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On the basis  of a theoret ical  investigation of a biophysical model of the lung s t ructure  and sub- 
sequent experimental  verif ication of the resul ts ,  a method of calculating the regional  relat ive 
blood volume of the lungs f rom the data of e lec t rople thysmographic  investigation of the lungs 
and the resu l t s  of measuremen t  of the specific e lec t r ica l  conductivity of the blood is suggested. 
Equations for calculating the regional  re la t ive blood volume of the lungs are derived and their 
working range is established so far  as the use of the proposed method of calculation in clinical 
and physiological investigations of the lungs is concerned. 

KEY WORDS: lungs; regional  blood volume of the lungs; e lect roplethysmography.  

Elec t rople thysmography (rheography, impedance plethysmography) is nowadays a method widely used in 
clinical  and physiological investigations of the per ipheral  circulat ion.  

One of the modificat ions of this method, of importance on its own account, is regional  e lec t rople thysmo-  
graphy of the lungs [3],  by means of which cer ta in  indices of the regional  pulmonary hemodynamics  can be 
es t imated quantitatively [4] .  Quantitative a s se s smen t  of the resu l t s  of e lect rople thysmographic  investigation 
in general  and of the lungs in par t icular  is a mos t  important  but, at the same time, a most  difficult task. 

This paper descr ibes  a method of quantitative evaluation of the regional  relat ive blood volume of the 
lungs (Kv), which is taken to mean the volume of blood (V b) present  per unit volume of lung (V), including blood, 
lung tissue, and air,  i .e. :  

Vb 
Ko = - V "  (1) 

I r respec t ive  of the relat ive volumes of the components,  the type of relat ionship between the specific e lec-  
t r ical  conductivity of the lung s t ructure  (T) and the specific e lec t r ica l  conductivities of the blood (yb),  the lung 
t issue ( Tt ), and air  (Ta) and the relat ive volumes (Bv, Tv, and A) of the respect ive  components (blood, tissue, 
and air), can be represen ted  by the known law of connection in parallel,  provided that a cor rec t ing  factor  (F) is 
introduced: 

Y = (Bv" Yb + Tv" "gt + A" ~/a)" F. (2) 

If the frequency of the cur ren t  is 5 kHz, it can be taken that ] ' a  = 0. This not only shortens equation (2), 
but also enables the factor  F to be represen ted  as the product of two coefficients allowing for deviation f rom 
the paral le l  state for components of the "blood-t issue" s t ructure  (Fb) and for components of the "blood + t is-  
sue--air" s t ructure  (F a) : 

Y = (Bv" ~b + Tv" ~t)Fb" Fa" (3) 

The values of B v and T v are  dependent: B v + T = S, where S is the relat ive volume of the "blood-t issue" 
s t ructure  in the lungs (S + A = 1). Fu r the rmore ,  B v = SB and T v = ST, where B and T are the relative volumes 
of blood and tissue in the "blood-t issue" s t ructure .  Hence: T v = T.B-I~ . Solving equation (3) for B v and 
making this substitution, we obtain: 
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T A B L E  1. Va lue  of R a t i o  E = 7 b / T ' B ' ( 1  - A) 
D e p e n d i n g  on R e l a t i v e  Conten t  of Blood and 

A i r  in the Lungs  
A 

B 

20 
25* 
3t 
42 
45 
47 
48 
63 

80 75 

1,00 1,02 i ,07 
1,08 1,14 1,21 
1,17 1.25 1,35 
1,19 1,40 1,42 
1,27 1,40 1,47 
1,29 1,39 1,48 
1,30 1,43 1,37 
1,32 1,33 1,46 

M-t-m= 1,4-}-0,02; 

70 60 

t,13 1,4 
1,27 1,42 
1,42 1,44 
1,38 1,42 
1,45 1,36 
1,48 1,48 
1,48 1,53 
1,52 1,65 
S=4-0,123 

