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The N 2 concentra t ion curve  during a single quiet expira t ion a f t e r  inhalation of pure 02 is  
a sui table c r i t e r i on  of the regu la r i ty  of lung venti lat ion.  Evidence of i r r egu la r i t y  is  given 
by a d e c r e a s e  in the N 2 concentra t ion at the beginning of the a lveo la r  phase,  an inc rease  in 
the r i s e  in N 2 concentra t ion  f r o m  the beginning to the end of the a lveo la r  phase,  and a l s o a n  
i nc rea se  in the  ra t io  between the r i s e  in concentra t ion and the durat ion of the a lveo la r  phase.  

The dis t r ibut ion of the inspi red  gas  between the la rge  number  of alveoli  in the lungs and its mixing 
with the a lveo la r  gas  cannot be absolutely r egu l a r  even in the healthy o rgan i sm because  of d i f ferences  in 
the ana tomica l  and physiological  conditions of venti lat ion in different  segments  of the lungs. Under patho- 
logical  conditions this  i r r egu la r i t y  is increased .  The ra te  of change in composi t ion  of the inspi red  a i r  can 
be used  as a m e a s u r e  of the uniformity  of vent i la t ion [4-6, 9]. 

The method of de te rmin ing  the regu la r i ty  of vent i la t ion by ana lys i s  of the N 2 concentrat ion during a 
single expi ra t ion  a f te r  inhalation of 02 [7, 8] is  based  on s imul taneous record ing  of the N 2 concentra t ion 
and the expi red  volume during deep expira t ion (not l e s s  than 1250 ml).  At the same t ime ,  it ha s  been 
shown that  the N 2 concentra t ion,  m e a s u r e d  at the end of normal  expira t ion af ter  inhalation of 02 can be 
equated with the mean  a lveo la r  N 2 concentrat ion.  Accordingly,  to detect  i r r egu l a r i t y  of venti lat ion during 
quiet breathing,  i t  was  decided to analyze not a forced,  but an ord inary  single expirat ion.  

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

The model  A-1 SKTB n i t r o m e t e r  (Medfizpr ibor ,  Kazan ' ,  USSR) [10] was  used  for  the analys is .  Single 
b r e a t h s  r e co rded  during de te rmina t ion  of the functional r e s e r v e  capaci ty  [3] were  analyzed.  In all  c a se s  
the second expira t ion f r o m  the beginning of 02 inhalation was  used because  it is m o r e  stable thanthe  f i r s t .  

After  inhalation of O 2, it is  mixed with the N 2 p re sen t  in the a i r  fi l l ing the lungs. During expirat ion,  
the dead space  is  f i r s t  emptied,  and mixed gas  f r o m  the alveoli  then begins  to be expel led( the  a lveo la r  
phase) .  

The beginning of the a lveo la r  phase was  conventionally defined as  the point of inflection of the curve  
(the point a), i .e . ,  as  the momen t  of a sharp  dec r ea se  in the r a t e  of r i s e  of the N 2 concentra t ion (Fig.  1). 
As expe r imen t s  with graphic  different ia t ion of the init ial  pa r t  of the cu rve s  for  a single expi ra t ion  at 0.2- 
sec in te rva l s  [1] showed, the point of inflection in heal thy and sick subjects  l ies  in the f i r s t  0.4 sec a f t e r  
the beginning of e levat ion of the curve  (this t ime  includes the iner t ia  t ime  of the ins t rument) .  

The end of the a lveo la r  phase  and beginning of inspi ra t ion a re  denoted by the point b. The inc rease  
in N 2 concentra t ion in the a lveolar  phase is defIned as  AFN 2 and is m e a s u r e d  on the curve  by means  of a 
s tenci l .  By mult iplying AFN 2 by the a tmospher i c  p r e s s u r e  on the day of invest igat ion (subtract ing the 
w a t e r  vapor  p r e s s u r e ,  47 m m  Hg) the inc rease  in pa r t i a l  p r e s s u r e  of N 2 in the a lveo la r  phase  is obtained 
in m i l l i m e t e r s  of m e r c u r y  (AFN2). This  index, toge ther  with i ts  ra t io  with the durat ion of the a lveo la r  
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Fig. 1. Changes in ni t rogen concentra t ion in a heal thy subject :  a = 

49%N2; b = 5 5 % N 2 ;  APN 2 = 4 2 . 8 m m H g ;  t =  1.8 sec;  APNp/ t=  
23.8 m m  Hg/sec ;  Ex. = expira t ion.  

