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©  An  alignment  guide  system  for  use  with  conven- 
tional  pulse  oximetry  monitors  (60)  connected  to 
transmissive  pulse  oximetry  sensors  (10).  The  sys- 
tem  generates  a  bar  graph  (70)  or  other  display 
showing  the  magnitude  of  the  optical  coupling  be- 
tween  the  LED's  (32)  and  light  detector  (36)  used  in 
the  sensor  (10).  By  manipulating  the  position  of  the 
sensor  (10)  while  observing  the  bar  graph  (70), 
medical  practitioners  can  optimize  the  amount  of 

light  from  the  LED's  (32)  reaching  the  light  detector 
(36).  The  bar  graph  (70)  also  contains  an  alarm  limit 
marker  (76).  If  the  bar  graph  area  (74)  falls  below  the 
alarm  limit  marker  (76),  the  entire  bar  graph  (70) 
flashes  to  alert  the  medical  practitioner  that  the 
amount  of  light  transmitted  to  the  LED's  (32)  to  the 
light  detector  (36)  may  not  be  enough  to  permit 
sufficiently  accurate  oxygen  saturation  measure- 
ments. 

Figure  6 
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Technical  Field 

This  invention  relates  to  pulse  oximeters,  and 
more  particularly,  to  pulse  oximeters  used  with  light 
transmissive  pulse  oximetry  sensors. 

Background  of  the  Invention 

Pulse  oximeters  are  in  common  use  in  hos- 
pitals  and  other  medical  facilities  to  measure  the 
degree  of  oxygen  saturation  of  a  patient's  blood. 
Conventional  pulse  oximeters  typically  operate  ac- 
cording  to  the  Lambert-Beers  law  which  is  based 
upon  the  blood's  property  of  differentially  absorb- 
ing  infra-red  and  red  light  depending  upon  the 
degree  of  oxygen  saturation  of  the  patient's  blood. 

Conventional  pulse  oximeters  typically  consist 
of  a  pulse  oximetry  sensor  connected  to  a  pulse 
oximetry  monitor.  The  monitor  typically  includes 
circuitry  for  interfacing  with  the  sensor  as  well  as  a 
display  for  providing  a  readout  of  the  percent  of 
oxygen  saturation.  The  sensor  typically  contains  a 
first  light  emitting  diode  ("LED")  emitting  red  light, 
a  second  LED  emitting  infra-red  light,  and  a  light 
detector  for  sensing  the  red  and  infra-red  light  after 
passing  through  vascularized  tissues  of  the  patient. 
The  first  and  second  LED's  are  normally  time  mul- 
tiplexed  by  alternately  applying  illumination  signals 
to  the  LED's  so  that  a  single  light  detector  can  be 
used. 

There  are  two  types  of  pulse  oximetry  sensors 
in  present  use,  namely  "reflectance  sensors"  and 
"transmissive  sensors."  In  a  reflectance  sensor,  the 
LED's  and  light  detector  are  mounted  adjacent 
each  other  on  a  single  carrier.  The  carrier  is  placed 
against  the  skin  of  a  patient  so  that  light  from  the 
LED's  passes  into  the  tissues  of  the  patient,  and 
some  of  this  light  is  internally  reflected  back  to  the 
light  detector.  The  magnitude  of  the  reflected  light 
is  an  inverse  function  of  the  amount  of  light  ab- 
sorbed  in  the  tissues.  The  differential  reflection  of 
red  and  infra-red  light  thus  provides  an  indication 
of  the  degree  of  oxygen  saturation  in  the  tissues. 

In  transmissive  pulse  oximetry  sensors,  the 
LED's  are  mounted  adjacent  to  each  other  in  a  first 
carrier,  and  the  light  detector  is  mounted  in  either  a 
second  carrier  or  in  a  separate  portion  of  the  first 
carrier.  As  a  result,  the  LED's  and  the  light  detector 
can  be  placed  on  opposite  surfaces  of  vascularized 
tissues,  such  as  a  finger  or  an  ear  lobe,  with  the 
LED's  and  the  light  detector  facing  each  other. 
Light  from  the  LED's  is  transmitted  through  the 
tissues  to  the  light  detector.  The  magnitude  of  the 
light  transmitted  to  the  light  detector  is  an  inverse 
function  of  the  amount  of  light  absorbed  in  the 
tissues.  The  differential  transmission  of  red  and 
infra-red  light  thus  provides  an  indication  of  the 
degree  of  oxygen  saturation  in  the  tissues. 

