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Summary. Blood gas and ventilatory changes in sixteen asthmatics to the in-
halation of Isoproterenol are described. Following inhalation of this drug. there
were statistically significant rises in Pao,, FEV,. VC and PEFR. The average
Paco, fell significantly. The most interesting observation in this study is the more
consistent rise in Pao, than that reported by other investigators among Europeans
and Americans. The highly significant correlation between FEV, and PEFR em-
phasizes the usefulness of the latter in areas, where pulmonary function laboratories
are non-existent. The FRC measured by the helium dilution method was highly
variable. In this study, a rise or fall of FRC following inhalation of Isoproterenol
was associated with a rise in Pao, in most cases.

Résumé. Cette étude décrit I'’échange du gaz et de la ventilation dans le sang due
a I'inhalation de I'Tsoproterenol parmi seize dsthmatiques. Aprés I’inhalation de ce
médicament, il y a eu des élévations statistiquement importantes dans les Pao,
FEV,, VC et PEFR le Paco, moyen est fortement tombé. L’observation la plus
intéressante de cette étude a été 'augmentation dans le Pao,, toujours plus élévé
que celle reportée par d’autres chercheurs Européens et Américains. La correlation
trés remarquable entre FEV,; et PEFR renforce I'utilité de ce dernier dans les
regions ol n’existent pas des laboratoires des fonctions pulmonaires. Le FRC
mesuré par la métode de dilution de I’helium a été trés variable. Dans cette étude,
une élévation ou une diminution de FRC apreés inhalation d’Isoproterenol a été
associé, dans le plupart des cas, a une élévation de Pao,.

INTRODUCTION

The pathophysiological characteristics of asthma are increased airway resistance and uneven
distribution of ventilation. The effect on blood gases is hypoxaemia and hypocapnia
(Waddell, Emerson & Gunstone, 1967; Palmer & Diament, 1967; Field, 1967; Tai & Read,
1967; McFadden & Lyons, 1968; Valabhji, 1968; Weng & Levison, 1969; Weng, er al.,
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1970). While hypocapnia is the usual finding in most asthmatics, hypercapnia is a feature of
severe or terminal asthma (Palmer & Diament, 1967; McFadden & Lyons, 1968).

Bronchodilator aerosols, containing Isoproterenol, which are used by a great number of
asthmatics, confer significant subjective improvement and also produce objective changes
especially in the forced vital capacity (FVC,). Since airway resistance is reduced following
aerosol Isoproterenol, the distribution of ventilation in asthmatics would be expected to
improve with diminution of the degree of hypoxaemia. The converse of this concept is the
observation of Raine & Bishop (1964) that inhalation of carbachol, a broncho-constrictor
drug, reduces arterial oxygen tension (Pa0,) and increases alveolar-arterial difference in
oxygen tension, Aa Po,. Waddell et al. (1967) reported some improvement in Pao, follow-
ing inhalation of Isoproterenol and Meisner & Hugh-Jones (1968) showed increases in
Pao, after aerosol Orciprenaline. Some reports, however, show a worsening of hypoxaemia
in asthmatics after aerosol Isoproterenol. This change has been attributed to increased
ventilation-perfusion inequality. (Tai & Read, 1967; Knudson & Constantine, 1967;
Palmer et al., 1969).

In the course of studies on Nigerian asthmatics, a rise in arterial oxygen tension following
inhalation of Isoproterenol was observed in most of them. Also, the lung volumes and
dead-space/tidal volume (VD/VT) ratios were determined before and after inhalation of
the drug. The results of these investigations form the basis of this report.

MATERIALS AND METHODS

Sisteen asthmatics—nine males and seven females—who were not severely breathless and
could co-operate, had their static and dynamic lung volumes measured before and after
inhalation of 19, Isoproterenol (Neo-epinine 1) (Burroughs Wellcome). The subjects were
Yorbidden from taking broncho-dilator drugs at breakfast on the test day.

The procedure was as follows:

The FRC was determined in the sitting position by the method of Meenely & Kaltreider
(1949 followed by the determinations of ERV and VC. A 6 | Spirometer* which had been
calibrated by water displacement was used. The dynamic lung volumes were then measured
m the standing position—FEV, and FVC with a Vitalograph{ and PEFR with a Wright
Peak Flow Meter. The subject now lay supine and Cournand’s arterial needle was inserted
into the brachial or femoral artery. A period of 5 min rest was allowed after which blood was
drawn anaerobically and expired air was collected for I min. Blood gases (Pao,, Paco,)
and pH were measured by I[nstrumentation Laboratory blood gas analyser S113 already
calibrated with known gas mixtures.

