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Description 

BACKGROUND  OF  THE  INVENTION 

5  1.  Field  of  the  Invention: 

This  invention  relates  to  a  cardiac  output  measurement  apparatus  used  in  examining  cardiac  function. 

2.  Description  of  the  Prior  Art: 
70 

In  order  to  measure  cardiac  output  by  the  right  heart  catheter  method  for  the  purpose  of  examining 
cardiac  function,  the  conventional  practice  is  to  employ  an  indicator  attentuation  method.  Let  us  describe 
thermal  attentuation,  which  is  one  of  the  indicator  attenuation  methods  available,  while  referring  to  Fig.  1. 

According  to  the  right  heart  catheter  method,  a  catheter  25  is  introduced  from  a  pnathic  vein,  femoral 
75  vein  or  elbow  vein  and  is  passed  through  the  superior  or  inferior  vena  cava,  the  right  auricle  RA  and  the 

right  ventricle  RV  to  position  its  distal  end  in  the  pulmonary  artery.  The  catheter  25  includes  a  charge  port 
26  and  a  thermister  27  and  is  so  adapted  that  the  charge  port  26  and  thermister  27  occupy  positions  in  the 
right  auricle  RA  and  pulmonary  artery,  respectively.  With  the  catheter  25  so  disposed,  a  liquid  the 
temperature  thereof  being  higher  or  lower  than  blood  temperature  is  introduced  into  the  heart  from  the 

20  charge  port  26.  As  the  liquid  spreads  through  the  right  auricle  RA  and  right  ventricle  RV,  the  temperature  of 
the  liquid  is  attenuated.  The  attenuated  temperature  of  the  liquid  is  sensed  by  the  thermister  27  in  the 
pulmonary  artery,  allowing  cardiac  output  to  be  calculated  from  the  area  of  the  attenuation  curve  (change  in 
temperature  with  time,  as  shown  in  Fig.  2)  in  accordance  with  the  following  Eq.  (1),  developed  by  Stewart 
Hamilton: 

25 

r  n  =  Si  Ci  ( T b - T i )   V i  
Sb  Cb  r ^ T b d t   •••   ( 1 )  

->0 

30 
where 

CO:  cardiac  output,  Si:  specific  gravity  of  injected  liquid,  Ci:  specific  heat  of  injected  liquid, 
Vi:  amount  of  injected  liquid,  Ti:  temperature  of  injected  liquid,  Tb:  temperature  of  blood, 
Sb:  specific  gravity  of  blood,  Cb:  specific  heat  of  blood,  /TATbdt;  area  of  attenuation  curve 

35  A  disadvantage  of  the  conventional  cardiac  output  measurement  apparatus  which  relies  upon  an 
indicator  attenuation  method  such  as  the  above-described  thermal  attenuation  method  is  that  measurement 
of  cardiac  output  is  performed  intermittently  and  not  continuously.  Moreover,  when  it  is  attempted  to 
perform  measurement  frequently,  the  total  amount  of  injected  liquid  assumes  large  proportions,  thereby 
submitting  the  patient  to  a  considerable  burden.  Another  problem  is  increased  risk  of  infection. 

40  Prior  art  document  WO-A-84  03  431  describes  an  apparatus  and  method  for  measuring  cardiac  output 
by  thermodilution  technique  using  spaced  thermistors  wherein  information  obtained  from  differences  in 
phases  between  two  measuring  points  are  used. 

Further,  prior  art  document  US-A-3  595  079  describes  an  apparatus  for  measuring  instantaneous  fluid 
flow  velocity  including  a  probe  having  fluid  flow  velocity,  temperature  and  direction  sensor  thermistors 

45  selectively  positioned  thereon.  These  sensor  thermistors  are  connected  in  an  electrical  circuit  including 
bridge  circuits  adapted  to  compensate  for  changes  in  temperature  of  the  fluid  being  measured. 

Finally,  prior  art  document  "Medical  and  Biological  Engineering",  Vol.  11,  No.  2,  '73,  pages  201-205, 
discloses  a  catheter-type  flowmeter  for  continuous  blood-velocity  measurementes  which  uses  a  thermal 
method. 

50  It  is  an  object  of  the  invention  to  provide  a  cardiac  output  measurement  apparatus  capable  of 
performing  a  cardiac  output  measurement  continuously  with  less  burden  upon  the  patient  and  with  reduced 
risk  of  infection. 

To  solve  this  object  the  present  invention  provides  a  cardiac  output  measurement  apparatus  as  stated 
in  claim  1  . 

