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0   Generally  stated,  the  present  invention  is  di- 
rected  to  a  liquid  light  guide  10  for  surgical  in- 
strumentation,  which  includes  a  flexible  elongated 
tube  12  having  first  14  and  second  16  end  portions, 
first  24  and  second  26  light  transmissive  members 
disposed  at  respective  first  and  second  end  portions 
of  the  elongated  tube  to  substantially  seal  an  interior 
portion  of  the  elongated  tube  and  a  light  transmis- 
sive  medium  22  filing  the  interior  portion  of  the 
elongated  tube.  The  preferred  light  transmissive  me- 
dium  comprises  a  heavy  mineral  oil  having  a  specific 
gravity  greater  than  or  equal  to  about  0.86.  Preferred 
light  transmissive  members  are  drawn  glass  rods 

having  polished  ends  and  an  index  of  refraction 
substantially  equal  to  the  transmissive  medium. 

The  liquid  light  guide  of  the  present  invention  is 
capable  of  providing  nearly  100%  light  transmission 
over  the  entire  visible  spectral  range  while  substan- 
tially  reducing  undesired  transmission  of  infrared  and 
ultraviolet  radiation.  The  light  guide  is  contemplated 
to  be  used  with  an  endoscope  and  is  cost-effective 
to  manufacture  such  that  the  light  guide  may  be 
disposed  of  after  a  single  use.  Methods  of  making 
and  using  the  disposable  light  guide  also  are  dis- 
closed. 
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BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  present  invention  relates  generally  to  light 
guides  for  transferring  illuminating  light  from  a  light 
source  to  surgical  instrumentation,  and,  more  par- 
ticularly,  to  a  flexible  liquid  light  guide  for  transmit- 
ting  light  in  the  visible  spectral  range  to  an  en- 
doscope. 

2.  Description  of  the  Prior  Art 

In  endoscopic  surgical  procedures,  illuminating 
light  is  typically  transmitted  from  an  external  light 
source  to  an  endoscope  where  the  light  is  then 
transmitted  via  an  illuminating  system  incorporated 
within  the  endoscope  to  the  body  cavity  to  be 
viewed.  A  conventional  light  cable  for  providing  the 
endoscope  with  illumination  is  a  fiber  optic  light 
bundle  having  a  plurality  of  optical  fibers  of  glass 
or  optical  plastic.  The  fiber  optic  bundle  is  con- 
nected  at  one  end  to  the  light  source  and  at  the 
other  end  to  an  inlet  port  of  the  endoscope.  This 
system  is  typically  referred  to  as  a  fiber  optic  light 
guide. 

A  significant  drawback  of  fiber  optic  light 
guides  concerns  their  degradation  when  used  over 
a  period  of  time.  Such  degradation  is  due  in  part  to 
the  repetitive  flexing  the  light  guide  undergoes 
when  the  bundle  is  initially  connected  to  the  light 
source  and  the  endoscope,  and  during  maneuver- 
ing  about  the  operative  site  in  the  course  of  the 
surgical  procedure.  Since  fiber  optic  light  guides 
are  relatively  expensive  and  are  intended  to  be 
reused,  the  light  guides  are  typically  employed  in 
many  surgical  procedures  over  a  substantial  period 
of  time.  Consequently,  the  light  transferring  quality 
of  the  fiber  optic  light  guide  tends  to  gradually 
degrade  to  a  point  where  the  level  of  light  emitted 
by  the  fiber  optic  bundle  is  substantially  less  than 
the  light  initially  received  from  the  light  source. 

One  attempted  solution  to  this  problem  has 
been  to  substitute  liquids  for  fiber  optic  bundles. 
Examples  of  such  liquid  light  guides  are  described 
in  U.S.  Patent  Nos.  3,740,113;  3,920,980; 
3,995,934;  4,045,119;  4,907,133  and  5,165,773. 
However,  these  liquid  light  guides  are  subject  to 
their  own  drawbacks  and  limitations.  In  particular, 
the  liquids  described  and  suggested  in  these  pat- 
ents  provide  an  inferior  degree  of  visible  light  trans- 
mission  when  compared  with  convention  fiber  optic 
light  guides.  In  addition,  many  of  the  liquids  de- 
scribed  are  not  biocompatible  and  are  not  favored 
for  use  in  a  surgical  apparatus.  Further,  the  con- 
struction  of  such  known  light  guides  entails  signifi- 
cant  expense  thereby  precluding  disposal  of  the 
light  guides  after  a  single  use.  Consequently,  as  in 

conventional  fiber  optic  light  guides,  these  liquid 
light  guides  must  also  be  sterilized  after  each  ap- 
plication,  thus  adding  additional  expense  to  the 
user. 

5  The  present  invention  is  directed  to  a  low  cost 
liquid  light  guide  for  efficiently  supplying  an  en- 
doscope  with  illuminating  light  particularly  in  the 
visible  spectral  range  and  which  may  be  disposed 
of  after  a  single  use. 

