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The effects of isoproterenol Mistometer, 
with recommended use 
Stanley Sherbell, M.D., and Harold A. Lyons, M.D. Brookly~z, N. Y. 

Isoproterenol as an erect&e bronchodilator drug has achieved widespread clidcal 
use. In recent years there have been reports of deleterious side effects of this drug 
With regard to changes in arterial blood gases, cardiovasczllar effects, and possible 
zlnezpeoted mortality. However, prior reports have not considered the effects of 
this drug when the dosage and mode of administration are the same as in the clinical 
situation. This study indicates that the admititration of koproterenol in a standard 
commercially available device by the method advised for dinical use does result 
in erect&e bronchodilation with a mean muximal increase in FEV, of 43 per cent 
and of FVC of 36 per cent as compared to baseline values. Electrocardiographic 
changes and arrhythmias were not observed. Nor did clinically significant changes 
in heart rate or blood pressure occwr. No statistically significant charnges were 
observed in pH, arterial caibon dioxide tension (PaCO,), or arterial oxygen ten&n 
(Pcr.0,) during the study. However, analysis of the data with regard to each 
indl:vidzcal subject aid demonstrate a decrease in PaO, of possible clinical significance 
in. one of the 10 subjects. This study wo&l suggtxt that the effects of isoproterenol 
Mistometer with recommended use provide bronchodilator action without significant 
szcbjective or objective negative side effects in the patient with acute asthma. 

The use of isoproterenol by aerosol has proved to be an effective broncho- 
dilator drug in the symptomatic patient with bronchial asthma. Symptoms of 
airway obstruction and objective parameters of ventilatory function can be shown 
to improve following the administration of aerosolized isproterenol.l, 2 Numerous 
reports have been published on the effects of this drug on the cardiovascular 
system and arterial blood gases of the asthmatic patient. However, there is a 
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lack of agreement by all authors on the magnitude, duration, and clinical sig- 
nificance of these side effects. 

A decrease in Pa02 has been reported by several obscrvers3-12 following iso- 
proterenol inhalation in some patients with bronchial asthma. There was, how- 
ever, a marked variability in the dosage of drug administered, method of 
administration, and time intervals of observations in these studies. Cardiovas- 
cular responses of heart rate and blood pressure have been evaluated by some 
observers, but again there is a lack of uniformity in the methods employed and 
the results obtained .I, gv I*, I3 

In the opinion of some authors the production of significant hypoxemia and 
an increased mortality have been associated with the administration of aeroso- 
lized isoproterenol.l+ I5 The American Medical Association Drug Evaluations 
Manual states : “Palpitation, tachycardia, cardiac arrhythmias and hypotension 
occur frequently. Excessive inhalation causes refractory bronchial obstruction 
cardiac enlargement and myocarditis. Rarely sudden death has occurred.“16 
Since isoproterenol has a beta adrenergic activity, it might well be expected that 
excessive or injudicious use of this drug could lead to major side effects. How- 
ever, because of the apparent clinical value of this drug as a bronchodilator in 
the acute asthmatic patient, it was thought necessary to evaluate the effects of 
aerosolized isoproterenol on the asthmatic patient when the drug is administered 
exactly as advised by the brochure accompanying the drug. It is anticipated 
that the results obtained by this approach will reflect the changes actually 
occurring in the clinical situation. 

MATERIALS AND METHODS 
Subjects 

Ten patients with well-documented episodic bronchial asthma by accepted criterialr were 
studied during an acute exacerbation requiring visiting the emergency room or hospitalization 
at the Kings County Hospital Center. None of the patients had taken any medication for 
at least three hours prior to the study. All subjects had an initial PaO, of less than 85 
mm. Hg (range, 64 mm. Hg-84 mm. Hg, mean, 75 mm. Hg). The normal PaO, in our 
laboratory for the age group under consideration is greater than 90 mm. Hg. TWO of the 
patients had an initial PaCO, of 41 mm. Hg and 43 mm. Hg, respectively, with the 
remainder having PaCO, of 40 mm, Hg or less (range, 31 mm. Hg-40 mm. Hg, mean, 38 
mm. Hg). initial FEVJFVC x 100 values were all less than 66 per cent (range, 32.2 
per cent to 66 per cent, mean, 49 per cent). The patients’ ages ranged from 19 through 
52 years of age and included 6 men and 4 women. 

