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ABSTRACT 

This study assessed the bronchodilator effect of inhaled 

albuterol at 0.18, 0.36 and 0.54 mg in ten subjects with chronic, 

partially reversible, obstructive airway disease. A random, double-blind 

treatment order was followed in three separate sessions for each subject. 

Objective measures of pulmonary function and side effects were obtained. 

Concurrently, subjects' subjective assessment of therapeutic and side 

effects were documented. 

Results indicated that 0.36 and 0.54 mg of albuterol produce 

significantly greater bronchodilatation than does 0.18 mg but that there 

is no significant difference in the bronchodilatation produced by 0.36 

and 0.54 mg. Only one subject exhibited a troublesome side effect which 

was severe tremors at 0.54 mg of albuterol. Subjects were able to 

identify the occurrence of side effects and that the albuterol improved 

their breathing but could not identify at which dosage their breathing 

was best. 
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CHAPTER 1 

INTRODUCTION 

Bronchodilator drug therapy, an integral component in the 

treatment of obstructive airway diseases, is directed at alleviating 

reversible airway obstruction. One major class of drugs used to effect 

bronchodilatation is the beta-adrenergic agents, with bronchodilatation 

resulting from stimulation of the beta^ receptors of the bronchial smooth 

muscle. However, many of the beta-adrenergic agents also cause 

tachycardia, vascular engorgement, nervousness and tremor as a result of 

stimulation to the betaj receptors in the heart, blood vessels and 

nervous system. As a result of recent research, newer beta-adrenergic 

agents have been developed to separate the desirable beta2 effects from 

the undesirable betaj effects. 

Albuterol, one of the newer beta-adrenergic agents, is marketed 

as a metered-dose pressurized aerosol. Previous studies have documented 

the safety and efficacy of albuterol as an inhaled bronchodilator, and it 

is claimed to have improved bet^ adrenergic specificity and a longer 

duration of action than other inhaled beta-adrenergic agents (Chervinsky, 

1971; Choo-Kang, Simpson and Grant, 1969; Kennedy and Simpson, 1969; 

Poppius, Leinonan and Muittari, 1974; Riding, Dinda and Chatterjee, 1970; 

Riding et al., 1971; Snider and Laguarda, 1972; Tattersfield and McNicol, 

1969; Whitsett and Manion, 1978). 

1 
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The recommended dose of albuterol Is two inhalations per 

treatment which is equivalent to 0.18 mg in the United States (one 

inhalation delivers 0.09 mg). The majority of studies which have tested 

albuterol have tested only 0.2 mg or less. These studies have tested 

albuterol alone or have compared it with the most common or widely used 

bronchodilators at the time, such as isoprenaline (Chervinsky, 1971; 

Choo-Kang, Simpson and Grant, 1969; Choo-Kang, McDonald and Home, 1973; 

Kamburoff and Prime, 1970; Kennedy and Simpson, 1969; Palmer and Diament, 

1969; Palmer et al., 1970; Poppius, Leinonan and Muittari, 1974; 

Racoveanu et al., 1971; Snider and Laguarda, 1972; Tattersfield and 

McNicol, 1969). 

There have been several studies which have tested albuterol at 

doses above the recommended dose. These studies have tested albuterol 

on subjects with obstructive airway diseases ranging from stable asthma 

to severe obstructive airway disease and have demonstrated varied 

responses to the increased doses. Some studies have demonstrated that 

using increased doses above the recommended dose does not produce a 

significant increase in bronchodilatation and therefore recommend the use 

of no more than 0.2 mg per treatment (Alliot et al., 1972; Baronti, 

Greico and Vibelli, 1980; Douglas et al., 1979; Shenfield and Paterson, 

1973). 

However, other studies have shown that increasing the dosage 

above the recommended dose, even up to as much as 20 times the 

recommended dose, results in increasing bronchodilatation without 

producing significant side effects. (Larsson and Svedmyr, 1977; 
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Marlin et al., 1979; Muittari, 1978; Spector and Gomez, 1977; Tarala, 

Madsen and Paterson, 1980). Marlin et al. (1979) tested albuterol at 

doses as high as 1.6 mg and suggested that even at this high dose maximal 

bronchodilatation was not obtained. In addition, Tarala et al. (1980) 

recommend that persons with acute severe asthma try up to six puffs 

(0.6 mg) before considering coming to the hospital. 

It may be that persons with chronic, partially reversible, 

obstructive airway diseases might achieve more bronchodilatation with 

doses of albuterol above the recommended dose. There is support for this 

hypothesis in some of the previously cited studies which demonstrate 

improvement in the forced expiratory volume in one second (FEVj) and the 

forced vital capacity (FVC) as the dosage was increased. 

Analysis of the FVC is the most common method of assessing airway 

obstruction. The subject takes as deep a breath as possible and then 

exhales as rapidly and completely as possible. The spirogram plots the 

relationship between volume exhaled and time during the FVC maneuver. 

The FEVj, the most common measurement of maximal flow, expresses the 

average flow during the first second of the FVC. Airway obstructive 

diseases are characterized by reduced forced expiratory flow. Thus, the 

efficacy of bronchodilator therapy is frequently assessed by analysis of 

the spirogram. (Burrows et al., 1983). 

It is important to know the safe and effective range of albuterol 

which should be recommended to achieve maximal bronchodilatation without 

significant side effects. Furthermore, as nurses are often the health 

care professionals responsible for instructing patients in the use of the 
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medication and observing patients for the therapeutic effect and any side 

effects, it is important that nurses know if they can rely on a patient's 

subjective response to determine that the most effective dose is being 

prescribed. 

Purpose of the Study 

The purpose of the present study was to assess the bronchodilator 

effect of albuterol at 0.18 mg (2 puffs), 0.36 mg (4 puffs) and 0.54 mg 

(6 puffs) in patients with chronic, partially reversible, obstructive 

airway disease. Objective measures of the most common documented side 

effects also were made to determine the maximal bronchodilator effect 

that could be obtained without detrimental side effects. Concurrently, 

the patients' subjective assessment of therapeutic and side effects were 

documented. The latter information was correlated with objective 

measures of pulmonary function and side effects. 

Significance 

If a patient achieves more bronchodilatation with higher doses 

of albuterol without developing significant side effects, he should feel 

better both physically and emotionally. He may also become more 

compliant with his therapeutic regimen and feel better about himself 

which should result in less abuse of the aerosolized medication and 

thereby a decreased incidence of side effects. 

The design of the study incorporated patient self-assessment of 

side effects as well as investigator measured occurrence of the side 

effects. If the self-assessment by patients is valid, the final results 



5 

will demonstrate an area of patient education which would allow patients 

to become more involved in their medical care. Nurses often have the 

responsibility of instructing patients about their therapeutic regimen. 

The information obtained from the present study will provide the nurses 

with information to assist the patient in obtaining the most effective 

therapeutic plan of care. 

Hypotheses 

1. The 30 minute post-bronchodilator FE\^ will be significantly 

greater (0.05 level) after inhalation of four puffs (0.36 mg) of 

albuterol as compared to after inhalation of two puffs 

(0.18 mg). 

2. The 30 minute post-bronchodilator FEVi will be significantly 

greater (0.05 level) after inhalation of six puffs (0.54 mg) of 

albuterol as compared to after inhalation of two puffs 

(0.18 mg). 

3. The 30 minute post-bronchodilator FEVj will be significantly 

greater (0.05 level) after inhalation of six puffs (0.54 mg) 

of albuterol as compared to after inhalation of four puffs 

(0.36 mg). 

4. At 30 minutes post-bronchodilator, there will not be a 

significant difference in side effects when comparing the 

effect of the inhalation of two, four and six puffs of 

albuterol. 
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5. The subjective response of subjects as to the therapeutic 

effect of ease of breathing after inhalation of albuterol will 

correlate with the objective change in FEVj. 

Theoretical Framework 

The theoretical framework provides a rationale for the hypotheses 

in the present study. The first premise is that persons with chronic, 

partially reversible, obstructive airway disease may achieve 

progressively significant increases in bronchodilatation with increasing 

doses of albuterol above the recommended dose. The second premise is 

that patients can subjectively identify if they are achieving therapeutic 

effect and/or having side effects from the albuterol. 

The factors to be discussed include the studies which indicate 

that albuterol promotes increasing bronchodilatation with increasing 

doses of the drug. Discussion will also include studies which suggest 

that persons with chronic, partially reversible, obstructive airway 

disease differ in their responsiveness to inhaled beta-adrenergic 

bronchodilators as compared to persons with asthma. In addition, 

patients' ability to judge therapeutic and side effects will be 

discussed. 

Effect of Using Increased Doses of Inhaled 
Beta-Adrenergic Bronchodilators 

The recommended therapeutic dose of albuterol is two inhalations 

(0.18 mg in the United States) per treatment. The majority of studies on 

albuterol have tested it at only 0.2 mg or less. These studies have 

tested albuterol alone or have compared the recommended dose with the 
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commonly used Inhaled beta-adrenergic bronchodilators at their 

recommended therapeutic doses. 

The studies have demonstrated that albuterol is an effective 

bronchodilator at 0.2 mg and that it is comparable to or more effective 

than the majority of commonly used inhaled beta-adrenergic 

bronchodilators. Based on the data obtained from these studies, there 

was good reason to recommend 0.2 mg (0.18 mg in the United States) as the 

therapeutic dose. However, it is possible that doses above the 

recommended dose may produce a significant increase in bronchodilatation 

and without significant side effects. 

Several studies have tested albuterol at doses above the 

recommended dose. A few of these studies state that at doses above that 

which is recommended there is no significant increase in 

bronchodilatation (Alliot et al., 1972; Baronti et al., 1980; Douglas 

et al., 1979; Shenfield and Paterson, 1973). Alliot et al. (1972) and 

Baronti et al. (1980) stated that at doses up to 0.6 mg and 1.6 mg, 

respectively, there was no significant difference in bronchodilatation 

than with the 0.2 mg. Douglas et al. (1979) stated that there was no 

difference in the bronchodilatation produced by 0.2 mg and 0.4 mg and 

only a slight rise in FEVj occurred after 0.8 mg. 

Shenfield and Paterson (1973) demonstrated a slight rise in FEV^ 

as the dose of albuterol was increased but stated that the change was not 

significant. Although these few studies have indicated that there is no 

significant increase in bronchodilatation with increased doses of 

albuterol above the recommended dose, they have indicated that there were 
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no significant side effects, even up to 1.6 mg (eight times the 

recommended dose). Furthermore, although the increase in 

bronchodilatation was not significant, these studies demonstrated that 

there is some increase in bronchodilatation with doses of albuterol above 

the recommended dose. 

Some of the studies on increased doses of albuterol, however, 

have demonstrated an increase in bronchodilatation with increased doses 

above the recommended dose. Marlin et al. (1979) indicated that 0.4 and 

0.8 mg produced a significant increase in bronchodilatation over 0.2 mg 

and that 1.6 mg produced even more of a significant increase in 

bronchodilatation over all lower doses. They stated that there were no 

significant side effects even at 1.6 mg and they suggest, as do Kamburoff 

and Prime (1970), that the doses they used may still not have produced 

maximal bronchodilatation. 

Still other studies have demonstrated a continuous increase in 

FEVj with increased doses of albuterol and without the occurrence of 

significant side effects (Larsson and Svedmyr, 1977; Spector and Gomez, 

1977; Tarala et al., 1980). The majority of studies on increased doses 

of albuterol indicate that it is very possible that albuterol may produce 

significant increases in bronchodilatation at doses above the recommended 

0.18 mg. 

Asthma versus Chronic, Partially Reversible, 
Obstructive Airway Disease 

The majority of studies on albuterol have tested it only on 

patients with asthma. As mentioned previously, the recommended 
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therapeutic dose is two inhalations (0.18 mg) per treatment delivered 

via a metered-dose inhaler. The studies that have tested albuterol at 

doses above the recommended dose have utilized subjects with various 

types of obstructive airway diseases, ranging from simple, stable asthma 

to severe obstructive airway disease in acute exacerbation. 

Just as some studies have utilized various types of subjects, so 

too have they demonstrated varied responses to the increased doses of 

albuterol. Some of the studies have demonstrated that increasing the 

dose above that which is recommended does not significantly increase 

bronchodilatation. However, other studies have demonstrated a 

significant increase in bronchodilatation with increased doses and some 

have even stated that the high dose used may still not have produced 

maximal bronchodilatation. 

It may be that persons with asthma achieve maximal 

bronchodilatation with the recommended dose but that some persons, in 

particular those with chronic, partially reversible, obstructive airway 

disease, may require more of the drug to achieve maximal 

bronchodilatation. Kamburoff and Prime (1970) stated that patients 

with asthma brought on by exposure to known allergens respond well to 

their bronchodilator but that difficulty arises in patients who 

occasionally develop serious airways obstruction. Pande et al. (1970), 

in studying the effect of intravenous aminophylline on pulmonary 

mechanics, noted that patients with bronchial asthma showed a greater 

decrease in both inspiratory and expiratory resistance than did patients 

with chronic bronchitis and emphysema. 
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There are some studies which indicate that a difference exists 

as to how patients with asthma and those with chronic, partially 

reversible, obstructive airway disease respond to inhaled beta-adrenergic 

bronchodilators. Douglas et al. (1979) suggest that the reason their 

subjects required a higher dose of ipratropium than that recommended in 

other studies was because their subjects had more severe disease as 

compared to subjects in the other studies with mild bronchitis or asthma. 

Williams and Kane (1975) stated that it is known that the response to 

bronchodilators varies with the severity of the obstruction. They also 

noted that both unobstructed and severely obstructed patients show less 

response to bronchodilators than do mildly obstructed patients. 

Some studies with albuterol have demonstrated that the subjects 

with bronchitis did not respond as well as those with asthma (Schonell, 

Chan-Yeung and McLean, 1972; Chatterjee, Dinda and Riding, 1971; 

Kamburoff and Prime, 1969; Skinner and Palmer, 1974). These studies and 

some of the previously cited studies indicate that a difference in 

responsiveness to inhaled beta-adrenergic bronchodilators does exist 

between patients with asthma and those with chronic, partially 

reversible, obstructive airway disease. Therefore, there is support for 

the premise presented in the present study that persons with chronic, 

partially reversible, obstructive airway disease may require doses of 

albuterol above the recommended dose to achieve maximal 

bronchodilatation. 

The previously mentioned statement by Kamburoff and Prime (1970) 

leads to the consideration of another possible difference between asthma 
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and chronic, partially reversible, obstructive airway disease in regards 

to responsiveness to inhaled beta-adrenergic bronchodilators. Kamburoff 

and Prime stated that responsiveness to the usual dose of the inhaled 

bronchodilator may become less effective in asthmatic patients who 

occasionally develop serious airways obstruction. 