70 
SUMMARY  OF  THE  INVENTION 

Generally  stated,  the  present  invention  is  di- 
rected  to  a  liquid  light  guide  for  surgical  instrumen- 

75  tation,  which  comprises  a  flexible  elongated  tube 
having  first  and  second  end  portions,  first  and 
second  light  transmissive  members  disposed  at 
respective  first  and  second  end  portions  of  the 
elongated  tube  to  substantially  seal  an  interior  por- 

20  tion  of  the  elongated  tube  and  an  efficient  light 
transmissive  medium  filling  the  interior  portion  of 
the  elongated  tube.  The  preferred  light  transmis- 
sive  medium  comprises  a  heavy  mineral  oil  having 
a  specific  gravity  greater  than  or  equal  to  about 

25  0.86  and  preferably  between  about  0.86  and  .905. 
The  liquid  light  guide  of  the  present  invention 

is  capable  of  providing  very  high  light  transmission 
over  the  visible  spectral  range  while  reducing  un- 
desired  transmission  of  infrared  and  ultraviolet  radi- 

30  ation.  The  light  guide  is  contemplated  to  be  used 
with  an  endoscope  and  is  cost-effective  to  manu- 
facture  such  that  the  light  guide  may  be  disposed 
of  after  a  single  use.  It  is  further  envisioned  that  the 
light  guide  could  be  monolithically  formed  with  a 

35  disposable  endoscope  and  be  disposable  therewith 
as  a  single  unit. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

40  Preferred  embodiments  of  the  present  inven- 
tion  are  described  hereinbelow  with  reference  to 
the  drawings  wherein: 

Fig.  1  is  perspective  view  of  a  liquid  light  guide 
constructed  in  accordance  with  the  principles  of 

45  the  present  invention  along  with  a  conventional 
endoscope  and  light  source; 
Fig.  2  is  a  side  cross-sectional  view  of  a  portion 
of  the  flexible  elongated  tube  of  the  light  guide 
of  Fig.  1  illustrating  the  outer  sheath  and  inner 

50  lining; 
Fig.  3  is  an  enlarged  plan  view  of  the  light 
source  connector  member  of  the  light  guide  of 
Fig  1; 
Fig.  4  is  an  enlarged  cross-sectional  view  of  the 

55  light  source  connector  of  Fig.  3  with  a  light 
transmissive  end  plug  positioned  therein  and 
illustrating  a  preferred  method  for  attaching  the 
light  source  connector  and  the  end  plug  to  the 
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flexible  tube  of  the  light  guide; 
Fig.  5  is  an  enlarged  cross-sectional  view  of  the 
light  source  connector  of  Fig.  3  with  an  alter- 
native  elongated  light  transmissive  end  plug  po- 
sitioned  therein  and  illustrating  an  alternative 
method  for  attaching  the  light  source  connector 
member  and  the  elongated  end  plug  to  the 
flexible  tube  of  the  light  guide; 
Fig.  6  is  an  enlarged  cross-sectional  view  similar 
to  Fig.  5  illustrating  another  alternative  method 
for  attaching  the  light  source  connector  member 
and  the  elongated  end  plug  to  the  flexible  tube 
of  the  light  guide; 
Fig.  7  is  an  enlarged  plan  view  of  the  endoscope 
connector  member  of  the  light  guide  of  Fig.  1; 
Fig.  8  is  an  enlarged  cross-sectional  view  of  the 
endoscope  connector  member  of  Fig.  7  with  a 
light  transmissive  end  plug  positioned  therein 
and  illustrating  a  preferred  method  for  attaching 
the  endoscope  connector  member  and  the  end 
plug  to  the  tube  of  the  light  guide;  and 
Fig.  9  is  a  perspective  view  of  a  liquid  light 
guide  constructed  in  accordance  with  another 
embodiment  of  the  present  invention  wherein 
the  light  guide  is  integrally  formed  with  the 
endoscope. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Referring  now  to  the  drawings  in  detail  in  which 
like  reference  numerals  identify  similar  or  identical 
elements  throughout  the  several  views,  Fig.  1  illus- 
trates  in  perspective  view  a  novel  liquid  light  guide 
constructed  in  accordance  with  the  principles  of  the 
present  invention.  Light  guide  10  includes  flexible 
elongated  tube  12  having  an  illuminator  connector 
14  at  one  end  portion  which  is  configured  for 
connection  to  light  source  100.  An  endoscope  con- 
nector  16  is  configured  for  connection  to  endo- 
scope  200  at  illuminating  inlet  port  202. 

