
METHODS 

DETERMINATION OF COMPONENTS OF THE DIFFUSION CAPACITY 

OF THE LUNGS AND ALVEOLO-ARTERIAL OXYGEN DIFFERENCE 

TO EVALUATE OXYGEN-TRANSFER CONDITIONS IN THE LUNGS 

A. A. Markosyan and R. S. Vinitskaya UDC 612.235 

Optimal  conditions for  de termining  components  of the diffusion capaci ty  of the lungs were  
invest igated.  A combinat ion of this method with de te rmina t ion  of the mean  a l v e o l o - a r t e r i a l  
oxygen di f ference  is suggested.  By such combined invest igat ions it  is poss ible  to identify 
the d is turbed component  of oxygen t r a n s p o r t  f r o m  the a lveo la r  a i r  into the blood s t r e a m .  

M e a s u r e m e n t  of diffusion capaci ty  of the lungs and its components  enables  the s tages  of oxygen t r a n s -  
por t  f r o m  the lungs into the blood to be a s s e s s e d  quant i ta t ively.  The w r i t e r s  sugges t  a combinat ion of this 
method with de te rmina t ion  of the mean a l v e o l o - a r t e r i a l  oxygen di f ference  [p(A_a)O2], thereby  giving ful ler  
informat ion on the conditions of gas  exchange in the lungs. The r e s i s t ance  to diffusion of gases  in the lungs 
(1/DL) has been  shown [1, 4] to be the sum of the r e s i s t a n c e  of the a l v e o l o - c a p i l l a r y  m e m b r a n e  (1/Din) and 
the r e s i s t a n c e  of the i n t r apu lmonary  cap i l l a r i e s  (1/0Vc): 

1/DL = I/Din@ I/OVc, 

where  0 is the ra te  of combinat ion of gas with in t r ace l lu la r  hemoglobin and V c is the blood volume in the 
pulmonary  cap i l l a r i e s  at  a given moment .  

The pr inciple  of de te rmina t ion  of the components  of the genera l  diffusion capaci ty  of the lungs 
(DLco)  is based  on the fact  that  with an inc rease  in pO 2, as a r e su l t  of blocking of hemoglobin with oxygen, 
the r a t e  of binding of CO by the e ry th rocy te s  is reduced,  with a cor responding  d e c r e a s e  in the quantity of 
CO enter ing the e r y t h r o c y t e s .  The value of D L c o  will thus be reduced if pO 2 in the a lveo la r  a i r  is in- 
c r ea sed .  This p roce s s  is l inear  and the graph  of 1/0 v e r s u s  pO 2 has been obtained exper imen ta l ly  [ I ,  4] 
(Fig. 1). 

In the present investigation the optimal conditions for determining the components of the diffusion 
capacity of the lungs were studied with a Soviet "Diffusiometer" (Medfizpribor Engineering Design Bureau, 
Kazan'). This instrument is designed to determine DLco by the steady-state method with the use of very 
low concentrations of CO. In addition, the design of this instrument is such that, with the aid of a valve of 
the Rahn and Otis type, averaged alveolar gas can be collected and its partial oxygen pressure (pAO 2) de- 
termined. The averaged PAO2 and also the partial oxygen pressure in a sample of arterialized blood (paO2) 
taken from the patient during the investigation were determined with a "Radiometer" instrument by the 
miero-Astrup method. 

It is best to perform this combined investigation in a certain order. After a rest for 20 rain (sitting 
down) the patient begins to breathe the air in the room through the valve 4 (Fig. 2). Under these circum- 
stances the alveolar gas is collected over a period of several minutes in the rubber bag 5, which is con- 
nected to the apparatus at the point where the alveolar gas leaves, and this gas is then analyzed for pO 2. 
Meanwhile a sample of arterialized blood is taken from the finger of the warmed hand to determine PaO2. 
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Fig. 1. Graph of 1 /0  as a function of the par t ia l  p r e s s u r e  of oxygen. Explana-  
tion in text .  

Fig. 2. Block d i ag ram  of invest igat ion:  1) i n f r a red  CO gas analyzer ;  2) bag 
with mix ture  to be inhaled; 3) bag for  col lect ion of expi red  gas a f te r  flushing 
out of dead space;  4) valve of Rahn and Otis type for  sampl ing  a lveo la r  gas;  1- 
4) components  of the "d i f fus iometer ;"  5) chamber  for  col lect ing a lveo la r  gas;  
6) MMG-7 oxygen gas  ana lyzer .  Broken  a r rows  indicate how, by means  of a p -  
p rop r i a t e  s topcocks  on the ins t rument ,  any gas  can be analyzed in the course  of 
the inves t igat ion as  requi red :  inspi red  (COI), expired (COE), o r  a lveo la r  (COA). 

Dete rmina t ion  of the diffusion capaci ty  of the lungs then begins .  A block d iag ram of the invest igat ion 
is shown in Fig. 2. The pat ient  inhales a gas mix ture  containing 0.04-0.05% CO in a i r  for  5 -6  rain. During 
the f i r s t  2-3 rain of r e s p i r a t i o n  the gas mix ture  f lushes out the dead space  of the r e s p i r a t o r y  t r a c t  and 
tubes of the ins t rument :  the expi red  gas  pas ses  outside along the outlet  tube. The l a s t  port ions of expired 
gas ,  in equi l ibr ium with the a lveo l a r  a i r ,  en te r  the gas  ana lyze r  f rom valve 4. After  the s teady s ta te  has  
been  es tabl ished, the  expi red  gas is d i rec ted  into the bag  (by turning the s topcock on the ins t rument)  and 
col lected for  2-3 min,  a f t e r  which the mean  CO concentra t ion  in the expi red  a i r  is de te rmined .  The value 
of DL CO is calcula ted by the s tandard  fo rmula  [1, 2]. 