5O 40 

1.21 
1,33 
1,45 
1,48 
1,44 
1,51 
1,63 
1,44 

*Value  of B given fo r  which the va lue  of E 
was  ob ta ined  by i n t e r p o l a t i o n  be tween  v a l u e s  
B = 0.20 and B = 0.31. 
Legend :  B) r e l a t i v e  b lood  vo lume  (in % by 
weight ) ,  A) r e l a t i v e  vo lume  of a i r  (%). 

y 

Bv = ()b + T. B "i . ~'t~bFa" (4) 

th is  equa t ion  i s  u sed  fo r  p r a c t i c a l  c a l c u l a t i o n s ,  the  v a l u e s  of F a ,  F b, and Tt  m u s t  be e s t i m a t e d .  To 
e s t i m a t e  the c o e f f i c i e n t  F a i t  i s  p e r m i s s i b l e  to r e g a r d  the lungs  (within the l i m i t s  of the r e g i o n  of i n v e s t i g a -  
tion) a s  a m o d e l  s t r u c t u r e  c o n s i s t i n g  of an e l e c t r i c a l l y  conduc t ing  m e d i u m  (blood + t i s s u e ;  s p e c i f i c  c o n d u c t i v -  

i ty  ~ b t  ) and,  s c a t t e r e d  in i t ,  nonconduc t ing  i n c l u s i o n s  which a r e  a p p r o x i m a t e l y  s p h e r i c a l  in shape  and of e q u a l  
s i z e  ( a l v e o l a r  a i r ) ,  s o  tha t  i t  can  be d e s c r i b e d  by the V e l i c k - G o r i n  equa t ion  [ 9] ,  which,  a l l owing  fo r  the h y p o -  

t h e s e s  and a s s u m p t i o n s  adopted ,  w i l l  have  the f o r m :  

y= 2A.(3--S) " l .  ~bt" 

H o w e v e r ,  s i nce  the va lue  of ~/bt can  be e x p r e s s e d  a s :  S .Tb t ~ (B v- 7 b  + Tv" Tt )Fb ' by c o n s i d e r i n g  equa t ion  (3) 

we obta in :  F a = 2"(3 - S) - i .  C l e a r l y  the va lue  of F a i s  a l m o s t  i ndependen t  of the va lue  of S, so  tha t  a c c o r d i n g  
to  p h y s i o l o g i c a l  [7] and m o r p h o l o g i c a l  [2] d a t a  S ~ 0.3; c onse que n t l y ,  a r a n g e  of v a l u e s  of S(A) can  be d i s -  
t i ngu i shed  fo r  which F a ~ cons t .  The c o m p l e t e  e s t i m a t i o n  of the c o e f f i c i e n t  F b i s  m o r e  d i f f icu l t ;  h o w e v e r ,  a s  
fo l lows  f r o m  d a t a  in the l i t e r a t u r e  [1 ] ,  the r e l a t i o n s h i p  be tween  F b and B i s  s i m i l a r  to tha t  of F a and S, so  tha t  
we can  e v i d e n t l y  p ick  out  a r a n g e  of v a l u e s  of B fo r  which F b ~ cons t .  The  m e a n  va lue  of the b lood vo lume  of 
the lungs  (B) m u s t  be t aken  to be 40% by we igh t  (for the h u m a n  and the c a t ' s  lungs) [8 ] .  

The  va lue  of T t  i s  no t  m e a s u r e d  d i r e c t l y ,  but  i t  i s  known that  7 t  is  about  an o r d e r  of m a g n i t u d e  or  l e s s  

be low the va lue  of ~b  [4 ] .  

