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Regional lung concent ra t ions  and the concentra t ion curve  of Xe-133 in the expired  a i r  we re  inves t i -  
gated in 18 p e r s o n s  inhaling this t e s t  gas at var ious  t imes  of inspirat ion.  

The t e rmina l  pa r t  of  the a lveo la r  plateau is r a i sed  during inhalation of Xe-133 in the init ial  s tages  
of insp i ra t ion  f rom the level  of i ts  res idual  volume and lowered if Xe-133 is admin i s t e red  at the end of 
inspi ra t ion.  

The change in concentra t ion of the tes t  gas  in l a t e r  expira t ion samples  is the resu l t  of regional  a syn -  
chronous venti lat ion of the lungs. The m o r e  the p r e i n s p i r a t o r y  volume d i f fe rs  f rom the mean  physiological  
level ,  the m o r e  m a r k e d  the asynchronous  venti lat ion of the lungs. 

The r e s p i r a t o r y  dead space  has been invest igated since 1963 by the use  of F o w l e r ' s  p r inc ip le  [7], by 
record ing  the concentra t ion  curve  of xenon-133 (Xe-133) in the expired  a i r  during a single expi ra t ion  syn-  
chronously  with the expired volume.  The pr inc ip le  descr ibed  is the obtaining of the a lveo la r  p la teau,  indi-  
eat ing the development  of a uni form Xe-133 concentra t ion  f rom the lungs [3]. It  was  occas iona l ly  obse rved  
that the t e rmina l  par t  of the a lveo la r  plateau is r a i sed  or  lowered,  indicating an i n c r e a s e  or  d e c r e a s e  in 
concentra t ion  of the tes t  gas  in the mixed a lveo la r  a i r .  Such changes  in the t e r m i n a l  pa r t  of the a lveo la r  
plateau have been obse rved  by s eve ra l  w o r k e r s  [6, 8, 11]. 

The object  of the p r e s en t  invest igat ion was to de t e rmine  the nature  of concentra t ion changes  in the 
t e rmina l  pa r t  of the a lveo la r  plateau.  

EXPERIMENTAL METHOD 

Xe-133 (1-2 mCi/2-3 ml air) was injected into the inspired mixture in different preinspiratory vol- 
umes determined by an electrospirograph of the writer's own design. The Xe-133 concentration in the in- 

spired and expired mixtures was recorded by a scintillation counter in a special collimator placed in the 

subject's mouth. Changes in activity of Xe-133 in the expired mixture were determined by a fast-acting 

radiometer with time constant 0.2 sec and transmitted to the vertical axis of a two-coordinate self-writing 

instrument designed by the writer on the basis of a multi-channel oscilloscope. The electrospirograph 

signal was fed synchronously on the horizontal axis of the instrument. In this way the two-coordinate in- 

strument recorded the integral expiratory curve of Xe-!33 activity as a function of expired volume. The 

time constant of the two-coordinate self-writer was less than 0.1 sec. The shape of the expiratory concen- 
tration curve and the alveolar plateau were recorded by this method. 

Meanwhile the regional Xe-133 concentrations were recorded by four scintillation counters located 

extrathoracically over the dorsal surface of the right lung. The counters were arranged at regular dis- 
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tances  along the long axis of the lung f rom above down (all invest igat ions  were  c a r r i e d  out with the pat ients  
in the sitt ing position).  Xe-133 act ivi ty  was m e a s u r e d  by fas t -ac t ing  NC-106 r ad iome te r s ,  and regional  
rad ioac t iv i ty  l eve l s  were  recorded  on a type N-320 se l f -wr i t ing  ins t rument .  