55  In  an  embodiment  of  the  present  invention,  the  first  temperature  sensor  comprises  a  self-heating 
thermistor.  The  thermal  attenuation-type  cardiac  output  calculating  means  is  adapted  to  calculate  cardiac 
output  from  an  amount  of  injected  liquid,  temperature  of  the  injected  liquid,  specific  gravity  of  the  injected 
liquid,  specific  heat  of  the  injected  liquid,  blood  temperature,  specific  gravity  of  the  blood  and  an  integrated 
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value  of  a  thermal  attenuation  curve. 
Other  features  and  advantages  of  the  present  invention  will  be  apparent  from  the  following  description 

taken  in  conjunction  with  the  accompanying  drawings,  in  which  like  reference  characters  designate  the 
same  or  similar  parts  throughout  the  figures  thereof. 

5 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  view  illustrating  a  catheter  in  a  position  for  performing  a  cardiac  output  measurement  by  the 
thermal  attenuation  method  according  to  the  prior  art; 

io  Fig.  2  is  a  thermal  attenuation  curve  expressing  a  change  in  blood  temperature  due  to  introduction  of  a 
liquid; 
Fig.  3  is  a  block  diagram  illustrating  an  embodiment  of  a  cardiac  output  measurement  apparatus 
according  to  the  present  invention; 
Fig.  4  is  a  view  showing  the  arrangment  of  a  one-chip  microcomputer  according  to  an  embodiment  of  the 

is  present  invention;  and 
Figs.  5(A)  and  5(B)  are  flowcharts  illustrating  the  operation  of  a  cardiac  output  measurement  apparatus 
embodying  the  present  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 
20 

Turning  now  to  the  drawings  and  referring  first  particularly  to  Fig.  3,  a  cardiac  output  measurement 
apparatus  embodying  the  present  invention  includes  a  catheter-type  sensor  1  comprising  a  first  tempera- 
ture-sensitive  element  1a  constituted  by  a  self-heating  thermistor  or  the  like,  a  second  temperature-sensitive 
element  1b  constituted  by  means  such  as  a  thermistor  or  thermocouple,  a  connector  1d,  and  lead  wires  1c, 

25  1e  interconnecting  the  first  and  second  temperature-sensitive  elements  1a,  1b  with  the  connector  1d, 
respectively.  The  catheter-type  sensor  1  having  this  construction  is  introduced  into  the  pulmonary  artery  by 
the  right  heart  catheter  method  through  a  conventional  technique  similar  to  that  described  above.  The 
apparatus  further  comprises  a  cardiac  output  measuring  unit  10  including  a  constant-current  circuit  11,  first 
temperature  detecting  means  13  for  detecting  blood  temperature,  cardiac  output  calculating  means  14  for 

30  calculating  cardiac  output  based  on  the  thermal  attenuation  method,  second  temperature  detecting  means 
15  for  detecting  the  temperature  of  a  heated  thermister,  blood  flow  velocity  calculating  means  16,  holding 
means  17,  cardiac  output  calculating  means  18,  display  means  19  and  a  recorder  output  terminal  20.  A 
constant-voltage  circuit  12  for  driving  the  second  temperature-sensitive  element  1b  connected  to  the 
measurement  unit  10. 

35  The  second  temperature-sensitive  element  1  b  accommodated  internally  of  the  catheter-type  sensor  1  is 
for  sensing  blood  temperature  in  the  pulmonary  artery.  The  first  temperature-sensitive  element  1a,  which  is 
also  housed  within  the  sensor  1  ,  is  heated  by  a  constant  current  supplied  by  the  constant  current  circuit  1  1 
and  is  for  sensing  its  own  temperature.  The  first  temperature-sensitive  element  1a  is  preferably  constituted 
by  a  self-heating  type  thermistor  but  is  not  limited  thereto,  for  any  temperature-sensitive  element  such  as 

40  an  ordinary  thermistor  heated  by  heating  means  which  produces  a  constant  amount  of  heat  may  be  used. 
The  self-heating  thermistor  is  preferred  structurally  because  it  is  easy  to  incorporate  and  functionally 
because  of  its  stable  heat  generating  and  sensing  properties. 

The  second  temperature-sensitive  element  1b  is  connected  to  the  constant-voltage  circuit  12  and  blood 
temperature  detecting  means  13  via  the  lead  wire  1e,  connector  1d  and  a  connector  10a,  which  constitutes 

45  part  of  the  measuring  unit  10.  A  signal  produced  by  the  second  temperature-sensitive  element  1b  indicative 
of  pulmonary  artery  blood  temperature  is  applied  to  the  blood  temperature  detecting  means  13  where  the 
signal  is  detecting  and  delivered  in  a  form  suitable  for  signal  processing. 