The  geometry  between  the  LED's  and  the  light 
detector  can  be  critical  to  the  optimum  perfor- 
mance  of  pulse  oximeters.  Ideally,  the  optical  paths 
between  the  LED's  and  the  light  detector  are  as 

5  short  as  possible  to  maximize  the  usable  light 
reaching  the  light  detector.  However,  if  the  LED's 
and/or  the  light  detector  are  either  not  in  the  proper 
position  or  not  facing  the  proper  direction,  the 
accuracy  of  the  oxygen  saturation  measurement 

io  can  be  degraded. 
The  geometry  between  the  LED's  and  the  light 

detector  in  a  reflectance  sensor  is  fixed  because 
the  LED's  and  light  detector  are  mounted  on  the 
same  carrier.  Thus,  variations  in  the  geometry  be- 

75  tween  the  LED's  and  the  light  detector  is  not  a 
problem  for  reflectance  sensors.  Similarly,  the  ge- 
ometry  between  the  LED's  and  the  light  detector  in 
many  transmissive  sensors  is  also  fixed  because 
the  first  and  second  carriers  are  pivotally  con- 

20  nected  to  each  other.  Variations  in  the  geometry 
between  the  LED's  and  the  light  detector  is  also 
not  a  problem  for  these  types  of  transmissive  sen- 
sors. 

One  commonly  used  transmissive  pulse  ox- 
25  imetry  sensor  uses  as  the  carrier  an  elongated 

flexible  web  having  one  of  its  surfaces  coated  with 
an  adhesive  in  a  manner  similar  to  a  bandage  strip. 
The  LED's  are  mounted  in  or  on  the  web  adjacent 
to  each  other,  and  the  light  detector  is  mounted  in 

30  or  on  the  web  at  a  location  that  is  longitudinally 
spaced  from  the  LED's.  The  sensor  is  generally 
used  by  wrapping  the  web  around  a  finger  or  a 
portion  of  a  hand  or  foot  so  that  the  LED's  are 
directly  opposite  the  light  detector. 

35  In  practice,  pulse  oximetry  sensors  having 
LED's  and  a  light  detector  mounted  on  a  common 
flexible  web  are  often  applied  improperly  so  that 
the  LED's  are  either  not  directly  opposite  the  light 
detector  or  not  directly  facing  the  light  detector. 

40  Three  types  of  alignment  errors  can  occur  either 
alone  or  in  combination.  In  the  first,  the  web  is 
attached  to  the  patient  so  that  the  LED's  are  lat- 
erally  offset  from  the  light  detector.  For  example, 
the  LED's  will  be  laterally  offset  from  the  light 

45  detector  if  the  web  is  wrapped  around  a  finger  in  a 
spiral.  In  the  second  type  of  alignment  error,  the 
web  is  attached  to  the  patient  so  that  the  LED's  are 
longitudinally  offset  from  the  light  detector.  An  ex- 
ample  of  this  condition  is  where  the  web  is 

50  wrapped  around  a  finger,  but  one-half  the  circum- 
ference  of  the  finger  is  not  substantially  the  same 
distance  as  the  spacing  between  the  LED's  and  the 
light  detector.  Finally,  the  third  type  of  alignment 
error  occurs  if  the  LED's  do  not  directly  face  the 

55  light  detector  even  though  they  may  be  positioned 
directly  opposite  the  light  detector.  This  type  of 
alignment  error  may  occur  if  the  opposite  surfaces 
of  the  skin  to  which  the  LED's  and  light  detector 
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are  attached  are  not  parallel  to  each  other. 
As  mentioned  above,  these  three  types  of 

alignment  errors  can  occur  either  alone  or  in  com- 
bination.  The  possibility  of  three  different  types  of 
alignment  errors  occurring,  coupled  with  inevitable 
variations  in  the  size  and  shape  of  attachment 
locations  among  patients  and  variations  in  the  train- 
ing  and  skill  of  medical  personnel  attaching  sen- 
sors,  often  hurriedly  in  emergency  conditions, 
makes  it  very  difficult  to  be  sure  that  sensors  are 
attached  properly  to  provide  accurate  oxygen  satu- 
ration  measurements. 

Although  manufacturers  of  pulse  oximetry  sen- 
sors  having  LED's  and  a  light  detector  mounted  on 
a  common  web  have  recognized  the  importance  of 
properly  aligning  the  LED's  with  the  light  detector, 
they  have  been  unable  to  devise  any  suitable  tech- 
nique  to  quickly  and  accurately  ensure  optimum 
alignment  between  the  LED's  and  the  light  detec- 
tor.  One  approach  has  been  to  place  alignment 
marks  on  the  exposed  surface  of  the  web  over  the 
LED's  and  the  light  detector.  These  alignment 
marks  are  in  the  form  of  respective  lines  extending 
laterally  across  the  web  over  the  LED's  and  light 
detector.  In  theory,  the  medical  practitioner  can 
make  sure  that  the  alignment  marks  are  opposite 
each  other  to  ensure  that  the  LED's  are  properly 
aligned  with  the  light  detector.  However,  this  ap- 
proach  has  often  proven  to  be  inadequate  for  sev- 
eral  reasons.  First,  the  alignment  marks  are  often 
covered  up  by  portions  of  the  web  extending  be- 
yond  the  LED's  and  light  detector  which  are 
wrapped  around  the  portion  of  the  web  containing 
the  alignment  marks.  Second,  it  is  sometimes  dif- 
ficult  to  determine  if  the  marks  are,  in  fact,  directly 
opposite  each  other  even  when  the  marks  are 
clearly  visible.  Third,  even  if  the  marks  are,  in  fact, 
longitudinally  and  laterally  aligned  with  each  other, 
the  LED's  may  still  not  be  directly  facing  the  light 
detector.  Finally,  while  the  above-described  ap- 
proach  may  assist  in  providing  proper  alignment,  it 
does  not  allow  one  to  verify  that  the  alignment  is, 
in  fact,  optimum  or  even  acceptable  after  the  sen- 
sor  has  been  installed. 

