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Perspectives in [32-agonist therapy: Vox 
clamantis in deserto vel lux in tenebris?* 

E. R. McFadden, Jr., MD Cleveland, Ohio 

[3-Adrenergic agonists are compounds of simple 
chemical structure that are useful in the treatment 
of asthma and other pulmonary diseases charac- 
terized by reversible airway obstruction. These 
drugs act through stimulation of [31-and [32-rece p- 
tors on cells, resulting in alterations in adenylyl 
cyclase and elevations in intracellular cyclic aden- 
osine monophosphate (AMP)?  The net effect in 
the airways is relaxation of smooth muscle with 
bronchodilatation, increased ciliary beat fre- 
quency, and a reduction in mucus viscosity. 2, 3 They 
also have significant actions on the heart, liver, and 
skeletal muscle. 2, 3 The first clinically useful drug of 
this class was isoproterenol, which appeared as a 
metered-dose inhaler in 1957. Although a potent 
bronchodilator, isoproterenol has a very short half- 
life and major dose-dependent inotropic and chro- 
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Abbreviations used 
AMP: Adenosine monophosphate 
FEVI: Forced expiratory volume in 1 second 
PC2o: Provocative concentration causing a 

20% fall in FEV 1 
PEFR: Peak expiratory flow rate 

notropic cardiac properties. To overcome these 
problems, the catechol moiety of isoproterenol was 
altered to produce longer acting [32-agents (i.e., 
metaproterenol,  terbutaline, albuterol, pirbuterol, 
fenoterol, and others) that have selective action on 
the bronchi. 2, 3 The enhanced durations of activity 
and reduced side effects of these newer drugs have 
had a profound impact on patient care. With them, 
it became possible to try to maintain a state of 
continuous bronchodilatation, and treatment strat- 
egies quickly moved from simply relieving acute 
episodes of airway narrowing as they appeared, to 
attempting to prevent their occurrence by regularly 
scheduled medication. As a result, [32-agonists 
became the mainstay of asthma therapy, and in- 
creasingly larger numbers of patients began to be 
exposed to greater quantities of these drugs world- 
wide. 

Shortly after their introduction, fears about the 
safety of [3-agonists began to appear. In the 1960s,, 
an increase in deaths in patients with asthma and 
chronic bronchitis in certain countries was associ- 
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ated statistically with the availability of a high-dose 
formulation of isoproterenol. 4 Because the mortal- 
ity rate fell to baseline after this product was 
removed from the market and because the use 
isoproterenol has been superseded by the more 
selective agents, which have fewer untoward con- 
sequences, the problem appeared to be solved. 
Recently, however, concerns have been expressed 
that even the newer drugs may be harmful when 
taken continuously three or four times daily. 5-7 For 
reasons that are unclear, these viewpoints were 
accepted with little dissent and much sensational- 
ism with the result that limited use, or even 
withdrawal, of [32-sympathomimetics has been ad- 
vocated.Y, 8 However, whenever dispassionate eval- 
uations of the strength of the current evidence 
have been undertaken, similar degrees of certitude 
have not been forthcoming, 9,10 and so the matter 
remains a source of confusion for practitioners and 
patients alike. In this article, the data underlying 
the present controversy over the use of [32-agonists 
will be critically analyzed so that a perspective on 
the types and magnitude of risks involved can be 
formulated. 

TOXICITY 

The toxicity of the [32-agonists has been detailed 
previously,2. 3 and only the salient features will be 
presented here. Because the incidence and inten- 
sity of side effects are dependent on the dose of 
drug reaching the target organs, the oral and 
parenteral routes of administration produce the 
greatest adverse consequences. Statistically, 
tremor is the most common untoward event. It is a 
specific [32 activity and is seen with all agents of this 
class. Tremor disappears with continuing drug use 
and does not have any long-term health implica- 
tions. When large quantities of [32-agonists are 
used (as in the treatment of status asthmaticus), 
increases in blood glucose, lactate, pyruvate, and 
ketones have been observed, as well as decreases in 
potassium. 1~-13 Usually, such metabolic events are 
minor in degree, but the additional hypokalemia 
can potentiate that produced by steroids or diuret- 
ics. Fortunately, the latter is a rare occurrence and 
one that is readily reversed. 

