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In this study an attempt was made, f rom the theoret ical  standpoint to examine the possibi l i ty of 
using measurements  of the e lec t r ica l  conductivity of the lungs for the quantitative determination of the 
regional  blood flow, to find the s imples t  possible formulas  for the calculations,  and to compare  the r e -  
sults obtained with the values determined by direct  measurment  of the blood flow during perfusion of a 
lobe of the lung at a known rate .  

The following assumptions were made in o rde r  to solve the problem. 

1. The lung was rega rded  as a three-component  s t ruc ture  (air, t issue, and blood) with known or  
measurable  specific res i s tances  of its components and with volume rat ios which var ied  f rom cases  to 
case .  

2. It was assumed that the a i r  in the alveoli consists  of spheres  of uniform size,  not conducting 
electr ic i ty ,  and surrounded by the t issue and blood of the organ.  

3. On the bas is  of ideas concerning the anatomical  s tructue of the network of blood vesse l s  in the 
lungs, and of details of the e lec t r ica l  r es i s t ance  of two-component i sot ropic  and anisotropic media given 
in the l i te ra ture  [1, 4], it was assumed that the coefficient dependent on the orientation of the vesse l s  r e -  
lative to the electr ic  field a r i s ing  at the moment  of measur ing  will not be significantly g rea te r  than 1. 

4. By analogy with the technique of measur ing  the electr ical  conductivity of the lungs [2], it was 
assumed that the large  vesse ls  and bronchi of the lobe of the lung do not introduce any significant d is tor -  
tion into the accepted s t ruc tura l  picture .  

By the use of these assumptions an equation can be deduced for  the relationship between the e lec t r i -  
cal and volume values in a chosen phase of cardiac  activity. 

For  diastole:  

~'1 = [~'Bbl + ~'T (1 - -  b l ) ]  3 --~ h~ ' 

for systole:  

2a2 (2) y~ ~ [yBb~ + YT (I -- b~)] 3 -- a2' 

where 71 and ~/2 are  the specific res i s tance  of the organ (in ~2. em) ' in  the period of diastole and systole; 
7B and 7T  the specific res i s tance  of the blood and the t issue of the organ (in ~ : cm);b 1 and b 2 the relat ive 
volume of blood in the per iod of diastole and systole; a 1 and a 2 the relative volume of blood and t issue in 
the period of diastole and systole .  
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F i g .  1. R e c o r d  of the  p u l s e  
v a r i a t i o n s  in  e l e c t r i c a l  c o n d u c -  
t i v i t y  of the lungs  (by the m e t h o d  
of g r a p h i c  e x t r a p o l a t i o n ) .  ~ / -  
e l e c t r i c a l  e q u i v a l e n t  of the p u l s e  
i n c r e a s e  in  b l o o d  v o l u m e  p e r  
un i t  v o l u m o  of o r g a n .  T e - e l e c -  
t r i c a l  e q u i v a l e n t  of the s y s t o l i c  
i n j e c t i o n  of b l o o d  p e r  uni t  v o l u m e  
of o r g a n .  

The v a l u e s  of the r e l a t i v e  v o l u m e s  a r e  g iven  by :  

a -  VB + V~ V~ 
v b =  vB+v-----7' 

w h e r e  V B, V T, and  V a r e  the v o l u m e s  of b lood  and t i s s u e  and  the 
to ta l  v o l u m e  of the o r g a n ,  i nc lud ing  the  a i r ,  r e s p e c t i v e l y .  

I t  m a y  e a s i l y  be  s e e n  tha t  

a ~ = a  l + A a ,  b 2 = b  t + A b .  

S u b t r a c t i n g  equa t ion  (1) f r o m  equa t ion  (2) and  m a k i n g  the  n e c e s s a r y  
s u b s t i t u t i o n s  and t r a n s f o r m a t i o n s ,  we ob ta in :  

2a~ ( 3-Aa ) 3-Aa 
AT:72--yt=3---~-~l"(TB--7.r). Ab+ ~ . A b  +(3_al) .al .7~.  