The CO, in expired air was assayed by Scholander micro-analysis. Dead-space;tidal
volume ratio (VD/VT) was calculated from the Bohr equation. While still in the supine
position the subjects inhaled 19 Isoproterenol for 3 min from a Collison inhaler employing
compressed air at a flow rate of 10 1/min as a propellant. Fifteen minutes after the inhalation
of Isoproterenol, blood was again drawn anaerobically for the estimation of blood gases
and pH, and expired air was collected for | min for the determination of Paco,, and VD/VT
ratio. The subject now assumed the sitting position again for the measurement of FRC,
ERYV and VC; and in the standing position for FEV, FVC and PEFR. The whole procedure

* C. F. Palmer Recording Spirometer, C. F. Palmer, London.
1 Vitalograph Clinical Outfit, Vitalograph Limited, Buckingham, England.
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was completed within the hour. Finally, measurements of the static and dynamic lung
volumes were repeated in the sitting and standing positions respectively.

Height and weight were measured without shoes and in light clothing. The better of
two measurements each for ERV, VC, FEV, and FVC was recorded in this study. All lung
volumes were corrected to body temperature and pressure saturated with water vapour
at body temperature (BTPS), the exceptions being FEV, and FVC measured on the
Vitalograph and recorded at ambient temperature and pressure (ATPS). Duplicate deter-
minations were made on blood gases and the mean of the results recorded. The variations
between duplicate determinations did not exceed 2 mm Hg for Pao, and Paco,, and 0-005
units for pH in any subject.

Statistical comparisions, using the method of paired analysis. were made between the
pre- and post-Isoproterenol values of all the variables. The IBM 1620 electronic data pro-
cessing machine was used to develop a product moment correlation () matrix based on the
variables measured.

RESULTS
The mean values of the variables with complete data in sixteen subjects are shown in Table 1.

TanLE 1. Mecan values and standard deviations of physical characteristics
and pulmonary function values in sixteen asthmatics

Before Isoproterenol After Isoproterenol
Value SD Value SD
VC (ml) 2386 871 26361 908
FRC (ml) 2433 1001 2298 908
ERV 785 443 825N 399
RV 1648 814 1473 920
TLC 4035 1251 4110M 925
FEV, 1041 455 1441% 572
FVC 1920 534 2402% 704
FEV, (%) 52-7 142 60-43 17-1
PEFR (I/min) 2168 117-2 240* 113
Pao, 76-3 92 82:9% 9:9
Paco, 319 38 29:61 33
pH 7-436 0-032 7444 0-046
VD/VT 475 7-5 46-3™ 7:2
* P<0-02.
t P<0-01
¥ P<0-001.

NS Not significant.

In most of the subjects, the initial Pao, was below normal. There were significant changes
following inhalation of Isoproterenol in the following parameters: Pao,; Paco,; FEV,;
PEFR; and VC. The changes in VD/VT, FRC, ERV, RV, TLC and pH did not reach
significant levels. (Figs. 1-8). In nine out of fourteen patients in whom VD/VT was measured,
the values fell with acrosol Isoproterenol. In the remaining five there was an increase (Fig. 3).
Table 2 shows the correlation coefficients between FEV,, PEFR and Pqo,.
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TasrLe 2. Correlation cocfficicnts between FEV, and other mea-

surements
FEV, PEFR Pao,
Measurements (ml) (I/min) (mmHg)
Pre-Isoproterenol
FEV, 1-0 0-823% 0-6341
PEFR 0-823% 10 0-534*
Post-Isoproterenol
FEV, 1-0 0-852% 0417
PEFR 0-852% 1-0 0-251
* P<00s5.
t P<001.
t P<0:001,
DISCUSSION

The results of this study accord with those of other authors that mild and moderate asth-
matics have reduced arterial oxygen tensions (Waddell er al., 1967; Paimer & Diament.
1967; Tai & Read, 1967; Weng et al., 1970).