The toxic effects of greatest concern are those 
that have an impact on the heart. With the current 
drugs, the major cardiac events are palpitations 
and tachyarrhythmias. Sinus tachycardia is the 
most prevalent phenomenon and is due to a reflex 
increase in heart rate as a result of peripheral 
vasodilatation.2, 3 Like tremor, it disappears with 
time. At high doses [32-agonists can also have a 

direct stimulatory effect on the myocardium. Al- 
though ventricular arrhythmias have been ob- 
served with the nonselective sympathomimetics, 
significant cardiac toxicity has not been reported 
with the new [32 compounds in therapeutic 
amounts, even when arrhythmias are specifically 
sought with Holter monitoring. 14-16 In fact, symp- 
tomatic sinus tachycardia appears to be an infre- 
quent occurrence. In a multicenter trial comparing 
albuterol and salmeterol (a long-acting albuterol 
congener recently released in the United States), 
only two of 234 subjects complained of rapid heart 
rates during the 3 months of observation? 6 The 
national surveillance study in the United Kingdom 
of 25,180 patients taking salmeterol or albuterol 
also found cardiac problems to be distinctly un- 
common. 17 One hundred twenty-two subjects had 
their sympathomimetics withdrawn because of 
rapid heart rates. Ninety-eight of these had palpi- 
tations, 19 complained of tachycardia, and five had 
arrhythmias. Of the 39 cardiovascular deaths in 
this series, none were due to altered cardiac 
rhythms (myocardial infarctions = 21, congestive 
heart failure = 7, cerebral vascular accidents = 5, 
pulmonary emboli = 4, hypertension = 1, ruptured 
aneurysm = 1). This information was graciously 
supplied at my request by Drs. W. Castle and R. 
Fulton of the Glaxo Research Institute. Thus 
although the potential for myocardial side effects 
certainly exists with the [32-agonists, myocardial 
side effects are not a major clinical concern in 
prescribed doses. 

PURPORTED DETRIMENTAL EFFECTS 

The potential adverse reactions to [32-agonists, 
in addition to the standard toxicity, that have been 
expressed in the literature are: aggravation of hypox- 
emia,18,19 toxicity of the propellants in metered- 
dose inhalers, 18, 2o augmented dose of allergen as a 
result of bronchodilatation, 21, 22 paradoxical bron- 
chospasm, 7 heightened airway reactivity, 7, 23, 24 tol- 
erance or tachyphylaxis, 7, zs-z8 increased morbidity 
from loss of asthma control, 5, 7, 29 and a high mor- 
tality rate. 7, 3o, 31 The first two are mainly of histor- 
ical interest, and the third is a theoretic construct. 
The remainder constitute the majority of current 
concerns, and as will be developed, the database in 
support of each is not sufficiently compelling to 
afford uniform acceptance. 

AGGRAVATION OF HYPOXEMIA AND 
CONCERNS WITH PROPELLANTS 

All sympathomimetics, including the [32-ago- 
nists, can produce acute alterations in ventilation- 
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perfusion relationships in patients with asthma, 
thereby causing arterial oxygen levels to fall. 19,32 
This phenomenon, however, is of little clinical 
significance because it is very short-lived and rarely 
of sufficient magnitude to lower arterial satura- 
tion? 2 Thus it is not a major problem. The toxicity 
of the fluorocarbon propellants in metered-dose 
inhalers has been extensively studied after early 
reports raised the possibility that they sensitized 
the myocardium to endogenous catecholamines 
and could conceivably contribute to asthma mor- 
tality. 2° Here too, the expressed concerns turned 
out to be largely groundless, and the data demon- 
strate that the nonmedicinal components con- 
tained in pressurized aerosols do not cause prob- 
lems for patients with asthma, except in cases of 
the most flagrant abuseY 35 Nonetheless, even this 
potential will disappear in the near future when 
the current propellants are phased out of produc- 
tion by international treaty. 

AUGMENTED DOSE OF ALLERGEN 

It has been suggested that the regular adminis- 
tration of [32-sympathomimetics, through their 
amelioration of the early response to antigen, may 
inadvertently allow excessive exposure to immuno- 
logically active substances with the production of 
magnified delayed reactions that would then lead 
to worsening asthma symptoms. 21, 22 Additionally, 
it has been hypothesized that the mast cell-stabi- 
lizing properties of these compounds may be det- 
rimental and interfere with the antiinflammatory 
activities of heparin. 36 Although interesting, both 
of these postulates are purely theoretic, and there 
are no data to support either. In fact, if the first 
circumstance actually developed, such masking of 
symptoms should also occur with long-acting bron- 
chodilators such as sustained-release theophylline. 
These drugs produce persistent airway dilatation 
while modulating the physiologic reactions to an- 
tigens, 37 yet they are not associated with worsening 
asthma via subliminal allergen exposures. More- 
over, it is not entirely clear why inhibition of mast 
cell degranulation by [3a-agonists should evoke 
adverse results, when that associated with cro- 
molyn or nedocromil is a sought-after therapeutic 
effect. 