The reg iona l  concentra t ion of Xe-133 was de te rmined  by the method of Ball and c o - w o r k e r s  [5], with 
m e a s u r e m e n t  of the p r i m a r y  counting speed and the counting speed a f t e r  the per iod of equilibration: 

x Creg  
Kreg  = Ksp i r  C - ~  ' 

where  Kreg  is the regional  Xe-133 concentrat ion;  Ksp i r  the Xe- !33  concentra t ion  in the sp i rograph  a f te r  
the per iod  of equil ibrat ion,  Creg  the regional  p r i m a r y  counting speed; Ceq the regional  counting speed 
a f te r  equil ibrat ion.  

The technique of  this invest igat ion and the equipment used have been desc r ibed  p rev ious ly  [1, 2, 4]. 

Xe-133 was injected by a syr inge  into the a i rway in four p r e i n s p i r a t o r y  volumes:  0-10% of the VCL* 
(res idual  volume),  20-30% of the VCL, 40-50% of the VCL (functional res idual  capacity) ,  and 60-70% of the 
VCL. Inhalation began f rom the level  of the res idual  volume and continued up to the VCL. Expira t ion dur -  
ing which the exp i r a to ry  concent ra t ion  cu rve  of Xe-133 and the a lveo la r  plateau were  r eco rded  continued 
down to the level  of the res idua l  volume.  

Al together  18 subjects  aged 24-39 y e a r s  with no evident pathology of the r e s p i r a t o r y  and c i r cu l a to ry  
s y s t e m s  were  invest igated.  All subjec ts  rece ived  p r e l i m i n a r y  t ra in ing in p e r f o r m a n c e  of the essen t i a l  r e s -  
p i r a t o r y  p rocedu re  without the use  of Xe-133. 

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

The f requency of changes in the t e rm i na l  pa r t  of the a lveo la r  plateau is shown in Table 1 in relat ion 
to the p r e i n s p i r a t o r y  volume at which Xe-133 was injected. The r i s e  or  fall  of the plateau at the end of 
inspi ra t ion  was regarded  as significant only if the Xe-133 concentra t ion in the final par t  of  the plateau dif-  
fe red  f rom the genera l  level  of the plateau by m o r e  than 10%. In these  ca se s  the name "plateau" is ,  of 
course ,  conventional in c h a r a c t e r .  

The resu l t s  given in Table  1 and Fig. 1 demons t r a t e  that the tes t  gas  concentra t ion  in the last  s a m -  
ples  taken during expira t ion a re  definitely dependent on the p r e i n s p i r a t o r y  volume at which the t es t  gas  
was injected.  Consequently,  the behav ior  of the t e rmina l  pa r t  of the a lveo la r  plateau is  usual ly  not r a n -  
dom but regular ,  and the m e c h a n i s m  of this re la t ionship  r equ i re s  explanation. 

The regional  dis t r ibut ion of Xe-133 in the s ame  pat ients ,  given in Table  2, can now be considered.  
Table 2 shows that during insp i ra t ion  f r o m  the level  of the res idual  volume, to begin with, it is the upper  
por t ions  of the lungs which a re  mainly  filled. Fi l l ing of the lower  lung segments  begins to p redomina te  
only when the lungs have been filled to the extent of about one- th i rd  of the VCL. Inject ion of Xe-133 at 

* Vital capaci ty  of the lungs. 

TABLE 1. Te rm i na l  P a r t  of Alveolar  Pla teau following Inhalation 

of Xe-133 at Different  Moments  of  Insp i ra t ion  

Pla teau  at  end of  exp i r a t i on  

Rise of p l a t e a u  ( increase  in  

Xe-133  concentrat ion.)  
No change 

Fall of plateau (decrease in 
Xe-183 concentration) 

T o t a l  number  of .~ubjeets ' . . . .  

