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ABSTRACT

This study examined the effect on measured expiratory flows and 

volumes of three methods of inhaling an aerosolized hronchodilator9 

metaproterenol sulfate, in metered dose form. Twenty-four subjects with 

a diagnosis of airway obstructive disease participated in three randomly 

assigned treatment sessions within a one week period.

Treatment A used a closed mouth method, treatment B used an open 

mouth method, and treatment C used a cylinder attached to the mouthpiece 

of the inhaler. For each treatment session, maximum expiratory flow- 

volume (MEFV) curves were obtained prior to and 30 minutes after two 

inhalations of the bronchodilator. At the completion of each treatment

session, a subjective response questionnaire was answered by each
\

'subject.

Flow and volume data were analyzed to determine prebroncho— 

dilator to postbronchodilator changes and to determine if group 

differences existed among the three treatments. There were significant 

increases in FEV^, FVC, isovolume Vmax^Q? and isovolume Vmax^^ from, 

prebronchodilator to postbronchodilator for treatments A, B, and C.

There were no significant differences among the three treatment 

sessions. There was no significant difference between the subj ectIs 

usual method of using the inhaler and the treatment methods for ease of 

hand-respiratory pattern coordination or improvement in breathing. This 

study does not disprove that significant differences may exist among the 

three treatment methods for individual subjects.



CHAPTER 1

. INTRODUCTION

Bronchodilators, an integral part of the treatment of airway 

obstructive disease, are used to alleviate reversible airway obstruc

tion. The major types of bronchodilator used in the medical regimen 

are methylxanthines and sympathomimetics. Frequently sympathomimetics 

are given as an inhaled aerosol; a suspension of fine solid particles 

or liquid droplets in a gas. An inhaled aerosolized bronchodilator is 

rapidly absorbed by the rich capillary blood flow in the respiratory 

tract (Shapiro, Harrison, and Trout, 1976).

Several alternative methods are currently available to produce 

and deliver aerosolized bronchodilators. The aerosolized.bronchodilator 

may be delivered-by an intermittent positive pressure.breathing' ~ *

apparatus, a hand-bulb nebulizer, a compressed air nebulizer, or a self 

propelled metered dose inhaler. The use of the intermittent positive 

pressure breathing apparatus is based on the assumption that delivering 

the aerosol under pressure with larger tidal volumes improves the 

distribution of the aerosolized medication in the periphery of the lung. 

However, Goldberg and Cherniack (1964) found no difference between the 

beneficial effects of a bronchodilator delivered by an intermittent 

positive pressure breathing apparatus and a hand nebulizer. The 

bronchodilating effect is equal when comparing delivery by an inter

mittent positive pressure breathing apparatus to an oxygen powered



nebulizer (Wu et al., 1955) or to a freon self propelled nebulizer 

(Taylor et al., 1966). Therefore, the hand-bulb nebulizer, compressed 

gas driven nebulizer, and self propelled metered dose inhaler appear to 

be as efficient as the intermittent positive pressure breathing 

apparatus in delivering an aerosolized brorichodilator. A source of 

electrical power or compressed gas is necessary to operate the 

compressor driven nebulizer. The hand-bulb nebulizer is bulky and its 

glass container is subject to breakage. Overall, the self propelled 

metered dose inhaler is the most convenient method for delivering an 

aerosolized bronchodilator.

The deposition of particles in the lung occurs primarily by. 

three major mechanisms— inertial impaction, sedimentation, and 

diffusion. The relative amount of particle deposition due to each 

mechanism is influenced by the physical.properties.-of the aerosol, 

breathing conditions,: and physiological- conditions. Size, shape, 

mass, electrical charge, and hygroscopicity exemplify the physical 

properties of the aerosol. The patient’s tidal volume respiratory 

pattern and frequency represent the breathing conditions that affect 

particle deposition. The physiological conditions include the variable 

airway structure and alteration due to airway obstructive disease.

