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©  Disclosed  are  a  method  of  measuring  blood 
pressure,  and  an  automatic  sphygmomanometer  for 
implementing  this  method,  whereby  it  is  possible  to 
obtain  an  appropriate  value  of  cuff  inflation  that  is 
dependent  upon  the  systolic  blood  pressure  of  a 
patient.  Pulse  waves  are  extracted  from  cuff  pres- 
sure  obtained  through  a  pressure  detector  during 
inflation  of  the  cuff,  and  the  rate  of  change  in  the 
amplitude  of  the  pulse  waves  is  obtained  by  a  con- 
trol  unit.  When  the  rate  of  change  obtained  has 
exceeded  a  predetermined  threshold  value,  it  is 
judged  that  the  internal  cuff  pressure  has  surpassed 
the  patient's  systolic  blood  pressure.  In  response, 
inflation  of  the  cuff  by  means  of  a  pump  is  termi- 
nated. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention: 

This  invention  relates  to  a  method  of  measur- 
ing  blood  pressure  and  an  automatic  sphygmoma- 
nometer  for  implementing  this  method.  More  par- 
ticularly,  the  invention  relates  to  a  method  of  mea- 
suring  blood  pressure  and  an  automatic  sphyg- 
momanometer  in  which  an  appropriate  value  of 
pressurization  is  capable  of  being  detected  auto- 
matically. 

Prior  Art: 

A  well-known  method  of  measuring  blood  pres- 
sure  includes  the  oscillometric  method  in  which 
oscillation  (referred  to  as  a  "pulse  wave")  produced 
when  blood  flows  through  a  blood  vessel  is  de- 
tected  and  the  value  of  blood  pressure  is  deter- 
mined  by  a  change  in  the  state  of  the  pulse  wave. 
In  accordance  with  this  method,  it  is  necessary  to 
know  the  amplitude  of  the  pulse  wave,  the  change 
thereof  and  the  characteristics  of  the  waveform. 
Therefore,  when  blood  pressure  is  measured,  first 
the  internal  pressure  of  a  cuff  wound  upon  the 
patient's  arm  is  elevated  to  a  value  30  to  40  mmHg 
higher  than  that  of  the  patient's  systolic  blood 
pressure  or  maximum  blood  pressure,  then  the  cuff 
pressure  is  gradually  reduced  to  obtain  a 
waveform,  of  the  kind  shown  in  Fig.  7,  indicating 
the  change  in  the  pulse  wave  with  the  passage  of 
time.  As  shown  in  Fig.  7,  the  amplitude  of  the  pulse 
wave  gradually  increases  with  respect  to  time,  but 
then  its  amplitude  decreases  after  it  reaches  a 
certain  point.  It  is  known  that  cuff  pressure  at  the 
time  of  maximum  amplitude  of  the  pulse  wave  is 
the  mean  blood  pressure. 

Thus,  when  blood  pressure  is  measured  in  this 
manner,  the  interior  of  the  cuff  is  required  to  be 
pressurized  so  that  its  internal  pressure  exceeds 
the  patient's  systolic  blood  pressure  by  30  to  40 
mmHg.  For  this  reason,  the  conventional  sphyg- 
momanometer  is  provided  with  a  switch  so  that 
different  values  of  increased  pressure  (e.g.,  140, 
170,  200,  240  mmHg)  can  be  set,  and  the  patient 
makes  use  of  the  switch  to  select  and  set  a  suit- 
able  value  of  increased  pressure  depending  upon 
the  patient's  own  systolic  blood  pressure  value. 

However,  the  prior  art  described  above  has 
certain  disadvantages.  For  example,  if  the  patient 
does  not  have  a  rough  idea  of  his  or  her  own  blood 
pressure,  or  if  the  value  of  pressurization  selected 
is  inappropriate,  the  pressure  of  the  cuff  may  be 
inadequate  or,  conversely,  the  pressure  of  the  cuff 
may  be  too  high.  In  addition,  the  switch  provided 
on  the  sphygmomanometer  for  setting  different  val- 
ues  of  pressurization  is  capable  of  setting  these 

values  in  stages  only.  For  example,  if  the  values 
can  only  be  set  in  the  manner  described  earlier, 
then  a  patient  whose  systolic  blood  pressure  is  120 
mmHg  must  pressurize  the  pressure  of  the  cuff  to 

5  170  mmHg.  Pressurization  to  this  extent  can  cause 
the  patient  discomfort. 