Referring  now  to  Fig.  2,  in  conjunction  with  Fig. 
1,  flexible  elongated  tube  12  includes  an  outer 
sheath  18  which  is  fabricated  from  a  polymeric 
material  such  as  polyethylene,  polyvinylchloride 
(PVC),  polytetrafluoroethylenehexafluoropropylene, 
perfluoralkoxy  resin  (PFA),  a  copolymer  of 
tetrafluoroethylene  and  hexafluoropropylene,  poly- 
tetrafluoroethylene  (PTFE)  and  the  like.  Elongated 
tube  12  includes  an  inner  lining  20  which  extends 
along  the  length  of  outer  sheath  18.  Inner  lining  20 
is  preferably  fabricated  from  fluorinated  ethylene 
polymer  (FEP)  although  other  suitable  plastic  ma- 
terials  such  as  the  materials  mentioned  above  may 
be  to  used  to  achieve  a  desired  numerical  aperture 
by  controlling  the  refractive  index  difference  be- 
tween  the  liner  and  the  transmissive  fluid. 

Outer  sheath  18  and  inner  lining  20  may  be 
coextruded  during  manufacture.  Such  coextruded 
tubing  is  available  under  the  tradename  PURE- 
LINE-1  from  FURON,  Inc.  (New  Jersey).  In  this 

5  embodiment,  the  inner  diameter  of  outer  sheath  18 
is  about  4.77mm  while  the  thickness  of  inner  lining 
20  is  about  .25mm. 

Elongated  tube  12  is  filled  with  a  light  transmit- 
ting  medium  or  fluid  22  for  transferring  the  light 

io  generated  by  light  source  100  to  illuminator  inlet 
port  202  of  endoscope  200.  The  preferred  fluid  22 
is  a  pharmaceutical  grade  heavy  mineral  oil  having 
a  specific  gravity  equal  to  or  greater  than  about 
0.86  and  preferably  within  the  range  of  between 

is  about  .86  and  .905.  Such  mineral  oils  when  used  in 
the  configurations  set  forth  in  detail  below  are 
capable  of  providing  very  high  light  transmission 
over  the  visible  spectral  range  while  reducing  trans- 
mission  of  infrared  and  ultraviolet  radiation.  This 

20  feature  is  particularly  useful  in  minimizing  undesira- 
ble  heat  transfer  from  light  source  100  to  en- 
doscope  200. 

Suitable  mineral  oils  which  are  particularly  ef- 
fective  when  incorporated  in  light  guide  10  include 

25  Sigma  #400-5  Heavy  white  mineral  oil  and  Aldrich 
33076-0  heavy  white  mineral  oil.  Outer  sheath  18 
provides  added  rigidity  to  help  prevent  kinking 
which  can  result  in  undesirable  light  leakage.  Of 
course,  it  is  contemplated  that  the  liner  could  be 

30  used  without  an  outer  sheath  provided  sufficient 
structural  rigidity  to  resist  kinking  is  provided  in 
some  other  manner. 

A  heavy  mineral  oil  with  a  specific  gravity 
equal  to  or  greater  than  0.86  is  advantageous  as  a 

35  light  transmitting  medium  in  that  it  is  essentially 
non-toxic,  does  not  conduct  heat  well  even  during 
sustained  periods  of  use  and,  as  mentioned  af- 
orehand,  is  capable  of  providing  very  high  light 
transmission  over  the  entire  visible  spectral  range. 

40  Preferably,  the  mineral  oil  is  degassed  to  mini- 
mize  the  potential  of  formation  of  gas  bubbles 
particularly  oxygen  gas  bubbles,  during  use  of  light 
guide  10.  Degassing  of  the  mineral  oil  is  carried 
out  prior  to  filling  the  light  guide.  The  degassing 

45  procedure  involves  filling  a  container  approximately 
half  way  with  the  preferred  mineral  oil,  placing  a 
stir  bar  in  the  oil  and  sealing  the  container  with  a 
connecting  hose  adapter.  The  container  is  then 
placed  on  top  of  a  stir  plate.  A  vacuum  hose  is 

50  connected  to  the  container  so  that  the  oil  is  under 
vacuum  during  stirring.  This  procedure  is  continued 
until  no  more  bubbles  are  seen. 

A  suitable  degassing  period  for  approximately 
one  liter  of  mineral  oil  is  about  one  hour  with 

55  moderate  stirring  under  vacuum  (nominal  1  Torr). 
The  preferred  mineral  oil  has  an  index  of  re- 

fraction  of  about  1  .48  as  compared  to  the  index  of 
refraction  of  the  FEP  inner  lining  20  which  is  about 

3 



5 EP  0  647  863  A2 6 

1.33.  This  difference  in  the  indices  of  refraction  of 
lining  20  and  the  mineral  oil  provides  a  relatively 
high  numerical  aperature  of  about  .63,  thereby  op- 
timizing  performance  of  the  light  guide  10  and 
ensuring  high  levels  of  illumination  transfer  to  en- 
doscope  200.  In  the  event  a  monolithic  tubing  is 
used,  i.e.,  without  a  separate  outer  sheath,  the 
index  difference  between  the  tubing  and  liquid 
should  be  such  as  to  maintain  high  transmission 
efficiency. 

