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ABSTRACT 

This study shows the application to 20 patients of a very simple formula to estimate A-aD02 
and intrapulmonary shunt, from data commonly available in patients with oxygenation 
disorders. The values obtained by the "clinical short cut" method and the more sophisticated 
one are in statistically significant correlation. 
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RESPIRATORY INSUFFICIENCY is mainly the con- 
sequence of hypoventilation or impairment of the 
ventilation perfusion-ratio. Hypoventilation by 
itself is relatively easy to diagnose. On the other 
hand, impairment of the ventilation-perfusion 
ratio is more intricate to evaluate. It is seen with 
an intrapulmonary shunP or imbalance of the 
alveolo-arterial gradient. These two parameters 
can be estimated precisely with proper labora- 
tory instrumentation. 2 This apparatus is not 
generally available to the clinician. However it 
would certainly be helpful to be able to estimate 
these two values accurately 3 from clinical data 
commonly measured. We have tried to find a 
method of estimation which will give results close 
to the values which would be obtained by sophis- 
ticated laboratory measurements. 

MATERIAL AND METHODS 

The study was conducted on twenty intensive 
care adult patients who needed respiratory assis- 
tance following major surgery or for severe 
cardiac disease. 

All these patients had a catbeterisation of the 
pulmonary artery with a Swan-Ganz catheter. 
Radial artery puncture was done on each of them for 
blood gas analysis using an Astrup Radiometer 
blood analyser. Total haemoglobin was deter- 
mined by Coleman jr. spectrophotometer. 
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A-aDo2 (Precise Laboratory EstimatioJO 
Formula: Alveolo-arterial gradient was ob- 

tained using the following equation: 

A-aDoz = PAp2 -- Pao 2 

where 

PAp. = P l o z -  Paco~ [FI~ - F l ~  

(alveolar air equation)/  

For Pip2, R and Fin2 determinations, respira- 
tory gases were sampled with 50ml glass sy- 
ringes, previously washed with mineral oil or 
lactic acid. The inspiratory gases were sampled 
directly in the inspiratory tube of the MA-I 
ventilator with the syringe and expiratory gases 
were gathered from a five litre bag to insure 
adequate mixing of the expiratory air. This bag 
was attached to a three-way directional valve 
placed in the expiratory tube, before the MA-I 
manifold, in order to have pure expiratory gases. 
The few patients who were not intubated were 
connected to this system through a facial mask. 
Expiratory minute volume was measured with a 
Wright spirometer at flow corresponding to 
normal ventilation for each patient. 

A-aDo2 ("Clinical Short-Cut" Method) 
For the clinical estimation of A-aDo2, we used 

the same equation as used for the precise labora- 
tory estimation but with the following simplifica- 
tion s of the alveolar air equation: 

PAoz = PB -- PH20 -- Pcoz - PN2 

This last equation requires only clinical data 
commonly available: 
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TABLE ! 

COMMONLY MEASURED VALUES NEEDED TO ESTIMATE A-aDo2 AND Qs/Ot 

Pao2 Paco2 
# Hb 
pt Flu2 mmHg kPa mmHg kPa g% 

1 0.50 73 9.71 37,2 4.95 10.0 
2 0.30 90 11,97 34,2 4.55 13.5 
3 0.35 90 11.97 36.5 4.85 10.5 
4 0.30 89 11.84 31 4.12 10.4 
5 0.60 49 6.52 32.6 4.34 9.5 
6 0.80 57 7.58 31.8 4.23 4.8 
7 0.60 46 6.12 25 3.33 9.0 
8 0.30 81 10.77 20.9 2.78 8.1 
9 0.21 85 11.31 30.5 4.06 13.2 

10 0.21 53 7.05 28.2 3.75 9.0 
11 0.30 80 10.64 45.2 6.01 8.7 
12 0.40 95 12.64 35.3 4.69 12.2 
13 0.40 100 13.30 31.3 4.16 10.7 
14 0.40 78 10.37 36.8 4.89 10.0 
15 0.40 83 11.04 26. I 3.47 10.0 
16 0.40 70 9.31 36.3 4.83 I 1.0 
17 0.30 68 9.04 25.5 3.39 I 1.0 
18 0.30 85 11.31 28 3.72 .9.4 
19 0.21 96 12.77 45 5.99 12.7 
20 0.45 75 9.98 35 4.66 11.5 

Barometric pressure = Ps = 760 mmHg 
(101 kPa). 
Alveolar  water  vapor  pressure  = PH2o = 47 
mmHg (6.2 kPa). 
Blood ca rbon  dioxide = measured  Pco2. 
Alveolar  air  n i t rogen tens ion = PN2 = 713 mmHg 
(94.8kPa)  x Flsz (FI~2 = 1 - Flu2) 

Shunt (Precise Laboratory Estimation) 
Formula:  In t r apu lmonary  shunt  was oba ined  

using the fol lowing equat ion:  

Qs _ Cco~ - Cao26 

" ~  Ccoz - Cvo2 

In order  to know the oxygen con ten t s  for the 
in t rapulmonary  shunt ,  oxygen sa tura t ions  were 
de te rmined  photometr ica l ly  with an  O S M I -  
Radiometer  for arterial  blood and for mixed 
venous  blood from pu lmonary  a r t e ry .The  pul- 
monary  oxygen con ten t  was calculated using the 
alveolar  air equat ion.  