In  an  effort  to  solve  the  foregoing  problems, 
Japanese  Patent  Application  Laid-Open  No.  60- 
40038  discloses  a  technique  in  which  the  mean 

io  blood-pressure  value  is  obtained  during  increase  of 
the  internal  pressure  of  the  cuff  or  inflation  of  the 
cuff  and  an  appropriate  value  of  pressurization  is 
found  based  upon  the  mean  value  obtained.  In  this 
case,  however,  it  is  required  that  the  rate  at  which 

75  the  internal  pressure  of  the  cuff  is  raised  be  held  at 
5  mmHg/sec  in  consideration  of  the  patient's  pulse 
rate  (60  ~  70  beats/min),  and  in  order  to  obtain  the 
mean  blood-pressure  value  in  accurate  fashion.  As 
a  consequence,  an  extended  period  of  time  is 

20  required  to  measure  blood  pressure.  This  places  a 
considerable  burden  upon  the  patient.  Furthermore, 
in  order  to  obtain  the  mean  blood-pressure  value 
(absolute  value),  a  calibration  circuit  is  necessary. 
This  inevitably  results  in  a  more  complicated  ap- 

25  paratus. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  an  object  of  the  present  invention 
30  is  to  provide  an  automatic  sphygmomanometer  ca- 

pable  of  detecting  an  appropriate  pressurization 
value  automatically,  and  of  measuring  blood  pres- 
sure  in  a  short  period  of  time. 

According  to  the  present  invention,  the  fore- 
35  going  object  is  attained  by  providing  an  automatic 

sphygmomanometer  having  a  cuff  affixed  to  a  liv- 
ing  body,  pressurizing  means  for  supplying  the 
interior  of  the  cuff  with  pressurized  air,  cuff-pres- 
sure  detecting  means  for  detecting  the  pressure  of 

40  the  pressurized  air,  and  venting  means  for  venting 
the  pressurized  air  from  the  interior  of  the  cuff, 
comprising  pulse-wave  detecting  means  for  detect- 
ing  pulse  waves  from  the  living  body,  based  upon 
the  cuff  pressure  detected  by  the  cuff-pressure 

45  detecting  means,  during  inflation  (pressurization)  of 
the  cuff  by  the  pressurizing  means,  and  control 
means  for  picking  up  a  change  in  the  pulse  waves 
and  performing  control,  based  upon  the  change  in 
the  pulse  waves,  in  such  a  manner  that  inflation  of 

50  the  cuff  by  the  pressurizing  means  is  halted. 
Another  object  of  the  present  invention  is  to 

provide  a  method  of  measuring  blood  pressure,  in 
which  an  appropriate  pressurization  value  can  be 
detected  and  the  measurement  can  be  performed 

55  in  a  short  period  of  time. 
According  to  the  present  invention,  the  fore- 

going  object  is  attained  by  providing  a  method  of 
measuring  blood  pressure  comprising  a  pressuriz- 
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ing  step  of  supplying  the  interior  of  a  cuff,  which 
has  been  affixed  to  a  living  body,  with  pressurized 
air  in  order  to  inflate  the  cuff,  a  detecting  step  of 
detecting  pulse  waves  from  the  living  body  during 
inflation  of  the  cuff,  a  calculating  step  of  calculating 
a  rate  of  change  in  the  pulse  waves  based  upon 
the  pulse  waves  detected  at  the  detecting  step,  a 
comparing  step  of  comparing  the  rate  of  change  in 
the  pulse  waves  with  a  predetermined  threshold 
value,  a  stopping  step  of  stopping  pressurization  of 
the  cuff  based  upon  results  of  comparison  per- 
formed  by  the  comparing  means,  and  a  measuring 
step  of  measuring  systolic  blood  pressure  and/or 
diastolic  blood  pressure  (minimum  blood  pressure) 
after  pressurization  of  the  cuff  has  been  stopped. 