It may be that there is more of a small airway obstructive 

component in chronic, partially reversible, obstructive airway disease 

which would result in the need for increased doses of the beta-adrenergic 

bronchodilators. The recommended 0.18 mg dose may produce enough 

bronchodilatation so that successive doses are better able to penetrate 

and therefore promote more distal bronchodilatation. Patients with a 

small airway component are often more difficult to treat and, according 

to Ziment (1978), in patients with small airway obstruction an aerosol 

may fail to reach the diseased sites and in such circumstances oral or 

parenteral therapy may be far more effective. 

Patients' Ability to Judge Therapeutic and Side Effects 

Patients are provided with information related to their 

medications and the health care professionals expect that the patients 

will be able to remember the important information. The assumption that 

patients are able to identify that they are achieving the therapeutic 

effect and that they will know if they are exhibiting any side effects is 

an important aspect of this study. 

Many studies have been done which show that there is a 

significant increase in knowledge of and compliance with a therapeutic 

regimen, including medications, when instruction is provided, 
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particularly if the patient has a long-term illness as do persons with 

chronic lung disease (Cole and Emmanuel, 1971; Dodge, 1969; Hecht, 1974; 

Malahy, 1966; Rosenberg, 1971). However, there is no literature base to 

substantiate that patients are able to judge therapeutic and side effects 

of their medications, although many studies of drugs ask for subjects' 

feelings about the drug. 

It seems logical to believe that most people can identify if they 

feel better after receiving medication and if they are having any unusual 

effects. Based on the studies which state that patients can become 

knowledgeable about their medications and on investigations and 

experience of many health care professionals who administer medications, 

it is conceivable that patients possess the ability to identify when they 

are achieving the therapeutic effect and having side effects. 

Moreover, physicians and nurses who are responsible for observing 

patients' responses to medications often rely on subjective information 

from the patients to help determine the effectiveness and/or any adverse 

effects of the prescribed medication and have always done so. Such 

information can then be utilized by the health care professionals to 

establish an effective pharmacological program for the patients. 



CHAPTER 2 

REVIEW OF THE LITERATURE 

Pharmacology of Beta-Adrenergic Bronchodilators 

Reversing airflow obstruction is the major aim of drug therapy in 

obstructive pulmonary diseases. This reversal is effected through 

relaxation of the bronchial smooth muscle, i.e., bronchodilatation. 

(Plummer, 1978). Adrenergic aerosols have been of great use in relieving 

airflow obstruction and are of particular importance due to their ease of 

administration. Usefulness of early adrenergic aerosols was limited as a 

result of short duration of action and excessive side effects. Finding 

drugs with maximum benefit, maximum duration of action, ease of 

administration and lack of side effects is of the utmost importance. 

(Leifer and Wittig, 1975). 

The bronchodilator effect of the adrenergic drugs is currently 

believed to occur from stimulation of adenyl cyclase which leads to an 

elevation in the level of cyclic adenosine 3f,5'-monophosphate (cAMP). 

The increased level of cAMP results in the relaxation of bronchial smooth 

muscle (broncodilatation) through a direct effect on the beta receptor 

and has a role in controlling the release of mediators from mast cells 

that cause bronchoconstriction. 

Adrenergic receptors have been divided into two types, alpha 

receptors and beta receptors. Beta adrenergic receptors have been 

further divided into betaj and beta2 receptors. Stimulation of beta^ 

13 
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receptors effects an increase in heart rate and cardiac contractility 

while beta2 receptor stimulation effects bronchodilatation, smooth muscle 

relaxation and stimulation of striated muscle. (Plummer, 1978; 

Weinberger, Hendeles and Ahrens, 1980). 

Use of drugs that cause bronchodilatation but do not stimulate 

the heart is the ultimate aim in treating obstructive pulmonary disease. 

Beta adrenergic agonists such as epinephrine, isoproterenol, 

metaproterenol, isoetharine and terbutaline stimulate beta2 receptors 

leading to increased levels of cAMP. However, some of these also 

stimulate betaj as well as alpha receptors. (Plummer, 1978). 

Adrenergic agonists, also known as sympathomimetic agents, have a 

phenylethylamine nucleus common to their chemical structure. There are 

three important structural considerations in this nucleus and alterations 

of this structure have produced variations in the degree of alpha and 

beta adrenergic activity. Specifically, alterations on the benzene ring, 

the alpha carbon or at the terminal nitrogen will effect variations in 

the adrenergic activity. The newer beta-adrenergic agents have been 

developed to separate the desirable beta2 effects from the undesirable 

beta^ effects. Modifications of the structure have produced a prolonged 

duration of action and a decrease in side effects. (Plummer, 1978; 

Tabachnick, 1981; Leifer and Wittig, 1975; Weinberger et al., 1980). 

Catechol 0-methyl transferase (COMT) is responsible for the 

biological inactivation of adrenergic agents as it deactivates the 

3-hydroxy group adjacent to the benzene ring. Therefore it is presumed 

that the increased duration of action of newer beta-adrenergic agents is 
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due to the lack of degradation by COMT since newer agents have had 

alterations at the hydroxy group. Through alterations to the nitrogen 

end, agents with greater beta2 specificity have been produced. (Leifer 

and Wittig, 1975; Tabachnick, 1981; Paterson, Woolcock and Shenfield, 

1979). 

Albuterol is a relatively new beta-adrenergic agent which is now 

available in the United States and has been shown to be very beta2 

specific. Albuterol, along with the other selective beta2 adrenergic 

agonists, may be considered to be a modification of the isoproterenol 

molecule which was the first selective adrenergic agonist. (Paterson et 

al., 1979). In the albuterol molecule a methyl group has been 

substituted for the hydrogen ion to give more beta2 specificity. A 

methanol group has been added to the catecholamine ring to effect longer 

duration of action. (George, Jenkinson and Light, 1981). Albuterol has 

been shown to be a selective beta2 receptor agonist with long duration of 

action and very diminished side effects as compared to non-selective 

agents (Tabachnick, 1981). 

In addition to its having been synthesized as a newer beta-

adrenergic agent which gives it longer action and less side effects, 

albuterol's increased effectiveness is also due to its having a direct 

action at the receptor site. Ephedrine, for example, has an indirect 

action which means that it is taken up by nerve endings where 

norepinephrine is released to stimulate the receptors. It is at the 

nerve ending where the agent is also metabolized. Since albuterol acts 

directly at the receptor site and is not taken up at the nerve endings, 
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it is not metabolized and thereby has a longer duration of action. 

(Tabachnick, 1981). 

Falliers (1981) presented an extensive bibliography indicating 

that at standard therapeutic doses, averaging 0.16 to 0.2 mg, albuterol 

possesses significant bronchodilator activity. A 30 to 40% improvement 

in baseline FEVj has generally been seen with onset of action usually 

occurring in one to five minutes with maximum improvement in 150-160 

minutes. Long lasting protection, five hours average, has been seen and 

the incidence of side effects is significantly lower than with 

isoproterenol. 

George et al. (1981) compared the efficacy of albuterol 

administered in aerosol form with isoproterenol aerosol in 18 patients 

diagnosed as having bronchial asthma. The disease was required to be of 

moderate severity with baseline FEV^ between 25 and 60Z of predicted but 

relatively stable. Steroid therapy was restricted to a maximum of 30 mg 

per day and dosages of concurrent medications were stabilized. Mean age 

of the subjects was 54 years, with a range of 32 to 65 years. 

The subjects were tested on three separate days separated by 

12-day home treatments. On test days, the subject received either 

0.16 mg of albuterol, 0.13 mg of isoproterenol or placebo in random, 

double-blind fashion. The FVC, FEV^, maximum expiratory flow rate, blood 

pressure and pulse rate were recorded prior to and several times after 

inhalation of the drug. 

The mean increase in FEV^ was significantly greater with 

albuterol than with isoproterenol at 60, 90 and 120 minutes after aerosol 
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administration. The peak response to albuterol occurred at 120 minutes 

with a 27% increase in FEV-^ over baseline; in addition, albuterol 

appeared to have bronchodilating action at six hours post administration. 

Both drugs elicited significant increases in FVC with the increase 

lasting four hours for albuterol as compared to two hours for 

isoproterenol. No significant side effects were noted with either of the 

drugs, although a few subjects noted mild tremor at rest after both of 

the test preparations. 

Eighteen asthmatic in-patients were studied by Poppius, Leinonen 

and Muittari (1974). The mean age was 41 with a range of 20 to 57 years. 

The subjects were studied between 9:00 A.M. and 3:00 P.M. on two 

consecutive days. A single-blind crossover study was carried out between 

isoprenaline, albuterol and placebo. The subjects inhaled either two 

0.12 mg puffs of albuterol or two 0.18 mg puffs of isoprenaline after 

having previously inhaled from a placebo. 

Changes of airway obstruction were measured by specific airway 

conductance and peak expiratory flow. Heart rate and arterial oxygen 

tension were also measured. Albuterol had a significantly greater 

bronchodilator effect, even up to five hours, compared to isoprenaline. 

Neither drug had an effect on heart rate nor significant effect on 

arterial oxygen tension. 

Chatterjee, Riding and Dinda (1971) tested 12 hospitalized male 

patients with chronic obstructive bronchitis to compare albuterol with 

other metered-dose pressurized bronchodilator aerosols. Ventolin^ 

(albuterol) 0.2 mg was compared to a placebo, Medihaler IsoR 0.2 mg, 
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Brontisol^ 0.3 mg and Prenoraiser Plus? 0.2 mg. The subjects, who ranged 

in age from 44 to 68 years, were in remission from acute exacerbations. 

The pre-treatment mean values of FEVj and FVC were approximately 

1200 milliliters (ml) and 2500 ml, respectively. The maximum 

bronchodilator effect was in each active treatment greater than with 

placebo. Mean peak rise in FEVj was 14.6% with Prenomiser PlusR, 14.3% 

with Ventolin^, 13.5% with Brontisol^, 10.3% with Medihaler Iso^ and 0.2% 

with placebo. The authors noted that the placebo did not cause 

bronchoconstriction as had been previously reported in subjects after 

inhalation from a placebo due to the inert propellant. Except for 

albuterol, all of the bronchodilators caused a greater increase in pulse 

rate than did placebo. 

The results of the study showed that albuterol was a rapid and 

long-acting bronchodilator, apparently without cardiac effects. The 

authors also noted that in this population of chronic bronchitics the 

mean maximum improvement in lung function after inhalation of albuterol 

was two to three times smaller than in asthmatic subjects tested in a 

previous study. 

Many studies have been done which demonstrate the efficacy and 

safety of albuterol as an inhaled bronchodilator at the recommended dose 

of 0.2 mg. Some of these studies have been previously cited. Studies 

also have been done which have tested albuterol at doses above that which 

is recommended. Some of these studies have demonstrated that there is no 

significant increase in bronchodilatation with the increased doses while 



other studies have demonstrated that there is a significant increase in 

bronchodilatation with the increased doses. The majority of the studies, 

however, have demonstrated that there are no significant side effects 

with the increased doses of albuterol. 

Studies Which Show No Increased Bronchodilator Effect 
with Increased Doses of Albuterol 

Baronti et al. (1980) compared albuterol and clenbuterol in nine 

patients with chronic bronchitis to determine the dose-response curves 

for the two drugs. In the study were nine male in-patients with chronic 

bronchitis ranging in age from 57 to 74 years. Their airway obstruction 

was in a stable phase and was partially reversible. Their FEV^ ranged 

between 22 and 52% (mean 31.5%) of predicted normal. A randomized, 

single-blind crossover trial was used and testing was conducted at the 

same time in the morning on three separate days. Clenbuterol 0.01 mg per 

puff, albuterol 0.1 mg per puff and a placebo were tested. All 

sympathomimetic bronchodilator drugs were stopped 24 hours prior to the 

trial. 

The baseline FEVj was obtained each day before administering the 

test drug. Pulmonary function was then measured 15 minutes after the 

first inhalation and at 15 minute intervals until no further improvement 

in FEVj. When two consecutive FEVj values were similar, or when the 

second was lower, a second inhalation was given and the same procedure 

was followed. In this way, the doses were one, two, four, eight and 16 

inhalations of test drug or placebo. Delivery of the total doses of 

clenbuterol and albuterol took between two-and-a-half and four hours. On 
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placebo day, only 45 minutes was required to receive the total 16 

inhalations. Blood pressure and pulse rate were measured and patients 

were questioned about side effects during the study. 

There was no significant difference between the baseline FEVj 

values on the test days; the average FEVj was 1.22 ± 0.130 liters (L). 

There was no significant difference in ventilatory responses at any time 

between the two drugs. With each drug, two inhalations produced 

significantly greater bronchodilatation than did one inhalation; however, 

the bronchodilatation after four, eight and 16 inhalations was not 

statistically greater than after two inhalations. There were no 

incidences of significant side effects after either drug, even at the 

higher doses. 

Albuterol at a dose up to four inhalations (0.4 mg) was compared 

to a new sympathomimetic bronchodilator Th 1165a (0.8 mg) (Shenfield and 

Paterson, 1973). The subjects tested were in the hospital with 

exacerbations of airways obstruction. Pulse rate, blood pressure, FVC 

and FEVj were measured. The subject inhaled one puff from the chosen 

metered-dose pressurized aerosol and at five-minute intervals all 

measurements were repeated until the FEVj showed no further rise. A 

second puff was taken and measurements were made as before. Then third 

and fourth puffs were taken such that in this study the cumulative dose 

taken was one, two and four puffs. The length of time required to 

receive all puffs from the pressurized aerosols was not provided. 

Baseline FEVj ranged from 0.7 to 1.8 L with a mean of 1.4 L. 

After one puff from the drugs, FEVj ranged from 0.8 to 2.5 L; after two 



21 

puffs the range was 1.0 to 2.65 L and after four puffs the range was 1.0 

to 2.7 L. The Increase in FEVj was slightly greater after Th 1165a but 

the difference was not statistically significant and there was no 

significant difference in FEVj between the doses. Pulse and blood 

pressure did not change significantly with either drug. 

Alliot et al. (1972) compared albuterol and 

isoprenaline/phenylephrine at two and six puffs in 16 patients with 

reversible airways obstruction. Ten of the subjects were considered to 

be bronchitic and six were clinically asthmatic. Subjects taking 

corticosteroids were excluded and no bronchodilator drug was taken in the 

12 hours preceding the tests. A randomized, double-blind study was 

carried out. Pulse, blood pressure, arterial blood gases, FEVj and FVC 

were recorded. 

Baseline values were not provided, only percent changes after 

inhalation of the drugs. There was no significant difference in 

bronchodilatation between two puffs and six puffs of albuterol, with 

percent change in FEVj after two puffs being 24% and after six puffs 26%. 

There were no significant side effects noted except for a slight rise in 

heart rate after albuterol. 