Shunt ("Clinical Short-Cut" Method) 
For  the clinical es t imat ion  of in t rapu lmonary  

shunt  the usual calcula t ion was simplified by 
arbi trar i ly set t ing the C%~ 3 .5ml  less than 
Caoz. 7 We also a s sumed  the PAoz tO be propor-  
t ional to Flu2 as we did when  es t imat ing  A-aDo2. 
The  oxygen sa tura t ion,  which  in this case is not  
direct ly measured ,  was ob ta ined  f rom the  homo-  

gram for oxygen-haemoglobin dissociation 
curve  (Severinghauz) .  s One gram of haemoglobin  
was considered to carry 1.37ml of oxygen.  9 

The following example  will i l lustrate the calcu- 
lat ions of  A-aDoz and in t rapulmonary  shunt  
start ing from simple avai lable parameters :  

Hb = 9.0g/dl  
Pao2 = 46 mmHg (6. I kPa) 
02 sat. = 0.81 (Sever inghaus)  
Pacoz = 25 mmHg (3.3 kPa) 
Floe = 0,60. 

"Cl inical  shor t  c u t "  es t imat ions  are calculated 

as follows: 

(1) Alveolo-Arterial Difference 

A-aDo2 = PAoz -- Paoz 
= [PB - PH20 - Pco2 - PN2] - Pao2 
-- [760 - 47 - 25 - (713 x 0.40)] - 46 
= [402.8] - 46 
= 356.8 mmHg (47.4 kPa) 

(2) Intrapuhnonary Shunt 

Qs/Qt = Cco~ - Cao~ 
Ccoz Cvoz 

Keeping in mind tha t  blood 02 con ten t  (C) is 
obta ined from blood Hb con ten t  (Hb) and 02 
sa tura t ion (Sos) 

C = (Hb x 1.37 x So2) + (Po2 x 0.003) 
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TABLE II 

A-aDo2 VALUES 

A-aDo2 A-aDo2 
"short cut" laboratory precise 

method method 
# 
pt mmHg kPa mmHg kPa 

1 246 32.72 222 29.53 
2 90 11.97 70 9.31 
3 123 16.36 87 11.57 
4 94 12.50 96 12.77 
5 346 46.02 313 41.63 
6 482 64.11 555 73.82 
7 357 47.48 328 43.62 
8 112 14.90 86 11.44 
9 34 4.52 21 2.79 

10 68 9.04 50 6.65 
11 89 11.84 105 13.97 
12 155 20.62 151 20.08 
13 154 20.48 104 13.83 
14 170 22.61 124 16.49 
15 176 23.41 128 17.02 
16 179 23.81 134 17.82 
17 120 15.96 95 12.64 
18 101 13.43 84 11.17 
19 9 1.20 0 0 
20 211 28.06 163 21.68 
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FIGURE I Correlation between A-aDo values. 

Figure 2 shows how closely these  two values 
were correla ted (r = 0.87, p <  0.01). 

DISCUSSION 

we can calculate capillary (c), arterial  (a), and 
mixed (7) blood 02 conten ts  as follows: 

Cco2 = (9 x 1.37 x ! . 0 0 ) + ( 4 0 2 . 8 x  0 .003 ) =  
13.54 ml/100 ml (N.B.:  capillary Po2 
= alveolar  Po2 = 402.8 mmHg)  

Cao~ = (9 x 1 .37•  0 . 8 1 ) + ( 4 6 x  0.003) 
= 10.13 mi l l00  ml 

Cvo2 = Cao2 - 3.5 = 6.63 mi l l00 ml 

(~s](~t - 13.54 - 10.13 _ 49.4 p e r c e n t .  
1 3 . 5 4 -  6.63 

RESULTS 

Table I features  the usual clinical laboratory  
measurement s  for the twenty  pat ients  investi- 
gated. 

Table II shows both  A-aDo2 values obta ined 
from the "cl inical  short  c u t "  method and from 
the more sophis t icated one. 

Figure 1 shows how closely these  two values 
were correla ted (r = 0.98, p < 0.001). 

Table III shows,  for a given patient ,  bo th  
pu lmonary  shunt  values obta ined from the "c l in-  
ical short  c u t "  method and from the more sophis-  
t icated one. Paired S tudent  t-test  gave no statis- 
tically significant difference be tween  the values 
obta ined from the "cl in ical  short  c u t "  method 
and from the more sophis t icated one (p > 0.05). 