In  accordance  with  the  present  invention  as 
described  above,  pulse  waves  are  picked  up  from 
the  living  body  during  inflation  of  the  cuff  interior 
by  the  pressurizing  means,  and  control  is  executed 
so  that  inflation  of  the  cuff  is  halted  based  upon  the 
change  in  the  pulse  waves. 

The  present  invention  is  particularly  advanta- 
geous  since  the  cuff  pressure  is  elevated  at  a  high 
rate  of  pressurization,  the  pulse  waves  are  detected 
during  inflation  of  the  cuff,  and  the  appropriate 
value  of  inflation  can  be  determined  based  upon 
the  change  in  the  waveform  of  the  pulse  waves.  As 
a  result,  the  optimum  inflation  of  the  cuff  can  be 
carried  out  at  all  times,  and  measurement  of  blood 
pressure  can  be  performed  in  a  short  period  of 
time.  In  addition,  manual  setting  of  blood-pressure 
values  is  no  longer  required. 

Other  features  and  advantages  of  the  present 
invention  will  be  apparent  from  the  following  de- 
scription  taken  in  conjunction  with  the  accompany- 
ing  drawings,  in  which  like  reference  characters 
designate  the  same  or  similar  parts  throughout  the 
figures  thereof. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  accompanying  drawings,  which  are  incor- 
porated  in  and  constitute  a  part  of  the  specification, 
illustrate  embodiments  of  the  invention  and,  to- 
gether  with  the  description,  serve  to  explain  the 
principles  of  the  invention. 

Fig.  1  is  an  external  perspective  view  of  an 
automatic  sphygmomanometer  illustrating  a  typi- 
cal  embodiment  of  the  present  invention; 
Figs.  2A  and  2B  are  block  diagrams  showing  the 
construction  of  a  inflating/deflating  unit  and 
blood-pressure  measurement  control  unit  con- 
stituting  the  main  body  of  the  automatic  sphyg- 
momanometer; 
Fig.  3  is  a  diagram  showing  a  change  in  pulse 
waves  during  a  rise  in  cuff  pressure; 
Fig.  4  is  a  flowchart  showing  processing  for 
measuring  blood  pressure; 

Fig.  5  is  a  flowchart  showing  processing  for 
initially  setting  the  automatic  sphygmomanom- 
eter  when  blood  pressure  is  measured; 
Fig.  6  is  a  flowchart  showing  battery-check  mon- 

5  itoring  processing  performed  by  the  automatic 
sphygmomanometer  when  blood  pressure  is 
measured;  and 
Fig.  7  is  a  diagram  showing  a  change  in  the 
pulse  waves  during  a  decline  in  cuff  pressure. 

10 
DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT(S) 

Preferred  embodiments  of  the  present  inven- 
15  tion  will  now  be  described  in  detail  in  accordance 

with  the  accompanying  drawings. 

[Description  of  the  construction  of  the  automatic 
sphygmomanometer] 

20 
Fig.  1  is  an  external  perspective  view  of  an 

automatic  sphygmomanometer  illustrating  a  typical 
embodiment  of  the  present  invention.  As  shown  in 
Fig.  1,  an  automatic  sphygmomanometer  com- 

25  prises  a  main  body,  a  cuff  2  and  a  tube  3  intercon- 
necting  the  main  body  and  cuff.  The  cuff  2  has  an 
internally  provided  microphone  4  for  detecting 
Korotkoff  sounds,  and  the  tube  3  is  provided  with  a 
constant-rate  exhaust  valve  5.  The  main  body  1  is 

30  provided  with  a  power-supply  switch  6  for  applying 
power  to  and  cutting  off  power  from  the  automatic 
sphygmomanometer,  an  indicator  lamp  7  which 
indicates  that  measurement  of  blood  pressure  is  in 
progress,  an  LCD  (liquid-crystal  display)  8  for  dis- 

35  playing  the  results  of  measurement,  and  a  buzzer 
9.  In  this  embodiment,  the  automatic  sphygmoma- 
nometer  employs  dry  cells  10  as  the  power  supply. 
These  are  accommodated  in  a  cell  receptacle  1  1  of 
the  main  body  1  . 