Douglas et al. (1979) tested albuterol at doses up to 0.8 mg in 

studying the effect of ipratropium bromide on patients with severe 

chronic bronchitis. In a preliminary study to determine the dose of 

albuterol, four patients were studied. The FEVj and FVC were measured in 

the subjects before and up to four hours after inhalation of 0.4 mg of 

albuterol. A cumulative albuterol dose-response study was then performed 
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on the same four subjects in which each subject inhaled albuterol 0.1 mg 

at time 0, 0.1 mg at 30 minutes, 0.2 mg at 60 minutes, 0.4 mg at 90 

minutes and finally 80 meg of ipratropium at 120 minutes. 

The study suggested that the maximal effect both on FEVj and FVC 

occurred within 15 minutes and lasted for approximately two hours after 

inhalation of 0.4 mg of albuterol alone. The change in FEVj and FVC 

measured in the cumulative dose-response study reflect total inhaled 

dosages of albuterol of 0.1, 0.2, 0.4 and 0.8 mg. The authors reported 

no change in FEV^ was seen between 0.2 and 0.4 mg and only a slight rise 

after 0.8 mg, with FEVj going from 0.5 L to approximately 0.7 L. The FVC 

rose gradually up to the 0.8 mg dosage with the value going from 1.4 to 

2.2 L. The FEV^ and FVC rose further after inhalation of ipratropium. 

Studies Which Show an Increased Bronchodilator Effect 
with Increased Doses of Albuterol 

Twenty-four asthmatic patients were tested by Spector (1981) to 

determine dose-response relationship between isoproterenol and albuterol. 

The subjects were between the ages of 14 and 65 years. Albuterol at 

0.085 mg per activation and isoproterenol 0.065 mg per activation were 

tested at one, two, four, six and eight inhalations over a period of 15 

days. A placebo was also used. Observations were made at baseline and 

up to four hours after inhalation at various intervals. 

In addition to pulmonary function tests, heart rate, blood 

pressure, respiratory rate and symptomatology were recorded. Values for 

spirometric measures were provided in a graph. The author indicated that 

six and eight inhalations of albuterol produced greater bronchodilatation 
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than did one, two and four inhalations. No significant side effects were 

noted for albuterol, even up to eight inhalations. 

Nelson et al. (1983) studied the bronchodilator response of 

increasing doses of aerosolized albuterol in 26 asthmatics. The subjects 

ranged in age from 14 to 67 and did not receive oral or inhaled 

bronchodilators for six hours prior to testing, 12 hours if taking long-

acting bronchodilators. A double-blind, randomized comparison of 

albuterol and placebo was carried out. Only one dose of drug or placebo 

was administered each day. 

The dose of albuterol per activation was 0.085 mg. On separate 

days, one, two, four, six and eight activations were administered. Pulse 

and blood pressure were recorded each time pulmonary functions were 

obtained. Electrocardiogram was obtained periodically and subjects were 

questioned regarding side effects after each dose. 

The maximum FEVj response after four and six inhalations was 

significantly greater than the response after one inhalation. The 

response after eight inhalations was significantly greater compared to 

one or two inhalations but not greater than four or six inhalations. The 

authors pointed out that the maximum response is frequently not achieved 

with one or two inhalations from a metered-dose inhaler and that 

restriction to this range will result in less than optimal bronchodilator 

response in many patients. 

Eight patients with chronic, partially reversible airways 

obstruction due to chronic asthma, ages 32 to 78 years, were selected for 
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a dose-titration comparison of inhaled albuterol and oral theophylline 

(Marlin et al., 1979). The study was peformed on two consecutive days, 

with albuterol tested on the first day and theophylline the second day. 

The albuterol dose-response was performed by giving one 

inhalation (0.1 mg) and recording FEVj and pulse rate before and at 15 

minute intervals after inhalation until FEVj either remained the same or 

decreased. A second inhalation was given with the same procedure 

repeated and subsequently, at 30 to 60 minute intervals, two, four and 

eight inhalations were administered. The total duration of the study was 

between two-and-a-half and three-and-a-half hours. 

The mean pre-treatment FEVi was 1.26 ± 0.11 L. The mean 

percent change in FEVi was 22.5% for one inhalation, 30.9% for two 

inhalations, 38.7% for four inhalations, 42.5% for eight inhalations and 

51.7% for 16 inhalations. The FEVj responses after four and eight 

inhalations were significantly greater than those after one and two 

inhalations. The FEVj after 16 inhalations was significantly greater 

than after all other doses. The authors noted that 16 inhalations may 

still have been submaximal. 

Marlin, Hartnett and Berend (1977) compared rimiterol and 

albuterol aerosols up to 16 inhalations in six patients with chronic, 

partially reversible airways obstruction. The subjects ranged in age 

from 30 to 71 years. The trial was a randomized, balanced, single-blind 

design and was conducted on three consecutive days in the morning. 

Rimiterol delivered 0.25 mg per inhalation and albuterol delivered 0.1 mg 

per inhalation. All sympathomimetic and theophylline drugs were 
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withdrawn for 12 hours prior to each day but steroids were continued if 

being taken. Baseline FEV^ and heart rate with electrocardiogram were 

obtained. One inhalation was then taken and measurements obtained at 10 

minute intervals until no further FEV^ improvement. A second inhalation 

was then administered with measurements again being obtained. 

Subsequently, the same protocol was carried out for two, four and eight 

inhalations. The cumulative doses were one, two, four, eight and 16 

inhalations of each drug and placebo. 

Baseline FEVj was 1.27 ± 0.22 L. There was ao significant 

difference between the ventilatory responses after one, two and four 

inhalations of each drug; however, the percent FEVj increases after eight 

and 16 inhalations of albuterol were significantly greater than those 

after rimiterol. The percent FEV^ change after albuterol ranged from 

42 to 79% and for rimiterol ranged from 24 to 56%. No significant side 

effects were reported for either drug. 

Albuterol and rimiterol were compared at low and high doses in 

asthmatic patients by Muittari (1978). Sixteen asthmatic inpatients were 

studied on four separate days at the same time each day in a random 

order. Bronchodilator therapies were withheld for 12 hours prior to 

testing and, if applicable, corticosteroids were continued. On test days 

subjects received rimiterol one puff (0.2 mg) or 10 puffs (2.0 mg) or 

albuterol one puff (0.1 mg) or 10 puffs (1.0 mg). Spirometry, blood 

pressure and pulse rate were recorded at baseline and up to 180 minutes 

at varied intervals. 
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Results indicated that the immediate response within the first 30 

minutes at both dosage levels was the same for both drugs but that from 

30 to 180 minutes albuterol is more effective, indicating longer duration 

of action of albuterol. The peak bronchodilator response for both drugs 

was significantly greater after the high dose than the low dose. No 

significant side effects were reported for either drug at either dose. 

Tarala et al. (1980) studied 17 patients admitted with acute 

asthma within 24 hours of admission. The purpose of the study was to 

compare efficacy of albuterol delivered by pressurized aerosol and wet 

nebulizer in acute asthma. The subjects ranged in age from 16 to 65 with 

a mean of 43 years. All subjects were given a bolus of intravenous 

hydrocortisone and continued therapy with high-dose oral prednisolone. 

Routine management included nebulized albuterol at four-hour intervals, 

but no subject received albuterol or other sympathomimetics for the four 

hours prior to the study. 

The FEVj was measured at baseline followed by two puffs (0.2 mg) 

of albuterol. The FEVj was again recorded after 15 minutes followed by 

an additional two puffs of albuterol. The pattern was continued until 

readings did not show any clinically significant improvement. Albuterol 

5 mg was then administered by a compressed air driven nebulizer over five 

to 10 minutes and then FEV^ was measured 15 minutes after completion of 

nebulization. 

Baseline FEVj was 1.16 ± 0.55 L, an average of 36% of predicted 

normal. The maximal aerosol induced increase in FEV^ was 0.435 ± 0.330 L 

with an additional small increase in FEVj after nebulizer of 
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0.043 ± 0.085 L. Five to seven puffs of albuterol were required to 

achieve the maximal increase in bronchodilatation. 

The investigators suggested that four to eight puffs of dry 

aerosol albuterol may be needed. None of the subjects experienced 

adverse effects at the higher dry aerosol doses. Furthermore, the study 

did not show that wet aerosol albuterol at 5 mg is clinically more 

effective than adequate doses of dry aerosol when delivered two puffs 

every 15 minutes. 

Spector and Gomez (1977) compared dose-response effects of 

albuterol and isoproterenol aerosols in 24 asthmatic patients, ages 14 to 

65 years. All bronchodilator medications were held for six hours, 12 

hours if long-acting, prior to the beginning of each test day and 

subjects were studied on the off-steroid day, if applicable. Albuterol 

aerosol contained 0.085 mg per activation and isoproterenol contained 

0.065 mg per activation. 

Over a 15 day period, in three day sequences, increasing doses of 

the medication were given, going from one to two to four to six and 

finally to eight puffs. Pulmonary function observations were made at 

baseline and then up to 240 minutes at varied intervals. A lead two 

rhythm strip was obtained at baseline and 15 and 60 minutes post-

inhalation. Heart rate, blood pressure, respiratory rate and 

symptomatology were measured at baseline and periodically after the 

inhalations. 

Sixteen subjects completed the study; seven of the eight who 

dropped out were in their teens and twenties. At one inhalation there 
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was no difference between the aerosols. The FEV^ for all time periods 

was better after six and eight albuterol inhalations than after one, two 

and four inhalations; two and four inhalations produced significantly 

greater increases in FEVj than did one inhalation. No significant side 

effects occurred with albuterol at any dose. 

Ten male patients with reversible obstructive airways disease 

were studied by Whitsett and Manion (1978) to compare cardiac and 

pulmonary effects of therapy with albuterol and isoproterenol at multiple 

inhaled doses. The subjects ranged in age from 18 to 61 years and the 

trial was carried out in a randomized, double-blind crossover study of 

three treatments. Five sequentially administered doses of albuterol 

(0.086 mg per activation), isoproterenol (0.079 mg per activation) and 

placebo were received by each subject on separate days. 

At completion of each treatment, the subject had received one, 

two, four, six and eight inhalations from a metered-dose pressurized 

aerosol. Subjects did not receive any bronchodilator drugs for the 12 

hours prior to the start of the treatment. The FVC, FEVj, heart rate, 

blood pressure and electrocardiogram were obtained at baseline and after 

the inhalations at varied time intervals up to 120 minutes. 

Dose-related increases in FEVj were seen after inhalation of 

albuterol and isoproterenol. The duration of action was longer after 

inhalation of albuterol. The observations of pulmonary effects at all 

periods of time following inhalation of each dose of albuterol were 

significantly (p < 0.05) different from the corresponding baseline 

measurement. The graph provided showed that at peak response there 
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was a significant difference in bronchodilatation between one, two, 

four and six puffs but not between six and eight puffs. No 

significant side effects were noted after inhalation of albuterol. 

Larsson and Svedmyr (1977) compared the dose-response 

relationship between oral and inhaled albuterol in asthmatics. Three 

studies were performed but the one of interest here involves aerosol 

versus oral albuterol. On one day, three oral doses in tablet form (two, 

six and 18 mg) were given with two-hour intervals between doses. On 

another day, increasing doses from a metered-dose pressurized aerosol 

were given every 30 minutes, with dosages being 0.1, 0.2, 0.6, 1.2, 2.4 

and 4.8 mg. A special cannister containing 0.4 mg per puff was used for 

the higher dosages. 

Subjects were tested at 8:00 A.M. after having withheld all 

bronchodilator drugs for at least 12 hours prior; corticosteroids were 

continued if being taken. Heart rate, blood pressure, FEVj, FVC and 

tremor were recorded at baseline and at varied intervals after the oral 

doses up to 120 minutes and five and 15 minutes after each inhaled dose. 

Dose-dependent increases in FEV^ were seen after both tablets and 

aerosol. The mean dose-response for FEV^ leveled off after a total of 

0.9 mg of inhaled albuterol; further increases to very large doses caused 

only a minor, although significant, rise in FEV^. It was shown that very 

high doses of albuterol by inhalation can be given without risk of 

serious side effects. The authors pointed out that high doses can be 

used in acute situations but there seemed little reason to administer 

more than six inhalations of albuterol four times daily. 



30 

Finch (1981) studied 12 normal volunteers to determine both local 

and systemic tolerance to a rising single dose of albuterol and compare 

it to a rising single dose of isoproterenol or placebo. The subjects 

were studied over a three day period in a double-blind fashion. 

Albuterol 0.075 mg per activation and isoproterenol 0.085 mg per 

activation were used. Results showed that significantly fewer subjects 

were able to tolerate eight or more puffs of isoproterenol than either 

high doses of albuterol or placebo. All subjects were able to tolerate 

albuterol up to the final 16 puffs without any significant side effects. 

Essentially no change was seen in heart rate for the albuterol. 

Factors Affecting Aerosolized Bronchodilator Response 

The previously cited studies have demonstrated a difference in 

the bronchodilator response to higher than the recommended dose of 

albuterol. Studies exist which could explain the difference that has 

been demonstrated. The next few sections discuss the way in which the 

response to inhaled bronchodilators is affected by the degree of airway 

obstruction, the aerosol deposition in the respiratory tract and the 

technique one uses to self-administer the aerosolized bronchodilator. 

Varying Bronchodilator Response in Relation to 
the Degree of Airway Obstruction 

Altounyan (1964) studied the response to aerosols of isoprenaline 

and atropine after administration to patients in various phases of 

airways obstruction. Airways obstruction had been induced by three 

different spasmogens. The results indicated that the type of response 

depended on the degree of obstruction and the etiology of the condition. 
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Pande, Jain and Guleria (1970) studied the effect of intravenous 

aminophylline on pulmonary mechanics in patients with asthma, bronchitis 

and emphysema. The study's results were that patients with bronchial 

asthma showed greater decrease in inspiratory resistance than patients 

with chronic bronchitis and greater decrease in both inspiratory and 

expiratory resistance than patients with chronic bronchitis and 

emphysema. 

Williams and Kane (1975), through the use of peak expiratory flow 

rates (PEFR), determined that 0.02 mg or less of isoproterenol produces a 

maximal effect on PEFR in patients with asthma. The authors stated that 

the degree of bronchoconstriction in asthma and the response to 

bronchodilators are extremely variable in a given patient and among 

patients. 

As patients are variable in their airway responsiveness, Williams 

and Kane suggest the use of multiple measurements in any bronchodilator 

study. Furthermore, it is known that the response to bronchodilators 

varies with the severity of the obstruction and that mildly obstructed 

patients respond better than unobstructed or very badly obstructed 

patients. The authors also indicated that a maximal effect on small 

airways might require a larger dose than for large airways but that more 

than likely such an effect would be achieved by larger volumes of inhaled 

spray or by successive inhalations of drug. 

