
The African Journal of 
MEDICAL SCIENCES 

Editor: A. Olufemi Williams 
Assistant Editors: O. O. Akinkugbe and B. O. Osun tokun 

Editorial Board: 
A. O. Adcsola Nigeria 
M.Amosu Nigeria
I. S.Audu Nigeria
O. Bassir Nigeria
H.Collomb Senegal
S. R.A. Dodu Ghana
F. O. Dosekun Nigeria

C. Easmon Ghana
G. M. Edington Nigeria
M.Girgis Sudan
T. A. I. Grillo Nigeria
R. G. Hendrickse Nigeria
A. Khogali Sudan
J. W. Kibukamusoke Uganda
T. A. Lambo Nigeria
L. Luzzatto Nigeria

Sir Samuel Manuwa Nigeria 
G. L. Monekosso Cameroons
D. G. M o n te fi o re Uganda
V. A. Ngu Nigeria
E. L. Odeku Nigeria
E. O. Odunjo Nigeria
I. Samuel Ethiopia
M. Sa n ka le Senegal

Volume 4 

1973 

B L A C K W E L L S C I E N T I F I C P U B L I C A T I O N S 

Oxford London Edinburgh Melbourne 

DIG
ITIZED BY E-LA

TUNDE O
DEKU LI

BRARY, C
OLL

EGE O
F M

EDIC
IN

E, U
I



Afr. J. med. Sci. (1973) 4, 312-325 . 

v / 

Blood-gas Tension and Vent i l a to ry F u n c t i o n in A s t h m a t i c s 
before and af ter Aerosol I sopro te reno l 
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Lagos University Teaching Hospital, Private Mail Bag 12003, Lagos, Nigeria. 
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Summary. Blood gas and vent i la tory changes in sixteen as thmat i c s to the in-
halation of Isoproterenol are described. Fol lowing inhala t ion of this d rug , the re 
were statistically significant rises in Pao 2 , F E V , . VC and P E F R . T h e ave rage 
PflC02 fell significantly. The most interesting observat ion in this s tudy is the m o r e 
consistent rise in Pao 2 than that repor ted by o ther investigators a m o n g E u r o p e a n s 
and Americans. The highly significant correlat ion between F E V 1 and P E F R em-
phasizes the usefulness of the latter in areas , where pu lmonary funct ion labora tor ies 
are non-existent. The F R C measured by the helium dilution me thod was highly 
variable. In this study, a rise or fall of F R C following inhalat ion of I soproterenol 
was associated with a rise in Pao 2 in most cases. 

Resume. Cette etude decrit Pechange du gaz et de la ventilation dans le sang d u e 
a Finhalation de I s o p r o t e r e n o l parmi seize asthmatiques. Apres I ' inhalat ion de ce 
medicament, il y a eu des elevations statist iquement importantes d a n s les Pao2 

FEVi, VC et P E F R le Paco2 moyen est for tement tombe. L 'observat ion la plus 
interessante de cette e tude a ete Paugmentat ion dans le Pao2, tou jours plus eleve 
que celle reportee par d 'aut res chercheurs Europeens et Americains. La correlat ion 
tres remarquable entre FEV, et P E F R renforce Putilite de ce dernier dans les 
regions ou n'existent pas des laboratoires des fonctions pulmonaires . Le F R C 
mesure par la metode de dilution de Phelium a ete tres variable. Dans cette etude, 
une elevation ou une diminution de F R C apres inhalation d ' l soproterenol a ete 
associe, dans le plupart des cas, a une elevation de Pao2. 

I N T R O D U C T I O N 

The pathophysiological characteristics of a s thma 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, et al 
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320 D. Femi-Pearse and Olufemi Elegbeleye 
1970). While hypocapnia is the usual finding in most asthmatics, hypercapnia is a feature of 
severe or terminal a s thma (Palmer & Diament , 1967; McFadden & Lyons, 1968). 

Bronchodilator aerosols, conta in ing Isoproterenol , which are used by a great number of 
asthmatics, confer significant subjective improvement and also produce objective changes 
especially in the forced vital capaci ty ( F V C , ) . Since airway resistance is reduced following 
aerosol Isoproterenol , the distr ibution of ventilation in asthmatics would be expected to 
improve with diminut ion of the degree of hypoxaemia. The converse of this concept is the 
observation of Raine & Bishop (1964) that inhalat ion of carbachol , a broncho-constrictor 
drug, reduces arterial oxygen tension (P#o 2 ) and increases alveolar-arterial difference in 
oxygen tension, A a Po 2 . Waddell et al. (1967) reported some improvement in Pao2 follow-
ing inhalation of Isoproterenol and Meisner & Hugh-Jones (1968) showed increases in 
Ptf02 af ter aerosol Orciprenaline. Some reports, however, show a worsening of hypoxaemia 
in asthmatics af ter aerosol Isoproterenol . This change has been attr ibuted to increased 
venti lat ion-perfusion inequality. (Tai & Read, 1967; Knudson & Constantine, 1967; 
Palmer et <?/., 1969). 