Summary  of  the  Invention 

The  inventive  system  for  aligning  a  light  source 
with  a  light  detector  in  a  pulse  oximetry  sensor 
may  be  either  an  integral  part  of  a  pulse  oximetry 
monitor  or  a  system  used  with  a  separate  pulse 
oximetry  monitor.  The  alignment  system  includes  a 
light  driver  connected  to  the  light  source  to  en- 
ergize  the  light  source,  and  a  receiver  circuit  con- 
nected  to  the  light  detector  to  generate  an  indicator 
signal  corresponding  to  the  magnitude  of  the  light 
transmitted  from  the  light  source  to  the  light  detec- 
tor.  The  receiver  circuit  is  connected  to  a  display 

which  provides  a  visual  indication  of  the  magnitude 
of  the  indicator  signal.  As  a  result,  the  display  can 
be  monitored  while  the  pulse  oximetry  sensor  is 
being  attached  to  a  patient  to  optimize  the  align- 

5  ment  between  the  light  source  and  the  light  detec- 
tor. 

The  display  preferably  includes  a  bar  graph  on 
which  the  magnitude  of  the  indicator  signal  is  dis- 
played.  A  threshold  marking  may  be  placed  on  the 

io  bar  graph  at  a  position  corresponding  to  the  mag- 
nitude  of  the  indicator  signal  at  which  the  light 
transmitted  from  the  light  source  to  the  light  detec- 
tor  falls  to  an  unacceptable  level.  The  threshold 
marking  can  then  be  used  to  set  an  alarm  limit  by 

is  comparing  the  indicator  signal  to  a  predetermined 
reference  value,  and  generating  an  alarm  signal 
when  the  magnitude  of  the  indicator  signal  has 
fallen  below  the  reference  value.  The  alarm  signal 
can  then  trigger  an  audible  or  visible  alarm  such 

20  as,  for  example,  by  flashing  at  least  a  portion  of  the 
bar  graph  when  the  light  transmitted  from  the  light 
source  to  the  light  detector  falls  below  the  accept- 
able  level. 

25  Brief  Description  of  the  Drawings 

Figure  1  is  an  isometric  view  of  a  typical  trans- 
missive  pulse  oximetry  sensor  of  the  type  in  which 
the  LED's  and  the  light  detector  are  mounted  on  a 

30  common  flexible  web. 
Figure  2  is  a  cross-sectional  view  taken  along 

the  line  2  --  2  of  Figure  1  . 
Figure  3  is  a  cross-sectional  view  showing  the 

pulse  oximetry  sensor  of  Figure  1  applied  with  a 
35  lateral  misalignment. 

Figure  4  is  a  cross-sectional  view  showing  the 
pulse  oximetry  sensor  of  Figure  1  applied  with  a 
longitudinal  misalignment. 

Figure  5  is  a  cross-sectional  view  showing  the 
40  pulse  oximetry  sensor  of  Figure  1  applied  with  an 

angular  misalignment. 
Figure  6  is  a  cross-sectional  view  of  a  pulse 

oximetry  system  in  which  a  pulse  oximetry  monitor 
using  one  embodiment  of  the  inventive  aiming 

45  guide  system  is  connected  to  the  pulse  oximetry 
sensor  of  Figure  1  . 

Figure  7  is  a  block  diagram  of  the  pulse  ox- 
imetry  monitor  of  Figure  6. 

Figure  8  is  a  flow  chart  of  the  software  used  to 
50  program  a  microprocessor  used  in  the  pulse  ox- 

imetry  monitor  of  Figures  6  and  7. 

Detailed  Description  of  the  Invention 

55  A  conventional  transmissive  pulse  oximetry 
sensor  10  of  the  type  that  can  be  used  with  the 
inventive  alignment  system  is  illustrated  in  Figures 
1  and  2.  The  sensor  10  includes  an  elongated  web 
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12  of  flexible  material,  such  as  a  woven  fabric.  One 
surface  14  of  the  web  12  is  coated  with  a  conven- 
tional  adhesive  16  so  that  the  web  will  stick  to  the 
skin  of  a  patient  and  to  the  opposite  surface  18  of 
the  web  12  if  the  web  12  is  wrapped  around  itself. 

As  illustrated  in  Figure  2,  a  retention  sheet  30 
is  secured  to  the  adhesive  surface  14  at  one  end  of 
the  web  12.  A  pair  of  light  emitting  diodes 
("LED's")  32  mounted  on  a  common  substrate  are 
sandwiched  between  the  retention  sheet  30  and  the 
web  12  beneath  a  first  transparent  window  34 
formed  in  the  retention  sheet  30.  Similarly,  a  con- 
ventional  light  detector  36  is  sandwiched  between 
the  retention  sheet  30  and  the  web  12  beneath  a 
second  transparent  window  38  formed  in  the  reten- 
tion  sheet  30.  The  LED's  32  and  light  detector  36 
are  longitudinally  spaced  apart  from  each  other  by 
a  distance  that  allows  the  LED's  32  and  light  detec- 
tor  36  to  directly  face  each  other  when  the  web  12 
is  doubled  over  and  attached  to  the  skin  of  the 
patient  on  opposite  surfaces  of  a  body  part,  such 
as  a  finger. 