Preinspkatory volume (in percent of VCL) 
o - - l o  2 o - - 3 o  4 e - - s o  60--70 

12 
2 

2 

16 

2 
14 

2 

18 14 

1 
4 

lO 

15 
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Fig. 1. Alveolar  plateau a f te r  
inhalat ion of t es t  gas  at dif-  
fe ren t  momen t s  of i n s p i r a -  
t ion (concentrat ion cu rves  as 
a function of volume plotted 
by two-coord ina te  in tegra t -  
ing s e l f - w r i t e r s  for  subject  
Z., aged 38 yea r s ) .  Absc i s -  
sa,  volume; ordinate ,  Xe-133 
concent ra t ion  (in thousands 
of p u t s e s / s e c ) .  A) Inject ion 
of Xe-133 at p r e i n s p i r a t o r y  
volume of 10% of VCL; 
B) 67% of VCL. Ver t ica l  a r -  
rows  denote t imes  of in jec-  
tion of Xe-133.  

T A B L E 2 .  
Inhalat ion ~ D i f f e r e ~  M o m e n t s o f I n s p i r a t i o n ( M  •  

Regional Concentrations of Xe-133 following its 

Preinspiratory volume (in percent of VCL 
Counter 

0--I0 20--30 40--50 6 0 - - 7 0  

120,3!2,48 
117,9• 
76,2+l,75 
56,8_+4,21 

91,7_+1,76 
l i2,2+_0,78 
114,8!-0~63 

95,8• 

84,7!-1,34 
105,6___0,73 
133,5_+2,01 
145,0~1,14 

I 
II 
III 
IV 

Note. 

87,0+1,87 
100,~7~0,63 
121,0_--+-0,65 
148,1 • 

Counters  I - IV were  located in o rde r  f rom the apex to 
the base  of the lung. 

different  p r e i n s p i r a t o r y  vo lumes  thus conf i rms  the asynchronous  f i l l -  
ing of the lungs segments ,  desc r ibed  as succes s ive  vent i la t ion of the 
lungs [9]. Although the exis tence  of asynchronous  venti lat ion of the 
lungs has been known since 1902 [13], it was m e a s u r e d  for  the f i r s t  
t ime  only in 1959 by Kole r  and c o - w o r k e r s  [10], who used  l abor  b ron-  
c h o s p i r o m e t r y  for  this  purpose .  Asynchronous venti lat ion of the lungs 
was demons t ra t ed  by Read [12] by the use  of a m o r e  ref ined technique 
using iner t  gases .  

By inhalation of Xe-133, the exis tence  of asynchronous  regional  
vent i la t ion of the lungs under  abnormal  conditions of r e sp i r a t ion ,  i .e . ,  
with e x t r e m e l y  smal l  or  l a rge  p r e i n s p i r a t o r y  vo lumes ,  can be re l i ab ly  
conf i rmed.  

If  regional  Xe-133 concentra t ions  and the c h a r a c t e r i s t i c s  of  the 
a lveo la r  plateau a re  conf i rmed for  ident ical  conditions of r e sp i r a t i on  
(Tables 1 and 2), a m o r e  p r e c i s e  idea can be obtained of both regional  
asynchronous  venti lat ion of the lungs and the m e c h a n i s m  of the change 
in concentra t ion of the tes t  gas  in the final s amples  of expira t ion.  The 
a lveo la r  plateau at the end of expira t ion is r a i sed  if Xe-133 is  inhaled 
at the beginning of insp i ra t ion  (i.e., it en te r s  main ly  the upper  seg-  
ments)  and lowered if the tes t  gas is  inhaled at the end (i.e., it en t e r s  
main ly  the lower  segments  of the lungs). It is thus evident that  during 
m ax i m a l  expira t ion it is gases  f rom the upper  segments  of the lungs 
which a re  expelled.  A s im i l a r  re la t ionship p robab ly  mus t  exis t  a lso 
for  the a lveo la r  p la teau obtained with other  foreign tes t  gases .  

The re la t ionship  desc r ibed  was obtained only under  conditions 
of lung ventilation outside the mean physiological limits. However, if it is remembered that function tests 
based on determination of mean concentrations of alveolar gas are frequently carried out at maximal ex- 
piration, corrections must be introduced when the results of these tests are analyzed. 
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