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

M A T E R I A L S A N D M E T H O D S 

Si;»'.een asthmatics—nine males and seven females—who were not severely breathless a n d 
could co-operate, had their static and dynamic lung volumes measured before and a f t e r 
inhalation of \ % Isoproterenol (Neo-epinine 1) (Burroughs Wellcome). The subjects w e r e 
forbidden 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 & K a l l r e i d e r 

( 1 9 W followed by the determinations of ERV and VC. A 6 I Sp i rometer* which had b e e n 
vMlibraied by water displacement was used. The dynamic lung volumes were then m e a s u r e d 
in the standing posit ion—FEV, and FVC with a Vi ta lographf and P E F R with a W r i g h t 
Peak Flow Meter. The subject now lay supine and C o u r n a n d ' s ar ter ial needle was i n se r t ed 
into the brachial or femoral artery. A period of 5 min rest was al lowed a f t e r which b lood w a s 
drawn anaerobically and expired air was collected for 1 min. Blood gases (P«o 2 , P « c o 2 ) 
and pH were measured by Instrumentation Labora tory blood gas analyser SI 13 a l r e a d y 
calibrated with known gas mixtures. 

The C 0 2 in expired air was assayed by Scholander micro-analysis . Dead-space,- t idal 
volume ratio (VD/VT) was calculated from the Bohr equa t ion . While still in the s u p i n e 
position the subjects inhaled 1% Isoproterenol for 3 min f r o m a Collison inhaler e m p l o y i n g 
compressed air at a flow rate of 10 l/min as a propel lant . Fifteen minutes a f te r the i n h a l a t i o n 
of Isoproterenol, blood was again drawn anaerobically for the es t imat ion of blood g a s e s 
and pH, and expired air was collected for 1 min for the de te rmina t ion of PtfCo2, and V D / V T 
ratio. The subject now assumed the sitting position again for the measurement of F R C , 
ERV and VC; and in the standing position for F E V , , F V C and P E F R . The whole p r o c e d u r e 

* C. F. Palmer Recording Spi rometer , C . F. P a l m e r , L o n d o n . 
f Vitalograph Clinical Outfi t , Vi ta lograph Limi ted , B u c k i n g h a m , E n g l a n d . 
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Blood-gas and ventilatory changes due to Isoproterenol 321 
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 tempera ture and pressure saturated with water vapour 
at body tempera ture (BTPS), the exceptions being FEV, and FVC measured on the 
Vitalograph and recorded at ambient temperature and pressure (ATPS). Duplicate deter-
minations were m a d e on blood gases and the mean of the results recorded. The variat ions 
between duplicate determinat ions did not exceed 2 mm Hg for Pao , and Pr/C02, and 0 005 
units for pH in any subject . 

Statistical comparis ions , using the method of paired analysis, were made between the 
p re -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. 

R E S U L T S 

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

T A B L E 1. Mean 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 
F R C (ml) 2433 1001 2298NS 908 
ERV 785 443 825NS 399 
RV 1648 814 I473NS 920 
TLC 4035 1251 41!0NS 925 
FEV, 1041 455 1441 + 572 
FVC 1920 534 2402+ 704 
FEV, r/o) 52-7 14-2 60-4J 171 
PEFR (l/min) 216 8 117-2 240* 113 
Pao2 76-3 9-2 82-9f 9-9 
Pa co 2 31-9 3-8 29-6t 3-3 
pH 7-436 0 0 3 2 7-444N> 0 0 4 6 
VD/VT 47-5 7-5 46-3NS 7-2 

* P < 0 02. 
t P < 0 0 l 
% P < 0 00l . 
NS Not significant. 