A-aDo2 and in t rapulmonary  shunt  es t imated 
with our  " s h o r t  c u t "  method are in close agree- 
ment  with values obta ined  from a more sophisti-  
cated method.  As a mat te r  of fact,  in 90 per  cent  
of  the cases the " s h o r t  c u t "  method produced a 
quant i ta t ive  es t imat ion  clinically equivalent  to 
the value obta ined by the precise laboratory  
method.  

Fur the rmore ,  as we can see in pat ient  #9 ,  the 
"cl inical  short  c u t "  method might have  a cer tain 
advantage  over  the precise laboratory es t imat ion 
which requires  a degree of  col laborat ion from the 
pat ient  when  he is not on  a respirator .  This 
par t icular  pat ient  was semiconsc ious  and un- 
coopera t ive  during the test.  This could explain 
the d iscrepancy  be tween  the shunt  values ob- 
tained by the two methods .  In this ins tance  we 
would be iqclined to accept  the "cl inical  short  
c u t "  result  as being the true state of this patient .  

It thus  becomes  possible  for a clinician having 
avai lable only arterial  gases,  haemoglobin  and 
Floz to be in a posi t ion to use alveoloarter ial  
gradient  and in t rapu lmonary  shunt  to make  a 
diagnosis,  follow the evolut ion and direct  the 
t r ea tment  for his pat ient .  

CONCLUSION 

The proposed method of  es t imat ion  is accurate  
and simple. The  calcula t ions  may be done  by 
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TABLE llI 
(~s/(~t VALUES 

Qs/(~t Qs/(~t 
"short cut" laboratory precise 

# method melhod 
pt (per cent) (per cent) 

1 31.0 30.6 
2 21.7 19.3 
3 20.7 9.6 
4 19.3 16.3 
5 48.2 56.8 
6 39.0 47.8 
7 49.6 48.5 
8 20.1 14.5 
9 20.4 0 

10 36.1 30.4 
11 19.8 19.9 
12 22.8 25.0 
13 20.2 21.4 
14 25.8 30.6 
15 25.1 20.7 
16 31.1 25.0 
17 29.8 13.0 
18 20.0 12.4 
19 14.6 14.5 
20 30.3 24.2 

hand or with a pocket  calculator (appendix A), 
without the use of  more sophisticated apparatus. 
A-aDo2 and intrapulmonary shunt thus become 
available to any clinician. 
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R~-SUM~ 

La prdsente dtude ddmontre, chez 20 patients, I'application d'une formule simple pour 
estimer I'A-aDo2 et le shunt intrapulmonaire. Cette formule utilise les donn6es normalement 
mesur6es chez les patients qui pr6sentent des troubles d'oxygdnation. La corrdlation entre les 
valeurs obtenues par la mdthode simplifi6e et celles d6coulant d'une m6thode h la fois 
beaucoup plus prdcise et sophistiqude est statistiquement tr/~s valable. 

APPENDIX 

The following program will run in the programmable calculators TI 58 or TI 59 
and will calculate the A-aDo2 and the intrapulmonary shunt according to the 
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approximation given in the article. It can easily be adapted to run in a HP-65 or any 
other HP programmable calculator. 

When the program is inserted into the TI-58 or TI-59 programmable calculator 
the following steps should be followed: 

Enter the Po~ and press on " A " ;  enter the saturation for this Po2 and press 
" R / S " .  We then enter the Pco2 and press " B " .  When the FIoz is keyed we press 
" C "  and when Hb is entered we press " D " .  The order of  insertion for the different 
parameters has no importance but they must all be entered into the calculator. 

When all information is furnished to the calculator, pressing " E "  will give first 
the A-aDo2 in mm Hg and pressing R/S will give the intrapulmonary shunt in 
percentage. 

Summary 

267 

Procedure Enter  Press Display 

I Enter Program 

2 Measured Po~ Po~ 
3 Saturation from Severing- 

haus table (fraction) Soz 
4 Measured Pco2 Pco2 
5 Inspired oz (fraction) FIo2 
6 Haemoglobin gm per cent 

NB: 2, 3, 4, 5, 6 in any order Hb 
7 

A Po2 

R/S Soz 
B Pcoz 
C Ft oz 

D Hb 
E A-aDo2  

R/S Shunt (%) 

Program 

LBL E RCL = ( 
A FIX 01 STO RCL 
STO 2 = 09 09 
01 7 R/S RCL - 
R/S I i 07 RCL 
STO 3 • 10 
05 - 3 RCL ) 
R/S RCL 7 05 + 
LB L 02 x + ( 
B - R C L  RCL RCL 
STO 7 04 01 09 
02 1 = • - 
R/S 3 STO RCL RCL 
LBL • 07 08 11 
C ( + = ) 
STO 1 RCL STO = 
03 - 06 l0 x 
R/S RCL • - 1 
L B L  03 3 0 
D ) 0 0 
STO = 0 5 = 
04 STO 3 = R/S 
R/S 06 STO STO 
LBL - 08 11 


