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The results of a comparative quantitative analysis of dependence of blood arteri- 
alization on inequality of the ventilation-perfusion ratios for a simple two-com- 
ponent model of the lungs and for a model with a lognormal distribution of VA/Q 
are given. The possibility that respiratory failure may exist without significant 
changes in the arterial blood gas composition is argued. 
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It can be taken as established that in the presence of marked inequality of ventilation- 
perfusion ratios oxygenation of blood in the lungs is substantially disturbed. This is ob- 
served only in the presence of a sharp decrease in the ventilation-perfusion ratios (VA/Q) in 
the poorly ventilated parts of the lungs, and if a considerable proportion of the total pul- 
monary blood flow passes through these parts (QI/Q). These results, obtained by means of a 
two-component model of the lungs (poorly and well-ventilated parts of the lungs) agree with 
those of direct investigation of healthy persons and patients [2]. The investigations have 
shown that in subjects with some degree of inequality of ventilation-perfusion ratios the 
partial pressures of oxygen (pa02) and the degree of oxygenation of the blood (saO2) may re- 
main at virtually the normal level, and that only if the equality of VA/Q is sharply dis- 
turbed may arterial hy@oxemia arise [i, 4]. 

However, a simple two-component model of the lungs.en@bles the true phenomena to be de- 
scribed only approximately. It assumes that the ratio VA/Q is equally low in all poorly 
ventilated parts of the lungs. In reality, in the ~oorly ventialted parts of the lungs there 
may be a continuous gradation of reduced values of VA/Q - from zero to the normal value 
(0.86). In the present investigation all calculations were made with this fact in mind. 

EXPERIMENTAL METHOD 

Calculations of saO2 , Pa02, and the other parameters were made for different values of 
VA/Q and QI/Q in the poorly ventilated parts of the lungs, within ranges for which signifi- 
cant arterial hypoxemia did not arise. It was assumed that for each discrete mean value of 

VA/Q in a poorly ventilated part of the lungs (0, 0.I, 0.2, 0.3, and 0.4) there was a corre- 
sponding continuous set of separate parts with values of VA/Q varying from zero to normal 
(0.86). The law of distribution of these parts was taken to be lognormal. It was thus 
assumed that the degree of inequality of the ventilation-perfusion ratios differed in indi- 
vidual poorly ventilated parts of the lungs, and was characterized by a definite value only 
on average. For comparison, all data (shown in the text "with dispersion") were compared 
with data obtained with the simple two-component model (stated "without dispersion"). 

It was assumed that the mean weighted respiratory quotient for expired air from the 
lungs remains normal (0.79) whatever the disturbance of VA/Q . In accordance with this as- 
sumption values of V+A/Q were calculated for well-ventilated parts of the lungs using data 
from Rah and Fenn's diagram [3]. 

All parameters for the poorly Ventilated part of the lungs are marked by the index i, 
and those for the well-ventilated part by the index 2. Mean values for the lungs as a whole 
are given without indices. 
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Fig. i. Blood oxygen saturation 
as a function of VA/Q and QI/Q. 
i) Pa02 = 90 mm Hg; saO= = 96.4%; 
2) Pa02 = 75 ram Hg; Sa0= = 93.7%. 
Continuous curves represent data 
from model without dispersion, 
broken curves data from model with 
dispersion. 

EXPERIMENTAL RESULTS 

The principal data are shown selectively in Table I. It is clear that the values of 
(VA/Q) 2 are increased, reflecting compensatory hyperventilation in the well-ventilated part 
of the lungs; the smaller the proportion of the total pulmonary blood flow reaching this part 

2 
of the lungs, the greater this increase. Correspondingly, P~02 was increased but PAC02 was 
reduced. As a result of mixing of blood flowing from the well- and poorly ventilated parts 
of the lungs, paO= was reduced but paCO= was increased, with an increase in the degree of in- 
equality of the venti!ation-perfusion ratios. This led to the formation of a well-marked 
alveolar-arterial p02 gradient and a much less marked arterioalveolar pC0= gradient. The 