The  blood  temperature  detecting  means  13  is  connected  to  the  cardiac  output  calculating  means  14  for 
applying  the  blood  temperature  signal  thereto.  Using  Eq.  (1),  the  calculating  means  14  calculates  cardiac 

50  output  from  the  area  of  the  attenuation  curve  of  Fig.  2  by  the  thermal  attenuation  method  in  accordance  with 
the  Hamilton  process. 

The  first  temperature-sensitive  element  1a  in  sensor  1  is  connected  to  the  heated  thermistor  tempera- 
ture  detecting  means  15  and  constant-current  circuit  11  via  the  lead  wire  1c  and  connectors  1d,  10a.  When 
necessary,  the  constant-current  circuit  11  supplies  the  first  temperature-sensitive  element  1a  with  a 

55  prescribed  current  to  heat  the  same.  A  signal  produced  by  the  first  temperature-sensitive  element  1a 
indicative  of  the  heating  temperature  is  applied  to  the  heated  thermistor  temperature  detecting  means  15. 
Here  the  signal  is  detected  as  the  heated  thermistor  resistance  value  (potential  difference)  and  temperature 
signal  of  the  first  temperature-dependent  element  1a.  The  output  of  the  detecting  means  15  is  used  for 

3 
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calculating  blood  flow  velocity.  The  heated  thermistor  detecting  means  15  and  the  blood  temperature 
detecting  means  13  are  connected  to  the  blood  flow  velocity  calculating  means  16  which,  based  on  the 
inputs  thereto,  calculates  the  velocity  of  blood  flow. 

Let  us  now  describe  the  principle  and  method  of  calculating  blood  flow  velocity  as  performed  by  the 
5  blood  flow  velocity  calculating  means  16.  Let  Rt  represent  the  resistance  value  of  the  thermistor  constituting 

the  first  temperature-sensitive  element  1a,  and  let  Ic  denote  the  magnitude  of  the  current  applied  to  this 
thermistor  by  the  constant-current  circuit  11.  When  the  thermistor  of  the  first  heat-sensitive  element  1a  is 
heated,  the  quantity  of  heat  generated  per  unit  time  will  be  lc2«Rt. 

When  the  heated  thermistor  of  the  first  heat-sensitive  element  1a  is  placed  in  blood  flowing  at  a  velocity 
io  v,  the  thermistor  is  cooled  to  an  extent  dependent  upon  the  blood  flow  velocity  v.  The  quantity  of  heat  lost 

by  such  cooling  is  expressed  by  K«v(Tt-Tb),  where  Tb  is  the  blood  temperature,  Tt  is  the  temperature  of 
the  heated  thermistor,  and  K  is  a  constant  of  proportion.  The  temperature  of  the  thermistor  constituting  the 
first  temperature-sensitive  element  1a  is  maintained  at  a  temperature  which  will  establish  equivalence 
between  the  quantity  of  heat  generated  and  the  quantity  of  heat  taken  away  by  cooling.  Expressing  the 

is  foregoing  by  an  equation,  we  have 

lc2.Rt  =  K«v(Tt  -  Tb)  (2) 

The  following  equation  for  finding  blood  flow  velocity  is  derived  from  Eq.  (2): 
20 

v  =  (1/K)  (lc2«Rt)/(Tt  -  Tb)  (3) 

Since  the  heated  thermistor  is  driven  by  the  constant-current  circuit  11,  the  potential  difference  across 
the  ends  of  the  heated  thermistor  lead  wire  1c  may  be  detected  as  an  alternative  to  detecting  the  resistance 

25  value  Rt.  In  such  case  the  potential  difference,  denoted  Vo,  is  equal  to  Rt«lc,  so  that  Eq.  (3)  may  be 
rewritten  as  follows: 

v  =  (1/K)  (lc«Vo)/(Tt  -  Tb)  (3') 

30  It  will  be  obvious  from  Eq.  (3)  or  (3')  that  the  blood  flow  velocity  may  be  obtained  from  the  resistance  value 
Rt,  or  the  potential  difference  Vo,  of  the  heated  thermistor,  taken  together  with  the  temperature  Tt  of  the 
heated  thermistor  of  the  first  temperature-sensitive  element  1a,  the  blood  temperature  Tb,  constant-current 
value  Ic  and  constant  K.  The  heated  thermistor  temperature  detecting  means  15  provides  the  blood  flow 
velocity  calculating  circuit  16  with  the  resistance  value  Rt  or  potential  difference  Vo  of  the  heated  thermistor 

35  of  first  temperature-sensitive  element  1a,  and  with  temperature  Tt  of  this  thermistor.  The  blood  temperature 
detecting  means  13  applies  the  blood  temperature  Tb  to  the  blood  flow  velocity  detecting  means  16.  The 
latter  calculates  the  blood  flow  velocity  v  in  accordance  with  Eq.  (3)  or  (3')  based  on  the  information 
received. 