The  LED's  32  and  the  light  detector  36  are 
connected  to  respective  wires,  indicated  generally 
at  40,  which  are  bundled  together  to  form  a  cable 
42  that  terminates  in  an  electrical  connector  44. 
The  connector  44  plugs  into  a  conventional  pulse 
oximetry  monitor  (not  shown  in  Figure  1)  to  deter- 
mine  and  display  the  oxygen  saturation  of 
vascularized  tissues  positioned  between  the  LED's 
32  and  the  light  detector  36. 

The  sensor  10  is  normally  shipped  and  stored 
with  the  adhesive  surface  14  of  the  web  12  at- 
tached  to  a  release  sheet  46  of  plastic  or  the  like 
having  properties  that  allow  the  adhesive  to  easily 
separate  from  the  sheet  46.  When  the  sensor  10  is 
to  be  used,  the  release  sheet  46  is  stripped  from 
the  web  12,  and  the  web  12  is  attached  to  a  body 
part,  such  as  a  finger,  toe,  hand,  etc.  of  a  patient, 
by  forcing  the  adhesive  surface  14  against  the  skin 
of  the  patient.  As  mentioned  above,  the  web  12 
should  be  attached  so  that  the  LED's  32  are  posi- 
tioned  opposite  and  directly  face  the  light  sensor 
36. 

In  an  attempt  to  facilitate  proper  alignment  be- 
tween  the  LED's  32  and  the  light  detector  36, 
alignment  marks  50,  52,  54  are  placed  on  the 
exposed  surface  18  opposite  the  adhesive  surface 
14  as  illustrated  in  Figure  1.  The  first  alignment 
mark  50  consists  of  a  solid  transverse  line  passing 
directly  over  the  center  of  the  LED's  32  with  a 
circle  at  the  center  of  the  web  12  overlying  the 
LED's  32.  Similarly,  the  third  alignment  mark  54 
consists  of  a  solid  transverse  line  passing  directly 
over  the  center  of  the  light  detector  36  with  a  circle 
at  the  center  of  the  web  12  overlying  the  light 
detector  36.  Finally,  the  second  alignment  mark  52 
consists  of  a  dotted  transverse  line  positioned  mid- 

way  between  the  first  alignment  mark  50  and  the 
third  alignment  mark  54. 

The  alignment  marks  50  ~  54  attempt  to  assist 
the  medical  practitioner  in  applying  the  sensor  10 

5  because  the  circles  in  the  alignment  marks  50,  54 
should  be  directly  opposite  each  other  when  the 
sensor  10  is  properly  attached.  When  the  align- 
ment  marks  50,  54  are  placed  on  opposite  surfaces 
of  a  finger,  toe,  or  hand,  for  example,  the  dotted 

io  alignment  mark  52  should  extend  along  the  side  of 
the  finger,  toe,  or  hand.  However,  in  practice,  these 
alignment  marks  50  ~  54  are  often  not  effective  in 
assisting  medical  practitioners  in  properly  attaching 
the  sensor  10  for  the  reasons  explained  below  with 

is  reference  to  Figures  3  ~  5. 
One  type  of  potential  misalignment  of  the  pulse 

oximetry  sensor  10  of  Figures  1  and  2  is  illustrated 
in  Figure  3.  As  illustrated  in  Figure  3,  the  web  12  is 
wrapped  around  the  finger  F  of  a  patient.  However, 

20  the  web  12  is  wrapped  in  a  slight  spiral  configura- 
tion.  As  a  result,  the  LED's  32  on  the  top  of  the 
finger  F  do  not  directly  overly  the  light  detector  36 
on  the  bottom  of  the  finger  F.  Instead,  the  LED's  32 
and  light  detector  36  are  displaced  from  each  other 

25  by  a  distance  Li  along  an  axis  extending  laterally 
with  respect  to  the  web  12.  Under  these  circum- 
stances,  the  amount  of  light  transmitted  from  the 
LED's  32  to  the  light  detector  36  may  be  insuffi- 
cient  to  provide  highly  accurate  measurements  of 

30  oxygen  saturation. 
It  should  be  noted  that  the  alignment  marks  50 

~  54  on  the  web  12  are  incapable  of  preventing 
lateral  misalignments  of  the  type  shown  in  Figure  3 
because  the  marks  50  ~  54  are  covered  by  the 

35  portion  of  the  web  12  extending  beyond  the  reten- 
tion  sheet  30.  In  fact,  the  portion  of  the  web  12 
containing  the  LED's  32  and  the  light  detector  36  is 
covered  by  the  extended  portion  of  the  web  12, 
thus  making  it  virtually  impossible  to  visually  detect 

40  lateral  misalignments. 
Another  type  of  potential  misalignment  of  the 

pulse  oximetry  sensor  10  of  Figures  1  and  2  is 
illustrated  in  Figure  4.  As  illustrated  in  Figure  4,  the 
web  12  is  wrapped  around  the  finger  F  of  a  patient. 