In most of the subjects, the initial Pao 2 was below normal . There were significant changes 
following inhalation of Isoproterenol in the following parameters : Pao2; P « c o 2 ; F E V , ; 
PEFR; and VC. The changes in VD/VT, F R C , ERV, RV, T L C and pH did not reach 
significant levels. (Figs. 1-8). In nine out of fourteen patients in whom V D / V T was measured, 
the values fell with aerosol Isoproterenol . In the remaining five there was an increase (Fig. 3). 
Table 2 shows the correlation coefficients between F E V , , P E F R and Puo2. 
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Blood-gas and ventilatory changes due to Isoproterenol 323 
T A B L E 2. Correlation cocfticicnts between FEV| and other mea-

surements 

FEV, PEFR P«o2 
Measurements (ml) (l/min) (mmHg) 

Pre-Isoprotercnol 
FEV, 10 0-823+ 0-634f 
PEFR 0-823J 10 0-534* 

Post-Isoprotercnol 
FEV, 1 0 0-852+ 0 417 
PEFR 0-852; 10 0-251 

• P < 0 05. 
t /><ooi . 
i p<o ooi 

D I S C U S S r O N 

The results of this s tudy accord with those of o ther au thor s that mild and mode ra t e as th-
matics have reduced ar ter ia l oxygen tensions (Waddell et a!., 1967: Palmer & Diamen t . 
1967; Tai & R e a d . 1967; W e n g et al., 1970). 

However , the resul ts in this s tudy differ f rom those of o ther investigators (Pa lmer &, 
Diament , 1967; Field, 1967; K n u d s o n & Cons tan t ine , 1967), who had significant d iminu t ion 
of Pao2 a f t e r inha la t ion of I sopro te reno l , despite a significant increase in F E V , (Fig. I). 
Raine & Bishop (1964) d e m o n s t r a t e d a fall in Pao2 and an increase in a lveo la r -a r te r ia l 
difference in oxygen tens ion (Ar/ P o 2 ) in no rmal subjects fol lowing aerosol admin i s t r a t ion of 
Carbachol , a p a r a s y m p a t h o m i m e t i c d rug . If aerosol carbachol causes increased a i rway 
resistance in no rma l subjec ts and a widened AaPo2, as a result of uneven d is t r ibu t ion of 
inspired gas, then it might be expected tha t aerosol Isoproterenol would reduce a i rway 
resistance and improve ar ter ia l oxygen tension. 

In thirteen out of sixteen pa t ien ts P a o 2 rose with aerosol Isoproterenol , while in t w o 
patients Ptf02 showed m o d e r a t e fall (Fig. 1). A p a r t f rom its powerfu l b ronchod i l a to r 
effect, I soproterenol a l so p roduces subs tan t ia l p u l m o n a r y vasodi la ta t ion th rough systemic 
absorpt ion. F u r t h e r m o r e , as a result of its positive inot ropic and c h r o n o t r o p i c effects on the 
heart, cardiac o u t p u t , and the re fore p u l m o n a r y blood flow are increased. T h e Pao2 level 
after aerosol I soproterenol would thus depend on the net effect of these pharmacolog ica l 
actions. There are , therefore , th ree possible di rect ions of ar ter ial oxygen tension change 
following aerosol I sopro terenol , viz: (1) Pao2 r ise; (2) no c h a n g e ; and (3) fall of Pao2. Ta i 
& Read (1967) have d o c u m e n t e d these three responses. 

The fall in P a c o 2 a n d the c o n c o m i t a n t rise in Pao2 fo l lowing Isoproterenol in most of 
our patients would indicate improved a lveolar vent i la t ion and gas exchange (Fig. 2). T h e 
increased venti lat ion was p robab ly d is t r ibuted to alveoli which were previously under -
ventilated with respect to their b lood flow. T h e low P « c o 2 values in this s tudy a l so indicate 
that alveolar hypovent i la t ion is not the cause of hypoxaemia in as thmat ics . T h e hypocapn ia 
in our as thmat ics increased slightly with aerosol I sopro terenol . This was also the f inding 
of McFaddcn & Lyons (1968). 
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324 D. Femi-Pearse and Olufemi Elegbeleye 
The VD/VT ratios for individual patients were high before and after Isoproterenol— 

indicating ventilation/perfusion inequality (Waddell et a!., 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 Pao2 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 
Pao2 (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 arc 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 pa t i en t s -
using the gas dilution method: (I) High initial FRC which fell with Isoproterenol; (2) low 
or normal initial F F C 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 F R C is, therefore, 
a 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 undcr-estimate of the F R C by the 
helium dilution method would provide an assessment of the extent of under-ventilated lung 
units in asthmatics. Generally, the direction of change in FRCaf t e r Isoproterenol determined 
the values of TLC Moreover, a rise or fall of FRC following inhalation of Isoproterenol was 
associated with a rise of Pao2 in most patients. 
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