E x p r e s s i n g  Aa,  A b  t h rough  A V  (the i n c r e a s e  in  b l o o d  v o l u m e  
wi th  the p u l s e  p e r  uni t  v o l u m e  of the  organ)  

1 - -  b, 
Aa + AV(I -- al), Ab = A V ~  a~ 

A f t e r  t r a n s f o r m a t i o n s  we ob ta in :  

(3 -- a 0 . A7 
AV - f _ a , '  (3) 

2(7 B - T T ) ( 1 - b ) + 3 7 , .  a~ 

In p r a c t i c e  i t  i s  d i f f i cu l t  to u s e  equa t ion  (3) b e c a u s e  of the  n e c e s s i t y  of d e t e r m i n i n g  s e v e r a l  of the 
v a l u e s  i n c l u d e d  in i t .  H o w e v e r ,  b y  t ak ing  into  accoun t  the  r e a l  v a l u e s  of t h e s e  t e r m s  which  a r e  d i f f i cu l t  
to d e t e r m i n e  (a I ~. 0.3, b 1 ~ 0.15, ~/T ~ 0.00074 ~2 -1. c m - l a t  body t e m p e r a t u r e )  and the  way in which  they  
a r e  l i n k e d  t o g e t h e r  in  equa t ion  (3), i t  c an  be  shown that  a s  a f i r s t  a p p r o x i m a t i o n  this  equa t ion  r e d u c e s  to:  

A V -  
A7 
7B (4) 

S ince  3>>a, YB, "YT' 1 >>b and Y1 is  d i r e c t l y  p r o p o r t i o n a l  to ~ s m a l l  d e v i a t i o n s  of a, b ,  and  TT f r o m  
the m e a n  v a l u e s  have  no s i g n i f i c a n t  e f fec t  on the end  r e s u l t .  

Equa t ion  (4) can  b e  d e d u c e d  in a n o t h e r  way  [3], a l though i t s  a p p r o x i m a t e  c h a r a c t e r  i s  l e s s  c l e a r l y  
a p p a r e n t :  

AR -- R1 --R2 ' 

w h e r e  A R  i s  the  r e s i s t a n c e  of the  p u l s e  i n c r e a s e  in  b l o o d  vo lume ;  R 1 and R 2 a r e  the r e s i s t a n c e  of the  o r g a n  
in  the p e r i o d s  of d i a s t o l e  and  s y s t o l e  r e s p e c t i v e l y ,  but  

l pFl  ~ 
AR=PB"ff"= AV ' 

w h e r e  p B, l__~ S, and  AV a r e  the s p e c i f i c  r e s i s t a n c e ,  the " l eng th , "  the " a r e a  of c r o s s  s e c t i o n , "  and the p u l s e  
i n c r e a s e  in  b l o o d  v o l u m e  r e s p e c t i v e l y  

( A V =  PB'H 
AR ") 
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Fig. 2. Effect of the elast ic  proper t ies  of the lungs on the mag-  
nitude of the blood flow determined by the e lec t romet r ic  
method. Along the axis of a b s c i s s a s - d i s c r e p a n c y  between the 
resul ts  of determination of the blood flow by the direct  (AVd} 
and the e lec t romet r i c  (AVe) methods (in %). On the left, AVe 
was determined by equation (6), on the right by equation (5); 
along the axis of o r d i n a t e s - a  value proport ional  to the mo-  
dulus of volume elast ici ty (in mm Hg/ml).  

Mean Values of Minute Volume of the Circulation (MVC) in the Human 
Lungs (in ml/100 cm 3 of Organ) 

Number of 
observat ions 

Number  of 
observat ions  
MVC 

lower 
lobes 

15 
122.2 

Normal  conditions Pathological  conditions 

part ial  collapse mi t ra t  
of the lung stenosis 

middle after  

lo~es pneumonectomY3 

85.8 214.1 

4 

91,0 

9 
86.6 

Since in the presen t  case the pulse increase  in blood volume is calcultaed per  unit volume of organ, 
then ~ = 1, but 

AR 1 1 A_L7 
K -- A7 P B = ~ '  TO AV= 7B ' (4) 

where K is the electrode coefficient used for  converting the measured  values into specific values.  

