
PHYSIOLOGY 

S E G M E N T A L  T O P O G R A P H Y  A N D  A E R A T I O N  

G R A D I E N T S  O F  T H E  H U M A N  L U N G S  
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The method of regional  e l ec t rop le thysmography  of the lungs was used to study the segmenta l  
topography of the a i r  volume when the total p r e in sp i r a to ry  lung volume cor responded  to the 
functional res idua l  capaci ty.  In subjects  r ecumben t  in the supine position, bes ides  a dis t inct  
d o r s a l - v e n t r a l  gradient ,  there  is also an equally marked  a p i c a l - b a s a l  gradient ,  the origin of 
which cannot be explained f rom the standpoint of a gravi ta t ional  mechan ism.  The e l ec t rop l e -  
thysmographic  index of the a i r  content in a par t  of the lungs can be conver ted into an index of 
the regional  volume of a i r  in the lungs, and it was also shown that, in pr inciple ,  the regional  
total lung-capac i ty  index can be calculated by e lec t rop le thysmography .  
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The concept  of functional he terogenei ty  of the lungs has r ece ived  f resh  evidence with the introduction 
of radioisotopic  methods of investigation into r e s p i r a t o r y  physiology [5, 15, 16]. In prac t ice ,  however,  these 
methods a re  unsuitable for  the study of regional  functions at the segmenta l  level ,  which would allow a more  
adequate compar i son  of functional he terogenei ty  with morphological .  The segmenta l  pr inciple  is also of 
g r ea t  p rac t i ca l  impor tance  in connection with the r equ i r emen t  of pulmonology and thoracic  su rge ry .  

Since no data on the segmenta l  distr ibution of aerat ion of the lung could be found in the access ib le  
l i t e ra tu re ,  it w a s  decided to study this p rob lem by the method of regional  e l ec t rop le thysmography  of the 
lungs. 

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

Tes t s  were  c a r r i e d  out on 25 men and 5 women f rom 19 to 47 y e a r s  old. The e l ec t rop l e thysmo g ram 
was r eco rded  during combined bronchoscopic  investigation under intravenous thiopental anes thes ia  af ter  
a t ropine (1 rag) premedica t ion .  Art i f ic ia l  venti lat ion of the lungs was c a r r i e d  out with a semiopen c i rcu i t  
and pass ive  expirat ion.  Measu remen t s  were  made in the per iod of t rans ien t  apnea , and they  re la ted  to pa r t s  
of the lungs not exceeding the volume of an el l ipsoid of rotat ion with hemiaxes  of 17.5 and 11 mm.  The lo -  
cation of the de t ec t o r -p robe  of the e lec t rop le thysmograph  was de te rmined  endoscopical ly  and radiological ly .  
The segmenta l  topography of the lungs is descr ibed  in ag reemen t  with the te rminology of the bronchial  t r ee  
and b roncho-pu lmonary  segments  adopted at the 6th International  Congress  of Anatomis ts  in 1955 [7, 13]. 

The a i r  content per  unit volume of the organ in percent  (the aeration) was calculated by the method of 
m e a s u r e m e n t  and computat ion desc r ibed  previous ly  [9, 11]. 

This  paper  gives an analys is  of the r e su l t s  of investigations of patients  found to be cl inical ly healthy 
a f te r  cl inical  and radiological  examinat ion (7) and also of patients  with monosegmenta l  minor  fo rms  of tu-  
be rcu los i s  (23), in whom the m e a s u r e m e n t s  were  c a r r i e d  out on segments  of the eon t ra la te ra l  lung. The 
study of external  r e s p i r a t o r y  function shows that, in ag reemen t  with c r i t e r i a  es tabl ished by var ious  w o rk e r s  
[1, 3, 8, 12], nei ther  group of patients  had evidence of vent i la tory  insufficiency. Control oxyhemographic  
tes t s  showed that the oxygen sa tura t ion of the a r t e r i a l  blood during the per iod of record ing  of the e l e c t r o -  
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plethysmograms deviated from its initial level by not more  than • 2 %. All measurements  were car r ied  out 
with the patients in a supine position. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

For conveinence of comparison of the index of regional aeration of the lungs obtained when the total 
pre inspi ra tory  volume corresponded to the functional residual capacity (FRC) with the resul ts  obtained by 
workers  [5, 15] who calculated the regional air volume as a fraction of the regional maximal capacity of the 
lungs in percent,  a calculation based on the following simple consideration was car r ied  out [2, 10]. 