45  However,  the  LED's  32  are  mounted  on  the  web  12 
at  a  distance  from  the  light  detector  36  that  is 
different  from  one-half  the  circumference  of  the 
finger  F.  As  a  result,  the  LED's  32  on  the  top  of  the 
finger  F  do  not  directly  overly  the  light  detector  36 

50  on  the  bottom  of  the  finger  F.  Instead,  the  LED's  32 
and  light  detector  36  are  displaced  from  each  other 
by  a  distance  L2  along  an  axis  extending  along  the 
length  of  the  web  12.  Under  these  circumstances, 
the  amount  of  light  transmitted  from  the  LED's  32 

55  to  the  light  detector  36  may  also  be  insufficient  to 
provide  highly  accurate  measurements  of  oxygen 
saturation. 
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As  with  lateral  misalignment  of  the  type  illus- 
trated  in  Figure  3,  the  alignment  marks  50  --  54  on 
the  web  12  are  also  incapable  of  preventing  lon- 
gitudinal  misalignments  of  the  type  shown  in  Figure 
4  because  it  generally  will  not  be  possible  to  view 
both  alignment  marks  50  and  54  at  the  same  time 
since  they  are  on  opposite  surfaces  of  the  finger  F. 
Moreover  in  many  application,  including  the  ap- 
plication  shown  in  Figure  3,  the  alignment  marks  50 
~  54  will  be  covered  by  the  portion  of  the  web  12 
extending  beyond  the  retention  sheet  30. 

Still  another  type  of  potential  misalignment  of 
the  pulse  oximetry  sensor  10  of  Figure  1  is  illus- 
trated  in  Figure  5.  As  illustrated  in  Figure  5,  the 
web  12  is  wrapped  around  a  portion  of  the  finger  F 
of  a  patient  in  which  the  opposite  surface  of  the 
finger  F  are  not  parallel  to  each  other.  As  a  result, 
the  LED's  32  on  the  top  of  the  finger  F  do  not 
directly  face  the  light  detector  36  on  the  bottom  of 
the  finger  F.  Instead,  the  illumination  axes  of  the 
LED's  32  and  the  axis  of  sensitivity  of  the  light 
detector  36  are  displaced  from  each  other  by  an 
angle  J.  This  angular  misalignment  may  prevent 
the  amount  of  light  transmitted  from  the  LED's  32 
to  the  light  detector  36  from  being  sufficient  to 
provide  highly  accurate  measurements  of  oxygen 
saturation,  particularly  where  the  illumination  axes 
of  the  LED's  32  and  the  axis  of  sensitivity  of  the 
light  detector  36  are  relatively  narrow. 

The  alignment  marks  50  --  54  on  the  web  12 
are  also  incapable  of  preventing  angular  misalign- 
ments  of  the  type  shown  in  Figure  5  because  it 
generally  will  not  be  possible  to  view  both  align- 
ment  marks  50  and  54  at  the  same  time  even  if  the 
marks  50  ~  54  were  not  covered  by  the  extended 
portion  of  the  web  12.  Also,  it  would  be  difficult  to 
verify  visually  that  the  circle  portions  of  the  align- 
ment  marks  50,  54  are  sufficiently  parallel  to  each 
other. 

One  embodiment  of  a  pulse  oximetry  system 
60  employing  the  inventive  alignment  system  is 
illustrated  in  Figure  6.  The  pulse  oximetry  system 
60  includes  the  transmissive  pulse  oximetry  sensor 
10  illustrated  in  Figures  1  and  2  connected  to  a 
pulse  oximetry  monitor  62  having  a  cathode  ray 
tube  screen  64.  The  monitor  62  illustrated  in  Figure 
6  is  of  the  type  using  "softkeys"  and  a  "touch 
screen"  to  control  its  operation.  In  monitors  of  this 
type,  the  "keys"  are  generated  on  the  face  of  the 
screen  by  conventional  software  in  the  monitor  62, 
and  the  selection  of  a  "key"  is  detected  by  a  set  of 
LED's  (not  shown)  and  light  detectors  (not  shown) 
mounted  on  opposite  sides  of  a  bezel  66  surround- 
ing  the  screen  64. 