To de t e rmine  the components  of the total  diffusion capaci ty  of the lungs by the method of Roughton 
and F o r s t e r  [1, 4] it  is n e c e s s a r y  to m e a s u r e  D L c o  during inhalation not only of a i r  (pO 2 150 m m  Hg), but 
a lso  a mix ture  with a high oxygen concen t ra t ion  (PO2"600 m m  Hg). To moni tor  pO 2 continuously, a type 
MMG-7 oxygen ana lyze r  (Medfizpribor  Engineer ing Design Bureau) was introduced into the s y s t e m  in o rde r  
to sample  the a lveo la r  gas for  analys is  d i rec t ly  f rom the varvO 4. Knowing the values of pO 2 a t  which the 
m e a s u r e m e n t s  of D L c o  were  made,  the requ i red  values of 1/0 can be found f rom the graph of the ra te  of 
binding of CO by the e r y t h r o c y t e s  {1/0) v e r s u s  pO 2 (Fig. 1). This gives  two numer ica l  values  for  the equa- 
tion [1] with two unknowns, which can be solved eas i ly  with r e s p e c t  to D m and V c. 

It  mus t  be pointed out that  V c is the volume of blood in which the hemoglobin concentra t ion is a s -  
sumed to be no rm a l  (14.9 g%). If there  is any marked  change in the hemoglobin concentrat ion,  a c o r r e l a -  
t ion mus t  be in t roduced [3] : 

V 14.9g % 
Vc (corr.)----- c ' ~ .  

During inhalat ion of an oxygen mix tu re  the quantity of CO pass ing into the blood is approx imate ly  half  
that  oeeur ing during inhalat ion of a i r  and the re la t ive  e r r o r  of m e a s u r e m e n t  of CO absorp t ion  is i nc reased .  
It  was  found that  when a mix ture  of oxygen with 0.05% CO was used, in 12% of ea se s  (6 of 50 determinat ions)  
the r e su l t s  of the m e a s u r e m e n t s  were  unsa t i s fae tory :  when the components  were  calculated, D m was found 
to be near ly  ze ro .  To avoid such inaccu rac i e s ,  i t  was decided to double the concentra t ion of insp i red  CO 
during inhalation of the oxygen mix ture  (0.10-0.15%). It  was reckoned that the quantity of hemoglobin 
blocked by CO would be smal l  and would not exceed 1% of i ts  total  content in the blood. Consequently,  dur-  
ing inhalation of an oxygen-r ich mix ture ,  i t  would be safe to inhale the inc reased  eoneentrat io~ of CO. 

An impor tan t  condition for  the c o r r e c t  de te rmina t ion  of the components  of D L c o  was found to be the 
t ime in te rva l  be tween two consecut ive de terminat ions  of DLCO. So that  carboxyhemoglobin  did not accumu-  
la te  in l a rge  quanti t ies  in the blood, the t ime  in terva l  between two invest igat ions should be not l e s s  than 
20 rain. 
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Consequently, the following indices are obtained as a result of this investigation. 

I. DLco, the estimated total oxygen transport in the lungs. 

2. D m, the membrane component of DLco, reflecting the state of the alveolo-capillary membrane 

(its area, properties, permeability, and so on). 

3. V c, the quantity of blood participating in the transport of oxygen through the lung membrane. 

4. The mean PAO2, an index of alveolar ventilation, i.e., of the conditions under which DLco, D m 
and V c are measured. 

5. PaO2, an index of the final stage of the pulmonary gas exchange. 

By this combined investigation it is possible to study the path of oxygen from the lungs into the eryth- 
rocyte. Measurement of the diffusion capacity of the lungs and its various components enables a more deft- 
nite interpretation to be given of the causes of an increase in p(A_a)O 2. For example, in a patient with a 
tuberculoma of the right lung p(A_~t)O 2 was 127 mm Hg, paO 2 79 mm Hg (94% HbO2), DLco 10.8 ml/min- 
mm Hg (60% of normal), D m 17.1 ml/min �9 Hg (48% of normal), and V c 88.5 ml. The presence of a high 
alveolo-arterial oxygen difference (48 mm Hg) was due to changes in the properties of the lung membrane, 
as shown by the reduction in the value of the membrane component. However, a decrease in diffusion ca- 
pacity does not always lead to arterial hypoxemia. The results obtained by investigation of a patient with 
bronchiectasis can serve as an example: DLco 9.5 ml/min, mm Hg (58% of normal), D m 13.8 ml/min. 
mm Hg (43% of normal), Ve 28.2 ml, PAO2 118 mm Hg, PaO2 98 mm Hg (97% HbO2). These figures reveal 
various changes in the value of the second component (Vc), also responsib le  for  oxygen t ranspor t ,  which 
can be e i ther  inc reased  or decreased .  Variat ions in the distr ibution of diffusion, ventilation, and blood 
flow are  also of definite s ignif icance.  

This combined invest igat ion thus makes it possible to investigate the mechanisms of dis turbance of 
gas t r anspor t  in the lungs more  accura te ly .  

I. 

2. 
3. 
4. 
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