Note  that  though  the  constant-current  value  Ic  can  be  obtained  by  detecting  the  current  of  the  constant- 
40  current  circuit  11,  it  is  also  possible  to  provide  the  blood  flow  velocity  calculating  means  16  with  Ic  in  the 

form  of  a  constant  term,  as  in  the  manner  of  the  constant  of  proportion  K. 
The  blood  flow  velocity  calculating  means  16  and  the  thermal  attenuation-type  cardiac  output  measuring 

means  14  are  connected  to  the  holding  means  17.  The  holding  means  17  comprises  arithmetic  means  for 
calculating  blood  vessel  cross-sectional  area,  and  sample-and-hold  means  for  holding  the  blood  vessel 

45  cross-sectional  area  value  calculated  by  the  arithmetic  means.  The  holding  means  17  also  functions  to 
compare  the  cardiac  output  value,  calculated  by  means  14  in  accordance  with  the  thermal  attenuation 
method,  and  the  blood  flow  velocity  value  obtained  from  the  blood  flow  velocity  calculating  means  16. 

Let  S  represent  the  blood  vessel  cross-sectional  area  of  the  pulmonary  artery.  The  cardiac  output  value 
CO.  and  blood  flow  velocity  value  v  are  related  as  follows: 

50 
CO.  =  S«v  (4) 

The  holding  means  17  compares  the  cardiac  output  value  CO.  and  the  blood  flow  velocity  value  v,  finds  the 
blood  vessel  cross-sectional  area  S  in  accordance  with  Eq.  (4)  and  holds  the  value  S  as  a  calibration  value. 

55  The  following  equation  may  be  derived  from  Eqs.  (3)  and  (4): 

4 
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C O .   =  (S/K)  •  ( I c 2 - R t ) / ( T t - T b )  

=  (S /K)   •  ( I c   • V o ) / ( T t - T b )   . . .   ( 5 )  
5 

in  which  S/K  can  be  held  as  the  calibration  value. 
The  holding  means  17  and  blood  flow  velocity  calculating  means  16  are  connected  to  the  cardiac 

output  calculating  means  18.  The  latter  makes  it  possible  to  obtain  a  continuous  cardiac  output  value  by 
io  multiplying  the  blood  flow  velocity,  which  is  measured  continuously  by  the  blood  flow  velocity  calculating 

means  16,  by  the  calibration  value  held  in  the  holding  means  17.  The  cardiac  output  calculating  means  18 
is  connected  to  the  display  means  19  and  recorder  output  terminal  23  so  that  the  cardiac  output  obtained 
may  be  continuously  displayed  and  recorded. 

The  blood  vessel  cross-sectional  area  S  varies  with  time;  hence,  even  though  S  is  held  as  a  calibration 
is  value,  the  change  in  S  can  make  it  difficult  to  obtain  an  accurate  cardiac  output.  To  overcome  this  problem, 

cardiac  output  is  measured  by  the  cardiac  output  calculating  means  14  in  accordance  with  the  thermal 
attenuation  method,  a  new  value  of  the  blood  vessel  cross-sectional  area  S  is  obtained  by  the  holding 
means  17  in  accordance  with  Eq.  (4),  and  this  is  held  as  the  calibration  value. 

The  thermal  attenuation-type  cardiac  output  calculating  means  14,  heated  thermistor  detecting  means 
20  15,  blood  flow  velocity  calculating  means  16,  holding  means  17  and  cardiac  output  calculating  means  18 

may  be  advantageously  constituted  by  a  microcomputer  comprising  a  one-chip  LSI.  In  such  case,  the  entire 
control  sequence  would  be  stored  in  an  internal  memory.  In  addition,  the  blood  temperature  detecting 
means  13  and  heated  thermistor  temperature  detecting  means  15  would  both  be  realized  by  analog-digital 
converters  and  these  would  also  be  incorporated  in  the  one-chip  microcomputer. 

25  Fig.  4  is  a  block  diagram  of  a  one-chip  microcomputer  for  executing  the  above-described  functions.  A 
CPU  31  executes  various  processing  in  accordance  with  a  program  stored  in  a  ROM  32.  The  results  of 
processing  are  stored  in  a  RAM  33.  An  input/output  port  34  includes  an  output  port  44  for  controlling  the 
ON/OFF  operation  of  the  constant-current  circuit  11,  an  output  port  45  for  controlling  the  display  of 
information  on  the  display  means  19,  and  an  output  port  46  connected  to  the  output  terminal  23.  An  analog- 

30  digital  converter  35  corresponds  to  the  blood  temperature  detecting  means  13,  and  an  analog-digital 
converter  36  corresponds  to  the  heated  thermister  temperature  detecting  means  14.  These  converters  35, 
36  receive  analog  signals  at  respective  analog  input  terminals  41  ,  43  and  convert  these  signals  into  digital 
signals  for  processing  by  the  CPU  31. 