The  monitor  62  employing  the  inventive  align- 
ment  system  departs  from  the  prior  art  by  adding 
to  the  screen  64  an  alignment  guide  display.  More 
specifically,  a  portion  of  the  screen  64  contains  a 

rectangular  bar  graph  70  defined  by  a  rectangular 
outline  72  of  fixed  dimensions.  The  outline  72  is 
partially  filled  with  an  illuminated  area  74.  The 
height  of  the  illuminated  area  74  is  a  function  of  the 

5  magnitude  of  the  light  transmitted  from  the  LED's 
32  to  the  light  detector  36.  As  a  result,  when  the 
pulse  oximetry  sensor  10  is  being  attached  to  a 
patient,  the  height  of  the  illuminated  are  74  will 
provide  the  medical  practitioner  attaching  the  sen- 

io  sor  10  with  feedback  about  amount  of  light  being 
transmitted  from  the  LED's  32  to  the  light  detector 
36.  The  position  of  the  web  12  can  then  be  ad- 
justed  to  maximize  the  height  of  the  illuminated 
area  74,  thus  optimizing  the  accuracy  of  the  pulse 

is  oximetry  system  60.  It  will  be  apparent  to  one 
skilled  in  the  art  that  other  types  of  graphical  dis- 
plays  as  well  as  numeric  readouts  could  also  be 
used  without  departing  from  the  invention. 

The  bar  graph  70  may  simply  display  the  de- 
20  gree  of  optical  coupling  between  the  LED's  32  and 

the  light  detector  36,  or  it  may  include  an  alarm  for 
indicating  that  the  optical  coupling  between  the 
LED's  32  and  the  light  detector  36  is  insufficient  to 
ensure  accurate  measurements.  One  type  of  alarm 

25  illustrated  in  Figure  6  uses  a  solid  line  76  extending 
across  the  bar  graph  outline  72  at  a  height  cor- 
responding  to  a  predetermined  optical  coupling  be- 
tween  the  LED's  32  and  the  light  detector  36.  The 
predetermined  optical  coupling  represented  by  the 

30  line  76  preferably  corresponds  to  the  point  where 
the  optical  coupling  falls  to  a  level  that  is  insuffi- 
cient  to  obtain  oxygen  saturation  measurements 
having  more  than  a  predetermined  degree  of  accu- 
racy.  However,  the  line  76  may  be  set  at  any  level 

35  depending  upon  the  degree  of  misalignment  that  is 
to  be  permitted.  When  the  illuminated  area  74 
drops  below  the  level  of  the  line  76,  the  entire  bar 
graph  70  flashes  off  and  on  to  alert  the  practitioner 
that  the  position  of  the  pulse  oximetry  sensor  10 

40  should  be  adjusted.  Other  types  of  alarms,  includ- 
ing  flashing  lights,  audible  alarms,  etc.,  could  also 
be  used. 

A  block  diagram  of  the  pulse  oximetry  system 
60  using  the  monitor  62  of  Figure  6  is  illustrated  in 

45  Figure  7.  It  should  be  recognized  that  the  portion  of 
the  monitor  62  that  drives  the  LED's  32,  processes 
the  signal  output  by  the  light  detector  36,  cal- 
culates  oxygen  saturation,  and  displays  the  result 
is  conventional.  Thus,  in  the  interest  of  brevity, 

50  these  aspects  of  the  monitor  62  are  not  described 
in  detail  herein. 

The  monitor  62  includes  a  sensor  interface 
circuit  80  of  conventional  design  that  alternately 
pulses  the  LED's  32  (Figures  1  and  2)  in  the 

55  sensor  10  to  cause  the  LED's  32  to  alternately  emit 
red  and  infra-red  light.  The  light  passes  through 
vascularized  tissues  to  the  light  detector  36  thereby 
causing  the  light  detector  36  to  output  an  indicator 

5 
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signal  that  is  a  function  of  the  magnitude  of  the 
light  transmitted  through  the  tissues.  The  indicator 
signal  is  then  amplified  by  the  interface  circuit  80 
and  directed  to  one  of  two  outputs  82,  84  depend- 
ing  upon  which  LED  32  is  illuminated  when  the 
indicator  signal  is  received. 

The  indicator  signal  corresponding  to  the  trans- 
mission  of  light  from  the  red  LED  to  the  light 
detector  36  is  applied  from  the  output  82  to  a  first 
sample  and  hold  ("S/H")  circuit  86  of  conventional 
design  which  periodically  outputs  analog  samples. 
Each  of  these  analog  samples  is  a  voltage  cor- 
responding  to  the  amplitude  of  the  red  indicator 
signal  from  the  interface  circuit  80  when  the  sam- 
ple  was  taken.  The  analog  samples  generated  by 
the  S/H  circuit  86  are  then  converted  to  a  digital 
value  corresponding  to  the  voltage  of  each  sample 
by  a  conventional  analog-to-digital  ("A/D")  convert- 
er  88.  The  resulting  digital  value  indicative  of  the 
transmission  of  red  light  from  the  LED  32  to  the 
light  detector  36  is  applied  to  an  input  port  of  a 
conventional  microprocessor  90. 

The  indicator  signal  corresponding  to  the  trans- 
mission  of  light  from  the  infra-red  LED  to  the  light 
detector  36  is  processed  by  similar  circuitry.  Spe- 
cifically,  the  infra-red  indicator  signal  is  applied 
from  the  output  84  of  the  sensor  interface  circuit  80 
to  a  second  S/H  circuit  92.  Each  of  the  analog 
samples  generated  by  the  S/H  circuit  92  is  then 
converted  to  a  corresponding  digital  value  by  a 
second  A/D  converter  94.  The  resulting  digital  val- 
ue  indicative  of  the  transmission  of  infra-red  light 
from  the  LED  32  to  the  light  detector  36  is  applied 
to  a  second  input  port  of  the  microprocessor  90. 