PARADOXICAL BRONCHOSPASM 

Shortly after the appearance of isoproterenol, its 
ability to worsen pulmonary function and asthma 
symptoms in isolated patients was recognized. 38 In 
recent years, scattered case reports of severe bron- 
chospasm after aerosol administration of the selec- 

tive 132-agonists have also been published, 39,4° 
prompting admonitions regarding safe ty .  7 Al- 
though dramatic, paradoxical bronchospasm is 
an extremely rare event. From 1974 to 1988, 
88,546,239 metered-dose inhalers were distributed 
to patients with asthma in the United States, and 
only 126 instances of this complication were re- 
ported to the Center for Drug Evaluation and 
Research of the Food and Drug Administration 
(i.e., 1.4 occurrence/million canisters dispensed). 41 
Similar findings exist for nebulizer solutions. From 
1983 to 1988, 58 instances of bronchospasm oc- 
curred among 19,358,290 distributed nebulizer so- 
lutions (3 occurrences/million units dispensed). 
Obviously, this phenomena is not a major public 
health problem in terms of prevalence and does 
not require restriction of the use of [32-agonists. 

HEIGHTENED AIRWAY REACTIVITY 

This section deals with the suspected effects of 
[32-agonists on the intrinsic responsivity of the 
airways and not with the action of these drugs in 
providing immediate protection against various 
provocational stimuli. The latter will be covered 
subsequently in the section on tolerance. It is 
commonly written that the scheduled, continu- 
ous use of [32-sympathomimetics worsens bron- 
chial hyperresponsiveness, 7, z2, 42 and one postu- 
late holds that even small drug-induced changes 
in this parameter could cause the proportion 
of patients with uncontrolled asthma to in- 
crease. 22,43 Although these views have made 
their way into asthma treatment guidelines, 7, 44 
there does not appear to have been a critical 
assessment of the quality of the evidence on 
which they are based. For example, there are no 
objective data from any source that demonstrate 
that [32-agonists have transformed the severity of 
asthma by enhancing airway sensitivity, and, for 
reasons to be discussed, the likelihood of this 
being a valid hypothesis is remote (see the 
section on increased morbidity). The quoted 
trials purported to show positive effects are also 
problematic. These studies examined the conse- 
quences of treatment with inhaled glucocorti- 
colds and [32-agonists23, 24 and regular versus 
as-needed use of fenoterol on bronchial respon- 
siveness, s but the results are far from conclusive. 
(Because the last article cited ~ is concerned 
primarily with the influence of intermittent and 
scheduled uses of ~2-agonist on lung function 
and asthma control, its contents are analyzed in 
detail in the section on increased morbidity. 
Suffice it to say here that the portions of this 
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work related to bronchial hyperresponsiveness 
contrast with the findings in other trials. 29) 

In the first investigation, 23 the difference be- 
tween the budesonide and terbutaline arms was 
statistically significant, but no analysis was pre- 
sented to indicate that there were any meaningful 
group changes in provocative concentration caus- 
ing a 20% fall in FEV, (PC20) before and after 
administration of the sympathomimetic. In point 
of fact, the tabular data in this article demonstrate 
that the [3-agonists did not have any consistent 
statistical influence on mean airway reactivity over 
the course of observation. After 1 month of ter- 
butaline treatment, PCzo slightly, but statistically 
significantly, worsened; however, the values spon- 
taneously returned to baseline by the second 
month. Values then remained constant for the next 
2 months, fell significantly at the next observation 
point, and once more returned to pretreatment 
levels for the rest of the study. Obviously, such a 
pattern is not indicative of a meaningful physio- 
logic effect, and this work does not support the 
hypothesis with which it is associated. The second 
positive study cited above also compared terbutal- 
ine and budesonide but used both histamine and 
propranolol to quantitate the airway responses. 24 
In this trial terbutaline was associated with a 
minor, but statistically significant, worsening of 
bronchial reactivity as measured by histamine in- 
halation after 2 weeks of therapy, but the effect was 
gone by 4 weeks. From the data in this portion of 
the trial, the most that one can conclude is that the 
event, if real, is a transient one that disappears 
quickly with time and is therefore of marginal 
importance. On the other hand, the response to 
propranolol was amplified at both points of obser- 
vation. Hence, in this work, 4 weeks of treatment 
with terbutaline caused airway responsiveness to 
both return to and worsen from baseline simulta- 
neously, depending on the stimulus. Obviously, this 
is a clinical impossibility, and the internal inconsis- 
tencies of such data preclude them from serving as 
universally acceptable examples of adverse conse- 
quences. Most recently, albuterol was said to en- 
hance airway reactivity in a group of five patients 
with asthma and 10 patients with chronic obstruc- 
tive pulmonary diseaseY The reported changes 
were small (19% reduction in PC2o) and required a 
full year for development. The first finding is 
typical but the second is a major departure from 
previous studies (see above). Further, a separate 
statistical analysis for the patients with asthma was 
not presented, so it is not clear which group was 
responsible for the findings. As concerning as these 

