opening  180  is 
simply  to  provide  clearance  for  eccentric  cam  208. 
Lateral  movement  of  carriage  178  is  restricted  by 

50  the  degree  to  which  eccentric  is  offset  from  the 
axis  of  shaft  204.  A  peg  209  extends  radially  from 
eccentric  cam  208. 

In  operation,  pump  10  is  placed  in  adjoining 
relation  to  an  I.V.  pole  210  (shown  cut  in  two  for 

55  clarity)  or  the  like  in  the  manner  shown  in  Fig.  14A. 
Pole  clamp  30  is  manually  pushed  inwardly  until 
the  I.V.  pole  abuts  against  both  the  shorter  section 
of  pole  clamp  30  and  recessed  side  212  of  the 

7 
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pump.  The  teeth  on  upper  surface  172  of  wall  170 
are  oriented  such  that  they  slide  along  pawl  186  as 
pole  clamp  30  is  moved  with  respect  to  carriage 
178.  The  engagement  of  pawl  186  and  surface  172 
prevents  pole  clamp  30  from  moving  open  again 
under  the  force  of  spring  202.  Knob  28  is  then 
turned  about  ninety  degrees,  causing  eccentric 
cam  208  to  move  carriage  178  and  pole  clamp  30 
by  an  additional  fraction  of  an  inch  (i.e.  the  offset  of 
the  axis  of  eccentric  cam  208  from  that  of  shaft 
204)  towards  pole  210.  Clamp  30  is  thus  tightened 
against  pole  210  which  tightly  clamped  between 
clamping  surface  32  of  pole  clamp  30  and  re- 
cessed  side  212  of  the  pump.  When  knob  28  is 
rotated  by  90  °  the  axes  of  eccentric  cam  208  and 
shaft  204  are  horizontally  in  line  with  each  other. 
Since  pawl  184  is  pivoted  at  peg  184,  at  a  point 
above  upper  surface  172  of  wall  172,  teeth  188  of 
pawl  186  will  tend  to  prevent  disengagement  of 
pawl  186  from  the  teeth  of  upper  surface  172. 

Pole  clamp  30  is  constructed  such  that  knob 
28  cannot  be  turned  until  pole  clamp  30  is  pushed 
in  towards  the  I.V.  pole  from  its  fully  extended 
position.  As  shown  in  Fig.  12A,  the  protrusion  168 
is  positioned  within  notch  206  when  pole  clamp  30 
is  fully  extended.  Knob  28  can  only  be  turned  when 
protrusion  168  is  moved  out  of  the  notch. 

The  pump  may  be  removed  from  the  I.V.  pole 
by  turning  knob  28  in  the  opposite  direction  from 
that  used  to  tighten  the  clamp.  The  initial  rotation  of 
knob  28  causes  pole  clamp  30  to  move  outwardly 
a  fraction  of  an  inch  due  to  the  movement  of 
eccentric  cam  208.  Further  rotation  causes  peg  209 
extending  from  eccentric  208  to  engage  pawl  186 
and  rotate  it  about  peg  184  extending  from  carriage 
178.  The  teeth  of  pawl  186  are  thereby  disengaged 
from  those  of  upper  surface  172.  Upon  such  dis- 
engagement,  spring  202  causes  pole  clamp  30  to 
move  to  the  fully  extended  position  where  the 
pump  can  easily  be  removed  from  the  pole. 

Although  illustrative  embodiments  of  the 
present  invention  have  been  described  herein  with 
reference  to  the  accompanying  drawings,  it  is  to  be 
understood  that  the  invention  is  not  limited  to  those 
precise  embodiments,  and  that  various  other 
changes  and  modifications  may  be  effected  therein 
by  one  skilled  in  the  art  without  departing  from  the 
scope  or  spirit  of  the  invention. 