Procedures 

An indwelling 18 gauge Courand needle was placed in a brachial artery approximately 
30 minutes before any measurements were made, with the patient maintained in a seated 
position. Control baseline preisoproterenol determinations were than made, including a 12 
lead electrocardiogram, brachial artery blood pressure recordings, determinations of FVC, 
FEV,, and measurement of PaO, and arterial pH. 

Following the determination and recording of all control baseline preisoproterenol data, 
the patient was instructed in the use of standard isoproterenol aerosol inhalent precisely as 
directed in the brochure accompanying the drug.* Holding the aerosol device in an inverted 

*Mistometer, Winthrop Labs., New York, N. Y. 
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position, a single deep inhalation was followed by 5 seconds of breathholding. The delivered 
measured dose at the mouthpiece of this aerosol is approximately 125 mcg. of isoproterenol. 
A second inhalation was carried out one minute later, followed by similar breathholding. 
This was now considered zero time for the postisoproterenol inhalation st,udy. 

Cardiovascular studies 

The heart rate and arterial pressure were recorded continuously and measured at base- 
line, 2 minutes, 4 minutes, 8 minutes, 12 minutes, 20 minutes, and 32 minutes after zero 
time. The FVC, FEV,, PaO,, PaCO,, and arterial pH were determined at baseline, 5 minutes, 
10 minutes, 15 minutes, and 30 minutes after zero time. 

A full 12 lead electrocardiogram was taken at baseline and at 32 minutes after zero 
time. One lead (Lead II) was monitored and continuously recorded through out the study on 
the electronics for Medicine DR.8 recorder. Brachial artery pressure was monitored by a 
Statham No. P23BB strain gauge connectsd to an indwelling 18 gauge Cournand needle and 
recorded continously on the Electronics for Medicine Recorder. 

Ventilatory tests 

Measurements of air flow at the mouth were made with a noseclip and mouthpiece in 
place through a heated Fleisch pneumotachygraph connected to a Statham P-97 transducer 
and recorded on the Electronics for Medicine recorder. Electrical integration converted the 
flow signal t.o volume and was simultaneously recorded. ,Calibrations were made before and 
after each recording. The FEV, and FVC were determined from these recordings. 

Blood gases 

The PaO,, PaCO,, and arterial pH were determined in duplicate at baseline, 5 minutes, 
10 minutes, 15 minutes, and 30 minutes after zero time on blood collected in glass syringes 
with the dead space filled with heparin. All blood samples were collected prior to the 
testing of ventilation at the appropriate time periods. Determinations were not accepted unless 
the duplicate PaO, were within r 0.5 mm. Hg. The duplicate PaCOZ were within ? 1 mm. Hg 
and the duplicate pH were within + 0.005 units. Blood gases were analyzed on an Instrumenta- 
tion Laboratory 113-02 analyzer using standard electrodes that were calibrated daily with 
gases previously analyzed by Scholander microgas analyzer technique. This calibration was 
further checked using tonometered blood twice weekly. 

Subjective responses 

The patients were questioned during and following the study as to whether they ex- 
perienced any untoward side effects, incuding headache, tremor, dizziness, weakness, flushing 
of the skin, sweating, or precordial pain. 

RESULTS 

The changes observed in heart rate and systolic and diastolic blood pressures 
were not of clinical significance. Two of the patients (6 and 7) exhibited increase 
of > 10 mm. Hg of both systolic and diastolic arterial pressures (range 16 
mm. Hg systolic-11 mm. Hg diastolic). The remainder of the patients demon- 
strated lesser degrees of change in these parameters. Maximal change in heart 
rate did not exceed 10 beats per minute other than for Patient 2 who evidenced 
a maximal decrease of 38 beats per minute. 