The  sections  14  through  18  in  Fig.  3  represent,  in  block  form,  the  functions  implemented  by  the  above- 
35  described  microcomputer.  Let  us  now  turn  to  the  flowcharts  of  Figs.  5(A)  and  5(B)  to  describe  the  details  of 

a  control  sequence  which  the  CPU  31  executes  in  accordance  with  a  processing  program  stored  in  ROM 
32.  This  will  serve  as  a  specific  example  of  a  cardiac  output  measurement  operation  performed  by  the 
cardiac  output  measurement  apparatus  embodying  the  present  invention. 

The  first  step  S1  is  a  monitoring  step  to  determine  whether  there  is  an  indication  of  a  cardiac  output 
40  measurement  in  accordance  with  the  thermal  attenuation  step.  When  there  is  such  an  indication,  the 

program  advances  to  a  step  S2,  where  heating  of  the  thermister  constituting  the  first  temperature-sensitive 
element  1a  is  suspended.  Next,  a  step  S3  calls  for  waiting  for  the  passage  of  a  predetermined  period  of 
time  until  the  thermistor  of  first  temperature-sensitive  element  1a  is  no  longer  influenced  by  heating.  When 
this  is  achieved  at  passage  of  the  predetermined  time  period,  a  step  S4  calls  for  injecting  a  prescribed 

45  amount  of  a  diluting  liquid  from  a  charge  port,  not  shown,  similar  in  structure  to  the  charge  port  21  of  the 
catheter-type  sensor  1  shown  in  Fig.  1.  The  blood  temperature  detecting  means  12  measures  the 
temperature  Tb  of  the  diluted  blood  at  a  step  S5  and  delivers  a  signal  indicative  of  the  measured  value  to 
the  thermal  attentuation-type  cardiac  output  calculating  means  14.  Upon  receiving  the  signal,  the  calculating 
means  14  calculates  the  cardiac  output  CO.  in  accordance  with  Eq.  (1).  This  is  step  S6  of  the  flowchart. 

50  Next,  at  a  step  S7,  the  calculated  value  of  cardiac  output  is  delivered  to  the  holding  means  17.  Since  this 
ends  measurement  of  the  cardiac  output  CO.  in  accordance  with  the  thermal-attenuation  method,  the 
program  returns  to  the  step  S1  . 

If  there  is  no  indication  of  measured  cardiac  output  in  accordance  with  the  thermal-attenuation  method 
at  step  S1,  then  the  program  shifts  to  a  step  S8,  at  which  the  constant-current  circuit  11  is  driven  into 

55  operation  to  heat  the  thermistor  of  first  temperature-sensitive  element  1a  by  supplying  it  with  a  predeter- 
mined  current  Ic.  This  is  followed  by  a  step  S9,  at  which  the  heated  thermistor  detecting  means  15  detects 
the  temperature  Tt  of  the  heated  thermistor  proper,  as  well  as  the  resistance  value  Rt  or  potential  different 
Vo  thereof.  These  values  are  delivered  to  the  blood  flow  velocity  calculating  means  16  at  a  step  S10.  Next, 
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at  a  step  S11,  the  blood  flow  velocity  calculating  means  16  calculates  the  blood  flow  velocity  v  in 
accordance  with  Eq.  (3)  or  (3')  upon  receiving  the  temperature  Tt  and  resistance  value  Rt  or  potential 
difference  Vo  from  the  temperature  detecting  means  15  and  the  blood  temperature  Tb  from  the  blood 
temperature  detecting  means  13.  The  value  of  the  calculated  blood  flow  velocity  v  is  delivered  to  the 

