PULMONARY DIFFUSING CAPACITY IN NORMAL INDIAN SUBJECTS*
; - ! i
J.S. GULERIA, M.P. SHARMA, J.N. PANDE AND K. RAMCHANDRAN
Department of Medicine, All-India Institute of Medical Sciences, New Delhi

INTRODUCTION

EVALUATION of pulmonary functions has gained great importance in clinical practice
uring the last decade. A large number of tests are currently available to asSgs;j different
unctions of the lung whose final aim is to maintain the normal arterial blood gas tensions.
The diffusion of respiratory gases across the alveolar-capillary membrane constitutes one of
the most important steps in the arterialization of mixed venous blood. The efficiency of this
process of diffusion is measured ‘as pulmonary diffusing capacity which has been deﬁned as the
uantity of gas in ml. at S.T.P.D. diffusing across the pulmonary membrane per mmute per mm
Hg. of partial pressure difference between the alveolar air and pulmonary caplllary blood (7).
Carbon monoxide (CO) is the gas usually employed for. the measurement of pulmonary diffusing
capacity because its rapid binding with haemoglobin causes little increase in the pulmonary
capillary. CO tension. The latter can, therefore, be assumed to be zero during a short exposure
fo the gas in a very low concentration. This obviates the need for complicated integration
procedures for the determination of mean pulmonary capillary gas. tension. Pulmonary diffus-
ing capacity for carbon monoxide (DLco) has been shown to be decreased in a variety of lung
dlseases mcludmg pulmonary fibrosis, emphysema, bronchiectasis and interstitial fibrosis.
"Gulerla et al. (15 16) have subdivided patients with chronic obstructive lung disease into two
groups on the basis of resting steady state DLco.. Impairment of diffusion was found by
Guleria et al. (17) to be one of the earliest derangements of pulmonary function in patients with
interstitial fibrosis due to scleroderma. The value of DLco in ' separating emphysema from
chronic bronchitis has been accepted by several investigators (1,12,14,16). In view. of its great
clinical importance as a test of pulmonary function, it is imperative to .establish normal stan-
dards for DLco in order to evaluate the data obtained in pathological states. Normal values
of pulmonary diffusing capacity in Indian subjects have not been reported so far. The present
study was undertaken, therefore, to standardize the normal values for DLca in our population.

MATERIALS AND METHODS

One hundred and eighty six normal individuals were included in the study. These
volunteers included medical students, doctors, laboratory assistants and healthy relations of
the patients attending the medical eutpatient department of the A.LLM.S. hospital. There
were 106 males and 80 females. The details of their age and sex distribution have been given
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in Table I. The age of the subjects was recorded as completed years. Before being included in
the study each volunteer had a thorough clinical examination and a straight roentgenogram of
the chest to exclude any cardiopulmonary disease. Subjects with hemoglobin concentration
<12.0 G% were discarded from the study.

TABLE!

Age and sex distribution of the subjects studied

Age in years Males Females Total
10-14 7 5 12
15-19 10 10 : 20

. 20-24 15 9 24
25-29 11 ; 11 22
30-34 10 11 21
35-39 11 10 21
40-44 10 10 20
45-49 13 8 21
50-54 74 3 10
55-59 8 1 9
60-64 - 4 2 6
10-64 106 80 186

The pulmonary diffusing capacity for carbon monoxide was determined by the modified
steady state technique of Bates et al. (2) using a Rahn and Otis end-tidal sampling device for
obtaining the alveolar air. The infrared CO analyzer and the bag-in-box spirometer sys em
were calibrated before starting the study. As carbon monoxide is not commercially available in
India, it was prepared in the laboratory by treating formic acid with cancentrated sulphuric acid
at 100°C. The CO evolved was collected over 59% sodium hydroxide solution to absorb
impurities like carbon dioxide. The subjects were made to inhale a mixture containing:
0.03-0.04 % CO. A steady state was usually achieved after 10-15 breaths when the end-tidal and
mixed expired CO concentration became constant. Since carbon dioxide also gives a small
deflection in the CO analyzer, a zero correction was estimated by taking the meter readings for
end-tidal and mixed expired air before the inhalation of the CO mixture. These readings were

subtracted from the final meter reading to obtain the true concentrations of CO in the alveolar
and mixed expired air. The DLco was calculated with the assumption that the mean pul-

monary capillary CO concentration remained negligible during the short period of the test. The
results were expressed at B.T.P.S. in ml.[min./mm.Hg.

Standard statistical methods were employed to find out the coefficients of correlation and
prooability values. Linear regression of DLco on single independent variables was obtained by
the method of least square. For finding out the simultaneous regressicn with more than one
independent variable the covariance matrix method was used (28). '
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RESULTS

Of the 186 normal individuals studied, 81 males and 55 females were finally included in
e statistical analysis of the data. The remaining 25 males and 25 females had to be excluded
from the study as they were hyperventilating with minute volumes over 10 L/min. The correla-
tion coefficients and the linear regression of three independent variables, i.e., age, height and
body surface area with DLco in both the sexes have been given in Table II. In the case of
females, only the height correlated significantly with DLco, while in the males all the three
dependent variables showed significant correlation with DLco. In view of the absence of any
correlation of DLco with age and body surface area (B.S.A.) in the females, no attempt was
made to predict the normal values in them. In the males a multiple regression of DLco on all
three variables was worked out. However, careful examination of the regression function
revealed that after taking the age and height into account, the third variable B.S.A. did not
improve the regression function significantly. Hence for the prediction of normal value of DLco
in males, the regression function of DLco on age and height only was used. The linear regres-
sion line of DLco on both age and height as determined by the covariance matrix method was
given by the following expression :

DLco=—8.74—0.17 x Age+0.21 x Height (cm.)