Dawkins and Muers (1978) examined diurnal variation in airflow 

obstruction by testing 12 patients with chronic obstructive bronchitis. 

The PEFR and FEVj were recorded after the subjects had received 
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ipratropium bromide alone and then with albuterol. Results indicated 

that there was a significant diurnal variation in PEFR with a mean of 

8.6% difference between the highest and lowest readings. This variation 

was no greater than that found in normal subjests but considerably less 

than the variation in patients with bronchial asthma. 

The authors noted that the mechanisms which underlie circadian 

rhythm in airway caliber remain obscure. Furthermore, the fact that the 

authors detected no large variation in their patient sample gave further 

support that the airways resistance of these subjects is less labile than 

that of other groups such as atopic asthmatics. 

Lertzman and Cherniak (1976) state that the required number of 

inhalations from an aerosolized bronchodilator needed to obtain 

therapeutic effect will depend on the severity of the obstruction; thus, 

the required dosage will vary from patient to patient and, in a given 

patient, from day to day. The authors recommend that, providing the 

appropriate procedure for using a metered-dose pressurized aerosol is 

followed, the procedure should be repeated until the patient feels 

subjective relief in the lower lateral thoracic area or until he or she 

notes tachycardia or shakiness. It is noted that the newer beta2 agents 

may not exhibit side effects to the extent of older agents such as 

racemic epinephrine and isoproterenol. 

Aerosol Deposition in the Respiratory Tract 

According to Newhouse, Sanchis and Bienenstock (1976), deposition 

of inhaled particles in the respiratory tract may occur as a result of 

impaction, sedimentation, Brownian motion, turbulent diffusion and 
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electrostatic forces. Determining the retention of any given particles 

is related to the above mentioned mechanisms and is affected by the size, 

shape and density of the particles, air-flow velocity, aerodynamic 

characteristics of the airway resulting from physiologic responses or 

tissue injury, and whether the particle is inhaled through the nose or 

mouth. 

Hiller et al. (1978) determined the aerodynamic size distribution 

of nine bronchodilator aerosols. The authors concluded that the metered-

dose bronchodilator devices tested were within the aerodynamic range of 

2.3 to 4.3 micron and regarded as acceptable for deep lung penetration. 

The authors noted that further research is needed. 

Lippman and Albert (1969) studied 34 subjects to investigate 

regional deposition of monodispersed aerosol particles ranging from 1.3 

micron to 7.9 micron median diameter (2.1 micron to 12.5 micron unit 

density). One of the subjects exhibited a smoker's cough and one had 

bronchitis. The authors reported a large variation in tracheobronchial 

deposition which they attributed to intersubject differences. Possible 

factors for the intersubject differences were cited as variation in 

average airway diameters, especially those beyond the first few 

generations, airway curvature, and variation in the angle of branching. 

As the particle size increased above 4 micron (unit density), deposition 

in the alveolar region decreased. A large variation in alveolar 

deposition was reported and attributed to the intersubject differences. 

Pavia et al. (1977) studied 50 patients with varying degrees of 

airway obstruction to test the effect of inhaling monodisperse particles 
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(5 micron aerodynamic diameter). The therapeutic pressurized aerosol was 

inhaled by the standard technique suggested for inhaling aerosols. The 

particles were tagged with technitium-99m. A set volume upon inspiration 

was administered to the subjects at random, either 0.11, 0.30, 0.50, 0.75 

or 0.88 liters. The authors reported that the penetration of the 

particles was directly related to volume and FEVj, while inversely 

related to flow rate during inhalation. 

Bronchodilator Inhalation Technique 

Self and Brooks (1982) reviewed the problems, current techniques 

and future trends in the inhalation of pressurized bronchodilator 

aerosols. The authors noted that inappropriate inhalation technique is 

well documented as a common problem and results in therapeutic failures. 

The authors presented methods to overcome the problems such as 

demonstrating proper inhalation technique, teaching patients recent 

advances in inhalation technique and using printed and audiovisual aids 

in addition to the demonstration. It was noted that future improvements 

in inhalation devices should be anticipated such as the use of spacer 

tubes and other devices to aid patients with poor coordination. 

Epstein et al. (1979) observed 130 subjects for the method they 

used to inhale an aerosolized bronchodilator during routine pulmonary 

function testing. No specific instructions were given to the subjects 

and they were unaware that they were being observed. The subjects were 

observed for 11 standard maneuvers and the authors reported that 10.8% of 

the 130 subjects performed all maneuvers satisfactorily. 
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Epstein et al. (1979) noted two variables in the study. The 

first variable was that the subjects with asthma performed better in 

using an inhaler than did the subjects with chronic obstructive pulmonary 

disease. The second variable was that the subjects who regularly used an 

inhaler peformed better than those subjects who did not use an inhaler 

regularly. There was no clear relation established in this study between 

improvement in spirometry following proper use of the inhaler and 

performance. 

Shim and Williams (1980) studied 30 patients with asthma to 

examine their technique for inhalation of aerosolized bronchodilators. 

All subjects in the study had previously used inhalers. Fourteen of the 

30 subjects failed to inhale the aerosol properly. The most frequent 

mistake made by the subjects was inhaling first and then activating the 

inhaler and closing their lips without further inhalation. 

Following the initial observations, the subjects were instructed 

in the proper use of the inhaler by using a horn attached to the 

mouthpiece of the inhaler to signal inhalation. After reexamination in 

one to several days, five of the 14 subjects had reverted to the 

incorrect technique and required further instruction. 

Education of Patients about their Medications 

Research indicates that the more a patient knows about his 

condition, the more likely he is to cooperate successfully in his 

treatment. Leaders in the health care professions emphasize that 

effective total medical care requires that patients have a good 

understanding of health information. The chronic diseases that are seen 
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in the adult population project a greater role for the patient (Dodge, 

1969). The next few studies reviewed provide some substantiation for 

these statements which relate to the nursing applications of the present 

thesis. 

Dodge (1969) conducted a study of 116 medical-surgical patients 

with both short-term and long-term illnesses in one general hospital. 

The patients were interviewed regarding the kinds of information they 

thought should be given to them and the relative importance attributed to 

receiving various kinds of information. The long-term patients, both 

medical and surgical, placed more emphasis on knowledge regarding their 

medications and asked more questions regarding their roles in their own 

care than did the short-term patients. 

Rosenburg (1971) presented a paper in which he searched the 

literature to find out what patients know about taking their medications. 

A major problem noted was that patients are provided information but are 

not educated. It was also noted that many physicians assume that if the 

patients do not ask, they do not want to know. The author pointed out 

that the average patient wants to know not only what and when medications 

are to be taken, but also the reasons why. Furthermore, as the hospitals 

are increasingly becoming the focus for total patient care the physician 

must depend on others of the health care team to provide patient 

information and education. 

Malahy (1966) studied the effect of labelling and instruction on 

the number of medication errors made by patients at home. Forty 

patients, divided into groups of 10, were arranged such that some 
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received no information, some labelling only, some instruction only and 

some labelling and instruction. The purpose of the study was to show 

that if patients are taught about their medications and have drugs that 

are labelled with the name, they will make fewer errors and be more 

effective participants in their medical plan of care. The author noted 

that with her sample size there was no statistical significance for her 

hypotheses; however, she noted that an examination of the difference in 

the means of the groups would reveal a trend that might have proved 

significant with a larger sample. 

Hecht (1974) tested the hypotheses that adult outpatients 

receiving tuberculosis chemotherapy, when given planned individual 

instruction by nurses, would commit fewer medication errors at home than 

patients not receiving such instructions. Forty-seven adult patients 

with tuberculosis were tested. Errors were measured by patient report, 

urine testing and pill counts. Results were that the patients who were 

given planned, individual drug instruction committed fewer medication 

errors. Therefore, a large improvement in the accuracy with which 

patients take their medications occurs with increased amounts of 

teaching. 

Cole and Emmanuel (1971) conducted a study to determine the 

effectiveness of discharge instructions regarding medications. Follow-up 

was done through telephone contact with the patient at home. Seventy-

five patients were tested by dividing them into three groups. Group 1 

received pharmacist consultation at the time of discharge, Group 2 did 

not receive any consultation nor were they allowed to self-administer any 
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medications prior to discharge, and Group 3 received consultation at the 

time of discharge as well as consultation prior to self-administration of 

medication for two days while in the hospital. Ninety percent of the 

patients who received instruction did not deviate from their prescribed 

regimen while those patients who received no instruction deviated 

significantly from their prescribed regimen. 

Summary 

Albuterol has been shown to be an effective and safe aerosolized 

bronchodilator at the recommended dose of 0.18 mg. Some studies have 

demonstrated that albuterol is significantly more effective as a 

bronchodilator at higher than the recommended dosage. However, there are 

studies which have demonstrated that higher doses of albuterol above that 

which is recommended do not produce a significant increase in 

bronchodilatation. The majority of the studies have shown that albuterol 

is safe at the increased dosages. 

Research has shown that varied responses to aerosolized 

bronchodilators exist due to the type of airway obstruction, the way in 

which the aerosol is deposited in the respiratory tract and the technique 

one uses to self-administer the aerosolized bronchodilator. Studies have 

shown that health care professionals need to be cognizant of the 

potential for varied responses to the aerosolized bronchodilators and 

need to educate patients about the medications and how to achieve the 

maximum therapeutic effect safely. 



CHAPTER 3 

RESEARCH METHODOLOGY 

Design of the Study 

An experimental design was used to determine if there is a 

significant increase in FEV^ with increased doses of albuterol, i.e., if 

four puffs (0.36 mg) effects a significantly greater increase in FEVj 

than does two puffs (0.18 mg) and if six puffs (0.54 mg) effects a 

significantly greater increase in FEVj than does four puffs. Also, the 

design was used to determine if patients' subjective responses as to the 

therapeutic effect (ease of breathing) and side effects from the 

albuterol correlated with the objective measures obtained. Objective and 

subjective data were collected prior to and 30 minutes following 

administration of the albuterol. Due to variability between individual 

subjects, each subject served as his own control. A random, double-blind 

treatment order was followed. 

Sample and Setting 

Ten subjects with chronic, partially reversible, obstructive 

airway disease were selected from outpatient clinics at two southwestern 

hospitals. A written request was submitted to the Medical Directors of 

the outpatient clinics for permission to use the clinic settings to 

establish initial contact with subjects. Subjects selected for and who 

agreed to participate in this study had to meet the following criteria: 
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1. Have a physician confirmed diagnosis of chronic, partially 

reversible, obstructive airway disease. 

2. Be free from bronchial infection or acute exacerbations for at 

least two weeks prior to participation in the study. 

3. Have no history of hypertension, diabetes mellitus, 

hyperthyroidism, primary cardiac disease, liver disease, kidney 

disease or hypersensitivity to sympathomimetic amines. 

4. Be using a beta-adrenergic bronchodilator delivered by a metered-

dose inhaler as a part of their therapeutic regimen. 

5. Be willing to withhold use of all bronchodilator medications, 

with the exception of any steriods, for at least six hours prior 

to each treatment session. 

6. Be able to understand and speak English. 

7. Be verified by a physician to be able to tolerate repeated forced 

expiratory vital capacity maneuvers. 

8. Have their physician's approval to use the albuterol via a 

metered-dose inhaler at dosage levels of 0.18 mg (two puffs), 

0.36 mg (four puffs) and 0.54 mg (six puffs). 

Protection of Human Rights 

The guidelines for protection of subjects' human rights as 

determined by the United States Department of Health, Education and 

Welfare, including the right to informed consent, confidentiality and 

protection against risk to subjects, were followed in this study. Each 

subject asked to participate was given an explanation of the nature and 

purpose of the study and was informed as to what his participation would 
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involve. Following the explanation, each subject was asked if he was 

willing to participate in the study. Signed consent forms from the 

physicians and subjects were obtained (Appendices A and B). 

Confidentiality was assured by assigning a number to each subject and by 

coding data for analysis. The research proposal, subject consent forms 

and physician consent forms had been submitted to The University of 

Arizona Human Subjects Committee. The letter of approval from the Human 

Subjects Committee appears in Appendix C. 

Treatments 

At three treatment sessions, each subject received the varied 

doses of albuterol via a metered-dose inhaler. During each treatment 

session, the subject inhaled two puffs from each of three coded metered-

dose inhalers to total six puffs. The subject waited one minute between 

the two puffs from the same inhaler and three minutes between switching 

to another inhaler. 

Treatment A consisted of the subject inhaling two puffs each from 

two placebo metered-dose inhalers (MDI's) and then two puffs from an MDI 

containing albuterol which gave the subject a total of 0.18 mg of 

albuterol. Treatment B consisted of the subject inhaling two puffs from 

one placebo MDI and then two puffs each from two MDI's containing 

albuterol which gave the subject a total of 0.36 mg of albuterol. 

Treatment C consisted of the subject inhaling two puffs each from three 

MDI's containing albuterol which gave the subject a total of 0.54 mg of 

albuterol. 



An independent person had access to the code and actual treatment 

order for each subject. A total of 12 albuterol and six placebo inhalers 

were used for the study. Each inhaler was labeled with a different 

letter; the two types of inhalers, placebo and albuterol, were 

indistinguishable. When a subject enrolled in the study he was assigned 

a number which designated the previously determined random treatment 

order he was to receive. The investigator received a card stating which 

lettered inhalers were to be used and in what order at each treatment 

session. 

Subjects were instructed to use the inhalers according to 

instructions given in the clinics where they received their ongoing care. 

The instructions were as follows: 

1. Shake the combined mouthpiece and container. 
2. Breathe out normally. 
3. Place the mouthpiece over the tongue and well into 

the mouth. Close the lips tightly around the 
mouthpiece. Then, as you take a slow, deep breath, 
press the top of the cannister firmly between 
forefinger and thumb to discharge the medication. 

4. Continue inhaling to carry the spray deep into the 
lungs. Hold your breath as long as is comfortable. 

5. Release the pressure on the cannister. Remove the 
inhaler away from the mouth and breathe out gently. 

Each subject received instructions about and were observed in using the 

inhaler during the first treatment session, even though he used inhalers 

as part of his therapeutic program. 

Method of Data Collection 

After consenting to participate in the study, each subject 

returned to an area near the clinic on three separate days during one 

week to receive the varied doses of albuterol. The subject received the 



treatment at approximately the same time each day to avoid diurnal 

variation in tests of pulmonary function (Dawkins and Muers, 1978). 

During each treatment session, subjective and objective data were 

collected approximately five minutes prior to and 30 minutes following 

each treatment. In addition, each subject performed a forced expiratory 

vital capacity maneuver after each two puffs from the three separate 

inhalers. Subjective data were always obtained prior to collecting the 

objective measures; subjective data were obtained by having the subject 

answer a questionnaire. 