differences are, the major flaw, however, is a lack 
of continuity of data collection. One third of the 
subjects, at one or more of the observation points, 
did not have measurements made of the index 
variable, airway reactivity. In the statistical analysis 
the missing data were simply estimated. Conse- 
quently, the impact of this work is quite limited. It 
is essential to appreciate that the lack of any 
important influences of [32-agonists on airway re- 
activity in the articles cited in this paragraph is not 
unique, nor is it due to a bias in selection of 
references. Rather the absence of any meaningful 
effect is representative of all of the observations in 
the literature on this subject, 25,29,46-49 including 
two large multicenter trials involving 193 pa- 
tients.e9, 47 In terms of overall balance, it is difficult 
to escape the conclusion that there is little convinc- 
ing evidence that [32-agonists alter the intrinsic 
responsiveness of the airways of asthmatic patients 
in an adverse fashion. 

TOLERANCE 
Loss of bronchodilatation 

It is well known that persistent use of [~2- 
sympathomimetics results in tolerance or down- 
regulation of many of the extrapulmonic activities 
of these drugs. Tremor, tachycardia, lymphocyte 
receptor number, and plasma cyclic AMP levels--to 
name a few--all decrease in these circumstances. 5°-52 
None of these changes, however, are indicative of 
what goes on in the airways of asthmatic patients, and 
attempts at extrapolation have been uniformly unsuc- 
cessfltl. The only clinically relevant sequela of the 
development of tolerance in patients would be a 
progressive reduction in bronchodilatation, a loss of 
protection from appropriate provocative stimuli, or a 
diminution in the ability to reverse induced obstruc- 
tion as the dose of medication or the duration of 
therapy increases. The first possibility has been re- 
petitively sought over the years, but it has never been 
convincingly demonstrated? °, 52-57 

A few investigations have purported to find a 
small reduction in bronchodilatation, ss-61 but as 
with the changes in airway reactivity, the patterns 
are difficult to explain physiologically. The sine qua 
non of time dependence is strikingly absent in 
these works, and some authors describe reduced 
responsiveness to a ~-agonist at 1 or 2 hours after 
acute administration, but not after 3 or 4 hoursSe; 
whereas others report the reverse. 6° Further, tol- 
erance has been said to have been present with one 
set of pulmonary function measures and not with 
similar indices in the same investigation. 6a Newer 
works have uniformly been negative, ~6, 52 and they, 
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in combination with previous data, 5°, 53-56 confirm 
that a loss of bronchodilatation is not an important 
consideration. The typical consequence of pro- 
longed administration of [3a-agonists is a slight 
decline in the duration of activity. 57 There are no 
clinical counterparts associated with this phenom- 
enon, and even any potential difficulties with dos- 
ing will disappear completely with the availability 
of the new long-lasting compounds. 

Loss of protection to provocative stimuli 

Since 1988, four articles have appeared that 
allege that [~2-sympathomimetics can be associated 
with a reduction in protection against the airway 
constriction evoked by stimuli such as histamine, 25 
methacholine, 26-28 AMP, 27 and antigen. 28 As with 
the alterations in airway reactivity and downregu- 
lation of the bronchodilator actions of [32-agonists 
reviewed above, the overall data are inconsistent 
and difficult to fit into a pattern. In the first work 
investigators from Nottingham found that the pro- 
phylactic action of terbutaline against histamine- 
induced constriction was reduced significantly after 
14 days of treatment, even though the intrinsic 
reactivity of the tracheobronchial tree had im- 
proved. 25 This trial conflicts with a subsequent 
study by this group in which statistically significant 
effects could not be found in a similar experi- 
ment. 62 It also contrasts with a previous work in 
which albuterol provided unchanging defense 
against histamine for 6 weeks. 49 Because histamine 
can induce tachyphylaxis by itself, 63-65 when given 
in the intervals used in the positive investigation, 25 
it is not clear what role, if any, this factor played in 
the results. 