Fig. 2. Changes in ni t rogen concentra t ion  in pat ient  with bronchi -  
ec t a s i s :  a = 23% N~; b = 42% N2; APN 2 = 71 m m  Hg; t = i sec;  
APN2/t = 71 m m  Hg/see;  Ex. = expira t ion.  

TABLE 1. 
Subjects and Pat ien ts  (mean 

Cha rac t e r i s t i c s  of Changes in Nitrogen Concentra t ion during Single Quiet Expira t ion  in Healthy 

Healthy 
(n = 18) 

Subjects 

Pa t ien ts  with bronchi -  
e c t a s i s  and lung ab-  
s c e s s e s  (N = 25) 

Pat ien ts  with t u m o r s  
of the lungs (N = 45) 

values  and l imi t s  of variation) 

Concen- [Coneen- Inc rease  in 
D 

! 

t ra t ion  at I t ra t ion  at  a lveo la r  phase  
point a Ipoint b (in m m  Hg), 
(in %) I(in %) APN 2 

51.9 57.3 36.6 
(40-60) (43-69) (21-71) 

47.4 54.6 51.8 
(30-63) (38-66) (21-107) 

45.8 54.3 60.6 
(22-68) (35-69) (21-140) 

(31--54) (46-~2) (53~106) 

Durat ion of 
a lveo la r  phase 
(in sec),  t 

1.86 
(1.0-3.5~ 

1.49 
(0.9-3.0) 

1.17 
(0.6-2.6) 

(i.6--i.~) 

APNp/t 
(in mm Hg/sec 

20.6 
(8.9-33.6) 

38.7 
(12-71) 

54.9 
(12-140) 

(31Q0) 
Pat ients  a f t e r  lobectomy 

(N = 2) 

RV/FRC 
(in ~) 

24.8 
(16.3-41.6) 

19.6 
( 1 1 - 4 1 )  

18.9 
(8-49) 

(31-4~) 

phase (t) between the points a and b (AFN2/t) was  used  to e x p r e s s  the i r r egu la r i t y  of vent i la t ion qual i tat ively.  
By this  method the inc rease  in N 2 in the a lveo la r  gas  was  co r re l a t ed ,  not with the vo lume ,bu t  with t h e t ime  
p a r a m e t e r s  of expira t ion.  This is convenient when the appara tus  used  does not allow the concentra t ion of 
the gas  and the r e s p i r a t o r y  volume to be r eco rded  concurren t ly .  

R E S U L T S  A N D  D I S C U S S I O N  

The hypophes is  that  changes in the N 2 concentra t ion  during a single quiet expi ra t ion  re f l ec t  the i r -  
r egu la r i ty  of vent i la t ion was  tes ted  in 18 heal thy pe r sons ,  in whom the i r r egu la r i t y  of gas  mixing was  
slight, and in 72 pat ients  with d i s ea se s  of the lungs. 

Typical  curves  fo r  a single exhalat ion of N 2 a re  shown in Figs .  1 and 2. In the heal thy subject: the 
hor izonta l  plateau of the a lveo la r  phase is  c l ea r ly  defined, but in the pat ients  with b roneh iec tas i s  the in- 
c r e a s e  in N 2 concentra t ion continued until the end of expira t ion.  

In pat ients  with b ronch iec t a s i s  and lung a b s c e s s e s ,  the value o fAPN 2 was  15.2 m m  Hg h igher  than 
in the heal thy subjects ,  in pat ients  with t u m o r s  of the lung i twas  24 m m  Hg higher ,  and in pat ients  a f te r  
lobectomy it was  m o r e  than twice as  high (Table 1). In addition, in the pat ients  there  was  a w e l l - m a r k e d  
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decrease  in duration of the alveolar  phase associa ted with an increased rate of respirat ion.  In the patients 
of these same groups the alveolar  phase was shor ter  than in the healthy subjects by 0.37, 0.69, and 0.26- 
0.16 sec,  respect ively .  