5  holding  means  17  at  a  step  S12  and  to  the  cardiac  output  calculating  means  18  at  a  step  S13. 
This  is  followed  by  a  step  S14,  at  which  the  holding  means  17  obtains,  and  holds  as  a  calibration  value, 

the  blood  vessel  cross-sectional  area  S  in  accordance  with  Eq.  (4)  by  using  the  cardiac  output  CO.  from 
the  thermal  attenuation-type  cardiac  output  calculating  means  14  and  the  blood  flow  velocity  v.  This  value  is 
delivered  to  the  cardiac  output  calculating  means  18  at  a  step  S15.  The  next  step  S16  calls  for  the  cardiac 

io  output  calculating  means  18  to  obtain  the  cardiac  output  CO.,  associated  with  the  first  temperature- 
dependent  element  1a,  from  the  blood  flow  velocity  v  and  the  calibration  value  from  the  holding  means  17. 
The  value  of  the  cardiac  output  obtained  is  displayed  by  the  display  means  19  and,  when  necessary, 
delivered  to  the  output  terminal  23  at  a  step  S17.  This  ends  one  cycle  of  a  continuous  cardiac  output 
measurement,  with  the  program  returning  to  the  step  S1.  Continuous  measurement  of  cardiac  output  is 

is  performed  by  executing  the  processing  from  step  S8  to  step  S17  until  an  indication  of  cardiac  output 
measurement  based  on  the  thermal  attenuation  method  is  again  obtained. 

ADVANTAGES  OF  THE  INVENTION 

20  The  cardiac  output  measurement  apparatus  of  the  present  invention  makes  it  possible  to  measure 
cardiac  output  in  a  continuous  manner.  This  is  accomplished  by  adopting  a  thermal-type  flowrate  measure- 
ment  method  in  which  a  thermistor  or  the  like  is  heated.  Thus,  the  invention  does  not  rely  upon  an 
intermittent  method  of  the  type  in  which  cardiac  output  is  measured  by  an  indicator  attenuation  method, 
such  as  the  thermal  attanuation  method. 

25  With  the  thermal  attenuation  method,  the  patient  is  subjected  to  a  significant  burden  by  injection  of  the 
liquid  when  measurements  are  frequent.  According  to  the  apparatus  of  the  present  invention,  however, 
measurement  can  be  performed  continuously  by  a  minimum  of  one  liquid  charge,  thereby  lightening  the 
burden  upon  the  patient,  simplifying  operation  and  reducing  the  risk  of  infection. 

According  to  the  present  invention,  blood  flow  velocity  is  measured  at  the  same  time  as  cardiac  output, 
30  and  blood  vessel  cross-sectional  area  is  calculated  and  held.  Therefore,  if  the  blood  vessel  is  assumed  to 

have  a  circular  cross  section,  blood  vessel  diameter  can  be  readily  calculated  from  the  following  equation: 

S  =  w(l/2)2  (6) 

35  where 
S:  blood  vessel  cross-sectional  area 
I  :  blood  vessel  diameter 

This  makes  it  possible  to  obtain  knowledge  relating  to  blood  flow  velocity,  blood  vessel  cross-sectional  area 
and  blood  vessel  diameter.  Such  knowledge  is  important  in  terms  of  examining  cardiac  function. 

40 
Claims 

1.  A  cardiac  output  measurement  apparatus  comprising: 
-  cardiac  output  obtaining  means  (10)  for  obtaining  cardiac  output  (CO.)  by  a  thermal  attenuation 

45  method,  said  cardiac  output  obtaining  means  (10)  comprising  blood  flow  velocity  means  (16)  for 
obtaining  blood  flow  velocity  (v),  holding  means  (17)  for  obtaining  a  value  for  the  cross-sectional 
area  of  a  pulmonary  artery  from  the  cardiac  output  (CO.)  and  from  the  blood  flow  velocity  (v), 
obtained  by  said  thermal  attenuation  method,  and  for  holding  the  obtained  value  for  the  cross- 
sectional  area,  starting  means  (11)  for  starting  the  blood  measurement  repeatedly,  and  calculating 

50  means  (18)  for  calculating  the  cardiac  output  from  the  obtained  value  for  the  cross-sectional  area 
and  a  newly  obtained  blood  flow  velocity,  and 

-  temperature  sensing  means  (1)  comprising  first  and  second  temperature  sensors  (1a,  1b)  and 
available  for  the  thermal  attenuation  method  for  measuring  blood  flow  velocity,  wherein: 

-  said  second  temperature  sensor  (1b)  measures  the  blood  temperature  and  is  used  both  for  the 
55  thermal  attenuation  method  and  for  thermal  flow  rate  method, 

-  said  starting  means  (11)  start  said  blood  flow  velocity  means  (16)  to  measure  the  blood  velocity  at 
every  measurement  utilizing  said  temperature  sensing  means  (1);  and 
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-  said  calculating  means  (18)  calculate  a  continuous  cardiac  output  from  the  obtained  value  for  the 
cross-sectional  area  and  the  newly  obtained  blood  flow  velocity  (v)  each  time  said  blood  flow 
velocity  means  (16)  is  started, 

characterized  in  that 
5  -  said  first  temperature  sensor  (1a)  which  comprises  a  self-heating  thermistor  measures  its  heat  lost 

by  blood  flow,  and 
-  said  blood  flow  velocity  means  (16)  comprises  means  for  calculating  blood  flow  velocity  from  a 

constant-  current  value,  blood  temperature,  and  temperature  and  resistance  value  of  said  heated 
self-heating  thermistor,  or  means  for  calculating  blood  flow  velocity  from  a  constant-  current 

io  value,  blood  temperature,  and  temperature  and  potential  difference  of  said  heated  self-heating 
thermistor. 