40  The  interior  of  the  main  body  1  is  further 
provided  with  a  inflating/deflating  unit  20  for  inflat- 
ing  and  deflating  the  cuff  2,  and  a  blood-pressure 
measurement  control  unit  30  for  controlling  the 
inflating  and  deflating  of  the  cuff  2. 

45  Fig.  2  is  a  block  diagram  illustrating  the  con- 
struction  of  the  inflating/deflating  unit  20  and  the 
blood-pressure  measurement  control  unit  30.  As 
shown  in  Fig.  2,  the  inflating/deflating  unit  20  com- 
prises  a  driver  21  and  a  pump  22  for  inflating  the 

50  cuff  2,  as  well  as  a  driver  23  and  exhaust  valve  24 
for  deflating  the  cuff  2.  The  blood-pressure  mea- 
surement  control  unit  30  is  equipped  with  power- 
supply  controller  31  for  controlling  the  supply  of 
power  to  the  entirety  of  the  main  body,  a  reference 

55  power-supply  unit  35,  a  pressure  detector  32  for 
detecting  cuff  pressure  applied  to  a  living  body 
through  the  cuff  2,  an  operational  amplifier  33  for 
amplifying  an  output  from  the  pressure  detector  32, 
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a  filter  amplifier  34  for  eliminating  noise  and  ex- 
tracting  pulse  waves  from  the  output  of  the  oper- 
ational  amplifier  33,  and  an  operational  amplifier  36 
for  amplifying  Korotkoff  sounds  detected  by  the 
microphone  4. 

The  Korotkoff  sounds  detected  by  the  micro- 
phone  4  are  amplified  by  the  operational  amplifier 
36,  after  which  the  amplified  signal  is  fed  into  a 
filter  amplifier  37  that  is  for  recognizing  systolic 
blood  pressure,  and  a  filter  amplifier  39  that  is  for 
recognizing  diastolic  blood  pressure  (minimum 
blood  pressure).  The  outputs  of  these  amplifiers 
37,  39  are  wave-shaped  by  level  detecting  and 
wave  shaping  units  38,  40,  respectively,  and  the 
outputs  of  the  units  38,  40  are  applied  to  a 
Korotkoff-sound  pulse-wave  recognition  unit  54. 
Meanwhile,  the  cuff  pressure  detected  by  the  pres- 
sure  detector  32  and  the  pulse  waves  obtained 
through  the  filter  amplifier  34  are  fed  into  an  A/D 
converter  53,  where  they  are  converted  into  digital 
signals.  A  controller  51  monitors  the  recognized 
Korotkoff  sounds  and  the  cuff  pressure  and  con- 
trols  the  inflation  and  deflation  of  the  cuff  2  through 
the  drivers  21  ,  23  as  necessary.  Further,  as  neces- 
sary,  the  controller  51  causes  the  LCD  8  to  display 
the  value  of  systolic  blood  pressure,  the  value  of 
diastolic  blood  pressure  and  the  pulse  rate  through 
a  display  driver  52,  and  causes  the  buzzer  9  to 
emit  sound. 

Thus,  with  the  automatic  sphygmomanometer 
of  this  embodiment,  cuff  pressure  and  the  change 
in  the  pulse  waves  are  monitored  in  order  to  obtain 
the  optimum  value  of  pressurization,  and  the  Korot- 
koff  sounds  are  monitored  in  order  to  obtain  the 
systolic  and  diastolic  values  of  blood  pressure. 
Accordingly,  the  method  of  measuring  blood  pres- 
sure  according  to  this  embodiment  can  be  said  to 
be  a  combination  of  the  Korotkoff  method  and 
oscillometric  method. 