The  r e s u l t s  of e s t i m a t i o n  of the v a l u e s  of B and Yt enab l e  the r e q u i r e d  equa t ion  to be s i m p l i f i e d  s t i l l  
m o r e ,  for  a f t e r  t r a n s f e r  of 7 b to the d e n o m i n a t o r  of the r i g h t  hand  s ide  of equa t ion  (4) we a r e  le f t  in p a r e n -  
t h e s e s  with the e x p r e s s i o n  (1 + T Y t / B 7  b) = N, the m e a n  va lue  of which N = 1 + 0.15 is  a l m o s t  i ndependen t  of 
v a r i a t i o n s  in the v a l u e s  f o r m i n g  the s e c o n d  t e r m ,  and so  N ~ c o n s t .  

R e p r e s e n t i n g  (FN) -1 = E,  we can  r e w r i t e  equa t ion  (4) in the f o r m :  

7 
Bv = E-~-  b �9 (5)  

To obta in  the  f ina l  equa t ion  f r o m  equa t ion  (5) i t  i s  n e c e s s a r y  to d e t e r m i n e  e x p e r i m e n t a l l y  the va lue  E = E 0 and 
the r a n g e  of v a l u e s  of B and A fo r  which i t  can  be taken  with a s a t i s f a c t o r y  d e g r e e  of a c c u r a c y  tha t  E 0 = cons t .  
E x p e r i m e n t a l  e s t i m a t i o n  of the va lue  of E 0 i s  b a s e d  on the use  of equa t ion  (5) in the  f o r m :  E = Tb" - / -LB(1 -- A), 
the p a r a m e t e r s  of which w e r e  d e t e r m i n e d  e l e c t r o p l e t h y s m o g r a p h i c a l l y  ( 7  and ~ b  ) and by d i r e c t  ( c o l o r i m e t r i c ,  
v o l u m e t r i c ,  and g r a v i m e t r i c )  m e a s u r e m e n t s  of the r e l a t i v e  v o l u m e s  of b lood,  t i s s u e ,  and a i r  in e x p e r i m e n t s  
on the i s o l a t e d  p o s t e r i o r  l obes  of the lungs  of s even  a n e s t h e t i z e d  c a t s .  The r e s u l t s  of these  e x p e r i m e n t s  a r e  
s u m m a r i z e d  in T a b l e  1, which  shows  how the c o e f f i c i e n t  E d e p e n d s  on the b lood vo lume  of the lungs  (B) and 
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Fig. 1. Dynamics of regional  relat ive blood volume of lungs during change in position of body 
in space. A) Change in relat ive blood volume of symmet r i ca l  dorso-basa l  regions of r ight and 
left lungs with a change in position of body f rom horizontal  (lying supine) to ver t ical  (head 
uppermost) and vice versa ;  B) relat ive blood volume of dorso-basa l  regions of lungs in hor i -  
zontal and ver t ical  positions r ecorded  in nine animals during change f rom horizontal  to ve r -  
tical position and vice versa .  

the relat ive volume of air (A). The standard stat is t ical  analysis of these data shows that within the working 
range of (B) f rom 0.25 to 0.63 (by weight) and of (A) f rom 0.4 to 0.8, the value of E 0 = 1.4 :e 0.02; the mean 
e r r o r  of measuremen t  is * 12~0, and the maximal  e r r o r  is ~: 23~0. 

The regional  relat ive blood volume of the lungs can thus be calculated by the equation: 

---~ (6) B v -----1.4u , 

if the relat ive blood volume of the lungs (B; by weight) is not below 25% and if the relat ive volume of air is not 
more  than 80% and not less than 40~o. In units of e lec t r ica l  res i s tance  (ohms) equation (6) can be written: 

B 1.4 Pb (7) 
p 

where Pb and p are  the specific res i s tance  of blood and the lungs respect ively .  To express  the value of B v in 
mi l l i l i te rs  of blood per 100 cm a volume of the lungs or, what amounts to the same thing, in volumes per cent, 
the r ight  hand sides of equations (6) and (7) must  be multiplied by 100%: 