2.  The  apparatus  according  to  claim  1,  wherein  said  holding  means  comprises  arithmetic  means  for 
comparing  and  calculating  blood  vessel  cross-sectional  area  from  the  cardiac  output  value  based  on  the 

is  thermal  attenuation  method  and  the  blood  flow  velocity  value,  and  sample-and-hold  means  for  holding  a 
value  calculated  by  said  arithmetic  means. 

Patentanspruche 

20  1.  Vorrichtung  zur  Messung  des  Herzzeitvolumens,  welche  folgendes  umfaBt: 
-  eine  Einrichtung  (10)  zum  Erhalt  des  Herzzeitvolumens  (Cardiac  Output  -  CO.)  durch  ein 

Temperaturdampfungs-  bzw.  Ausgleichsverfahren,  wobei  die  Einrichtung  (10)  zum  Erhalt  des 
Herzzeitvolumens  eine  Einrichtung  (16)  zum  Erhalt  der  BlutfluBgeschwindigkeit  (v),  eine  Halteein- 
richtung  (17)  zum  Erhalt  eines  Wertes  der  Querschnittsflache  einer  Lungenschlagader  aus  dem 

25  Herzzeitvolumen  (CO.)  und  der  mittels  dieses  thermischen  bzw.  Temperaturausgleichsverfahrens 
erhaltenen  BlutfluBgeschwindigkeit  (v)  und  zum  Halten  des  fur  die  Querschnittsflache  erhaltenen 
Wertes,  eine  Starteinrichtung  (11)  zum  Starten  der  wiederholten  Blutdruckmessung  und  eine 
Berechnungseinrichtung  (18)  zum  Berechnen  des  Herzzeitvolumens  aus  dem  erhaltenen  Wert  fur 
die  Querschnittsflache  und  einem  neu  erhaltenen  Wert  fur  die  BlutfluBgeschwindigkeit  enthalt, 

30  und 
-  eine  TemperaturmeBeinrichtung  (1),  welche  einen  ersten  und  zweiten  Temperatursensor  (1a,  1b) 

enthalt  und  fur  das  thermische  Ausgleichsverfahren  zur  Messung  der  BlutfluBgeschwindigkeit 
verfugbar  ist,  in  welcher: 
der  zweite  Temperatursensor  (1b)  die  Bluttemperatur  mifit  und  sowohl  fur  das  thermische 

35  Ausgleichsverfahren  als  auch  fur  das  thermische  DurchfluBverfahren  herangezogen  wird, 
die  Starteinrichtung  (11)  die  Einrichtung  (16)  zur  Messung  der  BlutfluBgeschwindigkeit  bei  jeder 
Messung  unter  Verwendung  der  TemperaturmeBeinrichtung  (1)  startet;  und 
die  Berechnungseinrichtung  (18)  ein  kontinuierliches  Herzzeitvolumen  aus  dem  erhaltenen  Wert 
fur  die  Querschnittsflache  und  der  mit  jedem  Starten  der  Einrichtung  (16)  zum  Erhalt  der 

40  BlutfluBgeschwindigkeit  neu  erhaltenen  BlutfluBgeschwindigkeit  (v)  berechnet, 
dadurch  gekennzeichnet,  dal3 

-  der  erste  Temperatursensor  (1a),  welcher  einen  Thermistor  mit  Eigenerwarmung  umfaBt,  seinen 
durch  den  BlutfluB  bedingten  Warmeverlust  mifit  und 

-  die  Einrichtung  (16)  zum  Erhalt  der  BlutfluBgeschwindigkeit  eine  Einrichtung  zur  Berechnung  der 
45  BlutfluBgeschwindigkeit  aus  einem  konstanten  Stromwert,  der  Bluttemperatur  und  der  Tempera- 

tur-  und  Potentialdifferenz  des  erwarmten  Thermistors  mit  Eigenerwarmung  enthalt. 