Instruction of the patient in the proper use of the self, 

propelled metered dose inhaler is necessary so that the maximal benefit 

of the inhaled aerosolized bronchodilator is obtained. The deposition 

of the inhaled aerosolized bronchodilator delivered by a metered dose 

inhaler is thought to be influenced by the patient’s ability to 

coordinate his hand movement and respiratory pattern. For some
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patients, a problem exists in coordinating the maneuver of exhalation 

followed by deep inhalation with the synchronized release of the 

aerosol. The next step of holding one* s breath followed by slow 

exhalation can also be a formidable task for the patient (Munt, 1979).

The patient *s 'hand-respiratory pattern coordination and the 

mechanisms of particle deposition contribute to the variability of the 

aerosolized bronchodilator penetration and mean therapeutic effect.

The current standard technique for use of the.metered dose inhaler 

challenges the. patient1s adeptness in coordinating his breathing with 

his hand motor control. The manufacturer’s instructions for use of 

the metered dose inhaler include the following:

1. Shake the combined mouthpiece and container.
■

2. Hold the apparatus so the metal container is upside 
down and place the mouthpiece well into the mouth. The 
lips are to be tightly closed over the mouthpiece:. --

3. Breathe out through the nose as completely:as possible.
Then breathe in deeply through the mouth, .and!at the 
same time, firmly press the container down into the 
mouthpiece. This releases the medication for inhala
tion.

4. Hold breath for a few seconds after medication has been 
released. Then remove the mouthpiece and breathe out 
slowly.

5. The inhalation can be repeated once or twice, if 
necessary, or as your physician directs. Wait at 
least two minutes before repeating the inhalation 
(Boehringer Ingelheim, Ltd., 1978, n.p.).

Medication delivered by metered dose inhaler does not always reach the

respiratory tract. The aerosolized bronchodilator may have been

swallowed or exhaled by the patient. Some patients may not actually

inhale the medication because it has been expressed from the container



prior to inspiration or at the end of inspiration. . These difficulties 

in coordinating the maneuvers for administration of aerosolized medica

tion may result in inadequate therapy.

Aerosol inhalers are designed to direct small quantities of a 

therapeutic agent into the lung for direct topical action (Grainger, 

1977). The action of the aerosolized bronchodilator is to alleviate 

reversible airway obstruction. Therefore, it would be valuable to 

examine alternative techniques for using the self propelled metered 

dose inhaler so that the most efficacious method can be determined.

Purpose and Statement of the Problem

The aerosolized bronchodilator delivered by the self propelled 

metered dose inhaler is an accepted mode of therapy for patients with 

airway obstructive disease. Administration of an aerosolized broncho

dilator should ̂ produce a significant improvement in ventilatory 

function when reversible airway obstruction is present; -Tfilowef 

airway deposition of the medication can be enhanced by decreasing the 

velocity of the aerosol expressed from the inhaler, a greater response 

of maximum expiratory flow and volume should result from the 

aerosolized bronchodilator. The three .methods of inhaling an 

aerosolized bronchodilator used in the present study attempted to 

manipulate flow rate and velocity. The purpose of the study was to 

examine three methods of inhaling an aerosolized bronchodilator in 

metered dose inhaler form.

To examine the effect of the three methods the maximum 

expiratory flow-volume curve with forced expiratory volume in one



second forced vital capacity' - (FVC) ? and jna-ximal flow- rates at

50 (Vmax^Q) and 75 per cent of expired vital capacity (Vraax^^) were 

measured. Will the bronchodilating effect of the aerosolized medica

tion, as measured by expiratory flows and volumes, change with the use 

of a closed mouth method, an open mouth method, or with the use of a 

cylinder with the inhaler?

If the bronchodilating effect of the aerosolized medication is 

increased, the patient1s sense of well being should be enhanced. With 

a heightened sense of well being, less overuse of the aerosolized 

bronchodilator by the patient would occur. The result of less overuse 

of the aerosolized medication would be a decreased occurrence of side 

effects and reduced expenditure for medication for the patient.