The  microprocessor  90  calculates  the  oxygen 
saturation  of  the  patient  from  the  red  and  infra-red 
digital  samples  in  a  conventional  manner  using  the 
familiar  Lambert-Beers  equation.  The  result  of  the 
calculation  is  then  displayed  on  the  face  of  the 
cathode  ray  tube  screen  64  (Figure  6)  in  a  known 
manner. 

The  microprocessor  90  operates  according  to  a 
program  of  instructions  that  are  stored  in  memory 
that  is  internal  to  the  microprocessor  90.  A  flow 
chart  showing  this  program  from  which  one  skilled 
in  the  art  can  easily  and  quickly  write  source  code 
for  a  selected  microprocessor  type  is  illustrated  in 
Figure  8.  It  should  be  noted  that  the  flow  chart  of 
Figure  8  does  not  show  the  software  in  substantial 
detail  for  performing  pulse  oximetry  functions,  such 
as  illuminating  the  LED's,  calculating  oxygen  satu- 
ration,  driving  the  CRT  screen  64,  etc.  Such  soft- 
ware  is  well  known  to  one  skilled  in  the  art  of  pulse 
oximetry  design  since  such  software  is  used  in  a 
number  of  commercially  available  pulse  oximetry 
monitors. 

The  program  illustrated  in  Figure  8  is  entered 
at  power  on  through  step  100,  and  conventional 

initialization  of  flags,  registers,  etc.  occurs  at  102. 
The  program  then  causes  the  microprocessor  90 
(Figure  7)  to  read  the  digitized  red  and  infra-red 
samples  from  the  A/D  converters  88,  94  at  step 

5  104.  The  microprocessor  90  calculates  oxygen 
saturation  from  these  red  and  infra-red  samples  in 
a  conventional  manner  at  106,  and  displays  the 
calculated  value  on  the  CRT  screen  64  at  108.  The 
microprocessor  90  may  also  display  the  calculated 

io  value  on  the  CRT  screen  64  in  graphical  as  well  as 
numerical  formats.  For  example,  the  microproces- 
sor  90  may  draw  a  running  graph  on  the  CRT 
screen  64  showing  oxygen  saturation  as  a  function 
of  time. 

is  After  the  oxygen  saturation  value  has  been 
displayed  the  program  executes  a  number  of  steps 
that  implement  the  inventive  alignment  guide  func- 
tion.  Step  120  of  the  program  causes  the  micropro- 
cessor  90  to  draw  the  rectangular  outline  70  (Fig- 

20  ure  6)  of  the  bar  graph  70  as  well  as  the  solid  line 
76  designating  the  alarm  limit  threshold  described 
above  with  reference  to  Figure  6. 

The  program  then  progresses  to  step  122 
where  the  microprocessor  90  fills  in  the  outline  72 

25  to  form  the  illuminated  area  74  depending  upon  the 
magnitude  of  either  the  digitized  red  sample  gen- 
erated  by  the  A/D  converter  88  or  the  digitized 
infra-red  sample  generated  by  the  A/D  converter 
94.  Although  not  necessary,  a  combination  of  both 

30  the  red  sample  and  the  infra-red  sample  could  also 
be  used. 

Regardless  of  whether  the  red  sample,  the 
infra-red  sample,  or  some  combination  of  both 
samples  is  used  to  set  the  height  of  the  illuminated 

35  area  74,  the  value  corresponding  to  the  height  of 
the  illuminated  area  74  is  compared  to  the  alarm 
limit  threshold  represented  by  the  solid  line  76  at 
step  124.  If  the  program  determines  at  step  124 
that  the  sample  used  to  set  the  height  of  the 

40  illuminated  area  74  is  less  than  the  alarm  limit 
threshold,  the  program  causes  the  microprocessor 
90  to  flash  the  bar  graph  70  at  step  126.  The 
program  then  returns  to  step  104  to  obtain  new  red 
and  infra-red  samples.  If  the  program  determines  at 

45  step  124  that  the  sample  used  to  set  the  height  of 
the  illuminated  area  74  is  not  less  than  the  alarm 
limit  threshold,  the  program  returns  directly  to  step 
104  without  passing  through  step  126  to  flash  the 
bar  graph  70.  The  program  continues  to  execute 

50  steps  104  --  126,  thereby  continuously  displaying 
in  essentially  real  time  both  the  level  of  oxygen 
saturation  as  well  as  a  guide  for  properly  attaching 
the  pulse  oximetry  sensor  10. 

The  inventive  alignment  guide  system  thus 
55  easily  and  quickly  allows  medical  practitioners  to 

properly  attach  transmissive  pulse  oximeter  sen- 
sors  as  well  as  allowing  them  to  monitor  the  cor- 
rectness  of  the  attachment  during  use.  Further- 
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more,  the  alignment  guide  system  may  be  used 
with  virtually  any  type  of  conventional  pulse  ox- 
imetry  monitor  connected  to  such  transmissive 
pulse  oximeter  sensors. 