[Method  of  detecting  appropriate  value  of 
pressurization] 

In  accordance  with  the  prior  art,  pulse  waves 
are  detected  during  the  decline  in  cuff  pressure, 
and  the  systolic,  diastolic  and  mean  values  of 
blood  pressure  are  measured  based  upon  the  de- 
tected  waveform.  However,  it  is  possible  also  to 
detect  pulse  waves  during  the  increase  in  cuff 
pressure.  Fig.  3  is  a  diagram  illustrating  the  change 
in  the  pulse  waves  with  time  during  the  inflation  of 
the  cuff.  During  the  process  of  the  inflation  of  the 
cuff,  the  amplitude  of  the  pulse  waves  gradually 
increases  but  then  starts  to  decrease  when  a  cer- 
tain  point  is  passed.  It  has  been  experimentally 
verified  that  the  decrease  in  the  amplitude  of  the 
pulse  waves  is  particularly  pronounced  at  the  mo- 
ment  the  point  of  systolic  blood  pressure  is 

passed. 
This  fact  is  utilized  in  the  present  embodiment. 

Specifically,  the  pulse  waves  are  detected  during 
the  rise  in  cuff  pressure,  a  detected  pulse  wave  is 

5  compared  with  the  pulse  wave  of  the  immediately 
preceding  beat  and,  when  pulse-wave  amplitude 
has  diminished  in  excess  of  a  predetermined  level 
(found  experimentally  to  be  about  50  ~  about  70° 
of  the  pulse-wave  amplitude  which  prevailed  at  the 

io  preceding  beat),  it  is  judged  that  the  systolic  blood 
pressure  has  been  exceeded.  Inflation  of  the  cuff  is 
then  terminated.  Thus,  the  appropriate  value  of 
pressurization  can  be  found  by  detecting  a  sudden 
decline  in  the  amplitude  of  the  pulse  waves.  In 

is  addition,  if  measurement  is  performed  in  accor- 
dance  with  this  method,  it  will  suffice  merely  to 
take  note  of  the  change  in  amplitude  from  one 
pulse  of  the  pulse  waves  to  the  next.  Therefore,  it 
is  unnecessary  to  take  suppression  of  the  rate  of 

20  inflation  into  consideration  in  order  to  obtain  a 
mean  value  of  blood  pressure,  and  hence  the  cuff 
can  be  inflated  at  a  high  speed  (30  ~  40 
mmHg/sec,  by  way  of  example).  Furthermore,  in 
terms  of  the  circuit  construction  of  the  apparatus, 

25  the  foregoing  can  be  achieved  by  a  mere  differen- 
tial  circuit  for  obtaining  the  amount  of  change  in 
amplitude,  and  it  is  possible  to  dispense  with  the 
calibration  circuit  required  in  the  prior  art  for  the 
purpose  of  obtaining  the  mean  value  of  blood  pres- 

30  sure. 

[Processing  for  measuring  blood  pressure] 

Processing  for  measuring  blood  pressure  using 
35  the  automatic  sphygmomanometer  and  the  method 

of  detecting  an  appropriate  value  of  pressurization 
set  forth  above  will  now  be  described  with  refer- 
ence  to  the  flowcharts  of  Figs.  4  through  6.  The 
processing  described  below  is  executed  by  the 

40  controller  51  of  the  automatic  sphygmomanometer. 
First,  when  power  is  applied  to  the  automatic 

sphygmomanometer  at  step  S100,  processing  for 
initially  setting  the  sphygmomanometer  is  started 
at  step  S110.  In  the  initial-setting  processing,  the 

45  LCD  8  is  checked  at  step  S111,  the  buzzer  is 
checked  at  step  S112,  and  the  lamp  7  which  in- 
dicates  that  blood-pressure  measurement  is  in 
progress  is  turned  on  at  step  S113.  Then,  at  step 
S114,  a  pressure  zeroing  adjustment  is  performed 

50  so  as  to  make  the  internal  pressure  of  the  cuff 
zero. 

The  processing  proceeds  from  step  S110  to 
step  S120,  at  which  the  exhaust  valve  24  is  closed 
and  the  pump  22  driven  into  operation  to  start 

55  inflation  of  the  cuff.  At  this  time,  processing  for 
checking  the  batteries  is  started  along  with  the  start 
of  pump  drive.  The  checking  of  the  batteries  is 
performed  constantly  during  operation  of  the  pump. 