The objective measures of electrocardiogram, blood pressure and 

observing for tremors were obtained before the subject performed the 

forced expiratory vital capacity maneuvers. At the first treatment 

session each subject was instructed in the performance of a forced 

expiratory vital capacity maneuver. The subject was in a sitting 

position throughout the treatment session. In addition, the subject 

rested at least five minutes before pre-treatment data were obtained and 

after the spirogram was obtained. 

Measurements 

History 

Subject information, including diagnosis, age, sex, height, 

weight, medications and results of the most recent chest x-ray, arterial 

blood gases and pulmonary function tests were obtained from the subject's 

medical record and entered on a data collection sheet (Appendix D). 
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Subjective Data 

Prior to inhalation of the varied doses of albuterol (pre-

bronchodilator) and 30 minutes after receiving the albuterol (post-

bronchodilator), each subject was asked to answer questions from an 

investigator-designed questionnaire regarding his breathing and any 

sensations which could be side effects of albuterol, eg., tremors, 

palpitations and nervousness (Appendices E and F). Prior to each 

treatment, each subject was asked to rate his breathing on a five point 

scale from much better than usual to much worse than usual. 

To determine the therapeutic effect of bronchodilatation from the 

albuterol, each subject was asked to rate his breathing after each 

treatment in comparison with his breathing prior to the treatment on a 

five point scale from much better to much worse. At the end of the 

second and third treatment sessions each subject was asked to compare his 

breathing then with his breathing after the previous treatment. In 

addition, after the third treatment session each subject was asked to 

state which treatment provided him with the most improvement in his 

breathing. 

Objective Data 

Electrocardiogram (ECG). A 60 second rhythm strip in lead II was 

obtained using limb leads to monitor heart rhythm and heart rate. Any 

arrhythmias were noted, in particular premature ventricular contractions 

(PVC's) as well as tachycardia. 

Blood Pressure. Blood pressure was determined by a cuff and 

sphygmomanometer. The systolic and diastolic pressures were recorded. 
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Tremors. The presence or occurrence of hand tremors were 

recorded. If tremors were not readily observable the subject held a 

pencil with the dominant hand to assist in determining the presence of 

tremors. Tremors were recorded on the basis of a three-point scale, 

either absent, mild (able to draw a straight line between two dots) or 

severe (unable to draw a straight line between two dots). 

Pulmonary Function. Forced vital capacity (FVC) and forced 

expiratory volume in one second (FEVj) were measured by a nine liter 

Collins waterfilled spirometer. The Collins waterfilled spirometer, a 

simple and practical method of measuring and recording respiratory 

excursions and lung volumes, involves rebreathing into an inverted, 

counterweighted, watersealed container with a pen to record its 

movements. The Collins Kymograph paper is graduated to read directly in 

cubic centimeters (cc). Each millimeter excursion on the paper 

corresponds to a volume displacement of 20.73 cc (Clinical Spirometry, 

Braintree, Mass.: Warren E. Collins, Inc., 1967). 

Each subject performed the forced expiratory vital capacity 

maneuver three times at baseline and 30 minutes post-bronchodilator in 

accordance with the American Thoracic Society recommendations from the 

1977 Snowbird Workshop (Am. Rev. Resp. Pis., 1979). One forced 

expiratory vital capacity maneuver was performed after the two puffs from 

each of the three separate inhalers during the treatment sessions. The 

spirogram obtained on the kymograph paper was used to determine the FVC 

and FEVj. The maximal FVC and maximal FEVj were recorded, after 

examining the data from all of the acceptable curves, even if the two 



values did not come from the same curve. The spirometric values were 

corrected for barometric pressure. 

The pre- and post-bronchodilator objective data, as well as the 

forced expiratory vital capacity maneuvers obtained during the treatment 

sessions after each inhaler, were recorded on the objective data sheet 

(Appendix G). 

Factors Determining Termination of Subjects from the Study 

Should significant side effects have occurred in a subject, the 

code for the particular subject would have been broken and the subject 

removed from the study if the side effects had occurred on less than the 

maximal dose. The subject remained in the study if the dose which caused 

the side effects was the maximal dose. Determinants for each potential 

side effect were: 

Electrocardiogram. An increase over baseline of six or more 

PVC's per minute. An increase in heart rate of 20 or more 

per minute. 

Blood Pressure. A 30 mmHg or greater increase in the systolic 

pressure and/or a 20 mmHg or greater increase in the 

diastolic pressure. 

Tremors. Occurrence of severe tremors which persisted for more 

than 30 minutes. 

Subjective Side Effects. Subjects verbalizing the occurrence of 

severe (bothersome) tremors, palpitations and/or nervousness 

or other adverse effects which persisted for more than 30 

minutes. 



Method of Data Analysis 

The data were analyzed to determine the effect of each of the 

three treatment sessions and to compare the effectiveness of the three 

treatment sessions. In addition, the data were analyzed to determine if 

there was a correlation between the objective and subjective measures. A 

paired t-test was done to determine if there was a significant increase 

from pre- to post-bronchodilator FEVj for each treatment session. 

(Downie and Heath, 1974). The results of the objective and subjective 

measures of therapeutic and side effects were compared. 



CHAPTER 4 

PRESENTATION AND ANALYSIS OF DATA 

This chapter presents the (1) characteristics of the sample, 

(2) results of flow and volume measurements, (3) results of other 

objective and subjective measures and (4) statistical analysis. 

Characteristics of the Sample 

The sample consisted of 10 subjects, seven female and three male, 

with chronic, partially reversible, obstructive airway disease. The 

mean baseline FEVj was 1.09 liters with a range of 0.55 to 1.63 liters. 

All subjects demonstrated at least a 15 percent increase in forced 

expiratory volume in one second (FEVj) 30 minutes after inhalation of the 

bronchodilator. Three of the subjects had a diagnosis of asthmatic 

bronchitis, two had a diagnosis of chronic obstructive pulmonary disease, 

four had a dignosis of chronic asthma and one had a diagnosis of chronic 

bronchitis and emphysema. The mean age of the subjects was 67.2 years 

with a range of 59 to 79 years. 

At the time of the study, all subjects were using a beta-

adrenergic bronchodilator delivered by a metered-dose inhaler as a part 

of their therapeutic regimen. All were taking a methyl-xanthine 

medication. Two of the 10 subjects were taking an oral beta-adrenergic 

agent (terbutaline sulfate). Six of the subjects were taking oral 

steroids and four were using inhaled steroids. All of the 10 subjects 
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were stable, without hospitalization for at least two weeks prior to 

participation in the study. Table I presents the characteristics of the 

sample including age, sex, medications and diagnoses. 

Results 

At each of the three treatment sessions, each subject performed 

three forced expiratory vital capacity maneuvers prior to inhalation 

(baseline) from any metered-dose inhaler (MDI) and then at 30 minutes 

after inhalation (post-bronchodilator) from the last MDI. In addition, 

each subject performed one forced expiratory vital capacity maneuver 

after each two inhalations from an MDI to determine if there was a 

deleterious effect from inhaling the placebo. This procedure was 

necessary since the study was double-blind and randomized which prevented 

the examiner from knowledge of when/if a placebo was being used. 

Three subjects, numbers one, two and three, had a slight to 

moderate decrease in FEVj and FVC after each two puffs from the placebo. 

The other subjects had no deleterious effects after inhalation from the 

placebo. The maximal FVC and FEVj were recorded for baseline and post-

bronchodilator after examining the data from all acceptable curves, even 

if the FVC and FEVj did not come from the same curve. The post-

bronchodilator spirometric values were compared to the baseline values of 

that treatment session; however, the baseline values did not vary 

significantly between treatments. 



Table 1. Characteristics of the Subjects — — Age (years), sex, medications and diagnosis. 

Subject Age Sex Medications Diagnosis 

10 

64 Female Xanthine 
Beta-adrenergic (inhaled) 
Steroid (oral) 

63 Female Xanthine 
Beta-adrenergic (inhaled) 
Steroid (oral) 

73 Female Xanthine 
Beta-adrenergic (inhaled) 
Steroid (oral, inhaled) 

72 Female Xanthine 
Beta-adrenergic (oral, inhaled) 

Steroid (inhaled) 

59 Female Xanthine 
Beta-adrenergic (inhaled) 

Steroid (oral, inhaled) 

79 Female Xanthine 
Beta-adrenergic (inhaled) 

Steroid (inhaled) 

60 Male Xanthine 
Beta-adrenergic (oral, inhaled) 

Steroid (oral) 

77 Female Xanthine 
Beta-adrenergic (inhaled) 

Steroid (inhaled) 

62 Male Xanthine 
Beta-adrenergic (inhaled) 

63 Male Xanthine 
Beta-adrenergic (inhaled) 

Asthma 

Asthma, steroid dependent 

Asthmatic Bronchitis 

Bronchitis with Bronchospasm 

Chronic Asthma 

Chronic Asthma and Bronchitis 

Asthma 

Asthmatic Bronchitis 

Chronic Bronchitis and Emphysema 

Chronic Obstructive Pulmonary 
Disease with Asthmatic Component 



Forced Vital Capacity 

The data for baseline (pre-bronchodilator) FVC for treatment A 

(0.18 mg of albuterol) demonstrated a mean of 2.292 liters with a range 

of 1.551 to 2.901 liters. Thirty minutes after inhalation of the 

bronchodilator, the mean FVC was 2.760 liters with a range of 1.978 to 

3.420 liters. The percent change in FVC from baseline to post-

bronchodilator demonstrated a mean increase of 21.60 percent with a range 

of +3.50 to +49.71 percent. None of the subjects had his best FVC after 

treatment A, neither in actual measure nor as percent increase over 

baseline. 

The data for baseline FVC for treatment B (0.36 mg of albuterol) 

demonstrated a mean of 2.231 liters with a range of 1.516 to 

2.906 liters. Thirty minutes after inhalation of the bronchodilator, the 

mean FVC was 2.867 liters with a range of 2.336 to 3.510 liters. The 

percent change in FVC from baseline to post-bronchodilator demonstrated a 

mean increase of 30.92 percent with a range of +11.81 percent to +54.07 

percent. Five of the ten subjects had their best FVC after treatment B 

and one subject had the same FVC after treatments B and C. 

The data for baseline FVC for treatment C (0.54 mg of albuterol) 

demonstrated a mean of 2.152 liters with a range of 1.618 to 

2.817 liters. Thirty minutes after inhalation of the bronchodilator, the 

mean FVC was 2.897 liters with a range of 2.157 to 3.465 liters. The 

percent change in FVC from baseline to post-bronchodilator demonstrated a 

mean increase of 36.15 percent with a range of +18.50 percent to +70.73 

percent. Four of the ten subjects had their best FVC after treatment C 



and one subject had the same FVC after treatments B and C. Table 2 

presents the pre- and post-bronchodilator FVC's for each subject after 

each treatment. 

The data in the form of percent change from baseline were then 

subjected to paired t-test for differences. Treatment B demonstrated a 

significantly greater increase in FVC than did treatment A (p _< .05). 

Treatment C demonstrated a significantly greater increase in FVC than did 

treatment A (p < .005). There was no significant difference in FVC 

between treatments B and C. Table 3 shows the mean percent increase in 

FVC over baseline for each treatment. Table 4 presents the paired t-test 

for the mean difference in percent change in FVC between treatments. 

Forced Expiratory Volume in One Second 

The baseline FEVj for treatment A (0.18 mg of albuterol) 

demonstrated a mean of 1.09 liters with a range of 0.63 to 1.61 liters. 

The post-bronchodilator FEVj for treatment A demonstrated a mean of 1.55 

liters with a range of 1.01 to 2.22 liters. The percent change in FEVj 

from baseline to post-bronchodilator for treatment A ranged from +17.16 

percent to +71.A3 percent with a mean increase of 43.5 percent. One of 

the ten subjects had his best FEV^ after treatment A. 

The baseline FEVj for treatment B (0.36 mg of albuterol) 

demonstrated a range of 0.55 to 1.55 liters with a mean of 1.10 liters. 

The post-bronchodilator FEVj for treatment B demonstrated a range of 1.04 

to 2.34 liters with a mean of 1.61 liters. The percent change in FEVj 

from baseline to post-bronchodilator for treatment B ranged from +18.25 
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9 

10 
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Forced Vital Capacity — Pre-bronchodilator and 
post-bronchodilator volumes (in milliliters) for each treatment 

Time Treatment A Treatment B Treatment C 

Pre 
Post 

2145 
2777 

2269 
2959 

2190 
2912 

Pre 2100 2213 2111 
Post 2517 2800 2935 

Pre 2427 2404 2427 
Post 2879 3025 2924 

Pre 2122 1784 1817 
Post 2608 2608 2811 

Pre 1965 2000 1861 
Post 2942 2989 3177 

Pre 1551 1516 1618 
Post 1978 2336 2157 

Pre 2901 2562 2576 
Post 3003 2877 3052 

Pre 2169 1816 1978 
Post 2329 2394 2360 

Pre 2705 2839 2124 
Post 3152 3174 3174 

Pre 2839 2906 2817 
Post 3420 3510 3465 
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Table 3. Mean Percent Increase in FVC over Baseline for Each Treatment 

Treatment A Treatment B Treatment C 

21.6% 30.9% 36.2% 

Table 4. Paired t-test for Mean Difference in Percent Change in FVC 
between Treatments — Mean difference, t-value and significance 
level 

Treatments Mean Difference t-value Significance Level 

A to B +9.32% -2.07 .05 

A to C +14.56% -4.04 .005 

B to C +5.23% -1.03 Not significant 
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to +89.80 percent with a mean increase of 50.30 percent. Four of the ten 

subjects had their best FEVj after treatment B. 

In treatment C (0.54 mg of albuterol), the baseline FEV^ revealed 

a mean of 1.09 liters with a range of 0.65 to 1.61 liters. The post-

bronchodilator FEVj for treatment C revealed a mean of 1.62 liters with a 

range of 1.07 to 2.34 liters. The percent change in FEVj from baseline 

to post-bronchodilator for treatment C revealed a mean increase of 52.30 

percent with a range of +10.49 to +77.78 percent. Five of the ten 

subjects had their best FEVj after treatment C. Table 5 presents the 

pre- and post-bronchodilator FEV^'s for each subject after each 

treatment. 

The data in the form of percent change from baseline were than 

subjected to paired t-test for differences. Treatment B revealed a 

significantly greater increase in FEVj than did treatment A (p .05). 

Treatment C revealed a significantly greater increase in FEVj than did 

treatment A (p .05). There was no significant difference between 

treatments B and C. Table 6 shows the mean percent increase in FEVj 

over baseline for each treatment. Table 7 presents the paired t-test for 

the mean difference in percent change in FEVj between treatments. 