A Dutch group working with salmeterol ob- 
served a diminution in the ability of the drug to 
protect against methacholine, z6 According to the 
numeric, rather than the graphic, data in this 
investigation, salmeterol raised the PC20 over 
800% immediately, but this effect was not sus- 
tained, and by 28 days had decreased by 75%. 
Thereafter, it remained stable for the duration of 
the study (56 days). Time dependence was absent, 
and a progressive loss did not develop. Others have 
subsequently confirmed this effect. 26a In the third 
article, i week of terbutaline was said to reduce the 
acute responsiveness to methacholine and AMP 
significantly from 2.7 to 2.2 and 3.8 to 1.7 doubling 
doses, respectively. 27 Reanalyzing this study with 
the untransformed data from the tables, however, 
demonstrates that terbutaline did not have any 
greater effect on methacholine than did placebo 
(PC20 terbutaline before vs after treatment = 

-30.4%; PC20 placebo before vs after treatment = 
-28.4%; p = NS). In the AMP portion, the 
placebo effect was a 17.4% decrease in PC20 con- 
trasted with a 57.8% fall with the active component 
for a net reduction of 40.4%. Therefore the [~z- 
agonist only influenced AMP, and not methacho- 
line. Such specificity is difficult to explain physio- 
logically or pharmacologically, and one cannot 
help but question its meaning, particularly because 
part of this investigation refutes the Dutch work 
cited earlier. 

The final article in this series demonstrated that 
2 weeks of salbutamol treatment resulted in a 
significant loss of protection from antigen and 
methacholine as measured by a shift in the number 
of doubling doses of agonists required to reduce 
the FEV 1 by 20%. 28 It also implied that the 
[3z-agonist produced an increase in the intrinsic 
bronchial responsiveness to antigen. Again, analy- 
sis of the untransformed data provides a different 
perspective. In the antigen arm paired compari- 
sons using the mean pre- and postintervention 
differences between placebo and salbutamol in the 
subjects who have complete data (Table 2) do not 
show any significant effects. 28 With this analysis, 
the decrease in allergen PC20 between the baseline 
data for the [32-agonist periods also disappears. 
The diminution in methacholine prophylaxis re- 
mains, but it is quite small (i.e., percent change in 
PC20 in the placebo period before and after salbu- 
tamol = 16.0% __ 4.8% SEM; percent change in 
PC20 in the salbutamol period before and after 
salbutamol = 11.2% + 3.8%). 

The quantitative reevaluation of the data in each 
of these studies was not undertaken solely to 
contest the respective authors' conclusions but also 
to make a point regarding the meaning of the 
findings. If different analysis of the same data can 
make an alleged detrimental effect come and go, 
how important can it be in terms of overall health 
consequences? In this context it is imperative to 
understand that even if the data in all of the above 
studies are accepted at face value, their clinical 
significance remains questionable. The prophylac- 
tic action of the [~2-agonist always remained 
greater than placebo by a factor of 2 or more and 
never fell below the pretreatment baselineY -27 
Hence, the drugs continue to protect. Further, 
none of these trials are therapeutically relevant. 
Patients will not encounter any of the nonspecific 
stimuli used in their daily activities, and knowl- 
edgeable clinicians would never recommend a 
bronchodilator as the sole preventive agent to 
forestall the effects of antigen. Equally germane is 
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the fact that there are no data that show that the 
capability of [32-agonists to ameliorate newly 
formed acute obstruction from any cause is com- 
promised by long-term use. This really is the 
critical issue. If the drugs continue to reverse 
induced or spontaneous bronchospasm, then a 
diminution in preventive ability would not be det- 
rimental to the patient because it would not inter- 
fere with therapy in any fashion. 

Can long-term use of [32-agonists produce a loss 
of protection against asthma precipitants, such as 
exercise, for which these drugs would ordinarily be 
used? Here too, the data are inconclusive. One 
experiment suggested that oral agents could have 
this effect but aerosolized formulations of the same 
drug did not. 66 Most recently, investigators in the 
United Kingdom reported that tachyphylaxis may 
develop in response to the functional antagonism 
of salmeterol against exercise-induced broncho- 
spasm. 67 Salbutamol was said to afford significantly 
more prophylactic benefit against an exercise chal- 
lenge commencing 6 hours after administration on 
day 1 of a 4-week trial than at its end. Reduced 
protection was not found at 12 hours after admin- 
istration. Unfortunately, the design of this investi- 
gation did not permit the authors to verify when or 
even if their subjects took the medication before 
undergoing the exercise provocation. Equally im- 
portantly, data were not provided to demonstrate 
that the exercise challenges were uniformly applied 
from trial to trial. The authors did not give any 
information as to how they monitored and con- 
trolled critical variables, such as the temperature 
and water content of the inspired air and the level 
of ventilation. 6s 