4 
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In  the  processing  for  checking  the  batteries,  it 
is  examined  at  step  S300  whether  the  power-sup- 
ply  voltage  (V)  is  less  than  4X,  which  is  a  first 
threshold  value.  If  V 4̂X  is  found  to  hold,  it  is 
judged  that  the  batteries  are  in  a  normal  state  and 
the  checking  of  the  batteries  is  terminated.  On  the 
other  hand,  if  V<4X  is  found  to  hold,  the  batteries 
are  regarded  to  be  low  in  energy  and  the  process- 
ing  proceeds  to  step  S310,  at  which  an  indicator 
mark  calling  for  replacement  of  the  batteries  is 
made  to  flash  on  the  LCD  8  to  warn  the  user  of  the 
automatic  sphygmomanometer.  At  step  S320,  it  is 
examined  whether  the  power-supply  voltage  (V)  is 
less  than  4Y,  which  is  a  second  threshold  value.  If 
V 4̂Y  is  found  to  hold,  it  is  judged  that  the  pump  is 
capable  of  operating  even  though  the  power  of  the 
batteries  is  low,  and  the  processing  for  checking 
the  batteries  terminates.  The  processing  proceeds 
only  to  warn  the  user.  If  V<4Y  is  found  to  hold,  on 
the  other  hand,  it  is  judged  that  pump  operation  is 
no  longer  possible  and  the  processing  proceeds 
from  step  S320  to  step  S330,  at  which  the  pump 
22  is  shut  down  and  the  exhaust  valve  24  is 
opened.  Next,  at  step  S340,  the  buzzer  9  is  soun- 
ded  for  a  predetermined  period  of  time,  after  which 
the  buzzer  is  deactivated  at  step  S350.  This  is 
followed  by  step  S360,  at  which  the  display  of  cuff 
pressure  value  is  removed  from  the  LCD  8.  Finally, 
at  step  S370,  the  battery  replacement  mark  being 
displayed  on  the  LCD  8  is  changed  from  the  flash- 
ing  state  to  a  steady  state.  The  battery  checking 
processing  is  then  terminated. 

The  processing  of  steps  S130  to  S150  is  ex- 
ecuted  at  a  suitably  short  time  interval  (At).  If  the 
batteries  are  in  a  normal  state,  the  internal  pressure 
value  of  the  cuff  is  displayed  at  step  S130  during 
inflation.  This  is  followed  by  verification  of  pulse- 
wave  amplitude  at  step  S140.  It  is  then  examined 
at  step  S150  whether  the  current  internal  pressure 
of  the  cuff  has  attained  an  appropriate  value  of 
inflation.  The  determination  at  step  S150  is  made 
based  upon  the  above-described  method  of  detect- 
ing  the  appropriate  pressure  value  of  the  cuff  2. 
That  is,  the  value  [A(n  +  1  )/A(n)]  x  100  is  obtained 
at  the  short  time  intervals  At,  where  A(n)  is  the 
pulse-wave  amplitude,  and  A(n  +  1)  is  the  pulse- 
wave  amplitude  of  the  successive  pulse  after  the 
pulse  of  A(n).  If  this  value  is  less  than  about  50  ~ 
about  70  °  ,  it  is  judged  that  internal  cuff  pressure 
has  exceeded  the  systolic  blood  pressure.  If  a 
judgment  is  rendered  to  the  effect  that  internal  cuff 
pressure  has  not  attained  the  systolic  blood  pres- 
sure,  the  processing  returns  to  step  S130  and 
inflation  of  the  cuff  continues.  On  the  other  hand,  if 
it  is  judged  that  internal  cuff  pressure  has  ex- 
ceeded  the  systolic  blood  pressure,  then  the  pro- 
cessing  proceeds  to  step  S160,  where  the  pump 
22  is  halted  to  terminate  the  inflation  of  the  cuff. 