Correlation of Self-Assessment of Breathing 
Compared to Spirometry 

The subjects indicated that it was difficult to discern which of 

the treatments was best. This difficulty was most likely a result of the 

treatments being received on three separate days. Some of the subjects 

did indicate that one treatment seemed better than the others. 
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Table 5. Forced Expiratory Volume in One Second — Pre-bronchodilator 
and post-bronchodilator volumes (in milliliters) for each 
treatment 

Subject Time Treatment A Treatment B Treatment C 

1 Pre 1230 1514 1434 
Post 1987 2338 2337 

2 Pre 993 926 892 
Post 1309 1411 1411 

3 Pre 1513 1547 1614 
Post 1772 1829 1784 

4 Pre 960 756 824 
Post 1388 1163 1366 

5 Pre 1022 1011 919 
Post 1550 1686 1634 

6 Pre 629 550 651 
Post 1079 1044 1101 

7 Pre 1614 1393 1384 
Post 2224 2113 2088 

8 Pre 1228 1214 1169 
Post 1652 1679 1686 

9 Pre 693 715 715 
Post 1006 1095 1073 

10 Pre 1095 1364 1274 
Post 1520 1699 1699 
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Table 6. Mean Percent Increase in FEV^ over baseline for each treatment. 

Treatment A Treatment B Treatment C 

43.5% 50.3% 52.3% 

Table 7. Paired t-test for Mean Difference in Percent Change in FEV^ 
between Treatments — Mean difference, t-value and significance 
level 

Treatments Mean Difference t-value Significance Level 

A to B +6.85% -1.93 .05 

A to C +8.81% -2.25 .05 

B to C +1.96% -0.62 Not Significant 
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Subjects #5, 6 and 8 indicated that treatment C was the best 

treatment, subject #10 indicated that treatment B was the best and 

subject #2 indicated that treatment A was the best. Subjects #3, 4, 7 

and 9 stated that all the treatments were the same. This information was 

not available for subject #1 as the question was added to the protocol 

after subject #1 had been tested. 

To compare subjective data to objective data, actual post-

bronchodilator FEVj values and percent increases in FEVj over baseline 

were noted. Although subject #2 indicated that treatment A was the 

best, the objective data indicated that treatment C was the best in 

respect to both objective values. Subject #3 indicated that all 

treatments were the same; this self-assessment was consistent with the 

objective data for actual FEVj and percent increase. 

Subject #4 indicated that all the treatments were the same. 

However, although treatments A and C were similar, in terms of actual FEV^ 

they both resulted in an FEVj greater (200 ml) than treatment B; in terms 

of percent increase over baseline, treatment C was greater than treatment 

B which was greater than treatment A. Subject #5 stated that treatment C 

was the best which correlated with the objective data for percent 

increase over baseline; however, actual value for FEVj showed treatment B 

to result in a higher FEVj than treatment C by 50 ml while both 

treatments B and C resulted in a greater FEV^ than treatment A. 

Subject #6 indicated that treatment C was the best which 

correlated with the actual values for FEVj although for all three 

treatments there was only a 30 ml difference; the percent increase 
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over baseline for subject #6 showed that treatment B resulted in greater 

improvement than treatment A which was slightly better than treatment C. 

Subject #7 stated that all treatments were the same; however, actual 

values for FEV^ demonstrated that treatment A resulted in a slightly 

greater FEV^ than treatment B which resulted in a slightly greater FEVj 

than treatment C. The percent increase over baseline showed that 

treatments B and C were equal but resulted in greater improvement than 

treatment A. 

Subject #8 indicated that treatment C was the best treatment 

which correlated with objective values for both FVC and FEV^. Subject 

#9 stated that all treatments were the same; however, although small 

differences, both FVC and FEV^ values showed treatment B to be better 

than treatment C which was better than treatment A. Subject #10 

indicated that treatment B was better than the other treatments; however, 

actual value for FEVj showed treatments B and C to be equal but both 

resulted in greater improvement than treatment A. The percent increase 

over baseline showed treatment A to be better than treatment C which was 

better than treatment B. 

When asked to compare present treatment to previous treatment 

received the time (usually the day) before, sixty-five percent of the 

time (13 times) the subjects stated that the breathing was the same. 

Thirty-eight percent of those times (five times) the subjects' comments 

correlated with the objective data. On two occasions (10% of the time), 

subjects stated that their breathing was worse than after the previous 

treatment; one correlated with the objective data. 
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On four occasions (20% of the time), subjects indicated that 

their breathing was better than after the previous treatment; none of 

these correlated with the objective data. On one occasion (5% of the 

time), a subject indicated that his breathing was much better than after 

the previous treatment; this impression did not correlate with the 

objective data. 

When asked to compare breathing at baseline to post-

bronchodilator for each treatment, 70 percent of the time the subjects 

noted a better to much better ease of breathing. After treatment A, 

subjects #3, 5, 7 and 10 said the breathing was the same as at baseline 

whereas subjects #1, 2, 4, 6 and 9 said breathing was better and subject 

#8 said much better. After treatment B, subjects #5 and 7 stated that 

the breathing was the same as at baseline whereas subjects #1, 2, 3, 4, 6 

and 10 stated that breathing was better and subjects #8 and 9 stated that 

breathing was much better. 

After treatment C, subject #2 stated that the breathing was the 

same as at baseline but at baseline had indicated that breathing was 

better than usual. Subjects #1, 3, 4, 5 and 6 stated that breathing was 

better than at baseline, subjects #8 and 9 stated that breathing was much 

better and subject #10 stated that breathing was worse than usual both at 

baseline and post-bronchodilator; however, subject #10's FEVj and FVC, 

both at baseline and post-bronchodilator, were better than for 

treatment A. 

At all times there was an increase of at least 150 ml in FEVj 

from baseline to post-bronchodilator, but an average increase of 
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400-500 ml in the FEVj was noted. In comparing the increase in FEVj's to 

the statement of improvement, there was never more than a 50 ml 

difference in the increase when a subject at one session said the 

breathing was better and at another session said the breathing was the 

same or worse. 

On three occasions, the increase in FEVj had been less for one 

treatment as compared to another yet the subject indicated that the 

objectively better treatment did not produce a change in his breathing. 

The data collected indicate that more of the subjects felt that their 

breathing was better after treatments B and C as compared to treatment A; 

this finding correlates with the objective data. The objective data 

showed that the largest increases in FEVj and FVC occurred after 

treatments B and C. 

Side Effects 

Objective and subjective responses were examined to determine 

the occurrence of any significant side effects. The objective measures 

included electrocardiogram (ECG), heart rate, blood pressure and tremors. 

The subjective measures included tremors, palpitations, nervousness and 

unusual sensations. 

Tremors. Subjects #1 and #2 had mild tremors at all times. 

Subject #8 developed mild tremors after treatment B (0.36 mg or four 

puffs) and after treatment C (0.54 mg or six puffs). Subjects #3 and #4 

developed mild tremors after treatment C only and subject #10 developed 

severe tremors after treatment C only. None of the subjects who 

developed tremors sustained the tremors for more than 30 minutes. 



Compared to the interviewer's observations, only subject #8 complained of 

mild tremors that were not observed, that being after treatment A. 

Moreover, the four subjects who developed tremors stated that they were 

not bothersome. 

Heart Rate, Electrocardiogram (ECG) and Palpitations. There were 

no significant changes in heart rate or ECG for any of the subjects. 

Subject #1 had four premature ventricular contractions (PVC's) after 

treatment B and one PVC after treatment C but had been known to have 

PVC's on previous ECG's and at baseline prior to treatment A. Subject 

#10 developed a slight tachycardia after treatment C showing an increase 

in heart rate from 98 at baseline to 108 post-bronchodilator. Subject #5 

developed two premature atrial contractions (PAC's) after treatment A. 

The remainder of the subjects maintained a normal sinus rhythm. 

Some of the subjects noted that they were having palpitations 

after some of the treatments. Palpitations is a sensation of feeling the 

heart beat, usually beating faster than normal. Subject #1 expressed a 

sensation that his heart was beating fast after treatment C although the 

heart rate only increased from 70 to 76 beats per minute. Subject #2 had 

the sensation at baseline before treatment C with a heart rate of 80 but 

did not have the sensation after the treatment and the heart rate was 

then 78. 

Subject #3 had the sensation before and after treatment C with 

the heart rate 100 at baseline and post-bronchodilator; however, the 

heart rate had been 100 before and after treatment B but the subject did 

not have the sensation at those times. Subject #7 had the sensation of a 
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fast heart rate at all times with the heart rate ranging from 90-112 

throughout all trials but not varying by more than four beats per minute 

between baseline and post-bronchodilator. 

Blood Pressure. There were no significant changes in blood 

pressure post-bronchodilator. The largest increase in systolic pressure 

was 16 mmHg with the average change being a 1.7 mmHg decrease. An 

average 1.4 mmHg increase in systolic pressure occurred after treatment 

A, an average 3.2 mmHg decrease occurred after treatment B and an average 

3.4 mmHg decrease occurred after treatment C. 

The largest increase in diastolic pressure was 12 mmHg with the 

average being a 1.3 mmHg decrease. An average 0.8 mmHg decrease in 

diastolic pressure occurred after treatment A, an average 2.6 mmHg 

decrease occurred after treatment B and an average 0.6 mmHg decrease 

occurred after treatment C. It is interesting to note that often times 

there was a slight decrease in both systolic and diastolic pressures 

after bronchodilator treatment rather than the expected increases. 

Nervousness. Subject #2 developed a feeling of nervousness after 

treatments A and B. Subject #10 developed a feeling of nervousness after 

treatment C. Subject #1 had a feeling of nervousness at all times. 

Subject #3 had the feeling of nervousness before treatments B and C but 

the feeling disappeared after the treatments; this disappearance of the 

nervousness feeling also occurred with subject #4 after treatment A. 

None of the nervousness which developed persisted for more than 30 

minutes. 
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Unusual sensations. Only one subject complained of an unusual 

sensation, that being a feeling of having a "stuffed-up" throat after 

treatment B. Four of the subjects complained that some of the 

inhalations caused them to cough but it is not known if it was after 

placebo or bronchodilator. 

Hypotheses 

The first hypothesis stated that the 30 minute post-

bronchodilator FEVj after inhalation of four puffs (0.36 mg) of albuterol 

(treatment B) would be significantly greater at the 0.05 level as 

compared to after inhalation of two puffs (0.18 mg) of albuterol 

(treatment A). The paired t-test demonstrated such significance; 

therefore, the hypothesis was accepted that there would be a greater 

increase in FEV^ after inhalation of four puffs of albuterol than after 

two puffs of albuterol. 

The second hypothesis stated that the 30 minute post-

bronchodilator FEVj after inhalation of six puffs (0.54 mg) of albuterol 

(treatment C) would be significantly greater at the 0.05 level as 

compared to after inhalation of two puffs (0.18 mg) of albuterol 

(treatment A). The paired t-test demonstrated such significance; 

therefore the hypothesis was accepted that there would be a greater 

increase in FEV^ after inhalation of six puffs of albuterol than after 

two puffs of albuterol. 

The third hypothesis stated that the 30 minute post-

bronchodilator FEVj after inhalation of six puffs (0.54 mg) of albuterol 

would be significantly greater at the 0.05 level as compared to after 
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inhalation of four puffs (0.36 mg) of albuterol. The paired t-test did 

not demonstrate such significance; therefore the hypothesis was rejected 

that there would be a greater increase in FEV^ after six puffs of 

albuterol than after four puffs of albuterol. 

Fourth, it was hypothesized that at 30 minutes post-

bronchodilator there would not be a significant difference in side 

effects when comparing the effect of inhalation of two, four and six 

puffs of albuterol. The data demonstrated that there were no troublesome 

side effects after inhalation of either two, four or six puffs; therefore 

the hypothesis that there would not be any differences in side effects 

upon comparing the effect of inhalation of two, four or six puffs of 

albuterol after a 30 minute period was accepted. 

The fifth hypothesis stated that the subjective response of 

subjects as to the therapeutic effect of ease of breathing would 

correlate with the objective change in FEVj. In comparing response of 

subjects to actual FEVj's, the data demonstrated that the majority of the 

time the subjects were able to detect an improvement in their breathing 

which was demonstrated by the increases in their FEVj's; however, the 

subjects found it difficult to compare the treatments nor could they 

quantify the amount of improvement. Therefore, the hypothesis that the 

subjective response of subjects as to the therapeutic effect of ease of 

breathing would correlate with the objective change in FEV^ was accepted. 

Yet it is important to note that this self-assessment was qualitative, 

not quantitative. 



CHAPTER 5 

DISCUSSION AND CONCLUSIONS 

Interpretation of the results of this study and the relationship 

to the review of the literature and the theoretical framework are found 

in this chapter. The implications for health care professionals who 

prescribe and instruct patients in the use of albuterol in metered-dose 

inhaler form are discussed. Recommendations for further study are 

presented. 

Response to Treatment A, Treatment B and Treatment C 

During treatment A, treatment B and treatment C each subject 

received two inhalations each from three disguised metered-dose inhalers 

(MDI's) totaling six inhalations or puffs per treatment. In treatment A, 

the subject received two inhalations each from two placebo MDI's and two 

inhalations from an MDI containing albuterol which gave the subject a 

total of 0.18 mg of albuterol. In treatment B, the subject received two 

inhalations from one placebo MDI and two inhalations each from two MDI's 

containing albuterol which gave the subject a total of 0.36 mg of 

albuterol. In treatment C, the subject received two inhalations each 

from three MDI's containing albuterol which gave the subject a total of 

0.54 mg of albuterol. 

Volumes were measured pre-bronchodilator (baseline) and 30 

minutes post-bronchodilator. The post-bronchodilator volumes were 
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compared to the baseline volumes. There were statistically significant 

increases in all the volume parameters from baseline to post-

bronchodilator for treatment A, treatment B and treatment C. 

Furthermore, volume parameters were significantly greater after 

treatments B and C as compared to after treatment A. There was no 

statistically significant difference in volumes between treatments B and 

C. However, there was a trend towards an increase in percent change in 

FEVj after six puffs of albuterol. One-half of the subjects attained 

their best FEVj after treatment C. 

Comparison of the present study with many of the reviewed studies 

is difficult since many of the studies tested somewhat different sample 

populations and utilized a variety of research protocols. Furthermore, 

although the dosage administered by the MDI is known, the actual dosage 

delivered to the airways in each subject is variable. The pattern of 

aerosol deposition also varies since subjects' airways characteristics 

vary both from individual to individual and from the nature of the 

disease causing the airway obstruction. (Lippman and Albert, 1969; 

Newhouse et al., 1976; Pavia et al., 1977). 