TABLE i. Parameters Showing Dependence of Blood Arterialization on Inequality of 
Ventilation-Perfusion Ratios 

V A / Q  ~ 

,~,/Q 

VA/Q ~ 

pAsO2, palO2, mm Hg 

8alO2, % 

pA1CO2, pa*CO2, mm Hg 

pA202, pa=Q, mm Hg 

pA~CO2, paZCO2, turn Hg 

pA02, rnm Pig 

paO=, mm Hg 

SaO2, % 

pACO2, m m  Hg 

paCQ, mm Hg 

0 ,05  0 , I  0 , 15  0,1 

0,1 

0 ,2  

0,93 

51 

82,5 

44,9 

103 

39,6 

102 
~0~-- 

79 
- - 7 U  

94,7 

39,7 

40,9 
-#oUg- 

0 , 3  0,1 

0 , 2  0 ,4  

0 ,2  0 ,4  0 ,4  0 ,6  0 ,8  

2,51 
2,37 
73 
72 

92,9 
92,6 
43,9 
43,7 
128 
127 
31,1 
31,7 
107 
106 
77 
76 

94,1 
93,9 
36,1 

36,5 
41,0 
41,1 

Legend. Data obtained with the simple model are shown in the numerator, those obtained 
for a model with dispersion in the denominator~ 
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values of saO2 and PaO= were reduced depending on the decrease in (VA/Q) I and an increase 
in QI/Q. The calculations thus reproduced the typical picture frequently described in clin- 
ical physiological investigations of patients with disturbances of ventilation-perfusion 
ratios. 

Comparison of results obtained with the simple model (the values given in the numerator 
in Table i) and results obtained by the model with dispersion (given in the denominator) de- 
serves special attention. As Table 1 shows, the differences between these values in many 
cases were nonexistent or negligible, and in the other cases they were small. The important 
conclusion can thus be drawn that even a simple two-component model in general approximates 
all parameters of the gas exchange satisfactorily. It can also be concluded from the fact 
that although the model with dispersion gave more accurate results, they were not much more 
accurate, thus the chosen law of distribution is of no great quantitative value and 
close results can be obtained with the assumption of different laws of distribution. 

Curves reflecting the zones of practically normal pa02 (90 mm Hg and over) and the ini- 
tial degree of arterial hypoxemia (Pa02 from 90 to 75 mm Hg), depending on different combi- 
nations of reduced values of VA/Q and QI/Q are given in Fig. i. Clearly the broken curves 
plotted from data of the model with dispersion are a little higher than the continuous curves 
plotted from the model without dispersion. This means that the model with dispersion can de- 
tect the possible onset of arterial hypoxemia a little earlier. Quantitatively speaking, 
however, the difference is very small. 

On the basis of all these data the dependence of blood oxygenation on the degree of in- 
equality of ventilation-perfusion ratios can be estimated with great reliability and accu- 
racy. They confirm that the definition of respiratory failure adopted in the USSR, accord- 
ing to which it may occur even in patients whose Sa02 is virtually normal, is correct. In 
fact, in pathological states of the lungs when considerable inequality of ventilation-per- 
fusion ratios arises, as the results of the present investigation show, Sa02 may remain close 
to normal. In such cases respiratory failure may develop without any significant distur- 
bances in the arterial blood gas composition. 

1. 

2. 
3. 

4. 

LITERATURE CITED 

J. H. Comroe et al., The Lungs. Clinical Physiology and Pulmonary Function Tests, 
Yearbook Medical (1962). 
L. L. Shik and E. M. Tokareva, Byull. Eksp. Biol. Med., No. i0, 406 (1979). 
H. Rahn and W. Fenn, A Graphical Analysis of Respiratory Gas Exchange. The 02--COz Dia- 
gram, Washington (1955). 
J. B. West, Ventilation Blood Flow and Gas Exchange, Oxford (1977). 

242 