By ffi 140 ~ (%) (8) 

and 

By = 14o Pb (%). (9) 
p 

In conclusion, as an example of the use of the suggested method to calculate the regional  re la t ive blood 
volume of the lungs, Fig. I shows a section of a simultaneous record ing  of two e lec t rop le thysmograms  f rom 
symmet r i ca l  regions  of the lungs and the value of the regional  relat ive blood volume of these regions  of the 
lungs, recorded  in exper iments  to study postural  hemodynamic responses  of the pulmonary circulation [ 5, 6]. 
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S I M U L T A N E O U S  R E C O R D I N G  OF T H E  

T R A N S P U L M O N A R Y  P R E S S U R E  AND E L E C T R O M Y O G R A M  

OF T H E  D I A P H R A G M  

V. A.  L o p a t i n ,  M.  L .  F i n k e l  ~, 
V. V. B a r a n n i k o v ,  a n d  O. V.  T e r e k h o v  
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To r eco rd  the hys te res i s  loop and e Iec t romyogram of the diaphragm simultaneously it is r e c o m -  
mended that a standard probe of the sor t  used to r eco rd  the intraesophageal  p ressure ,  on which 
s i lver  e lec t rodes  are  mounted, be used, This method provides fuller information on the work of 
the r e s p i r a to ry  muscles .  

KEY WORDS: t ransputmonary p ressure ;  e l ec t romyogram of the diaphragm; e lec t rode-probe .  

The methods nowadays mos t  widely used to Investigate the work of the r e sp i r a to ry  muscles  are calcula-  
tion of the work done in overcoming the elast ic and nonelastic res is tance  to respi ra t ion  f rom the p r e s s u r e -  
volume curve (hysteresis  loop) and e lec t romyography of the r e sp i r a to ry  muscles .  The f i r s t  method yields data 
which are integral indices of all fo rces  taking par t  in the mechanics  of the r e sp i r a to ry  act; the second method 
gives an idea of the relat ive role of par t icular  r e sp i r a to ry  muscles  in the work of resp i ra t ion  in the different 
phases of the r e s p i r a t o r y  cycle. 

Usually the two methods are used separately,  but this makes compar ison of their resu l t s  difficult. It 
seemed worthwhile to combine these cl inical-physiological  methods of investigation in order  to be able to ob- 
tain fuller information on the biomechanics of respirat ion.  

For  this purpose the wr i te rs  have used an esophageal  probe, forming par t  of the set of ins t ruments  used 
to study the elast ic proper t ies  of the lungs and the work of respi ra t ion  and, in part icular ,  par t  of the rrcompli- 
ance test 't apparatus manufactured by the f i rm of Godart. The p ressure  measured  in the lower third of the 
esophagus cor responds  mos t  adequately to the true intrathoracie  p ressu re  [1-51. With the p ressure  t ransducer  
located there the coefficient of corre la t ion between the intraesophageaI and intrapleural  p re s su re  is 0.99 [6]. 
Usually the intrathoracic  p ressure  is measured  by a d i f fe ren t i a lmanomete r  relat ive to the p ressure  in the 
mouth. In this case the res i s tance  of the instrument  is automatically subtracted and the manometer  shows the 
true intrathoracic,  or so-cal led  t ranspulmonary,  p ressure ,  one of the mos t  important  pa ramete r s  for the cal-  
culation of many indices of the biomechanics of resp i ra t ion .  

When the probe is located in the lower third of the esophagus, after slight modification it can also be used 
as a bipolar electrode for e lec t romyography of the diaphragm. The modification is as follows. Two si lver  
e lec t rodes  5 mm in diameter  and 0.3 mm thick are  glued to the thin-walled rubber  balloon of the standard probe 
for record ing  the intraesophageal p ressure ,  at a distance of 10 and 30 mm f rom its "blind" end. A lead made 
f rom copper wire 0.06 mm in diameter ,  with Vinfflex insulation, is soldered to each electrode.  The wires run 
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