Airway responsiveness has been pointed out in several studies as 

a major factor in determining effectiveness and dosing of 

bronchodilators. Altounyan (1964), Williams and Kane (1975), Pande et 

al. (1970), Dawkins and Muers (1978) and Lertzman and Cherniak (1976) all 

pointed out that a difference exists among asthmatics, bronchitics and 

emphysemics in regards to responsiveness to bronchodilators. Lertzman 

and Cherniak (1976) state that the number of inhalations from an 
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aerosolized bronchodilator will depend on the severity of the 

obstruction. 

The method of using the metered-dose inhaler varies and it is 

known that many patients have trouble coordinating activation of the 

inhaler with inspiration. Incorrect use of the MDI would result in the 

subject receiving an inadequate dose. (Epstein et al., 1979; Shim and 

Williams, 1980). In the present study all subjects were instructed in 

the use of the MDI and were observed each time it was used. Many of the 

reviewed studies did not state how the MDI's were used. These factors 

concerning airway responsiveness, aerosol deposition and technique in 

using an MDI can account for the results of the present study and studies 

with similar results differing from the studies which state that there is 

no significant increase in bronchodilatation with increased doses of 

albuterol. 

Some of the studies reviewed indicated that doses of albuterol 

above the recommended two puffs do not produce a significant increase in 

bronchodilatation as compared to the two puffs. Baronti et al. (1980) 

tested albuterol up to 16 puffs and demonstrated that none of the 

increased doses produced any significant increase in bronchodilatation 

over the two puffs. The doses were delivered over a four hour period and 

this time span could explain a difference between Baronti's et al. 

results and the results in the present study. One cannot be sure of the 

additive effect of repeated inhalations over a time span which approaches 

the recognized duration of the drug effect. In the present study the 

drug was administered within 10 minutes and the post-bronchodilator 
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volume measurements were made 30 minutes after the total dose was 

delivered. 

Shenfield and Paterson (1973) tested patients in acute 

exacerbation and only tested up to four puffs of albuterol. Persons in 

acute situations may well have been less able to use the inhaler 

correctly and may have had a different pattern of deposition than the 

subjects in the present study. Had those researchers tested higher doses 

(greater than four puffs), a significant increase in bronchodilatation 

may have been demonstrated. 

Alliot et al. (1972) tested only two and six puffs of albuterol 

and demonstrated no significant difference in bronchodilatation produced 

by the two dosages. Although no significant difference was noted, there 

was a slight increase in bronchodilatation produced by the six puffs 

compared to the bronchodilatation produced by two puffs. Douglas et al. 

(1979) tested up to eight puffs of albuterol which required 90 minutes to 

be administered and demonstrated no significant difference in the actual 

FEVj produced by two, four and eight puffs of albuterol. However, if one 

looks at the percent increase in FEVj from 0.5 liters at two puffs to 

0.7 liters at eight puffs, one sees a 40% increase; many would judge this 

amount of change to be clinically significant. 

The present study demonstrated that both four and six puffs of 

albuterol produced significantly greater bronchodilatation then did two 

puffs but that there was no significant difference in the 

bronchodilatation produced by four and six puffs. Some of the studies 

reviewed also indicated an increase in bronchodilatation with increased 
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doses, some showing continuing significant increases in bronchodilatation 

with doses larger than six and eight puffs. 

The present study agrees with Nelson et al. (1983) who tested 

subjects on separate days and demonstrated no difference in the 

bronchodilatation produced by four, six and eight puffs of albuterol but 

all of which produced significantly greater bronchodilatation than did 

two puffs. Also, Marlin et al. (1979) demonstrated that four and eight 

puffs of albuterol produced greater bronchodilatation than did two puffs 

but noted that the effects of four and eight puffs were not statistically 

different from each other. Marlin et al. did show that 16 puffs 

produced significantly greater bronchodilatation than did four and eight 

puffs. As the maximal dosage tested in the present study was six puffs, 

no comparison of doses larger than six puffs can be made. 

Marlin et al. (1977) showed that eight and 16 puffs of albuterol 

produced significantly greater bronchodilatation than did one, two and 

four puffs but that there was not a significant difference in the 

bronchodilatation produced by one, two and four puffs. Marlin et al. 

tested his subjects at one setting over a four hour period. The time 

span over which the dosing was administered could explain the difference 

in their results and the results of the present study. In addition, 

although there was no significant difference in the bronchodilatation 

produced by one, two and four puffs, there was an increase in 

bronchodilatation as the dosage increased. 

Tarala et al. (1980) tested acute asthma inpatients with 

increasing doses of albuterol until no clinical improvement was noted. 
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They recommended that four to eight puffs would be needed per treatment 

but it is difficult to compare data as they only provided the maximal 

increases in FEV^ and not the FEV^'s after each dose. 

Spector and Gomez (1977) demonstrated that two and four puffs of 

albuterol produced no significant difference in bronchodilatation and 

that six and eight puffs of albuterol produced significantly greater 

bronchodilatation than did two and four puffs. The data were difficult 

to interpret as neither specific absolute values nor percent increases 

were provided; rather, the group data were presented graphically. The 

subjects in the present study had a greater percent increase in FEV^ 

after the smaller doses of albuterol than did the subjects in the study 

by Spector and Gomez which could account for the differing conclusions in 

the two studies. The percent increase in FEV^ after six puffs was 

similar in both the present study and the study by Spector and Gomez. 

Whitsett and Manion (1978) tested up to eight puffs of albuterol 

and demonstrated that each dose produced a significant increase in 

bronchodilatation over baseline. However, they did not provide 

information which compared the various doses to one another so no 

conclusions regarding the qualitative benefit of two, four or six puffs 

can be made. 

Larsson and Svedmyr (1977) demonstrated that the mean dose-

response in FEVj leveled off after 0.9 mg (equivalent to nine puffs) of 

albuterol but that a minor, although significant, increase occurred up to 

the 4.8 mg of albuterol tested. The subjects were tested over a three 

hour period with doses received every 30 minutes. The authors 
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recommended that six puffs of albuterol, four times a day, should be 

adequate for long-term treatment although there was some increase in 

bronchodilatation up to 4.8 mg of albuterol without the occurrence of 

significant side effects. 

Larsson and Svedmyr recommended six puffs as they noted that only 

a moderate increase in FEV^ occurred with the higher doses and because 

higher doses of albuterol have not been studied for the development of 

bronchial beta2 receptor tolerance. The authors also stated that there 

was great variation among individuals in the dose-response for 

bronchodilatation caused by beta stimulants and that there was individual 

variation in the sensitivity to side effects. 

In the present study subjective statements regarding ease of 

breathing were obtained from the subjects to determine if the subjects 

could identify an improvement in their breathing post-bronchodilator and 

if their statements correlated with the objective measures. The subjects 

had a difficult time discerning which treatment provided the best 

bronchodilatation. However, the subjects were able to detect an 

improvement in their breathing post-bronchodilator for each treatment and 

the majority of the time the sensation correlated with the objective 

volume measures. Lertzman and Cherniak (1976) indicated that subjects 

can be relied upon for determination of adequate dosing of inhaled 

bronchodilators. The authors stated that a patient should continue 

taking puffs from an inhaler until he feels subjective relief in the 

lower lateral thoracic areas or until he detects tachycardia or 

shakiness. 
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The present study utilized both objective and subjective measures 

in determining the occurrence of side effects. The objective measures 

included electrocardiogram (ECG), heart rate, blood pressure and tremors. 

The subjective measures included subject's reports of tremors, 

palpitations, nervousness and unusual sensations. The only significant 

side effect was the occurrence of severe tremors after treatment C in 

subject #10; however, the tremors were brief in duration. The findings 

in the present study on occurrence of side effects with albuterol compare 

with the findings of the studies which have been reviewed. In addition, 

Larsson and Svedmyr (1977) stated that tremor is the dose-limiting side 

effect for albuterol. 

Clinical Implications 

The purpose of the present study was to determine if patients 

with chronic, partially reversible, obstructive airway disease can take 

up to six puffs (0.54 mg) of albuterol to achieve greater therapeutic 

efficacy safely over the recommended two puffs (0.18 mg) of albuterol. 

In addition, the purpose of the study was to determine if patients are 

able to identify the achievement of therapeutic effect and any side 

effects which might indicate unsafeness. 

At the time the study was initiated and at the present time, the 

recommended dose of albuterol is two puffs. This study has shown that 

four and six puffs of albuterol produce greater bronchodilatation than do 

two puffs of albuterol but that there is no significant difference in 

bronchodilatation produced by four and six puffs of albuterol. The study 

also has shown that it is safe to take up to the six puffs of albuterol 
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tested and that some subjects do benefit from six, and perhaps even more, 

puffs of albuterol. 

The sample size was small in this study but did tend to indicate 

that patients are able to identify the occurrence of desired therapeutic 

response and side effects. The majority of the subjects were able to 

identify an improvement in their breathing after the particular dosage 

taken on a specific day. However, they were not able to significantly 

identify the amount of improvement in their breathing effected by the 

different dosages. In addition, they were not able to significantly 

compare the improvement in breathing effected by the different dosages 

and this was probably a result of having taken the different dosages on 

different days. 

It is difficult to discern the ability of the subjects to 

identify the occurrence of side effects as there were so few side effects 

which occurred. The only side effect which actually occurred to any 

degree was the tremors and they were identified in all but one case. 

Therefore, from this data it would be determined that patients can 

identify when they are receiving desired therapeutic response and side 

effects. 

All of the subjects demonstrated a significant increase in FEVj 

post-bronchodilator and 73% were able to identify this improvement in 

their breathing. However, 27% of the subjects described their breathing 

the same as at pre-bronchodilator. These latter subjective responses did 

not correlate with the objective data and this finding poses certain 

implications. 
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It is probable that there are factors which cause a patient to 

feel that his breathing is not as good as usual or has not improved. 

Emotional factors should be taken into consideration as well as 

environmental conditions. If someone is under more stress one day as 

compared to another, he might not feel he is getting the relief which 

objective measures indicate he has obtained. Also, if the temperature is 

less comfortable one time as compared to another the person could be 

affected. The subjects who indicated no improvement in their breathing 

from baseline to post-bronchodilator generally had increases of an 

average of 400 ml in their FEVj's which was the average for all the 

subjects. Furthermore, on occasions when they indicated no improvement, 

their FEVj increase was basically the same as on days when they had 

indicated improvement. 

Health care professionals can utilize the information from the 

present study in prescribing and instructing patients in the use of 

albuterol. Patients' pulmonary function will continue to need occasional 

testing to determine adequate dosing but health care professionals can 

generally rely on patients' responses for follow-up and ongoing care. 

Furthermore, health care professionals need not be concerned if patients 

occasionally use four or six puffs of albuterol. Some patients may 

always need to take at least four puffs, if not six puffs, of albuterol 

at one time. The patients can be instructed to observe for the few side 

effects which occur, mainly tremors, and be told to use no more of the 

albuterol at that time if these side effects occur. 
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Patients will still need proper instruction in the use of 

metered-dose inhalers as this is probabaly a major factor in patients 

receiving adequate amounts of the medication. An important aspect of 

nursing is patient education and nurses can use the information from the 

present study when working with patients who will be receiving albuterol 

as part of their therapeutic regimen. 

Suggestions for Further Study 

Further studies which discover the most effective dose of 

albuterol should be carried out as it is important to provide patients 

with the best therapy available. Future studies should be done with 

modifications to this present study. The study should be arranged so 

that patients are better able to differentiate between the therapeutic 

effect of the different dosages. This would occur if the patients 

received all three doses on the same day. It is difficult to compare how 

one is breathing from one day to the next in relationship to the amount 

of a drug received. Also, in order to possibly identify if subjects can 

differentiate the amount of improvement with different dosages, the 

subjects should be asked to describe their breathing after each two puffs 

from the metered-dose inhaler rather than only at the end of the 

treatment session as done in the present study. 

Another consideration would be to note patients' emotional 

condition and the environmental conditions, both outside and inside, at 

the time of the testing. This examiner remembers several subjects 

stating that they were having emotional stress on one occasion of the 

testing but it was not recorded. Emotional and environmental conditions 



could affect one's breathing. These conditions could possibly affect 

one's response to the medication or cause a patient to state that no 

relief was obtained when objective data shows significant improvement. 

A study could be done using one of the new spacer devices. This 

study might show that patients obtain more of the medication from the 

device and would need to take less puffs to receive adequate medication. 

A study could also be done in which groups of patients with different 

types of obstructive airway diseases are studied. Asthmatics could be 

compared to bronchitics and to patients with emphysema to see if there 

are varying responses to increasing doses of albuterol among the groups. 

Furthermore, a study could be done in which persons with severe 

obstructive airway disease, eg., FEVj less than one liter, are compared 

to those with less severe disease, eg., greater than one or one-and-a-

half liters. Data from these future studies could assist health care 

professionals to determine the most therapeutic dose of albuterol for 

patients with chronic, partially reversible, obstructive airway disease. 
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PHYSICIAN'S CONSENT FORM 

Permission has been granted to me, Richard Falls, R.N., from the 

Human Subjects Committee of The University of Arizona to conduct the 

study entitled "Subjective and Objective Responses to Varied Doses of an 

Inhaled Bronchodilator". I am seeking your permission to include your 

patient, , in my study. 

If you believe the patient meets the criteria for inclusion in 

this study as described in the Explanation of Study for Physicians and 

will tolerate the protocol outlined, please sign your name below. 

Consent will also be obtained from the patient after you have approved of 

his/her participation. The subject will be explained the nature, 

purpose, benefits, risks and involvement of the study. I will answer 

any questions you may have about the study at any time. 

I also understand that this consent form will be filed in an area 

designated by the Human Subjects Committee with access restricted to the 

principal investigator or authorized representative of the particular 

department. 

Physician's Signature Date 
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EXPLANATION OF STUDY FOR PHYSICIANS 

I, Richard Falls, R.N., am conducting a study to determine if 
there is a significant increase in FEVj without significant side effects 
with doses of albuterol (Ventolin^) above the recommended dose, i.e., if 
four puffs (0.36 mg) effects a significantly greater increase in FEVj 
than does two puffs (0.18 mg) and if six puffs (0.54 mg) effects a 
significantly greater increase in FEVj than does four puffs. Also, the 
study is being done to determine if patients' subjective responses as to 
the therapeutic effect and side effects from the albuterol correlate 
significantly with the objective measures obtained. Forced expiratory 
vital capacity maneuvers will be performed by subjects with chronic, 
partially reversible, obstructive airway disease to determine if there is 
a significant increase in FEV^ with increased doses of albuterol. 
Selected questions will be answered by the subjects to determine 
therapeutic effect and side effects. The study is entitled "Subjective 
and Objective Responses to Varied Doses of an Inhaled Bronchodilator". 