Rebound increases in reactivity 

One group has presented evidence that suggests 
that cessation of [3-agonists can be associated with 
a short-lived (2- to 3-day) rebound increase in 
airway reactivity. 6, 62 As with other features of the 
~2-agonist story, analytic uncertainties cloud the 
interpretation. In both studies the rebound effects 
are only present when comparisons with placebo 
are made. Examination of the data does not indi- 
cate any change in airway responsiveness when the 
initial and final values in the [32-agonist sections 
are contrasted. Thus the active drugs per se did not 
induce the reported change; it was the placebo arm 
that changed. This is not a sophistic point, for 
placebo use in treatment of asthma routinely alters 
lung function. Further, in the first trial [32-agonist 
withdrawal did not affect FEV1, whereas in the 
second, FEV 1 fell by 10%. This decrease is difficult 

to understand because the reduction in FEV 1 was 
not associated with changes in peak expiratory flow 
rate (PEFR), or symptom scores during the time of 
interest. Because FEV3 and PEFR are statistical 
subsets, it is not clear how the airways could 
narrow sufficiently to cause forced expiratory vol- 
ume to fall without changing the rate at which air 
was expelled. Once more, clinical relevance is also 
an issue, for others have not found any type of 
rebound phenomenon when they searched for it. 26 

INCREASE IN ASTHMA MORBIDITY 

As pointed out in the introduction, [32-agonists 
have been traditionally used on a continuous basis 
in an effort to achieve and maintain the best state 
of lung function possible. In so doing, it was 
thought that asthma morbidity would be reduced. 
The data in support of 69,7° and against 71 such 
arguments have been reviewed, and it is fair to say 
that the superiority of regular over intermittent 
symptomatic use for the majority of patients has 
never been conclusively proven. Four years ago, 
this matter was taken a step further when it was 
suggested that continuous treatment with [32-ago- 
nists could actually be detrimental, s Of the 64 
patients randomized to receive fenoterol or pla- 
cebo 4 times daily for 24 weeks in a crossover, 
double-blind study, 40 were said to fare much 
better on the as-needed regimen. They had fewer 
symptoms and higher values for PC20. Unfortu- 
nately, this article only presented the percentage of 
patients showing a change in the parameters as- 
sessed; and essential objective data on signs, symp- 
toms, quantities of drugs used, and lung function 
were not provided. Consequently, it is not possible 
to validate the authors' conclusions. 

The most disturbing feature of this study, how- 
ever, is the magnitude of the physiologic changes 
that are allegedly driving the symptoms heralding 
the loss of asthma control. When these data were 
published in a subsequent article, 72 they turned out 
to show remarkably small effect. The average 
difference in FEV 1 between the regular and as- 
needed regimen for the duration of observation 
was only 5.3%. A change of this magnitude, even 
though statistically significant, is simply too dimin- 
utive to have any clinical meaning or to cause any 
symptoms whatever. 73 If alterations in pulmonary 
mechanics did not produce the observed effect, 
what did? 

The answer may lie in the type of analysis used. 
Improvement, or lack thereof, was not examined in 
the standard manner by comparing the differences 
between the means and variance of the clinical 
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indices in both arms of the parent investigation. 
Rather, it was arbitrarily defined by a hierarchy of 
"markers of control." If significant differences for 
each variable were not all in the same direction, 
then need for short courses of prednisone, morn- 
ing PEFR, nocturnal bronchodilatation use, noc- 
turnal symptoms, daytime symptoms, evening 
PEFR, and daytime bronchodilatation use, in that 
order, were used to decide which regimen showed 
better asthma control. This means that in a situa- 
tion in which morning PEFR was the only signifi- 
cant improvement and all of the other parameters 
remained constant, worsened, or changed ran- 
domly, the patient could be judged to be better. 
Obviously, such an approach contravenes usual 
clinical experience, and its validity needs objective 
verification before it could be universally accepted. 

Supporters of the theory that [32-agonists in- 
crease asthma morbidity point to a multicenter 
Dutch study 29 as confirming the above-mentioned 
investigation. 5 It, however, does not do so in any 
particulars. This trial included patients with 51 
asthma and 93 patients with chronic bronchitis and 
showed that those given salbutamol on a sched- 
uled, four times daily, regimen had a more rapid 
decline in lung function over 24 months than did a 
parallel group taking this agent only as needed. 
Curiously, a separate analysis of rate of loss of 
FEV 1 was not presented for the patients with 
asthma and those with bronchitis, even though 
such an analysis was undertaken for PC20. Hence, 
one cannot distinguish which group accounted for 
the phenomenon. This is a major impediment to 
reaching a sound conclusion because a cardinal 
feature of chronic bronchitis is an accelerated 
reduction in forced expiratory volumes and flows. 
Unlike the study cited above, 5 there were no 
differences in symptoms, general well-being, exac- 
erbations of airway obstruction or PC20 between 
regimens. 