Review of the continuous electrocardiographic recordings, as well as the full 
12 lead electrocardiogram records before and following the study, revealed no 
evidence of’ tachyarrhythmia, ectopic beats, or mpocardial alterations. 

Table I indicates the mean, standard deviation, and p values of the FEV, and 
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TABLE I. Mean, standard deviation, and p values for FEV, and FVC at baseline and 
indicated time intervals 

Baseline 1 5 minutes / 10 minutes / 15 minules j 30 minutes 

FEP, (L.) 
Mean 1.12 1.48 1.46 1.47 1.35 
Standard deviation 0.39 0.40 0.46 0.45 0.49 
p value < 0.001 < 0.001 < 0.01 < 0.05 

y~nft.) 2.08 2.53 2.56 2.43 2.58 
Standard deviation 0.51 0.63 0.72 0.68 0.74 
p value < 0.01 < 0.01 < 0.01 < 0.001 

TABLE II. Mean, standard deviation, and p vaiue (mm. Hg) of PaOz at baseline and 
indicated intervals after isoproterenol inhalation 

Baseline 

Mean 75.0 
Standard 

deviation 6.9 
p value 

5 minules 10 minutes 

74.0 76.0 

6.7 8.7 
> 0.3 > 0.3 

15 minutes 

76.0 

> it: 

30 minutes 

77.0 

> i:: 

TABLE ill. Summary of changes in PaO, with regard to magnitude, direction, and duration 

Patient 1 Age I Sex 1 1 De;rer$o* m . 1 h!?‘ig, lch~~6n.l~ Remarks 

1 
2 

fe 1; l”~m~~~~o~ l~~gl ,~k~~~n.ll 

Increased to 76 mm. at 30 min. 
Increased to 67 mm. at 30 min. 

Pcr,ien+ / 1 , Rema~r 

3 29 F 82-89 15 Decreased to 85 mm. at 30 min. 

% 28 23 M F 64-66 84-90 

is 

i 
15 15 Remained Remained increased increased at at 30 30 min. min. 

6 24 ii 70-78 30 Remained increased at 30 min. 

ii 25 19 
ii 

72-74 77-81 4 2 10 5 Decreased Decreased to to 70 78 mm. mm. at at 30 30 min. min. 
9 26 79-82 3 10 Remained increased at 30 min. 

10 38 F 71-80 9 30 Tncreased to 75 mm. at 15 min. 

the FVC at baseline pre-isoproterenol and at 5 minutes, 10 minutes, 15 minutes, 
and 30 minutes after isoproterenol inhalations. The p values of FEV, ranged 
< O.OOl-< 0.005 and the p values of FVC ranged < O.OOl-< 0.01. The p 
values obtained for the changes in both FEV, and FVC are of clear statistical 
significance. 

Fig. 1 charts the change in FEV, and FVC for the individual patients. The 
FEV1-FEV, baseline/FEV* baseline x 100 is indicated in the upper portion 
of the figure. The maximal individual increases of this parameter ranged 7 per 
cent to 83 per cent, mean, 43 per cent. The lower portion of Fig. 1 indicates 
the FVC-FVC baseline/FVC baseline x 100 for each of the patients, and the 
maximal values ranged 12 per cent to 88 per cent, mean, 32 per cent. 

Analysis of the results of changes observed in Pa&, PaC02, and pH follow- 
ing the isoproterenol inhalations was without statistical significance. Arterial 
pH and PaCOz values are not listed. 
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5 InIn. 10 mtn. 15 min. 30 min. 

FIG. 1. Increases in FEV, and FVC after isoproterenol inhalation at indicated time intervals. 

Table II indicates the mean, standard deviation, and p values for the patients 
at baseline and post-isoproterenol periods with respect to Pa&. A summary 
of the changes in PaO, observed in the individual patients is tabulated in Table 
III. The maximal increase noted in 8 patients in PaOz ranged 2 mm. Hg- 9 mm. 
Hg, mean, 5 mm. Hg. The maximal decreases noted in 2 patients in PaOz were 
:3 mm. Hg and 10 mm. I-lg, respectively. 