Elongated  tube  12  is  sealed  at  its  first  or  light 
entry  end  portion  by  transparent  light  transmissive 
plug  24  and  at  its  second  or  light  exit  end  portion 
by  transparent  light  transmissive  plug  26.  Fig.  4 
illustrates  the  positioning  of  transparent  plug  24  in 
illuminator  connector  14  while  Fig.  6  illustrates  the 
positioning  of  transparent  plug  26  in  endoscope 
connector  16.  The  preferred  method  for  securing 
plugs  24,26  to  elongated  tube  12  and  their  respec- 
tive  connectors  14,  16  will  be  discussed  in  greater 
detail  below. 

Transparent  plugs  24,  26  are  generally  cylin- 
drical^  shaped  glass  rods  and  are  preferably  fab- 
ricated  from  a  material  having  an  index  of  refraction 
similar  to  that  of  the  light  transmissive  medium  22. 
In  a  preferred  embodiment,  transparent  plugs  24, 
26  are  each  fabricated  from  optical  glass  having  an 
index  of  refraction  of  about  1.48  to  closely  match 
the  index  of  refraction  of  the  mineral  oil.  Suitable 
glass  materials  for  transparent  plugs  24,  26  include 
quartz,  quartz  glass,  Pyrex™  ,  or  any  other  material 
transparent  to  radiation.  It  is  contemplated  that 
inexpensive  plastic  plugs,  such  as  polycarbonate 
plugs,  may  be  used,  but  glass  is  preferred  for  its 
resistance  to  heat.  The  end  faces  of  transparent 
plugs  24,  26  are  polished  and,  if  desired,  may  be 
coated  with  an  anti-reflection  coating. 

In  the  most  preferred  embodiment,  transparent 
plugs  24,  26  are  glass  rods  formed  by  heat  draw- 
ing  techniques.  Such  heat  drawn  glass  rods  are 
considerably  less  expensive  to  manufacture  than 
non-drawn  glass  rods  and  do  not  require  the 
polishing  of  their  peripheral  surfaces  to  maintain 
optical  effectiveness.  The  end  faces  of  such  heat 
drawn  glass  rods  are  polished  and  may  be  coated 
with  a  suitable  anti-reflection  coating.  Advanta- 
geously,  transparent  plugs  24,  26  also  function  in 
filtering  out  light  in  the  ultraviolet  range  to  thereby 
protect  light  transmissive  medium  22  from  the 
damaging  effect  of  the  ultraviolet  radiation.  Accord- 
ingly,  ultraviolet  radiation  emitted  by  light  source 
100  is  filtered  by  transparent  plug  24  with  light 
source  connector  14  prior  to  entrance  into  light 
transmissive  medium  22. 

Transparent  plugs  24,  26  preferably  each  de- 
fine  an  outer  diameter  which  is  slightly  larger  than 
the  inner  diameter  of  inner  lining  20  to  initially  form 
a  friction  fit  between  the  plugs  24,  26  and  the  inner 

lining.  In  the  preferred  embodiment,  the  diameters 
of  transparent  plugs  are  each  about  5  mm.  The 
lengths  of  transparent  plug  24,  26  may  range  from 
about  10  mm  to  about  25  mm.  In  the  preferred 

5  embodiment  the  length  of  the  plugs  vary  depend- 
ing  on  the  application  and  the  particular  method 
utilized  for  mounting  the  plugs  to  the  tube  10. 
Mounting  methods  will  be  discussed  in  greater 
detail  below. 

io  Referring  now  to  Figs.  3  and  4,  there  is  illus- 
trated  the  first  or  light  entry  end  portion  of  light 
guide  10  in  detail.  In  this  embodiment  of  light  guide 
10,  inner  lining  20  extends  beyond  end  portion  18a 
of  outer  sheath  18  as  shown  in  Fig.  4.  Light  trans- 

15  missive  end  plug  24  is  positioned  at  least  partially 
within  inner  lining  end  portion  20a  of  the  liner  and 
is  initially  retained  within  the  inner  lining  by  a 
frictional  fit  formed  between  plug  24  and  the  inner 
lining  as  previously  mentioned.  Thereafter,  a  heat 

20  shrinkable  tubing  21  is  positioned  about  end  plug 
24  overlapping  end  portion  20a  of  inner  lining  20. 
Heat  is  applied  to  tubing  21  to  shrink  the  tubing 
and  attach  end  plug  24  to  inner  lining  end  portion 
20a.  The  shrinkable  tubing  21  preferably  is  made 

25  of  a  material  having  the  same  index  of  refraction  as 
inner  liner  20.  In  the  preferred  embodiment  wherein 
the  inner  liner  is  made  of  FEP,  shrinkable  tubing 
also  is  made  of  FEP.  Thus,  as  shown,  the  overlap- 
ping  region  of  the  shrink  tube  and  inner  lining 

30  forms  a  double  layer  of  FEP  tubing  surrounding 
glass  plug  24. 