Claims 

1.  A  system  for  optimally  positioning  a  light 
source  with  respect  to  a  light  detector  in  a 
plethysmograph  sensor,  said  system  compris- 
ing: 

a  light  driver  connected  to  said  light 
source  to  energize  said  light  source,  thereby 
causing  said  light  source  to  emit  light; 

a  receiver  circuit  connected  to  said  light 
detector,  said  receiver  circuit  generating  an 
indicator  signal  that  is  indicative  of  the  mag- 
nitude  of  the  light  transmitted  from  said  light 
source  to  said  light  detector;  and 

a  display  operably  connected  to  said  re- 
ceiver  circuit  to  provide  a  visual  display  of  said 
indicator  signal  so  that  said  display  can  be 
monitored  while  said  plethysmograph  sensor  is 
being  attached  to  a  patient  in  order  to  optimize 
the  positioning  of  said  light  source  with  respect 
to  said  light  detector. 

2.  The  system  of  claim  1  wherein  said  display 
includes  a  bar  graph  on  which  the  magnitude 
of  said  indicator  signal  is  displayed  as  a  func- 
tion  of  a  dimension  of  said  bar  graph. 

3.  The  system  of  claim  2  wherein  said  bar  graph 
contains  a  threshold  marking  at  a  position  on 
said  bar  graph  corresponding  to  the  magnitude 
of  said  indicator  signal  at  which  the  light  trans- 
mitted  from  said  light  source  to  said  light  de- 
tector  falls  below  an  acceptable  level. 

4.  The  system  of  claim  3  further  including  alarm 
means  for  signaling  when  the  magnitude  of 
said  indicator  signal  shown  on  said  bar  graph 
has  fallen  below  said  threshold  marking. 

5.  The  system  of  claim  4  wherein  said  alarm 
means  comprise: 

comparitor  means  for  comparing  said  in- 
dicator  signal  to  a  predetermined  reference 
value,  said  comparitor  means  providing  an 
alarm  signal  when  the  magnitude  of  said  in- 
dicator  signal  has  fallen  below  said  reference 
value;  and 

alarm  display  means  operatively  coupled 
to  said  comparitor  means  and  said  display, 
said  alarm  display  means  flashing  at  least  a 
portion  of  said  bar  graph  responsive  to  said 
alarm  signal  thereby  providing  a  visual  indica- 
tion  when  the  light  transmitted  from  said  light 

source  to  said  light  detector  falls  below  said 
acceptable  level. 

6.  A  pulse  oximetry  system,  comprising: 
5  a  transmissive  pulse  oximetry  sensor,  compris- 

ing: 
a  flexible  web  having  a  surface  coated  with 

an  adhesive  so  that  said  web  can  stick  to  the 
skin  of  a  patient; 

io  first  and  second  light  sources  mounted  on 
said  web  with  said  light  sources  adapted  to 
generate  light  at  respective  wavelengths  in  a 
direction  normal  to  the  adhesive  coated  sur- 
face  of  said  web;  and 

is  a  light  detector  mounted  on  said  web  with 
said  light  detector  adapted  to  receive  light  in  a 
direction  normal  to  the  adhesive  coated  sur- 
face  of  said  web,  said  light  detector  being 
spaced  apart  from  said  light  sources  so  that 

20  said  light  detector  and  said  light  sources  can 
face  each  other  when  said  web  is  wrapped 
around  a  portion  of  said  patient's  body;  and 
a  pulse  oximetry  monitor,  comprising: 

a  light  driver  connected  to  said  light  sour- 
25  ces  to  energize  said  light  sources,  thereby 

causing  said  light  sources  to  emit  light; 
a  receiver  circuit  connected  to  said  light 

detector,  said  receiver  circuit  generating  first 
and  second  indicator  signals  that  are  indicative 

30  of  the  magnitude  of  the  light  transmitted  to 
said  light  detector  from  said  first  and  second 
light  sources,  respectively;  and 

a  processor  operatively  connected  to  said 
receiver  circuit,  said  processor  receiving  said 

35  first  and  second  indicator  signals,  calculating 
the  oxygen  saturation  of  tissues  beneath  the 
skin  of  said  patient  to  which  said  pulse  ox- 
imetry  sensor  is  attached,  and  generating  a 
saturation  signal  corresponding  the  oxygen 

40  saturation  of  said  tissues; 
a  display  operably  connected  to  said  pro- 

cessor  and  to  said  receiver  circuit  to  receive 
said  saturation  signal  and  at  least  one  of  said 
indicator  signals,  said  display  providing  a  vi- 

45  sual  indication  of  the  oxygen  saturation  of  said 
tissues  and  the  magnitude  of  the  indicator  sig- 
nal  received  by  said  display  so  that  said  dis- 
play  can  be  monitored  while  said  pulse  ox- 
imetry  sensor  is  being  attached  to  said  patient 

50  in  order  to  optimize  the  alignment  between 
said  light  sources  and  said  light  detector. 
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