Since the pulse amplitude of e lec t r ica l  conductivity is the e lec t r ica l  equivalent of the pulse increase  
in the volume of blood in the lungs during systole,  the value of AV must  be less than the value of the s troke 
volume, because a small  volume of blood leaves the lung actually during systole.  Like Nyboer [3], who 
measured  the blood flow in the human limbs, we used the method of graphic extrapolation to determine the 
e lect r ical  equivalent of the s t roke volume (Fig. 1). Substituting in equations (3) and (4) the value of the 
e lec t r ica l  equivalent of the v o l u m e - A  T e - f ~  the value of A% we obtain the s troke volume: 

AVe = (3 -- al).ATr 1 -- a I ' (5) 
2 (TB-- 7~) (1 -- b) + 37~ a~ 
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Are = A~e (6) 
7B ' 

where ATe  is the volume of blood (in ml) flowing through., 1 em 3 of the organ  during a cardiac  contract ion.  
In prac t ice  it is more  conveient to use a value 100 t imes g rea t e r  (per 100 cm 3 of the organ).  

The value of the s t roke  volume thus determined must  depend on the elast ic  proper t ies  of the organ.  
This is evidently allowed for  only par t ly  in eqations (5) and (6). It was therefore  considered important  to 
t ry  toifind the magnitude of the co r rec t ion  for  elast ici ty for  the general  case, when the elastic p roper t i es  of the 
organ may be significantly modif ied.  

In connection with the need for  checking the assumptions made and for  introducing a co r rec t ion  for  
the elast ic  proper t ies  of the organ, experiments  were ca r r i ed  out on isolated lobes of the lung of dogs and 
cats in which the s t roke volume was determined simultaneously by the direct  and the e l ec t romet r i c  method. 
The resul ts  of these measurements  are  given in Fig. 2. 

It can be concluded f rom these graphs that both equations, the approximate (6) and the more  exact (5), 
yield roughly identical resu l t s .  In the general  case,  when the elastic proper t ies  of the organ may va ry  
within wide l imits,  a cor rec t ion  for  e las t ic i ty  is essential  when calculating the volume blood flow. By in- 
troducing an analytic express ion into the graph, it can be shown that the approximate equation for  de te rmin-  
ation of the blood flow, taking account of elast ici ty,  may be writ ten in the simple form:  

AP 
AVB = Q.~-AVe, (7) 

where AV B is the volume of blood (in ml) ejected by the r ight ventr ic le  during one systole  per  unit volume 
of the lungs; Q is a constant coefficient equal to 1.79 m l / m m  Hg; AP is the systolic inc rease  in p r e s su re  
in the pulmonary a r t e r y  (in mm Hg); AV is the pulse increase  in the blood volume in the lungs (in ml) per  
unit volume, determined by equation (4), and ~V e is the s t roke volume (in ml) per  unit volume of the elast ic 
p roper t ies .  

The use of equation (6) for  calculating the blood flow thus assumes  that the ratio between the pulse 
increase  in p r e s s u r e  and the pulse inc rease  in volume is constant. 

The resul ts  of the direct  measu remen t  of the minute volume thus agreed with those claculated by the 
equations to within 20~ in the case  of mos t  of the measurements .  However, we can assume that in fact  the 
degree of accuracy  will be higher, because  the compar i son  with the direct  method of determinat ion of the 
blood flow is based on the hypothesis that the blood flow is uniform throughout the volume of the lobe; as 
a f i r s t  approximation this may be so in the conditions of the natural c i rculat ion but it is very  difficult to 
ensure  during art if icial  perfusion of the lungs, used as a method of control .  The calculated values of the 
pulse increase  in blood volume and of the s t roke volume are probably a little on the low side, because the 
coefficient dependent on the orientat ion of the vesse ls ,  mentioned above, must  in fact  be g rea te r  than 1. 
However, this also could not be demonst ra ted  rel iably in the exper iments  with perfus ion of the lungs. 

The measu remen t  of the blood flow by the e lec t romet r i c  method was ca r r i ed  out in clinical conditions. 
The resul ts  of some observat ions are  given in the table. 

The purpose of compiling this table was mere ly  to i l lustrate  the possibi l i ty of using the proposed  
method in clinical conditions. 

So far  as the a s se s smen t  of the dynamics of the blood filling of the l ungs -de t e rmina t i on  of the amount 
of blood injected or  ejected (in ml/100 em ~ of the organ) - i s  concerned,  this is based on the use of equation 
(4). Since it was assumed,  when equation (3) was deduced, that the volume of blood expelled during one 
systole  is smal l  by compar i son  with the volume of the lungs, the suitabil i ty of equation (4) for  a s se s smen t  
of the dynamics of the blood filling is l imited to cases  when the volume of blood accumulated is smal l  by 
compar ison  with the volume of the lungs. 

i. 

2. 
3. 
4. 
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