End  portion  20a  of  inner  liner  20  having  end 
plug  24  secured  therein  with  shrink  tubing  21  is 
then  inserted  into  tube  mounting  portion  14a  of 

35  illuminator  connector  14  and  advanced  within  the 
connector  14  until  end  face  24b  of  end  plug  24  is 
approximately  flush  with  the  open  light  source  inlet 
end  14b  of  connector  14  as  shown  in  Fig.  4.  End 
portion  18a  of  outer  sheath  18  is  positioned  about 

40  the  periphery  of  tube  mounting  portion  14a  of  con- 
nector  14.  Thereafter  clamp  14c  of  connector  14  is 
slid  onto  mounting  portion  14a  to  securely  wedge 
the  outer  sheath  18  between  the  inner  crowned 
surface  23  of  clamp  14c  clamp  and  the  mounting 

45  portion  to  effect  the  attachment  of  the  connector  to 
tube  12.  Where  desired,  the  portion  of  connector 
14  adjacent  glass  end  plug  24  may  be  circum- 
ferentially  crimped  or  swaged  to  provided  an  even 
more  secure  connection.  This  crimping  or  swaging 

50  of  the  connector  is  preferably  about  2%-4%  de- 
formation  of  the  connector  over  at  least  a  portion  of 
the  double  layer  region  of  liner  20  and  shrink 
tubing  21.  Crimping  or  swaging  in  this  region  not 
only  securely  attaches  the  connector  to  the  tubing, 

55  but  also  securely  attaches  the  shrink  tube,  inner 
liner  and  glass  rod  without  damaging  the  glass  rod. 
As  a  further  advantage,  a  tight  seal  is  formed  at  the 
crimp  by  tightly  compressing  the  double  layers  of 
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tubing  against  the  glass  plug. 
Fig.  5  illustrates  an  alternative  method  for  at- 

taching  illuminator  connector  14  to  elongated  tube 
12.  In  accordance  with  this  method,  transparent 
end  plug  24  is  elongated  and  is  approximately  the 
same  length  as  the  length  of  illuminator  connector 
14,  i.e.,  approximately  80  mm.  A  portion  of  end 
plug  24  is  inserted  into  inner  lining  end  portion  20a. 
Thereafter,  a  heat  shrinkable  tubing  21  is  posi- 
tioned  about  inner  lining  end  portion  20a  and  over 
a  substantial  portion  of  end  plug  24.  Heat  is  applied 
to  shrink  tubing  21  to  effect  the  attachment  of  inner 
lining  20  to  end  plug  24.  Thereafter,  inner  lining 
end  portion  20a  with  mounted  end  plug  24  and 
shrinkable  tubing  21  is  positioned  within  tube 
mounting  portion  14a  of  illuminator  connector  14 
and  advanced  within  the  connector  14  such  that 
end  face  24b  of  plug  24  is  adjacent  light  source 
mounting  portion  14b  of  connector  14. 

At  this  point,  if  desired,  tube  mounting  portion 
14a  may  be  crimped  at  position  A  to  retain  end 
plug  24  in  the  appropriate  position  within  connector 
14.  As  set  forth  above,  preferably,  the  material  of 
tube  mounting  portion  14a  is  crimped  slightly,  e.g., 
at  about  2%  -  4%  deformation.  The  attachment  of 
connector  14  is  continued  by  positioning  outer 
sheath  portion  18  over  mounting  portion  14a  of 
connector  14  where  clamp  14c  is  slid  to  the  appro- 
priate  position  to  clamp  the  sheath  to  the  connec- 
tor. 

Fig.  6  illustrates  another  alternative  method  for 
attaching  end  plug  24  and  illuminator  connector  14 
to  elongated  tube  12.  This  alternative  method  is 
similar  in  most  respects  to  that  described  above  in 
connection  with  Fig.  5  except  that  the  inner  lining 
end  portion  20a  extends  along  the  entire  length  of 
end  plug  24.  Thus,  the  cladding  effect  of  inner  liner 
20  is  maintained  throughout  the  length  of  end  plug 
24.  The  attachment  of  end  plug  24,  shrinkable 
tubing  21  and  illuminator  connector  14  is  achieved 
in  a  similar  manner  to  that  described  in  connection 
with  Fig.  5. 