Thus,  when  the  internal  cuff  pressure  has  been 
raised  to  an  appropriate  value,  processing  makes  a 
transition  from  measurement  of  systolic  blood  pres- 
sure  to  measurement  of  diastolic  blood  pressure.  In 

5  this  embodiment,  the  measurement  of  systolic  and 
diastolic  blood  pressure  is  in  accordance  with  the 
conventional  Korotkoff  method,  which  is  based 
upon  detection  of  Korotkoff  sounds  by  the  micro- 
phone  4. 

io  Systolic  blood  pressure  is  measured  at  steps 
S170  and  S180,  after  which  diastolic  blood  pres- 
sure  is  measured  at  steps  S190  and  S200.  When 
measurement  ends,  the  exhaust  valve  24  is  opened 
at  step  S210  to  vent  the  air  from  within  the  cuff. 

is  The  internal  cuff  pressure  continues  to  be  reduced, 
while  being  displayed  on  the  LCD  8  at  step  S220, 
until  the  internal  cuff  pressure  is  identified  to  fall 
below  a  predetermined  pressure  (20  mmHg  in  this 
embodiment)  at  step  S230. 

20  Finally,  at  step  S240,  the  measured  systolic 
blood  pressure,  diastolic  blood  pressure  value  and 
pulse  rate  are  displayed  alternately  on  the  LCD  8 
and  the  processing  for  measuring  blood  pressure  is 
terminated. 

25  Thus,  in  accordance  with  this  embodiment, 
control  is  performed  in  such  a  manner  that  the  cuff 
is  inflated  at  a  fairly  rapid  rate  (30  ~  40 
mmHg/sec),  the  pulse  waves  are  detected  during 
inflation  of  the  cuff,  and  inflation  is  terminated  upon 

30  detecting,  from  the  variation  in  the  pulse  waveform, 
a  sudden  decline  in  the  pulse-wave  amplitude  ob- 
served  when  the  patient's  systolic  blood  pressure 
is  exceeded.  As  a  result,  the  optimum  inflation  of 
the  cuff  dependent  upon  the  patient's  systolic 

35  blood  pressure  can  be  achieved,  and  blood  pres- 
sure  can  be  measured  in  a  short  period  of  time. 

In  this  embodiment,  a  case  is  described  in 
which  a  detected  pulse  wave  is  compared  with  the 
pulse  wave  of  the  immediately  preceding  beat  and, 

40  when  pulse-wave  amplitude  has  diminished  in  ex- 
cess  of  a  predetermined  level  (found  experimen- 
tally  to  be  about  50  ~  about  70%  of  the  pulse-wave 
amplitude  which  prevailed  at  the  preceding  beat),  it 
is  judged  that  the  systolic  blood  pressure  has  been 

45  exceeded,  whereupon  inflation  of  the  cuff  is  termi- 
nated.  However,  the  present  invention  is  not  limited 
to  such  an  arrangement.  For  example,  it  is  known 
statistically  that  pulse-wave  amplitude  when 
systolic  blood  pressure  is  attained  is  about  50  to 

50  about  80%  of  the  systolic  pulse-wave  amplitude. 
By  utilizing  this  fact,  it  is  also  possible  to  perform 
control  in  such  a  manner  that  inflation  of  the  cuff  is 
terminated  when  pulse-wave  amplitude  falls  below 
about  50%  of  the  systolic  pulse-wave  amplitude. 

55  Furthermore,  because  the  method  of  deciding  the 
cuff  inflation  cut-off  point  by  measurement  of 
pulse-wave  amplitude  for  only  one  beat  is  suscept- 
ible  to  the  influence  of  disturbances  in  the  pulse 

5 
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waves,  as  ascribable  to  the  patient's  body  move- 
ment,  and  this  can  lead  to  an  erroneous  judgment, 
it  is  possible  to  adopt  an  arrangement  in  which 
control  is  performed  in  such  a  manner  that  cuff 
inflation  is  terminated  only  when  the  pulse-wave 
amplitude  satisfies  prescribed  conditions  for  two 
consecutive  beats. 

As  many  apparently  widely  different  embodi- 
ments  of  the  present  invention  can  be  made  with- 
out  departing  from  the  spirit  and  scope  thereof,  it  is 
to  be  understood  that  the  invention  is  not  limited  to 
the  specific  embodiments  thereof  except  as  de- 
fined  in  the  appended  claims. 

