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By a comparison of the direct  Fick method with the thermodilution and integral  rheographic 
methods and by mathematical  analysis of the resul ts  of this comparison,  the reliability, r e -  
producibility, and justifiability of using sphygmographic methods of determining the stroke 
volume and S ta r r ' s  method were studied in healthy subjects and in patients with mitra l  disease 
and with acute and chronic nonspecific diseases  of the lungs under stable conditions and 
during rapid changes in the stroke volume. It is shown that the use of sphygmographic 
methods is justified in healthy subjects and in patients with combined mitral  lesions and with 
chronic pneumonia in the initial stages provided that cor rec t ions  are  introduced. A c o r r e c t -  
ing nomogram is suggested. The use of S ta r r ' s  method is not justified in healthy subjects 
and in the patients of all these groups. 

Sphygmographic methods and S ta r r ' s  method are  often used on healthy subjects and patients with 
diseases  of the cardiovascular  and re sp i ra to ry  sys tems  [1, 4, 15]. The reliabil i ty of these methods is 
questionable, even on healthy subjects [2, 3, 5]. Thei r  compar ison with direct  methods on patients always 
gave unsat is factory resul ts  [10-13]. The e r r o r  factor  of these methods has frequently been studied, but 
since no general ly accepted method of its assessment  exists the resul ts  have often proved contradic tory [14]. 
The use of the standard deviation and the e r r o r  of the ar i thmetic  mean and direct  compar ison  of values (as 
percentages  or as ratios) are  evidently insufficient for sound conclusions regarding the reliabil i ty of the 
method to be drawn. 

To begin with it is essential  to have a control method, applicable equally to healthy subjects and 
patients,  for whom direct  methods (involving catheterization) are  inadmissible.  These requirements  are  
satisfied by the method of integrative rheography of the human body (IRHB) suggested recent ly  by Tishchen-  
ko [6-10]. We have studied this method with respec t  to its suitability as an intermediate  control method. 

In the case of s imultaneous determination of the minute blood volume by the IRHB method and by the 
direct Fick method in patients with mitral  heart  disease, chronic pneumonia, and tumors  of the lungs (28 
determinations) a coefficient of corre la t ion r =0.99 �9 0.02 was obtained, with probabili ty of significance P > 
99.9%, ts t  =39.68; the coefficient of l inear regress ion  R =0.95; the standard deviation of the resul ts  a =6.6%. 

The resul ts  obtained by simultaneous determination of the minute volume by the IRHB method and by 
the thermodilution method (25 comparisons) were as follows: r =0.96 �9 0.06; P > 99.6%; tst  =14.63; cr = 12%. 
The l inear regress ion  equations deduced f rom the resul ts  fully confirm the goodness of fit. An advantage of 
the IRHB method is the low value of the relat ive random e r r o r s  (reproducibility 5%), which gives it its good 
resolving power [7]. For  all these reasons the IRHB method can be used as an intermediate control method 
for the investigation of healthy subjects and patients with various diseases.  By means of the IRHB method 
it is possible to determine the s troke volume per  contract ion of the hear t  and to study the reliabili ty,  the 
reproducibili ty,  and the limits of applicability of the sphygmographic methods and of S t a r r ' s  method. 
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Fig. 1. Correct ion homo- 
gram for approximating 
values of the stroke volume 
calculated by the Broemser  
-Ranke  method (abscissa) 
to actual values (ordinate) 
in the range f rom 25 to 165 
ml. 

E X P E R I M E N T A L  M E T H O D  

Tests  were ca r r i ed  out on healthy persons (56 observations) and 
patients with combiaedmi t ra l  defects of the heart  (13 observations),  acute 
pneumonia (15 observations),  chronic pneumonia (30 observations),  and 
lung abscesses  (15 observations).  The stroke volume as reflected by the 
IRHB was determined by Tishchenko's  method [7, 8]. ,The stroke volume 
was calculated in the sphygmographic methods and S ta r r ' s  method in 
various ways. The IRHB and the central  and per ipheral  sphygmograms 
(using an Infratone converter) were recorded si~nultaneously on a Mingo- 
graph polycardiograph.  The ar ter ia l  p re s su re  was measured by Korot-  
kov's  method. The patients lay down for  15-20 rain before the investi-  
gation, To assess  the results  the values of r =~ m, P, tst, R, and 

were determined, and the linear regress ion  equations were deduced. 
When possible the results  obtained by the sphygmographic methods and by 
S ta r r ' s  method were checked not only by the IRHB method, but also by the 
direct  Fick method or the thermodilution method. 