Referring  now  to  Figs.  7-8,  there  is  illustrated 
the  second  or  light  exit  end  portion  of  light  guide 
10.  End  plug  26  is  positioned  at  least  partially 
within  inner  lining  end  portion  20b  and  a  heat 
shrinkable  tubing  21  is  positioned  about  end  plug 
26  and  overlapping  end  portion  20b.  Heat  is  ap- 
plied  to  tubing  21  to  effect  the  attachment  of  end 
plug  26  to  inner  lining  20.  If  desired,  tube  mounting 
portion  16a  may  be  slightly  crimped  to  facilitate  the 
attachment  in  a  manner  similar  to  that  described 
above.  Thereafter  sheath  end  portion  18b  is  posi- 
tioned  about  tubing  21  and  inner  lining  end  portion 
20b  and  inserted  within  tube  mounting  portion  16a 
of  endoscope  connector  16.  In  the  preferred  em- 
bodiment,  the  effective  outer  diameter  of  sheath 
end  portion  18b  having  end  plug  26  inserted  there- 

in  approximates  the  inner  diameter  of  tube  mount- 
ing  portion  16a  of  connector  10  to  form  a  frictional 
fit  to  thereby  attach  connector  10  to  tube  12. 

The  connectors  shown  and  discussed  above 
5  are  preferred  but  it  will  be  understood  that  any 

other  suitable  connector  member  may  be  substi- 
tuted  therefor. 

In  Figs.  1,  3,  7  and  9  the  portion  of  coiled 
spring  member  300  is  shown  exposed  and  not 

io  covered  by  shrink  tube  cover  400.  Coiled  spring 
300  has  been  shown  in  this  manner  as  a  means  of 
discouraging  re-sterilization  of  the  light  guide. 
Thus,  by  leaving  exposed  at  least  a  portion  of  the 
coil  spring  it  is  more  difficult  to  clean  the  light 

is  guide  for  re-sterilization,  which  may  discourage  at- 
tempted  re-sterilization.  The  portion  of  the  coil 
spring  adjacent  the  connectors  is  shown  exposed 
because  that  area  is  handled  most  during  use  and 
is  most  likely  to  be  contaminated  and,  hence,  to 

20  require  the  most  attention  during  attempted  re- 
sterilization.  Of  course,  it  is  also  contemplated  that 
shrink  tube  cover  400  could  cover  the  entire  coil 
spring,  including  the  juncture  with  the  connector. 
Fully  covering  the  coil  spring  may  be  desirable  to 

25  provide  further  rigidity  at  the  connection  of  the 
tubing  to  the  connectors  and  to  further  minimize 
potential  light  leakage. 

In  a  first  method  of  manufacture  of  light  guide 
10,  tube  12  is  immersed  in  the  degassed  mineral 

30  oil  prepared  in  the  manner  described  above.  The 
ends  of  the  tube  are  raised  with  the  liquid  filled 
tube  12  draped  in  a  U-shape.  The  end  portion  12a, 
12b  are  plugged  with  end  plugs  24,  26  respec- 
tively.  Thereafter,  shrinkable  tubings  are  secured 

35  about  end  plugs  24,  26  and  connectors  14,  16  are 
attached  in  the  above-described  manner.  In  an 
alternative  fabrication  method,  the  mineral  oil  can 
be  drawn  into  tube  12  under  vacuum. 

Referring  again  to  Fig.  1,  light  guide  10  may 
40  have  a  coiled  spring  member  300  positioned  about 

the  periphery  of  tube  12.  Spring  member  300  pre- 
vents  kinking  of  tube  12  and  serves  in  providing 
support  to  the  tube.  Preferably,  the  inner  diameter 
of  spring  300  approximates  the  outer  diameter  of 

45  tube  12.  As  shown  in  Figs.  3  and  7,  spring  member 
is  expanded  to  a  desired  dimension  at  its  end 
portions  305,  310,  and  thereafter  compressed  to  fit 
about  the  tube  mounting  portions  14a,  16a  of  il- 
luminator  connector  14  and  endoscope  connector 

50  16,  respectively.  Such  configuration  of  spring  end 
portions  305,  310  provides  additional  support  at  the 
junctures  of  tube  12  and  connectors  14,  16.  A 
cover,  preferably  in  the  form  of  a  shrinkable  tubing 
400,  may  be  adjacent  connectors  14,  16  positioned 

55  inside  or  outside  of  spring  member  300  to  enclose 
the  spring.  For  added  support,  particularly  shrink 
tubing  may  be  placed  both  inside  and  outside  the 
spring  member.  Optionally,  the  spring  member  300 

5 
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is  left  wholly  or  partially  exposed  on  an  outer 
surface  of  the  light  guide  to  discourage  attempts  at 
resterilization. 