Claims 

1.  clamping  apparatus  for  holding  an  object  to  an 
elongate  member,  said  apparatus  comprising: 

a  wall; 
clamping  means  for  clamping  the  wall  to 

the  elongate  member,  the  clamping  means  be- 
ing  moveable  in  a  first  direction  away  from  the 
wall  and  in  a  second  direction  towards  the  wall 

and  the  clamping  means  comprising  a  clamp- 
ing  surface  for  interaction  with  the  object; 

a  carnage  secured  to  the  housing  such 
that  the  carriage  is  moveable  a  relatively  small 

5  distance  with  respect  to  the  wall  but  such  that 
the  clamping  means  is  moveable  a  relatively 
large  distance  with  respect  to  the  carriage; 

locking  means  for  locking  the  carriage  to 
the  clamping  means;  and 

io  tightening  means  for  urging  the  carriage  in 
the  second  direction  once  the  clamping  means 
has  moved  partially  away  from  the  wall  and  the 
carriage  is  locked  to  the  clamping  means, 
thereby  clamping  the  elongate  member  be- 

15  tween  the  wall  and  the  clamping  surface. 

2.  The  clamping  apparatus  of  claim  1  wherein  the 
tightening  means  comprises: 

camming  means  rotatably  feed  relative  to 
20  the  housing  for  urging  the  carriage  means  in 

the  second  direction  when  the  carriage  means 
is  locked  to  the  clamping  means. 

3.  The  clamping  apparatus  of  claim  2  wherein  the 
25  carriage  is  provided  with  a  substantially  oval 

opening  for  interaction  with  the  camming 
means. 

4.  The  clamping  apparatus  of  claim  2  wherein  the 
30  camming  means  comprises: 

a  shaft  having  an  axis;  and 
an  eccentric  carried  by  the  shaft,  the  ec- 

centric  being  offset  from  the  axis  of  the  shaft. 

35  5.  The  clamping  apparatus  of  claim  4  wherein  the 
eccentric  has  an  axis  and  when  the  elongate 
member  is  clamped,  the  axes  of  the  shaft  and 
the  eccentric  are  aligned  parallel  to  the  first 
direction. 

40 
6.  The  clamping  apparatus  of  claim  1  wherein  the 

locking  means  comprises  ratchet  means. 

7.  The  clamping  apparatus  of  claim  1  further 
45  comprising  resilient  means  for  urging  the 

clamping  means  in  the  first  direction. 

8.  The  clamping  apparatus  of  claim  1  wherein  the 
clamping  means  comprises  slide  means,  the 

50  slide  means  being  slidable  in  the  first  direction 
and  in  the  second  direction. 

9.  A  syringe  pump  comprising  a  housing,  a  sy- 
ringe  pusher,  means  for  driving  the  pusher, 

55  means  for  securing  a  syringe  to  the  housing 
and  a  clamp  for  securing  the  housing  to  an 
elongate  object,  the  clamp  comprising: 

a  wall; 

8 
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clamping  means  for  clamping  the  wall  to 
the  elongate  member,  the  clamping  means  be- 
ing  moveable  in  a  first  direction  away  from  the 
wall  and  in  a  second  direction  towards  the  wall 
and  the  clamping  means  comprising  a  clamp-  5 
ing  surface  for  interaction  with  the  object; 

a  carriage  secured  to  the  housing  such 
that  the  carriage  is  moveable  by  a  relatively 
small  distance  with  respect  to  the  wall  but 
such  that  the  clamping  means  is  moveable  a  10 
relatively  large  distance  with  respect  to  the 
carriage; 

locking  means  for  locking  the  carriage  to 
the  clamping  means;  and 

tightening  means  for  urging  the  carriage  in  is 
the  second  direction  once  the  clamping  means 
has  moved  partially  from  the  wall  and  the 
carriage  is  locked  to  the  clamping  means, 
thereby  clamping  the  elongate  member  be- 
tween  the  wall  and  the  clamping  surface.  20 

10.  The  syringe  pump  of  Claim  9  wherein  the 
tightening  means  comprises: 

camming  means  rotatably  fixed  relative  to 
the  housing  for  urging  the  carriage  means  in  25 
the  second  direction  when  the  carriage  means 
is  locked  to  the  clamping  means. 

30 
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