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B, Bink (Netherlands Institute for Preventive Medicine, Leiden,Holland)

A simplified method for the determination of the oxygen diffusing

capacity of the lungs.

(Communication given at the XXth International Physiological Congress.
July 30th to August 4th 1956 in Brussels),

The oxygen diffusing capacity of the lungs represents the oxygen intake
per unit  tinc (VO2 ) per pressure difference in mm Hg between the
oxygen pressure in the alveolar air (PA) and the mean alveolar
capillary oxygen pressure (PE)(1gThe diffusion capacity is given by
the relationship o O2

0
2 R

The oxygen consumption (VO) is determined from volume measurement
and continuous analysis of mixed expired air. The alveolar oxygen
tension (PA) is obtained from end- tidal air sampling.

The Bohr integral can be solved only if the en¢ zradient PA - Pc’
is known (2). However this end- gradient is not measurable while air is
being breathed and so the following simplification is proposed. On a
standard dissociation curve PE is always derived in the same way,
graphically, from PA and S;° Increase of PA and decrease of S; both
result in an increase of PA - PE .

If the oxygen intake is measured during exercise on a bicycle-
ergometer, D02 can be calculated for each minute. Using an ergometer with
progressi¥ely increasing load a cgrve is obtained of DO2 against ,02
for each minute of the exercise, O2 increasing from the resting value
up to the maximal oxygen intake., If we compare this curve with the
mean curve of normal subjects it becomes possible to compare the diffusion
capacity curve of the patient with the normal value and to give the
diffusion capacity as a percentage of normal,

Theoretical considerations:

For estimating PE a method is developed which avoids catheterisation
and arterial puncture.

We have used the close correlation of mixed venous saturation (S—)
and the oxygen intake ( 0 ) as found from the work of Donald, BlShOp,

Cumming and Wade (3).

Data have been obtained in catheterisations done by Donald, Bishop,
Cumming and Wyde in 16 normal subjects performing exercise up to an
oxygeh intake of more than 1000 ml/m2e In their measurements the Spearman rank
correlation between the values for mixed venous saturation and oxygen
intake is 0.94. In our own experiments the correlation between ‘02 and
pulse frequency is 0,.96. Figure 1. shows the relation between S; and

the pulse frequency in the measurements of Donald et.al.
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Since Cc' goarcely changes as vO2 increases, a close relation between
(Cc' - C;) and the pulse frequency might be accepted and expressed in the

_ -y . pulse frequency
formula (cc, cv) = Foin] TieaiaE - 4.3 Vol % 0y

Here 4.3 Vol.% O2 is the basal arterial-venous difference according to

measurements of Cournand (5). This seems to e areasonable Supposition because

the quotient Cc' v is constant both at basal condition and
pulse frequency (g, = C;)bas.
at maximal performance. Under basal conditions the quotient

C'
basal pulse freq.

4-3 = 0007
62
At maximal effort the quotient (Cpp = Oodmaxs 4 S0 0.07
max,pulse freq. =00

According to Christensen 14 Vol,%o2 is the maximal av difference found at
maximal physical performance.

Sz is calculated from (cc, - c;) and the haemoglobin content of the blood.
Here again CC, is derived from PAo

For a subject breathing air the end gradient (PA - Pc,) is unmeasurable
and hence the Bohr integration cannot be performed. Therefore a simple artifice
is used by which PE is derived graphically from PA and S;. This method is
always the same:, and is described in the next section.

Methods:s

The oxygen consumption vO2 is calculated from ventilation and difference
in oxygen concentration of inspired and expired air. The ventilation is
measured by the Lilly flowmeter with a summator (by which it is possible to
determine the ventilation in l/min with a standard deviation of 1.1% of the
mean); This difference in oxygen concentration is measured according to the
principle of Noyons which uses the differences in thermal conductivity of
different gases (The standard deviation of the measurements of the oxygen
concentration difference is 1.8% of the mean ).,

Outside air passes through the Lilly flowmeter. The pressure difference
(vhich is only a few mm HEO) at both sides of the gauze in the Lilly flowmeter
is transmitted to a condenser-manometer, which is part of an oscillating
circuit. After detcction and modulation the signal is led to an ordinary
electric meter., After calibration we can read the ventilation in l/min. with
a standard deviation of 1.1% of the mean. i

An clectronic apparatus uscs (the quick changes in potential of) the
R peaks as a signal for counting the pulse frequency.