Referring  still  to  Fig.  1,  light  guide  10  is  in- 
tended  to  be  used  with  endoscope  200  having 
endoscope  housing  204  and  an  elongated  en- 
doscopic  portion  206  extending  distally  of  the 
housing  204.  Examples  of  endoscopes  which  can 
be  readily  used  with  light  guide  10  are  disclosed  in 
U.S.  Patent  Nos.  3,089,484;  3,257,902;  4,784,118; 
4,964,710  and  5,188,092,  the  contents  of  each  be- 
ing  incorporated  herein  by  reference.  Endoscopic 
portion  206  incorporates  an  image  transferring  sys- 
tem  which  may  include  a  plurality  of  fiber  optic 
elements  to  transfer  an  image  formed  at  an  image 
plane  to  eyepiece  208  of  the  endoscope.  Alter- 
natively,  a  series  of  optical  lens  components  may 
be  used  instead  of  the  fiber  optic  handle  to  transfer 
an  image  to  the  viewer.  Known  relay  optical  sys- 
tems  include  those  shown  and  described  in  U.S. 
Patent  Nos.  3,089,484;  3,259,902  and  the  afore- 
mentioned  4,964,710. 

Light  source  100  may  be  any  known  illuminat- 
ing  source  including,  for  example,  the  Lumatic 
model  Superlite  light  source,  halogen  lamps,  Argon 
or  He-Ne-lasers,  tungsten  filament  incandescent 
lamps,  sources  available  from  Karl  Storz,  Inc., 
Richard  Wolf  etc. 

Light  guide  10  is  highly  effective  in  conveying 
illuminating  light  from  light  source  100  to  endo- 
scope  200.  Due  to  the  strategic  selection  of  the 
materials  of  the  liquid  transmitting  medium  22 
(mineral  oil),  inner  lining  20  (FEP)  and  end  plugs 
24,  26  (drawn  Pyrex  or  quartz  glass  rods  having 
substantially  the  same  index  of  refraction  as  liquid 
medium  22),  light  guide  10  advantageously  has  a 
relatively  large  numerical  aperture  compared  to 
conventional  fiber  optic  light  guides.  In  particular, 
the  numerical  aperture  of  light  guide  10  is  approxi- 
mately  0.63. 

Further,  the  strategic  selection  of  materials 
makes  light  guide  10  substantially  less  expensive 
to  manufacture  than  conventional  fiber  optic  light 
guides,  so  that  the  light  guide  efficiently  may  be 
disposed  of  after  a  single  use.  Indeed,  the  light 
cable  in  accordance  with  the  invention  may  be 
manufactured  and  sold  in  an  economic  manner 
which  might  render  re-sterilization  more  costly  than 
disposal. 

Although  in  the  preferred  embodiment  of  Fig.  1 
light  guide  10  is  a  separate  component  from  en- 
doscope  200,  it  is  envisioned  that  light  source  10 
may  be  an  integral  part  of  endoscope  200  thus 
forming  a  single  light  guide  endoscope  unit.  Refer- 
ring  to  Fig.  9,  light  guide  50  is  integrally  connected 
to  endoscope  400.  In  a  first  embodiment  of  light 
guide  50  the  light  guide  constructed  as  described 
above  is  simply  attached  by  permanent  attachment 

so  that  the  glass  plug  abuts  the  endoscope  illu- 
mination  connection.  Alternatively,  it  is  contemplat- 
ed  that  only  one  end  plug  is  required  to  seal 
flexible  tube  52,  i.e.,  at  the  tube  end  portion  adja- 

5  cent  illuminator  connector  60.  The  other  end  por- 
tion  of  tube  52  may  be  directly  connected  to  inlet 
port  402  of  endoscope  400.  Thus,  the  light  trans- 
missive  fluid  within  tube  52  directly  contacts  the 
proximal  end  of  illumination  system  within  the  en- 

io  doscope,  e.g.,  the  ends  of  the  fiber  optic  bundle,  of 
endoscope  400.  Preferably,  in  this  embodiment, 
endoscope  400  is  of  the  disposable  type,  thus 
making  it  cost  effective  to  dispose  of  the  light 
guide/endoscope  unit  together  after  a  single  use. 

is  To  the  extent  not  already  indicated,  it  also  will 
be  understood  by  those  of  ordinary  skill  in  the  art 
that  any  one  of  the  various  specific  embodiments 
herein  described  and  illustrated  may  be  further 
modified  to  incorporate  features  shown  in  other  of 

20  the  specific  embodiments. 
By  way  of  example,  it  may  be  desirable  to 

permanently  attach  the  light  cable  to  an  endo- 
scope,  such  as  a  disposable  endoscope,  to  assure 
that  the  shortcomings  of  a  failing  reusable  fiber 

25  optic  light  cable  are  not  blamed  upon  the  en- 
doscope.  Particularly  where  a  disposable  endo- 
scope  is  being  used  for  the  first  time,  it  would  be 
undesirable  for  the  user  incorrectly  to  conclude  that 
the  endoscope  is  of  inferior  quality  when,  in  fact, 

30  any  imaging  difficulties  are  associated  with  a  re- 
usable  fiber  optic  light  guide  of  inferior  transmis- 
sion  quality 

The  invention  in  its  broader  aspects  therefore 
is  not  limited  to  the  specific  embodiments  herein 

35  shown  and  described  but  departures  may  be  made 
therefrom  within  the  scope  of  the  accompanying 
claims  without  departing  from  the  principles  of  the 
invention  and  without  sacrificing  its  chief  advan- 
tages.  By  way  of  example  only,  it  will  be  under- 

40  stood  by  those  skilled  in  the  art  that  while  outer 
sheath  18,  coil  spring  300  and  shrink  tube  cover 
400  all  provide  sufficient  rigidity  to  resist  kinking 
and  bending  during  use,  numerous  variations  and 
combinations  may  be  used  to  obtain  this  result. 