If lung function and disease control were dete- 
riorating in asthmatic patients in a meaningful 
fashion with [32-agonists, could this go undetected 
for so long? On the basis of the widespread use of 
these compounds around the world and the com- 
monality of asthma, the answer appears to be no. 
Given that in the United States alone, there are 10 
million or more patients with asthma consuming 
tens of millions of different sympathomimetic in- 
halers per year, plus oral formulations, for more 
than a decade, the chances of adverse reactions 
being manifest clinically, if they were occurring on 
the time scales described, would be quite high. 
Even if 5% of those at risk showed the findings 

alleged in the above-mentioned studies, in short 
order there would be an ever increasing population 
comprising tens to hundreds of thousands of pa- 
tients with worsening asthma. Such numbers are 
not trivial signals, and it would require a great 
stretch of the imagination to suggest that they have 
gone unrecorded (see below). 

INCREASED ASTHMA MORTALITY RATES 

In an attempt to explain the rise in deaths 
caused by asthma that have been reported in some 
countries, 74 attention has turned toward the possi- 
bility that [32-agonists were contributing to the 
process. Epidemiologic data from New Zealand 
first suggested that treatment with fenoterol could 
be associated with an increase in asthma mortality 
rates?B, 75 76 Although the validity of the original 
findings were challenged on technical grounds, the 
effect continued to be observed when the method- 
ological problems were corrected? ° The strength 
of this association, and the reasons for it, however, 
are still a matter of some debate. The findings 
seem to be specific to fenoterol because the control 
populations in those New Zealand studies used 
other [32-agonists and did not have an increase in 
deaths?0, 75, 77 In fact. all studies to date in this 
population have excluded a class effect of the 
sympathomimetics. 77 Although it is true that fenot- 
erol may be less [32-selective than other agents, 78 
this factor does not necessarily confirm cause and 
effect. The association between death and fenot- 
erol use may simply have derived from the posi- 
tioning of fenoterol in the marketplace as better 
serving the more severely ill patient. The asthma 
mortality rate in New Zealand rose dramatically 
from 1974 to 1979 and fell sharply thereafter. 77-79 
During this time, consumption of [32-agonists of all 
types, including fenoterol, increased steadily. 79 
Fenoterol. which was introduced in 1976, did not 
reach its peak market share until years after the 
decline in deaths began and sales were maintained 
long after the death rates reached pre-epidemic 
levels. Consequently, the purported fenoterol-as- 
thma mortality rate relationship does not seem to 
coincide in time. Moreover. countries such as 
Germany and Belgium have used fenoterol exten- 
sively but have been spared an epidemic of asthma 
fatalities. 78 

A nested case-controlled study from Canada 
showed a relationship between asthma mortality 
rate and the quantity of [3-agonists taken over a 
year. 6 In the original publication, consumption of 2 
or more canisters of fenoterol or albuterol per 
month was said to be associated with an increased 
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risk of death. (The risk was greater with fenoterol, 
perhaps for the reasons discussed above 0 In a 
follow-up analysis involving the entire cohort of 
patients with asthma, the limit was lowered to 1.4 
canisters per month. 31 If correct, these findings are 
indeed damning. However, they do not appear to 
be true for a number of reasons. 

First and foremost, the epidemiologic investiga- 
tions have only noted an association. They have 
not demonstrated causality. This is an extremely 
important point, for the authors of the Canadian 
studies have clearly lost sight of the quantities of 
medications involved. One 200-dose canister of 
albuterol contains only 20 mg of drug, whereas a 
300-dose fenoterol metered-dose inhaler can have 
as much as 60 mg (fenoterol is marketed in 200- 
and 300-dose canisters containing either 100 or 200 
p~g drug/activation; information provided by 
Boehringer Ingleheim, U.S.A.). Ignoring that only 
10% to 15% of each puff reaches the lungs and that 
quantities of fenoterol administered were greater 
than albuterol because of its formulations, the 
amounts said to be deadly (i.e., 1.4 to 2.6 canisters/ 
month) would equal doses of albuterol ranging 
from 38 to 52 rag/month and doses of fenoterol 
from 84 to 156 rag/month. Even with the maximum 
values, the quantities in question are actually less 
than what a patient would receive if he or she took 
the recommended oral doses of each drug for 5 
and 21 days, respectively (i.e., albuterol 4 mg three 
times daily for 5 days = 60 mg, fenoterol = 2.5 mg 
three times daily for 21 days = 158 mg). At the 
lower levels the situation is even more unrealistic. 
If increased risk of death really began to accelerate 
at 1.4 canisters/month, that would mean that 3 days 
of oral albuterol administration and 11 days of oral 
fenoterol administration would put patients in 
jeopardy. Yet in the study in question, the odds 
ratio for adverse reactions for any oral [3-agonists 
was less than that for inhaled compounds, the- 
ophylline, and oral corticosteroids, respectively, 
and equal to that for inhaled glucocorticoids. Thus 
simplistically put, this group of investigators is 
arguing that small amounts of drug given by inha- 
lation are more lethal than much larger quantities 
administered orally, even though the blood levels 
of the latter are far higher? This scenario does not 
seem very likely. A far more appealing possibility is 
that disease intensity drives drug use in these and 
other studies and not the converse. 