Both the partial regression coefficients in the above equation were statistically significant
(P <0.05). An analysis of variance revealed that the regression function gave an adequate fit
to the data. The minimum standard error of an individual predicted value was 4-5.2.

TABLE 1I

The Correlation Coefficients and Regression functions of Age, Height and B.S.A. with DLco

Males (81) Females (55)

. Height and DLco

r 0.22 0.32

P value <0.05 <0.05

DLco 0.44-0.12 x Ht. (cm) - 15.74-0.3 x Ht.(cm)
. Age and DLco

' -0.28 -0.04

P value <0.01 NS

DLco 23.8—0.11 x Age T
. B.S.A. and DLco

] 0.22 0.01

P value <0.05 : NS

DLco — -~
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DISCUSSION

The steady state technique for the measurement .of pulmonary diffusing capacity suffe
from the disadvantage that during hyperventilation the DLco increases tremendous|
(22,26,30,31). Some of the subjects in the present series were apprehensive and had a minut
volume > 10 L/min. - The calculated DLco in these hyperventilators was much higher than th
values obtained in persons during quiet ventilation. This increase in DLco may be due to a
increase in the pulmonary capillary blood volume producing a large blood-gas mterfa'.
Because of obvious reasons, these hyperventilators were not included in calculatmg the regres
sion equations. i

11

: Pulmonary diffusing capacity depends upon a number of factors of which the size of the
Eﬁ'ectlve surface area available for gaseous exchange, thickness of the alveolar-capillary men:
brane, pulmonary capillary blood volume and the haemoglobin concentration are the mos
important. In normal persons the effective surface area of the pulmonary membrane would be
expécted to be closely related to functional residual capacity. Since the latter is a function of
height and differs in the two sexes, the DLco also would be likely to be affected by thes
factors. For the same age and height the females have a lower functional residual capacity (I
and in accordance with this they are also reported to have lower pulmonary diffusing capacity
(2,24,70). In the present study the mean DLco in females was 16.1 mi/min/mmHg as compare
to the value of 19.9 mi/min/mmHg in the males.

A gradual decline. in DLco with advancing age has been reported by McGrath and
Thomson (23), Donevan et al. (9) and Woolf (31). This observation was confirmed by the
present study in male subjects only. In females no significant correlation was found between
the age and DLco. This might probably have been due to the lack of accuracy in the stales
ment of age by the female subjects. It could also be related to a greater apprehension it
female subjects during the performance of the test. Moreover, the number of patients ovel
the age of 50 years was rather small.

Cohn et al. (6) suggested that the decrease in DLco with increasing age was probably
due to a reduction in pulmonary capillary bed. Bates et al. (3) and Cotes et al. (8) endorsed
their view. Hamer (18) and Solvesteen (29), on the other hand, proposed that the changesin
the alveolar membrane were responsible for the reduction of DL¢o in older people.

The dependence of DLco on the body size has been reported by Cohn ef al. (6), Forstet
(11) and Lewis et al. (20). In conformity with the observations of these investigators, tht DLg
was found to vary significantly with height in both the sexes. A significant correlation with
B.S.A., however, was observed in male subjects only.

Of the three independent variables, only age and height were requiréd for satisfactory
prediction of DLcg in the males. The same parameters have been used by Bates et al. 4)fo
the prediction of DLco in their subjects. The values of DLco obtained by the regressio
equation for the present series of cases are very similar to those predicted by Bates ef al. '(‘
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who also utilized the modified steady state technique for the determination of DLco. Table I1I
shows the normal values of DLco reported by various investigators all over the world. The
data obtained on the present series of volunteers suggest tl{at the pulmonary diffusing capacity
in Indians is quite similar to that seen in Western subjects. :

TABLE 1II
Method Age in years DLco mi[min/mm Hg
Breath holding : 20-50 18-40
Breath holding 25-60- 18-35
 Lilienthal et al. (21) Integration procedure : 28-36 - 10-29*
Rile Integration procedure 17-40 14*
Bates et al. (2) Steady state 18-41 11-29
Ogilvie et al. (24) Breath holding 8-72 11-35
Filley et al. (10) Steady state 20-45 13-30

Present study Steady state 12-64 11-35

#Values converted from DLg, to DLco by dividing by 1.23

SUMMARY

Regression formulae have been derived for the prediction of pulmonary.diﬂ'usirig capacity
# a function of age and height in healthy Indian males. Ithas been concluded that the
pulmonary diffusing capacity in Indian subjects is no different from that seen in the Western
people.
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