The increase  in ANP 2 evidently a r i ses  f rom severa l  causes .  

1. The N 2 concentrat ion at the beginning of the alveolar  phase (point a) in the patients was on the 
average  much lower than in the healthy subjects;  when the N~ was flushed f r o m  the lungs at the begirming 
of the second expiration in those segments  of the lungs which were emptied f i rs t  (the anatomical  dead space 
and the well-venti lated segments),  the value of N 2 was lower in these patients than in the healthy subjects. 

2. The decrease  in N 2 concentration at point b was not always proport ional  to the decrease  at the 
point a, and in most  cases  was below it. This was responsible  for the high value of ApN 2 in the alveolar  
ph a se. 

In each individual case no direct  connection could be found between the degree of decrease  of the 
poInt a and APN 2. Lowering the point a did not always lead to an increase  in APN2, and a high value of 
APN 2 could be observed even without lowering of the point a. 

One possible cause of the decrease  in the N~ concentrat ion in the lungs at the beginning of the second 
expirat ion during inhalation of O 2 by the patients was an increase  in the depth of respi ra t ion.  To investi-  
gate the importance of this factor ,  the N 2 concentrat ion at point a was compared  with the rat io between the 
r e s p i r a to ry  volume (RV) and the functional r e s e rve  capacity of the lungs (FRC). The degree of lowering 
of the point a was not direct ly  dependent on the rat io RV/FRC. Fur the rmore ,  with equal values of RV/FRC, 
the point a was at a lower level in the patients than in the healthy subjects.  This means that under condi- 
tions of equal ventilation, toward the beginning of the second expiration the N 2 concentrat ion in the dead 
space and the well-venti lated segments  of the lungs was lower in the patients than in the healthy subjects.  
Since the volume of the anatomical  dead space did not differ significantly in the patients and the healthy 
subjects,  only one conclusion was  possible:  the volume of the well-vent i lated spaces of the lungs was 
smal le r  in the patients than in the healthy subjects,  and accordingly,  during inhalation of O 2 this volume 
was ventilated more  rapidly in the patients than in the healthy subjects.  The volume of the poorly venti-  
lated spaces  was  relat ively l a rge r  in the patients and it was ventilated more  slowly, with a consequent in- 
c r ea se  in the value of APN 2. 

Proof  that APN 2 in fact ref lec ts  the i r regula r i ty  of ventilation was also given by the following observa-  
tion: in a healthy subject a voluntary increase  in the depth of respi ra t ion  causes  no change in APN 2. For  
instance,  in a healthy person  tested during quiet breathing,  with RV = 650 ml and a respi ra t ion  rate  of 
14/rain, the value of RV/FRC was 20%, the N~ concentrat ion at point a was 49% and at point b 55%, and 
APN 2 = 42.8 m m  Hg. A voluntary increase  in RV to 1500 ml (with a ra te  of 9/rain) led to an inc rease  in 
RV/FRC to 53.5%. The concentrat ion fell equally at points a and b, and there was no change in APN 2. 

The index APNJ t  (the mean rate  of r i se  in concentrat ion in the alveolar  phase) was increased  in all 
the patients (Table 1). This is evidence of the informativeness  of this index, which the wr i t e r s  previously 
suggested for use in the analysis  of curves  of CO 2 concentrat ion during expiration and also for the inves- 
tigation of a single exhalation of N 2. 

However,  it should be borne in mind that with an increase  in the resp i ra t ion  rate  and corresponding 
decrease  in the duration of the alveolar  phase (t) the rat io APN2/t may be normal .  Consequently, the dif- 
ference  detected by analysis  of the position of  the point a and the value APN 2 can disappear  if the rat io 
APN2/ t  is used.  

It can be concluded f rom the resu l t s  descr ibed that changes in the N~ concentrat ion during a single 
quiet expiration af ter  inhalation of O~ can be used as a c r i te r ion  of the presence  of i r regula r i ty  of lung 
ventilation. The increase  in N 2 in the alveolar  phase (APN2) and the part ia l  N 2 pres su re  near  the beginning 
of the alveolar  phase (the position of point a) give some idea of the presence  of spaces with different levels 
of ventilation and of their  approximate relative volume. 
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