Second, a good case can be made that the 
authors are overstating the magnitude of the prob- 
lem. Only 46 deaths occurred in the entire cohort 
of 12,301 asthmatic patients evaluated. Incorpora- 

tion of "near deaths" expands the database mark- 
edly, but the definitions used to identify these 
individuals (i.e., a Paco2 greater than 45 mm Hg or 
intubation) are too imprecise to allow such pa- 
tients to add meaningfully to the issue under study. 
Fully 10% of adults and children with asthma 
seeking care for acute episodes in emergency 
departments fulfill the first criterion without hav- 
ing any risk for death at all. s°-83 Moreover, it is well 
established that a single P a c o  2 value at one point 
in time does not predict the patient's c o u r s e .  73 

Elevated levels fall with appropriate treatment 
well short of the need for assisted ventilation. 
Intubation may be a better indicator of the inten- 
sity of a given attack, but it cannot necessarily be 
used as a surrogate for "near death" unless one has 
objective documentation that the procedure was 
performed solely because of impending suffoca- 
tion. Too often this is not the situation and without 
information on the number of subjects in this 
category and the circulfistances surrounding this 
intervention, the authors' contentions cannot be 
validated. 

These points of confusion probably account for 
why the Canadian observations show up as such a 
minor effect in a meta-analysis 84 and do not concur 
with those from New Zealand, 77 Sweden, 7° or 
Great Britain s5 in which no relationship between 
deaths caused by asthma and overall [3-agonist use 
has been found. In fact, in Great Britain sales of 
[32-agonist inhalers have tripled in the last decade 
while the number of deaths caused by asthma has 
remained stable. The studies in question also do 
not correspond with observations, indicating that 
very high doses of [3-agonists such as those used in 
compressor-driven nebulizers are not associated 
with a higher mortality rate. s6 A person in North 
America using albuterol nebulizer solution 4 times 
daily for a month would in effect be consuming the 
equivalent of 15 metered-dose inhalers as a mini- 
mum. In Europe and elsewhere the quantity could 
be double this amount. The Canadian observations 
also do not fit well with the circumstances sur- 
rounding deaths caused by asthma in the United 
States. The mortality rate among persons 5 to 34 
years of age is considerably and consistently higher 

• among nonwhites than whites and tends mainly to 
be found in large urban areas such as Chicago and 
New York. s7 Approximately 20% of all deaths 
caused by asthma developed in these regions even 
though only 6.8% of the population at risk resides 
there. Many of these persons live in the inner city 
where access to and continuity of health care are 
great problems. If excess [3-agonist medication is 
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contributing to deaths caused by asthma in the 
United States, it seems to be doing so quite 
selectively. 

CONCLUSION 

A critical analysis of the available data underly- 
ing the current controversy regarding the use of 
[32-agonists does not support the existence of major 
adverse reactions, and internal and external incon- 
sistencies in the published material preclude the 
identification of any recognizable pattern of unto- 
ward health effects. Contrary to what is written, 
there is no convincing evidence that these drugs 
unfavorably modulate the responsiveness of the 
tracheobronchial tree in patients with asthma or 
reduce the protection from constrictor stimuli in a 
clinically meaningful way. The purported increase 
in asthma morbidity that has been associated with 
scheduled use of [32-agonists remains contentious 
because of problems with the analysis, the paucity 
of the physiologic changes, and the lack of confir- 
mation of a loss in asthma control in other studies 
with similar designs. The case for [32-agonists as a 
class causing an increase in the asthma mortality 
rate is also not very compelling. Fenoterol, because 
of the strength of its formulation and its market 
positioning, may have been associated with deaths 
caused by asthma because it was used more fre- 
quently in patients whose disease was unstable and 
difficult to control. The Canadian studies suggest- 
ing a class effect do not reconcile their findings 
with the negative results around the world, incor- 
porate a population of questionable relevance in 
the analysis, and claim that quantities of inhaled 
drug equivalent to a few days of oral medication 
increase the risk for death. [32-agonists are not 
perfect or a panacea, but they are the best drugs 
that we have for managing the acute symptoms of 
asthma. When used appropriately, alone or in 
combination with other modalities, they will con- 
tinue to provide a reliable and dependable means 
of controlling asthma morbidity. 
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