In order to participate in this study, the subject must meet the 
following criteria: 

1. Have a physician confirmed diagnosis of chronic, partially 
reversible, obstructive airway disease. 

2. Be free from bronchial infection or acute exacerbation for at 
least two weeks prior to participation in the study. 

3. Have no history of hypertension, diabetes mellitus, 
hyperthyroidism, primary cardiac disease, liver disease, kidney 
disease or hypersensitivity to sympathomimetic amines. 

4. Be using a beta-adrenergic bronchodilator delivered by a metered-
dose inhaler as a part of his therapeutic regimen. 

5. Be willing to withhold use of all bronchodilator medications for 
at least six hours prior to each treatment session. 

6. Be able to understand and speak English. 
7. Be verified by a physician to be able to tolerate repeated forced 

expiratory vital capactiy maneuvers. 
8. Have his physician's approval to use the albuterol via a metered-

dose inhaler at dosage levels of 0.18 mg (two puffs), 0.36 mg 
(four puffs) and 0.54 mg (six puffs). 

Each subject will participate in three treatment sessions on 
three separate days. The sessions will take place within a one week 
period and will take place at approximately the same time each day. The 
following treatment protocol will be performed on each subject: 

1. Each subject will be instructed verbally with a demonstration of 
a forced expiratory vital capacity maneuver and with a 
demonstration of using a metered-dose inhaler per instructions 
the patients receive in the clinic. These instructions will be 
given during the first treatment session. 
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2. Pre-bronchodilator objective measures of electrocardiogram, 
blood pressure and prescence of tremors and subjective measures 
of ease of breathing and any unusual sensations will be obtained. 
Then the subject will perform three forced expiratory vital 
capacity maneuvers. 

3. The subject, after resting for five minutes, will then inhale 
the varied doses of albuterol. Treatment A will consist of 
inhaling two puffs each from two placebo inhalers followed by 
inhaling two puffs from an inhaler with albuterol. Treatment B 
will consist of inhaling two puffs from a placebo inhaler 
followed by inhaling two puffs each from two albuterol inhalers. 
Treatment C will consist of inhaling two puffs each from three 
albuterol inhalers. Each treatment will always consist of 
taking six puffs, two puffs each from three separate 
indistinguishable inhalers. A random, double-blind treatment 
order will be followed. 

4. Following inhalation of two puffs from an inhaler, the subject 
will perform one forced expiratory vital capacity maneuver. 
Thirty minutes after completion of each treatment, the objective 
and subjective measures will again be obtained followed by 
performance of three forced expiratory vital capacity maneuvers. 
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SUBJECT'S CONSENT FORM 

Summary of Research Procedures 
and Demands in Lay Language 

Project Title: Subjective and Objective Responses to Varied 
Doses of an Inhaled Bronchodilator 

I, Richard Falls, R.N., am conducting a study with a breathing 
medicine, the bronchodilator albuterol (Ventolin^), to determine if 
taking four or six puffs of the medicine makes breathing easier than two 
puffs for persons with chronic, partially reversible, obstructive lung 
disease. Also, I am conducting the study to determine if patients can 
identify how they are breathing and if they are having side effects from 
the medicine. You are being asked to voluntarily participate in this 
study. Breathing tests will be measured in all subjects to determine the 
effectiveness of the different doses of the breathing medicine. The 
results of your breathing tests may enable the doctors and nurses to 
determine if you will benefit, without side effects, from more puffs of 
the breathing medicine than is presently recommended. 

If you agree to participate in this study, you will be asked to 
come to an area of the St. Luke's Chest Clinic at the Arizona Health 
Sciences Center or to an area of the Pulmonary Function Laboratory at the 
Veterans Administration Medical Center for three treatment sessions on 
three separate days. The three treatment sessions will be scheduled 
within a one-week time period at approximately the same time each day. 
Each session will require approximately one hour of your time for a total 
of three hours. We will arrange the time for the treatment sessions 
which is agreeable to both of us. 

On the day of each treatment session, you will be asked to 
refrain from taking your breathing medicines, with the exception of any 
steroids you may be taking, for six hours before the treatment. Each 
treatment will consist of taking two puffs from three separate inhalers 
to total six puffs per treatment session. At one of the treatment 
sessions, all six puffs will contain the breathing medicine. At the 
other two treatment sessions, two to four of the six puffs will not 
contain any medicine. The inhalers will be labelled so that neither you 
nor I will know how many of the puffs contain medicine and how many do 
not. 

Tests of your breathing will be done during each treatment 
session. Each breathing test will involve taking a deep breath and then 
blowing it out forcefully and completely into a recording device. You 
will do the breathing test three times before you use the inhalers and 
three times 30 minutes after you use the inhalers. In addition, you will 
do one breathing test after each two puffs from an inhaler. 
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SUBJECT'S CONSENT FORM—Continued 

Before and 30 minutes after each treatment you will have your 
blood pressure checked and will have an electrocardiogram (EKG). The EKG 
will require placing wires on your arms and legs to monitor your heart. 
You may be asked to hold a pencil and to draw a line between two dots to 
detect if you have any tremors. Also, before and 30 minutes after each 
treatment you will be asked to answer a questionnaire with questions 
about your breathing and any unusual feelings or sensations you might be 
having. 

Your participation in this study also includes permitting the 
investigator to record pertinent information from your chart, including 
age, sex, height, weight, diagnosis, previous pulmonary function tests, 
blood gases, chest x-ray interpretation and the current medicines you are 
taking. 

The information and data that I receive will be coded so that 
your name will not appear on any of the information. The results may be 
published in group form but your identity will not be revealed. You give 
your permission for the results to be used for purposes other than this 
specific study. 

There are no known social or psychological risks involved in 
participating in this study. There will be no cost to you nor 
compensation for your participation in the study. The breathing test may 
cause temporary physical discomforts such as shortness of breath, cough 
and fatigue. The breathing medicine, albuterol, that you will inhale may 
cause you to feel your heart beat, your heart beat may feel faster to 
you, you may experience nervousness and/or tremors, and the medicine may 
leave a bad taste in your mouth. There will be a pulmonary doctor 
available if you need help. 

The possible benefit of the study is that with the information 
obtained the doctors and nurses may be able to plan care better to meet 
your needs. Doctors and nurses will be able to use the information when 
instructing patients about the breathing medicine, albuterol (Ventolin**), 
in inhaler form. 

If you decide not to participate in the study, it will not change 
your relationship with any doctor or nurse, nor change the quality of 
care you receive. I will answer any questions you may have about the 
study at any time. 
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SUBJECT'S CONSENT FORM—Continued 

If you understand what is involved and you consent to participate 
in this study, please sign your name after the following: 

"The nature, demands, risks and benefits of the study have been 
explained to me and I understand what my participation will 
involve. Furthermore, I understand that I am free to withdraw 
from the study at any time without changing my relationship with 
any health care personnel. 

I also understand that this consent form will be filed in an area 
designated by the Human Subjects Committee with access restricted 
to the principal investigator or authorized representatives of 
the particular department. I also understand that a copy of this 
consent form is available to me upon request. 

I grant permission to use the data obtained for projects other 
than the one explained at this time." 

Subject's Signature Date 

I have carefully explained to the subject the nature of the above 
project. I hereby certify that to the best of my knowledge the subject 
signing this consent form understands clearly the nature, demands, 
benefits and risks involved in participating in this study. A medical 
problem or language or educational barrier has not precluded a clear 
understanding of his/her involvement in this project. 

Investigator's Signature Date 
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T H E  U N I V E R S I T Y  O F  A R I Z O N A  
T U C S O N .  A R I Z O N A  8 5 7 2 4  

HUMAN SUBJECTS COMMITTEE 
ARIZONA HEALTH SCIENCES CENTER 230! 

TELEPHONE: «fr«7:i  OR 6M1575 

28 October 1981 

Richard Falls, R.N. 
College of Nursing 
Arizona Health Sciences Center 

Dear Mr. Falls: 

The Human Subjects Committee reviewed your project, "Subjective and 
Objective Responses to Varied Doses of an Inhaled Bronchodilator" (HSC 
#81-84). Before approval can be granted, the following consent form re
visions are requested: 

1. Please state in the consent form that this study will be 
double-blinded and that a placebo will be used. 

2. Please substitute the term "healthcare personnel" for 
"institutional person", appearing on page 2, paragraph 6. 

3. Please insert the following paragraph immediately follow
ing the Subject's Signature line: 

"I liave carefully explained to the subject the nature of 
the above project. I hereby certify that to the best of 
my knowledge the subject who is signing this consent form 
understands clearly the nature, demands, benefits, and 
risks involved in his/her participation. A medical prob
lem or language or educational barrier does not preclude 
this understanding. 

Investigator's Signature Date 

(Please note that a Witness' signature is optional) 

As soon as we have received the revised consent form reflecting the 
above, we will be able to expedite your request for approval. If you 
have any questions, please contact this office. 

Sincerely yours, 

MN/jm 

T'Vu.C 

Milan Novak, M.D., Ph.D 

Chairman 
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T  I I  I I  U N I V E R S I  T  Y  O  1 -

T U C S O N ,  A R I Z O N A  S  5  7  2  .1  
II  U M A S U II J  E C T S CO M M I T T E C 
ARIZONA lll-At.  III  SCIliNCI SCIiMUK M()S 

A R I Z O N A  

TCLLI'IIONH: 6:6-67»l OK 6.Y.7>7J 

29 October 1981 

Richard D. Falls, R.N. 
College of Nursing 
Arizona Health Scicnccs Center 

Dear Mr. Falls: 

Thank you for submitting a revised consent form for your project, 
"Subjective and Objective Responses to Varied Doses of an Inhaled Broncho-
dilator" (HSC #81-84). The requests made in our 28 October 1981 have 
been met. Therefore, approval for this subjects-at-risk project is 
granted effective 29 October 1981. 

Approval is granted with the understanding that no changes will be 
made in either the procedures followed or in the conscnt form to be used 
(copies of which we have on file) without the knowledge and approval of 
the human Subjects Committee and the Departmental Review Committee. Any 
physical or psychological harm to any subject must also be reported to 
each committee. 

A university policy requires that all signed subject conscnt forms 
be kept in a permanent file in an area designated for that purpose by the 
Department Head or comparable authority. This will assure their accessi
bility in the event that university officials require the Information and 
the principal investigator is unavailable for some reason. 

Sincerely yours, 

Milan Novak, M.D.,  Ph.D. 

Chairman 

MN/jm 

cc: Ada Sue Hinshaw, R.N., Ph.D. 
College Review Committee 



Medical Center Tucson, AZ 85723 

Veterans 
Administration 

Rich:ii*d Falls, R.N. 
Nursing Department 
Room 2365 

December 28, 1981 

AHSC 

Dear Mr. Falls: 

The Research and Development Cormittee reviewed your protocol entitled 
"Subjective and Objective Responses to Varied Doses of an Inhaled 
Bronchodilator" at its meeting on December 17, 1981. The Conmittee 
unanimously approved your project as submitted. A copy of the reviewer's 
comnents is enclosed for your information. 

You may begin at your earliest convenience. It is asked that you begin 
within 30 days of the approval. The initial report of your work will 
be requested in the month following Committee approval, and progress 
reports will be due in the anniversary month. If you find that you 
will not begin the study within 30 days after its approval, please 
notify the Research Service office at Ext. 424. 

The Conmittee assumes that only registered VA patients will be used 
for any part of the study employing VA patient-care resources. If you 
propose to use non-VA patients at the VA Medical Center, please contact 
the Research Service office so that the appropriate review and 
arrangements can be made. 

Please be sure to comply with the provisions of Hospital Memorandum 
151-80-2, "Use ol' Human Subjects in Research". 

ROBERT E. STANTON G. AXL1NE, M. 
ACOS/Research Chairman, R&D Conmittee 
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Session 

I 

II 

III 

Subject's Number_ 

Age 

Weight (kg) 

Date Time Treatment 

Medications 

1. Beta-adrenergics 

2. Xanthines 

3. Steroids 

Diagnosis_ 

Sex 

Height (cm)_ 

Time of last dose 
I II III 

a. oral 
b. inhaler 

a. oral 
b. inhaled 

History (Most recent): 

Chest X-ray Date_ 

Interpretation 

Arterial Blood Gases Date_ 

P°2_ 

Sat 

pC02 pH_ 

HCO3 FI02 
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DATA COLLECTION SHEET—Continued 

Pulmonary Function Test Date 

Interpretation 

Actual Predicted %Predicted Post-bronchodilator %Predicted 

FVC 

FEV: 



APPENDIX E 

SUBJECTIVE RESPONSE QUESTIONNAIRE—PRE-BRONCHODILATOR 

93 



SUBJECTIVE RESPONSE QUESTIONNAIRE 

Pre-Bronchodilator 

Subject's Number Session Date 

Please circle the answer which best describes your feelings. 

1. How is your breathing now compared with how your breathing is 
usually? 

A. Much better B. Better C. Same D. Worse E. Much worse 

2. Are you having any tremors or shaking in your hands? 

A. Yes B. No 

If yes, are the tremors bothersome to you? 

C. Yes D. No 

3. Do you feel any nervousness? 

A. Yes B. No 

4. Can you feel your heart beating? 

A. Yes B. No 

5. Does your heart feel like it is beating fast? 

A. Yes B. No 

6. Do you feel any unusual sensations other than those mentioned? 

A. Yes B. No 

If yes, please describe 
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SUBJECTIVE RESPONSE QUESTIONNAIRE 

Post-Bronchodilator 

Subject's Number Session Date_ 

Please circle the answer which best describes your feelings. 

1. How is your breathing now compared to before you inhaled the 
breathing medicine? 

A. Much better B. Better C. Same D. Worse E. Much worse 

2. How is your breathing now compared to how you were breathing after 
the previous treatment session? 

A. Much better B. Better C. Same D. Worse E. Much worse 

3. Are you having any tremors or shaking in your hands? 

A. Yes B. No 

If yes, are the tremors bothersome to you? 

C. Yes D. No 

4. Do you feel any nervousness? 

A. Yes B. No 

5. Can you feel your heart beating? 

A. Yes B. No 

6. Does your heart feel like it is beating fast? 

A. Yes B. No 

7. Do you feel any unusual sensations other than those mentioned? 

A. Yes B. No 

If yes, please describe 
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OBJECTIVE DATA 

Pre- and Post-Bronchodilator 

Subject's Number Session Date 

Tremors 

Pre-bronchodilator 

Post-bronchodilator 

Blood Pressure 

Pre-bronchodilator 

Post-bronchodilator 

Electrocardiogram 

Pre-bronchodilator 

Interpretation 

Heart Rate 

Post-bronchodilator 

Interpretation 

Heart Rate 

Pulmonary Function FEVj FVC 

Pre-bronchodilator 

Post-inhaler^ 

Post-inhaler2 

Post-inhale^ 

Post-bronchodilator 
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