None of the patients experienced side effects of headache, tremor, dizziness, 
.weakness, sweating, flushing, or precordial pain during the study. 

DISCUSSION 

The admin~tration of i~proterenol by aerosol inhalation is certainly one of 
the most frequently utilized treatments in patients with acute bronchial asthma. 
It is generally accepted that this form of therapy is effective both in reducing 
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symptoms of bronchospasm and in improving objective studies of airway obstruc- 
tion such as the FEV1. A number of authors have commented on the changes 
in blood gases, observed following isoproterenol inhalation in the patient with 
bronchial asthma.3-10 Most of these studies have stressed the observed decrease 
in PaO, despite improvement in symptoms and frequent objective improvement 
of bronchial obstruction. Although this apparent paradoxical fall in PaOz has 
been stressed in the literature, most of these reports have documented a vari- 
ability in blood gas changes with either no change or an increase in PaOz in 
many of the patients studied.3-10 It is difficult to compare these reports because 
of the lack of homogeneity in the patient populations, the dosage and mode of 
drug administration, and the time periods of observation of the studies. An at- 
tempt to correlate changes in pulmonary function tests and blood gas changes 
was made by Palmer and Diament. I8 Improvement in FVC was observed to be 
associated with an increase in PaO, after isoproterenol inhalation. There was, 
however, no correlation of increased PaOz with improvement in FEV, unless the 
FVC also increased. However, Crosbie and his associates1g demonstrated a 
correlation between an increase in FEV, and increase of PaO, following isopro- 
terenol inhalation with a decrease in PaOz in patients in whom an increase in 
FEV, did not occur. However, changes in FVC were not reported by these 
authors. Review of our data with regard to relating changes in FEV, or FVC 
with the observed changes in PaO, failed to reveal any such clear correlations. 
The indicated changes in FEV, and FVC values are in agreement with clinical 
bronchodilator activity previously reported following isoproterenol inhalation.ls * 

Cardiovascular side effects after the inhalation of isoproterenol have been 
reported. 1$ 9l I29 l3 Isoproterenol has beta-l adrenergic activity with inotropic and 
chronotropic properties resulting in tachycardia and potential arrhythmia and 
systemic blood pressure changes. 2op 21 However, in the present study no clinically 
significant changes were observed in pulse rate or arterial blood pressures. NO 
arrhythmias, changes in electrocardiogram pattern, or subjective symptoms of 
palpitation or precordial pain were recorded. 

The present study indicates that the use of aerosolized isoproterenol by the 
exact method advised for clinical use did not result in adverse cardiac or other 
side effects in 10 patients during an acute asthmatic attack. Clinically significant 
bronchodilator activity was observed in all of the patients. Changes in arterial 
blood gases were not statistically significant for the group. However, considera- 
tions of individual patients with regard to PaOz indicated a decrease of 10 mm 
Hg in one patient, which could have clinical significance in a patient with a 
low initial Pa02. The drug was administered in a commercially available aerosol 
unit rather than via multiple nebulizer techniques of varying dosages as in 
other studies. Observation of potentially deleterious side effects may be expected 
when a pharmacologically active drug is used without careful control of dosage, 
method, and frequency of administration of the drug. 

Since the number of patients studied is limited, we would not rule out the 
possibility that individual responsiveness to isoproterenol might produce a varied 
response in a larger series of patients. In addition, we cannot predict the effects 
of this drug in a patient with a complex problem such as asthma complicated 



VOLUME 52 
NUMBER 6 

lsoproterenol Mistometer 327 

‘by pneumonia or the presence of concomitant independent cardiac pathology. 
The patients in this study were carefully chosen to represent uncomplicated 
acute episodic bronchial asthma, and the results obtained are suggested to be 
an indication of the alterations to be expected in the clinical use of isoproterenol 
in the asthmatic patient. The need to be cautious in comparing studies is stressed 
when the patient populations, methods, and materials are not uniform. 
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