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The quantity of air in the lungs at a given moment  is one of the more important  indices of the function of ex -  
ternal  respiration, but its determinat ion is technica l ly  difficult ,  mainly because of the complexi ty  of determining 

the residual volume of air. These difficulties are aggravated if  the function, not of the lungs as a whole, but of 
part of them (a lobe, for example)  must be evaluated.  

An a t tempt  has been made to solve this problem by measuring the e l ec t r i ca l  resistance of the lung tissue, 
taking as the index of f i l l ing of the lungs with air the number of mi l l i l i ters  of air per 100 cm 3 of the organ. The 
technique of measurement  and the apparatus have been described ear l ier  [2]. 

Certain assumptions were made in order to solve this problem. 

The air present in the alveol i  was regarded as a large number of very smal l  spheres of equal size and with an 
e lec t r i ca l  conduct ivi ty  tending to zero, surrounded by blood and lung tissue with a total  (final) magnitude of e l ec -  
t r ica l  conductivity.  

Since the measurements were made by means of a thin ca theter  f irmly wedged in a smal l  bronchus, i t  was 
assumed that the space surrounding the electrodes located at the end of the ca theter  consisted of lung tissue not con-  
taining large bronchi and vessels, which would essential ly distort the structure of the object  to be measured from the 

assumed pattern. 

It was further assumed that the tissue of the lungs and the blood in the vessels formed a para l l e l  coupling in 
the e l ec t r i ca l  sense. If there is a medium conducting e lec t r ic  current (with a certain specif ic  e l ec t r i ca l  conduc-  
t ivi ty) ,  in which nonconducting spheres are distributed, the total  ohmic resistance of such an aggregate structure 
may be given by a s imple equation, which, as i t  applies to the present problem, may be written as 

3 - -  a (I) 
P t o t a l =  2a "Pbt 

where Ptotal is the specif ic  resistance of the organ (in f~ �9 cm); Pbt the total  specif ic  resistance of the blood and 
tissue (in a �9 cm); a is the part of a unit volume occupied by blood and tissue, and b = l - a ,  the part of a unit vo l -  

ume occupied by air. 

Pb" Pt 
P b t =  P b + P t  . F ,  (II) 

where Pb is the specif ic  resistance of blood (in ~ �9 cm); Pt the specif ic  resistance of the tissue of the organ (in 
�9 cm); F an empi r i ca l  coeff icient ,  depending on structural and volume relationships within the t i s sue -b lood  

system. 

Solving Eq. (I) re la t ive  to a and making the appropriate substitutions, we obtain 

3Pb .F  
(rrI) 1 < 

2Ptota 1 + q-Pb 
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Comparison of the results of de -  
te rminat ion  of the amount of air 
in the lungs by e lec t romet r ic  and 
direct methods. Along the axis 

of absc i ssas -  quantity of air in 
unit volume of the organ (in %), 
determined by the direct  method 

(b'); along the axis of o rd ina tes -  
quantity of  air in unit volume of 
the organ (in %) determined by 
the e lec t romet r ic  method (b). 

The principal  error when ca lcula t ing  the quantity of air  per unit volume 
of the organ by this formula depends on the fact  that the degree of f i l l ing of the 

lungs is represented only by the mean value  of the var iable  coeff ic ient  F. 

On the basis of data  in the l i terature [3] and the results of his own exper i -  

ments, the author concluded that the specif ic  resistance of the lung tissue is 

about 1000 f~ �9 cm at 87 ~ 

The exper imenta l  determinat ion of the coeff ic ient  F gives a mean value 
of 1.88. Substituting this number for the coeff ic ient  F in Eq. (III) and replacing 
resistance by e lec t r i ca l  conduct ivi ty  (7), after transformation we obtain: 

2,7 ?'total \ . ^^ b = 1 - -  ~ . . . . .  J . luu%. (IV) 
7 t + 0,5 7totai ] 

Since these assumptions cannot be justified aprior i ,  experiments were 
carr ied out to compare the results of ca lcula t ion  of the volume of air in the lungs 

on the basis of the assumptions with those determined by the direct  method. 

Experiments were carr ied out on the lower lobes of the lungs in dogs. The 

ext i rpated lobe was weighed and its volume determined.  Cannulas were intro-  
duced into the bronchus and artery, connect ing the lobe of the lung, which was 
immersed  in a graduated vessel, with a reservoir for supplying air or blood. The 
catheter  containing the detector  for measuring the e l ec t r i ca l  resistance was 

passed through the cannula lying in the bronchus. Keeping a constant check on 
the temperature,  the e l ec t r i ca l  resistance and volume of the organ were s imultaneously recorded as they varied as a 
resuk of the entry of air or blood. The measured value of the ohmic resistance was converted into specific.  

The volume of air was determined by measuring the volume of fluid displaced (oil). Since the removal  of 
the whole of the air  from the respiring lung is an ex t remeiy  complex  problem, the following s imple expressions may 
be used to ca lcu la te  the volume of the lobe when comple te ly  free from air 

Po = g0.d0; Pn = gn'dn, 

where P0, V0, and d o are the weight, volume,  and specific gravity respect ively of the lobe of the lung comple te ly  
free from air, and Pn, Vn, and d n are the weight, volume, and specif ic  gravity respect ively when the lobe contains 
n cm 2 of air. Assuming that Pn = P0, we obtain: V 0 = (Pn/d0), where d o is a constant number, equal  to 1.055 g / c m  3 
(based on the mean specif ic  gravity of the blood and smal l  differences between the specific gravi ty of the blood 
and the lung tissue when free from air), and a '  = (V0/Vn) , where a '  is the part of a unit volume of the organ occu-  
pied by blood and tissue (b' = 1 - a ' ,  the part o f a u n i t  volume occupied by air). 

E X P E R I M E N T A L  R E S U L T S  

The compara t ive  evaluat ion of the quantity of air in unit volume of lung tissue (b), determined from gq. (IV), 
with that de termined direct ly  (b') is given in the figure. As the figure shows, in most cases satisfactory agreement  
was found between the results of the determinat ion  by the two methods. The mean error was about • 8%. 

The data for the quantity of air were obtained on the basis of its determinat ion in a l imi ted  region, so that 
this index could be measured separately for each  lobe of the lung. To obtain a true picture of the functional  state 
of the lungs as a whole, several  such measurements should be made. 

S U M M A R Y  

The lung, save for the larger trunks of the bronchial  t ree and vascular  bed, is regarded as a three-component  
medium (air, blood, tissue). The correlat ion between the air and the t i ssue+blood structure is preset on the assump- 
tion that the air contained in the alveol i  presents closely arranged spheres of ident ica l  size, surrounded by a con-  

ducting medium (blood + tissue) with summary specif ic  e lec t roconductance  determined from the law of para l Ie l  
connection of these two components. The coeff ic ient  depending on the structural and volumetr ic  correlations with-  
in the blood +tissue system has been found empir ica l ly .  A s imple formula is given for ca lcula t ion  of the air con-  
tent in the unit volume of the organ. Experiments on isolated pulmonary lobes have shown that  in the majori ty  of 
cases there is a satisfactory coincidence  between the results of determinat ion of the air amount by the direct meth-  
od and that suggested here. 

838 



I. 

2. 

3. 

L I T E R A T U R E  CITED 

A. P. Kraev, Fundamentals of Geoelectricity [in Russian], Part i, Moscow-Leningrad (1951). 

B. L Mazhbich, ByulL ~ksp. Biol., No. 3 (1964), p. 121. 
H. P. Schwan, IRE Trans. Med. Electronics, VoL 3 (1955), p. 32. 

836 