2.  Vorrichtung  gemaB  Anspruch  1,  in  welcher  die  Halteeinrichtung  eine  Arithmetikeinrichtung  zum  Verglei- 
chen  und  Berechnen  der  BlutgefaB-Querschnittsflache  aus  dem  Herzzeitvolumenwert  auf  Basis  des 

50  thermischen  Ausgleichsverfahrens  und  des  BlutfluBgeschwindigkeitswertes  sowie  eine  Abtast-  und 
Halteeinrichtung  zum  Halten  eines  von  der  Arithmetikeinrichtung  berechneten  Wertes  umfaBt. 

Revendicatlons 

55  1.  Appareil  de  mesure  de  sortie  cardiaque  comprenant  : 
un  moyen  d'obtention  de  sortie  cardiaque  (10)  pour  obtenir  une  sortie  cardiaque  (CO.)  au  moyen 

d'un  procede  d'attenuation  thermique,  ledit  moyen  d'obtention  de  sortie  cardiaque  (10)  comprenant  un 
moyen  de  determination  de  vitesse  d'ecoulement  sanguin  (16)  pour  obtenir  une  vitesse  d'ecoulement 
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sanguin  (v),  un  moyen  de  blocage  (17)  pour  obtenir  une  valeur  de  la  section  de  passage  d'une  artere 
pulmonaire  a  partir  de  la  sortie  cardiaque  (CO.)  et  a  partir  de  la  vitesse  d'ecoulement  sanguin  (v), 
laquelle  sortie  est  obtenue  au  moyen  dudit  procede  d'attenuation  thermique,  et  pour  bloquer  la  valeur 
obtenue  de  la  section  de  passage,  un  moyen  de  demarrage  (11)  pour  demarrer  la  mesure  sanguine  de 
fagon  repetee  et  un  moyen  de  calcul  (18)  pour  calculer  la  sortie  cardiaque  a  partir  de  la  valeur  obtenue 
de  la  section  de  passage  et  a  partir  d'une  vitesse  d'ecoulement  sanguin  nouvellement  obtenue  ;  et 

un  moyen  de  detection  de  temperature  (1)  comprenant  des  premier  et  second  detecteurs  de 
temperature  (1a,  1b)  et  disponible  pour  le  procede  d'attenuation  thermique  pour  mesurer  la  vitesse 
d'ecoulement  sanguin,  dans  lequel  : 

ledit  second  capteur  de  temperature  (1b)  mesure  la  temperature  sanguine  et  est  utilise  a  la  fois 
pour  le  procede  d'attenuation  thermique  et  pour  le  procede  d'ecoulement  thermique  ; 

ledit  moyen  de  demarrage  (11)  demarre  ledit  moyen  de  determination  de  vitesse  d'ecoulement 
sanguin  (16)  afin  de  mesurer  la  vitesse  du  sang  lors  de  chaque  mesure  en  utilisant  ledit  moyen  de 
detection  de  temperature  (1)  ;  et 

ledit  moyen  de  calcul  (18)  calcule  une  sortie  cardiaque  continue  a  partir  de  la  valeur  obtenue  de  la 
section  de  passage  et  a  partir  de  la  vitesse  d'ecoulement  sanguin  nouvellement  obtenue  (v),  chaque 
fois  que  ledit  moyen  de  vitesse  d'ecoulement  sanguin  (16)  est  demarre, 

caracterise  en  ce  que  : 
ledit  premier  capteur  de  temperature  (1a)  qui  comprend  une  thermistance  auto-chauffante  mesure 

sa  perte  thermique  du  fait  de  I'ecoulement  sanguin  ;  et 
ledit  moyen  de  determination  de  vitesse  d'ecoulement  sanguin  (16)  comprend  un  moyen  pour 

calculer  une  vitesse  d'ecoulement  sanguin  a  partir  d'une  valeur  par  determination  en  courant  constant, 
de  la  temperature  du  sang  et  des  valeurs  de  temperature  et  de  resistance  de  ladite  thermistance 
autochauffante  chauffee,  ou  comprend  un  moyen  pour  calculer  la  vitesse  d'ecoulement  sanguin  a  partir 
d'une  valeur  par  determination  en  courant  constant,  de  la  temperature  du  sang  et  des  valeurs  de 
temperature  et  de  difference  de  potentiel  de  ladite  thermistance  auto-chauffante  chauffee. 

Appareil  selon  la  revendication  1,  dans  lequel  ledit  moyen  de  blocage  comprend  un  moyen  arithmeti- 
que  pour  comparer  et  calculer  une  section  de  passage  de  vaisseau  sanguin  a  partir  de  la  valeur  de 
sortie  cardiaque  sur  la  base  du  procede  d'attenuation  thermique  et  de  la  valeur  de  vitesse  d'ecoule- 
ment  sanguin  et  un  moyen  echantillonneur/bloqueur  pour  bloquer  une  valeur  calculee  par  ledit  moyen 
arithmetique. 
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