Vf Vbt +Bf Bf:(l +-~f ~) Vbt;at = Vbt_. 
- ( _vbq ; ~ f = v f  vt ' Vt -- Vbt +Bt B t l +  8t / 

at Bf(l+-~-ff) FRCr%% (l--bt) bf I00%" 
-- ( a t )  ' --  b-t'('l--bf) ' 

a + b = l ;  af Bt l + ~ - t  

where V and Vbt are  the regional volume of the organ (in cm 3) as a whole and the regional volume occupied 
by blood and the tissue of the organ (in cm3); B the regional volume of air  (in cm~); a and b the relative vol-  
umes of b lood+t issue  of the organ and air;  f and t are indices of the functional r e se rve  capacity and total 
capacity of the lungs; FRCreg % is the regional functional r e se rve  capacity, but with extrapolation for the 
lung segment, expressed in percent.  

In order  to calculate FRCreg ~7c it is thus necessa ry  to know only the relat ive percentage of air in the 
segments studied for corresponding functional states of the lungs, and this can be found in principle on the 
basis of two success ive  measurements  of the e lect r ical  res is tance  of that part  of the lung. The possibili ty 
of determining it in any other functional state is of interest  on its own account, for it enables the total lung 
capacity index, previously found on the basis of experiments on isolated human lungs [2], to be determined 
directly.  

The resul ts  (Fig. 1) show that with the subject in the supine position a c lear  d o r s a l - v e n t r a l  aeration 
gradient of the lungs exists (P < 0.001) on account of differences between the dorsal  10th segment and the 
group of ventral  segments (3-5), which are very homogeneous in their air content. However, subjects in the 
same position also show an a p i c a l - b a s a l  gradient  between segments 10 and 2, v i r tua l ly  on the same hor i -  
zontal level. 

It must be emphasized that the d o r s a l - v e n t r a l  and a p i c a l - b a s a l  gradients,  expressed by the ratio be-  
tween the FRCreg 7c indices, were closely s imi lar  in value (2.02 and 1.98}. The mean values of the relative 
air  content and the regional FRC in the lung segments are given in Table 1. 
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Fig. 1. Segmental distribution 
of a ir  content in lungs. Abscissa,  
f rom left to right, nomenclature 
of segment f rom most  dorsa l ly  
to most  ventral ly situated; o rd i -  
nate, air  content in segment, in 
percent,  when total pre inspi ra tory  
volume of lungs corresponded to 
functional r e se rve  capacity. 

The ap i ca l -ba sa l  gradient  found in the horizontal  position is 
comparable in all respec ts  with the same gradient  determined by 
radioisotopic methods in subjects in the ver t ical  position (Table 1). 
This gradient  is usually regarded  as gravitational in origin. How- 
ever,  such an interpretation is not valid for the ap i ca l -ba sa l  g r a -  
dients in the horizontal  position. 

The most  likely explanation is that it is largely  determined by 
the different conditions of ventilation which, in turn, depend to a 
substantial extent on the morphological  heterogeneity of the lungs. 
Segmental differences in differentiation of the alveolar paren-  
chyma, the charac te r  of branching of the bronchi and blood ves -  
sels ,  and differences in the anatomical conditions for col lateral  
aeration are implied [4, 6, 7, 14]. 

The resul ts  obtained for subjects in the horizongal position 
thus show that there is an a p i c a l - b a s a l  gradient  of aeration as 
well as ado r sa l -ven t r a l  gradient.  Since these gradients,  which 
from the gravitational point of view are mutually exclusive, are  
comparable  in magnitude there is reason to suppose that other 
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TABLE 1. Mean Value of Air  Content and Regional  Functional 
R e s e r v e  Capaci ty  in Lung Segments  

broncho-pulmonary 
segments 

air content 
percent 

Regional electroplethysm ography 

FRCreg, 
[5] 

zoneof 
lung 

Xenon-133 [5] 
] FRCre~, qo 
data ~rom 
graph On 
page t59 

Vertical 
~pical- 

a s a l  
gradient 

[ 
hat:ere-posterior (10th) 65,7-----0,32 [ 25,6 
Infero-Iateral ( 9 t h )  70,7~0,39 i 32,3 Inferior 30 
Cardiac (7th) 73,1m0,25 36,4 

Infero-apical (6) . 73,2~0,23 36,6 
Infero-anterior (8m) 75,7• 41.7 Middle 43 1,83 
Lateral (4th) 78,2---+0,2 48,0 

55 
Posterior (2nd) 
Medial (5th) 
Anterior (3rd) 

79,I• 
79,1~0,58 
80,7+0,15 

50,7 
50,7 Superior 
56,3 

(nongravitational) fac tors  play an essen t i a l  ro le  in the mechan i sms  of dis t r ibut ion of a i r  in the lungs. Thei r  
invest igat ions would probably  help to elucidate more  fully the mechan i sm of origin of regional  d i f fe rences  
in the a i r  content in the lungs. 
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