5.  The  automatic  sphygmomanometer  according 
to  claim  1,  further  comprising: 

measuring  means  for  measuring  systolic 
blood  pressure  and/or  diastolic  blood  pressure 

5  after  inflation  of  the  cuff  by  said  pressurizing 
means  is  halted;  and 

display  means  for  displaying  the  systolic 
blood  pressure  and/or  diastolic  blood  pressure 
measured  by  said  measuring  means. 

10 
6.  The  automatic  sphygmomanometer  according 

to  claim  5,  wherein  said  display  means  is  an 
LCD. 

Claims 

1.  An  automatic  sphygmomanometer  having  a 
cuff  affixed  to  a  living  body,  pressurizing 
means  for  supplying  the  interior  of  the  cuff  with 
pressurized  air,  cuff-pressure  detecting  means 
for  detecting  the  pressure  of  the  pressurized 
air  within  the  cuff,  and  venting  means  for  vent- 
ing  the  pressurized  air  from  the  interior  of  the 
cuff,  comprising: 

pulse-wave  detecting  means  for  detecting 
pulse  waves  from  the  living  body,  based  upon 
the  cuff  pressure  detected  by  said  cuff-pres- 
sure  detecting  means,  during  inflation  of  the 
cuff  by  said  pressurizing  means;  and 

control  means  for  picking  up  a  change  in 
the  pulse  waves  and  performing  control,  based 
upon  the  change  in  the  pulse  waves,  in  such  a 
manner  that  the  inflation  of  the  cuff  by  said 
pressurizing  means  is  halted. 

2.  The  automatic  sphygmomanometer  according 
to  claim  1,  wherein  said  control  means  com- 
prises: 

calculating  means  for  picking  up  the  am- 
plitude  of  the  pulse  waves  and  calculating  a 
rate  of  change  in  the  amplitude  of  the  pulse 
waves;  and 

comparing  means  for  comparing  the  rate 
of  change,  which  has  been  calculated  by  said 
calculating  means,  with  a  predetermined 
threshold  value. 

15  7.  A  method  of  measuring  blood  pressure  com- 
prising: 

a  pressurizing  step  of  supplying  the  inte- 
rior  of  a  cuff,  which  has  been  affixed  to  a  living 
body,  with  pressurized  air  in  order  to  inflate  the 

20  cuff; 
a  detecting  step  of  detecting  pulse  waves 

from  the  living  body  during  inflation  of  the  cuff; 
a  calculating  step  of  calculating  a  rate  of 

change  in  the  pulse  waves  based  upon  the 
25  pulse  waves  detected  at  said  detecting  step; 

a  comparing  step  of  comparing  the  rate  of 
change  in  the  pulse  waves  with  a  predeter- 
mined  threshold  value; 

a  stopping  step  of  stopping  inflation  of  the 
30  cuff  based  upon  results  of  comparison  per- 

formed  by  said  comparing  step;  and 
a  measuring  step  of  measuring  systolic 

blood  pressure  and/or  diastolic  blood  pressure 
after  inflation  of  the  cuff  has  been  stopped. 

35 
8.  The  method  according  to  claim  7,  wherein  the 

rate  of  change  of  the  pulse  waves  is  obtained 
from  a  change  in  the  amplitude  of  the  pulse 
waves  from  one  pulse  to  a  successive  pulse  of 

40  the  pulse  waves. 

9.  The  method  according  to  claim  7,  wherein  the 
rate  of  change  of  the  pulse  waves  is  obtained 
from  a  change  in  the  amplitude  of  the  pulse 

45  waves  over  a  plurality  of  successive  pulses. 

3.  The  automatic  sphygmomanometer  according 
to  claim  2,  wherein  the  rate  of  change  in  the 
pulse  waves  is  obtained  from  a  change  in  the  50 
amplitude  of  the  pulse  waves  from  one  pulse 
to  a  successive  pulse  of  the  pulse  waves. 

4.  The  automatic  sphygmomanometer  according 
to  claim  1,  wherein  the  speed  at  which  the  55 
interior  of  the  cuff  is  inflated  by  said  pressuriz- 
ing  means  is  approximately  30  ~  40 
mmHg/sec. 

6 
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