The alveolar oxygen tension PA is obtained by end tidal air sampling
by the method of Rahn and Otis. About 120 ml is sampled through a Pauling
oxygenmeter., Before and after cach experiment the Pauling oxygen mot
is calibrated with nitrogen for the baseline and with outdoor air for the
20.94% line. The Pauling oxygen meter is linear between these two points.

The oxygen fraction in the end tidal air is read off and we assume the

alveolar oxygen pressure corresponding to the oxygen fraction in the end
tidal air. If the sampled air is Aricd beforo paseing hlJ._L'Ough the oxygen



meter PA = FA(B - 47).(PA and B in mm of Hg,) For estimating end capillary
saturation it is assumed that capillary oxygen pressure equals alveolar
oxygen pressure, the dissociation curve being nearly horizontal in this
part.

The PA value found by end tidal air sampling and the value of the
saturation of the mixed venous blood, S;, calculated as described above
are plotted on the standard dissociation curve of Riley and Cournand
(fig. 2). The point P, on the dissociation curve is joined by a straight
line to the zero point of the dissociation curve. Through the point of
intersection of S; and PA a perpendicular is drawn to this line. Where
this perpendicular crosses the dissociation curve is the point Pgo We can
read off PA - PE directly. The distance from O to 100% saturation must
equal the distance O to 100 mm Hg,

Curves of the oxygen fraction iﬁ the end tidal air during exercise
with continously increasing load show that PA’ calculated from end tidal air
sampling, decreases with increasing load, which argues against an increase
of the dead space ventilation in the end tidal air during higher ventilation.
Resultss

When this method is used during a 45 minutes exercise on a bicycle
ergometer with progressively increasing load, the relationship between
DO2 and vO2 can be obtained for all values of v02.

The curve of fig. 3 is obtained from eight experiments by the same
moderately trained subject. DO2 has been calculated in the way described, and
plotted against v02. The subject performed an exercise on the bicycle
ergometer with a load that increased continuously by ten Watts per minute.
Each experiment went from zero to 250 Watts. The standard deviation of the
DO2 values for each minute is 9.3% of the mean.

Vhen we use the same test in patients with pure mitralstenosis or
patients with emphysema or pulmonary tuberculosis we obtain much lower curves.

We have compared the method described in this paper for the calculation
of DO2 with the DCO method. In the table below, are given the DO2 values
found by this method, and thec DCO
St. Bartholomew Hospital, London, both in subject B.B.

values measured by Dr D,V. Bates in the

v02 Do Dug x 1423 D02
rest 12.8 1547 16.1
teeh Limin. 26,2 g2, 49.0
2,08 1/min. 56,5 69.5 66.6

The method described appears uscful in the elinical study of a number
of cardiac and pulmonary diseases, such as mitral and pulmonary stenosis,

emphysema, pneumoconiosis, lung cysts and pulmonary fibrosis,

669/21-9-1956/3 /600
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Bink, B (Leiden, The Netherlands). A simplified method for
the detcrmination of the oxygen diffusing capacity of the

lungs.

Modifications have been applicd to the standard method for
determining the oxy.en diffusing capacity of the lung (1)
to avoid arterial and mixed venous blood sampling and to

simplify the Bohr intcgration (2), The diffusing capacity

°

v
is obtained from the relationship DO2 = 02

B
the oxygen consumption is obtained from the continuous
analysis of mixed expired air (VOQ).
The alveolar oxygen tension (PA) is obtained from end tidal
air samples fed through a Pauling oxygen-meter. Thec mean
alveolar capillary oxygen precssurc (P3> is found by a graphical
solution of the Bohr integration from the alveolar oxygen
tension (PA) and the saturation of the mixed venous blood (S; T
S; may be expressed in the form

BY O
C v 9

i § ol : Sl A B
s, (sé sv), whero (sc sv) .
O2 capacity
using the International Tcrminology(PAPPENHEIMER, 34
We have found empirically, using the data of DONALD, BISHOP,
CUMMING and WADE (4), that the concentration difference between

end capillary and mixed venous blood

_) " Pulse. fr,

b
(CC CV

x 4.3, where 4.3 is the

Basal pulse fr,

assumed value for (Cé - C;) under basal conditiong (COURNAND, 5).
When this method is used during a 3/4 hour cxercise period on a
bicycle ergometer with progressively increasing load, the

relationship between DO and VO can be obtained for all values of VO o
2 2 2
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