However, the results in this study differ from those of other investigators (Palmer &
Diament, 1967; Field, 1967; Knudson & Constantine, 1967), who had significant diminution
of Pao, after inhalation of Isoproterenol, despite a significant increase in FEV, (Fig. |).
Raine & Bishop (1964) demonstrated a fall in Pao, and an increase in alveolar-arterial
difference in oxygen tension (Aa Po,) in normal subjects following aerosol administration of
Carbachol, a parasympathomimetic drug. If aerosol carbachol causes increased airway
resistance in normal subjects and a widened AaPo,, as a result of uneven distribution of
inspired gas, then it might be expected that aerosol Isoproterenol would reduce airway
resistance and improve arterial oxygen tension.

In thirteen out of sixteen patients Pao, rose with aerosol Isoproterenol, while in two
patients Pao, showed moderate fall (Fig. 1). Apart from its powerful bronchodilator
effect, [soproterenol also produces substantial pulmonary vasodilatation through systemic
absorption. Furthermore, as a result of its positive inotropic and chronotropic effects on the
heart, cardiac output, and therefore pulmonary blood flow are increased. The Pao, level
after aerosol [soproterenol would thus depend on the net effect of these pharmacological
actions. There are, therefore, three possible directions of arterial oxygen tension change
following aerosol Isoproterenol, viz: (1) Pao, rise; (2) no change; and (3) fall of Pao,. Tai
& Read (1967) have documented these three responses.

The fall in Paco, and the concomitant rise in Pao, following [soproterenol in most of
our patients would indicate improved alveolar ventilation and gas exchange (Fig. 2). The
increased ventilation was probably distributed to alveoli which were previously under-
ventilated with respect to their blood flow. The low Paco, values in this study also indicate
that alveolar hypoventilation is not the cause of hypoxaemia in asthmatics. The hypocapnia
in our asthmatics increased slightly with aerosol Isoproterenol. This was also the finding
of McFadden & Lyons (1968).
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The VD/VT ratios for individual patients were high before and after Isoproterenol—
indicating ventilation/perfusion inequality (Waddell et al., 1967; Field, 1967). In this study
the mean VD/VT was virtually the same before and after Isoproterenol (47-5 and 46-3%
respectively).

Several investigators found correlations between Pao, and the flow measurements norm-
ally influenced by airway obstruction (Tai & Read, 1967; McFadden & Lyons, 1968;
Weng et al., 1970). In this study, FEV, and PEFR showed consistent improvement with
aerosol Isoproterenol (Table 1). Moreover, before the administration of Isoproterenol,
these measurements showed highly significant correlations with each other and with
Pao, (Table 2). It is clear, therefore, that for monitoring asthmatics PEFR could be a useful
guide of airway obstruction in routine clinical practice, especially in Africa, where Pul-
monary Laboratories are rare.

Meisner & Hugh-Jones (1968) found lower values for FRC and TLC in asthmatics, while
employing the helium dilution method, as compared to the values obtained from the body
plethysmograph. As in this study they also used an equilibration time of 5-7 min, whereas
Woolcock & Read (1966) maintained equilibration time up to 20 min and recorded very
high FRC and TLC in asthmatics. Three patterns of FRC change occurred in our patients—
using the gas dilution method: (1) High initial FRC which fell with Isoproterenol; (2) low
or normal initial FFC with a substantial rise following aerosol Isoproterenol; and (3) low
or normal FRC showing no change with Isoproterenol (Fig. 6). The first pattern is the usual
response. (Woolcock & Read, 1966; Weng & Levison, 1969). The second pattern would
suggest that the pre-Isoproterenol FRC measurement was falsely low. With a gas dilution
method for determining FRC, only the volume of lung being ventilated would be measured;
all lung units not ventilated would be excluded from measurement. The FRC is, therefore,
& highly variable parameter in asthmatics and would vary from time to time according to
the number of ventilated lung units, when measured by a gas dilution method. Meisner &
Hugh-Jones (1968) have, therefore, inferred that the under-estimate of the FRC by the
helium ditution method would provide an assessment of the extent of under-ventilated lung
units in asthmatics. Generally, the direction of change in FRC after [soproterenol determined
the values of TLC Morcover, a rise or fall of FRC following inhalation of Isoproterenol was
associated with a rise of Pao, in most patients.
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