EXPERIMENTAL RESULTS 

Comparison of the Broemser-Ranke and IRHB methods showed that correlation between the data for 
healthy subjects was high and direct (Table i). For low values of the stroke volume (under 55 ml) the 
Broemser-Ranke method gave results which were too low, for average values (55-90 ml) the results were 
a little too high, and for high values (over 90 ml) they were definitely too high. Corrections for each of 
these ranges (1.2, 0.8, and 0.9, respectively) to bring the calculated values close to the actual values could 
be determined by the use of linear regression equations. With these corrections values of r =0.9 • 
and P > 99.9% for tst =15.25 were obtained. The relationship between the values calculated by this method 
and the actual values is nonlinear in character. The nomogram (Fig. i) enables the calculated data to be 

corrected more accurately. 

In patients with combined mitral defects the results were less reliable but still significant. In patients 
with acute lung abscesses and with stage II of chronic pneumonia the results can still be regarded as rela- 
tively applicable (Table I). In patients with acute pneumonia and stage Ill of chronic pneumonia, even with 
the introduction of corrections the method does not allow reliable determination of the stroke volume. 

In healthy subjects the Wezler-BSger method gives slightly worse results than the Broemser-Ranke 
method but they are still usable (Table i). The values of the stroke volume were considerably and consis- 
tently too low throughout the whole range. They can be brought close to the actual values by the introduc- 
tion of a correct ion factor  of 1.3. In patients with combined mitral  defects this method gives resul ts  which 
are still usable but are less reliable than those obtained by the B r o e m s e r - R a n k e  method. In stage II of 
chronic pneumonia, on the other hand, the resul ts  are ra ther  bet ter  than those obtained by the B r o e m s e r -  
Ranke method. The resul ts  for the other groups are  not comparable.  

S t a f f ' s  method did not yield a stat ist ically significant correla t ion between the calculated values and 
the data obtained by the control methods in either the healthy subjects or the patients (Table 1). 

With the aid of the chosen ser ies  of indices the degree of goodness of fit of the resul ts  of comparison 
of the data could be assessed  objectively. In healthy persons under stable conditions the B r o e m s e r - R a n k e  
method can give the actual values of the stroke volume if correct ion factors  are introduced or, more exact-  
ly, by the use of a nomogram. Moreover,  this method can be used with patients with combined mitral  
lesions, acute lung abscesses ,  and chronic pneumonia in the initial stages. With patients with acute pneu- 
monia or with the late stages of chronic pneumonia the method does not yield rel iable data. 

The W e z l e r - B S g e r  method is suitable for a rough pre l iminary  estimation of the stroke volume under 
stable conditions in healthy subjects and in patients with combined mitra l  lesions and with chronic pneu- 
monia in the initial stages. It could not be used with the rest  of the patients who were studied. 

S t a r r ' s  method is unsuitable, even as a very  rough means of obtaining a pre l iminary,  relat ive est imate 
of the stroke volume in healthy subjects and in the patients who were  studied. 
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The use of sphygmographic  methods and of S t a f f ' s  method was studied under conditions when rapid 
m e a s u r e m e n t s  of the s t roke  volume were  requi red  during hypoxic and hyperoxic  t e s t s  (30 observat ions) .  
In the hypoxic t e s t  a c lea r  and significant i nc rease  in the mean s t roke  volume f r o m  72 =~4 to 109~ 6 ml was 
obtained. During inhalation of oxygen a cons iderable  and significant dec rease  in the mean s t roke  volume 
(53 =~3 ml) re la t ive  to the initial level  (76 • ml) was r eco rded  only by the IRHB method. The sphygmo-  
graphic  methods and S t a r r ' s  method failed to detect any such changes in the hypoxic and hyperoxic  t es t s :  
e i ther  no changes in s t roke  volume were  de te rmined  at all  or  the i r  dynamics was actually opposite in d i r ec -  
tion. 

The r e a s o n  for  the d i sc repancy  between the data during rapid  changes in the s t roke  volume is the un- 
acceptably la rge  magnitude of the re la t ive  random e r r o r s  of these  methods.  For  instance,  the r ep roduc i -  
bil i ty of the B r o e m s e r - R a n k e  method is 15.2% and that of the W e z l e r - B S g e r  method is 13.8%. This  mainly 
accounts for  the low sensi t iv i ty  of the sphygmographic  methods when recording  rapid  changes in s t roke  
volume,  when the d i f fe rencesbe tween  the two m e a s u r e m e n t s  a t t i m e s  do not exceed • 10%. 
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