45  Thus,  a  foam  jacket  might  be  used  in  place  of 
some  or  all  of  the  foregoing,  or  might  be  used  in 
combination  with  some  or  all  of  them.  Similarly, 
additional  stiffening  structures,  such  as  multiple 
layers  of  shrink  tubing,  might  be  provided  adjacent 

50  the  connectors  where  bending  during  use  is  likely 
to  occur.  Similarly,  if  no  shrink  tube  cover  is  used  a 
certain  amount  of  light  leakage  will  occur  through 
the  wall  of  the  tubing.  This  may  be  objectionable  in 
a  darkened  operating  room,  so  it  is  contemplated 

55  that  the  entire  light  guide  may  be  covered  with  an 
opaque  cover  such  as  the  shrink  tubing  described 
herein.  Alternatively,  it  is  contemplated  that  the 
tubing  used  to  contain  the  transmissive  medium 

6 
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could  be  pigmented  to  reduce  light  transmission. 
Thus,  in  the  embodiments  described  herein  the 
outer  sheath  could  be  pigmented  to  reduce  glare. 

The  claims  which  follow  identify  embodiments 
of  the  invention  additional  to  those  described  in 
detail  above. 

Claims 

1.  A  liquid  light  guide  for  surgical  instrumentation, 
which  comprises: 

a  flexible  elongate  tube  having  first  and 
second  end  portions; 

first  and  second  light  transmissive  mem- 
bers  disposed  at  respective  first  and  second 
end  portions  of  said  elongate  tube,  to  substan- 
tially  seal  an  interior  portion  of  said  elongate 
tube;  and 

a  light  transmissive  medium  filling  said  in- 
terior  portion  of  said  elongate  tube,  said  light 
transmissive  medium  comprising  a  heavy  min- 
eral  oil  having  a  specific  gravity  greater  than  or 
equal  to  about  0.86. 

2.  The  light  guide  according  to  claim  1  wherein 
said  elongate  tube  comprises  an  inner  tube  for 
containing  said  light  transmissive  medium  and 
an  outer  sheath. 

glass  rods. 

9.  The  light  guide  according  to  claim  6,  7  or  8 
wherein  said  plugs  have  polished  end  faces. 

5 
10.  The  light  guide  according  to  claim  10  wherein 

each  said  polished  end  face  is  coated  with  an 
anti-reflection  coating. 

io  11.  The  light  guide  according  to  any  one  of  the 
preceding  claims  further  comprising  a  support 
member  disposed  about  at  least  a  portion  of 
said  elongate  tube,  said  support  member 
dimensioned  and  configured  to  provide  support 

is  to  said  elongate  tube. 

12.  The  light  guide  according  to  claim  11  wherein 
said  support  member  comprises  a  spring 
member  coiled  around  said  elongate  tube. 

20 
13.  The  light  guide  of  any  one  of  the  preceding 

claims  wherein  said  light  guide  has  a  numeri- 
cal  aperture  of  about  .63. 

25 

3.  The  light  guide  according  to  claim  2  wherein  30 
the  index  of  refraction  of  the  material  of  said 
inner  tube  is  less  than  the  index  of  refraction  of 
said  light  transmissive  medium. 

4.  The  light  guide  according  to  claim  3  wherein  35 
said  inner  tube  comprises  a  fluorinated  eth- 
ylene  polymer. 

5.  The  light  guide  according  to  claim  3  wherein 
said  inner  lining  of  said  elongate  tube  com-  40 
prises  polytetrafluoroethylene. 

6.  The  light  guide  according  to  any  one  of  the 
preceding  claims  wherein  said  first  and  second 
light  transmissive  members  comprise  light  45 
transmissive  transparent  plugs,  each  said 
transparent  plug  dimensioned  and  configured 
to  be  inserted  into  an  end  portion  of  said 
elongate  tube. 

50 
7.  The  light  guide  according  to  claim  6  wherein 

the  material  of  said  transparent  plugs  has  an 
index  of  refraction  substantially  equal  to  the 
index  of  refraction  of  said  light  transmissive 
fluid.  55 

8.  The  light  guide  according  to  claim  6  or  7 
wherein  said  transparent  plugs  comprise  drawn 

7 
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