Patient interest and participation in his medical care is 

encouraged in present.day .society. . Instructing the patient about his 

disease process and therapeutic regimen is often the nurse's responsi

bility. The maneuvers involved in the use of a metered dose inhaler 

require patient skill in coordinating hand movement and respiratory 

pattern. When .attempting to master the use of the inhaler the patient 

may experience frustration due to the complexity of the sequence of 

maneuvers. No consensus exists in the literature as to how the self 

propelled aerosolized bronchodilator should be used. The present study 

was designed to help determine the method of choice for use of the 

metered dose inhaler.



Hypotheses

1. From pretreatment to posttreatment, there will be a significant 

increase, at the 0.05 level, in FEV^, FVC, Vmax^^, and Vmax-^ 

at the 30 minute interval for all treatments.

2. From pretreatment to posttreatment, there will be a greater

increase in FEV^, FVC, Vmax^Q, and Vmax^^ at the 0.05 level at

the 30 minute interval with treatment C (with the cylinder) 

than treatments A or B.

3. From pretreatment to posttreatment, there will be a greater

increase in FEV^, FVC, Vmax^^, and V m a x ^  at the 0.05 level

at the 30 minute interval with treatment B (open mouth) than 

treatment A (closed mouth).

4. A significantly greater number of subjects will select 

treatment C (with the cylinder) as easier for hand-respiratory 

pattern coordination, than treatment A or B.

5. A significantly greater number of subjects will select treatment 

C (with the cylinder) as helping their breathing more than 

treatments A or B._

Theoretical Framework 

The theoretical framework discusses those factors which would 

tend to decrease impaction of the aerosolized bronchodilator in the 

extrathoracic airways and increase the amount and distribution of the 

aerosol reaching the lower airways. The three major mechanisms of 

particle deposition are discussed first. Since the present study 

attempted to manipulate the flow rate and velocity at which the aerosol



was inhaled, a separate discussion of the relationship between 

resistance, flow, and velocity to deposition is presented. Finally, 

a discussion of the multiple factors affecting deposition of an 

aerosol in the relatively uncontrolled clinical setting is presented. 

Although many of these factors cannot be controlled when administering 

a therapeutic aerosol, their presence must be considered in planning 

and evaluating the therapy.

Mechanisms of Particle Deposition

Inertial impaction, sedimentation, and diffusion are the major 

mechanisms of deposition in the respiratory tract. During inhalation, 

particles repeatedly change direction as they navigate through the 

nasopharyngeal and tracheobronchial compartments. The particle is 

confronted with curves and irregular branching in the two compartments. 

The particle will tend to maintain its initial path due to inertial 

forces. If the particle continues to follow iin its original direction 

when it should turn, it will impact on the epithelial surface of the 

airway. This mechanism of deposition is called inertial impaction and 

is influenced by the airstream velocity, the terminal settling velocity 

of the airborne particle, the angle of bend, the radius of the airway, 

and gravitation constant (Morrow, 1974; Stuart, 1973). Stuart (1973:63) 

explained, "the larger the particle (higher terminal settling velocity), 

the greater the air velocity, the greater the bend angle, and the 

smaller the airway radius, the greater the probability of deposition 

by impaction."
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Aerosol particles are also influenced by the gravitational 

forces in the lung. These gravitational forces result in deposition 

by sedimentation. "All particles with a density greater than air 

experience a downward force in the lung due to gravity" (Brain and 

Valberg, 1979:1335). The square of the particleT s diameter and its 

density will determine the settling speed. Deposition by sedimentation 

is predominant from the 15th to 23rd bronchial generations where the 

flow rates are slow (Newhouse, Sanchis, and Bienestock, 1976).

Deposition by sedimentation is increased when the respiratory rate, at 

a given minute volume, is slow and deep (Murray, 1976).

Deposition by brownian movement or diffusion results from the 

constant random collision of gas molecules with aerosol particles 

(Brain and Valberg, 1979). If the particles- are small, 0.5 to 1 

micrometer (pm)., they can be influenced by this constant random 

bombardment with the surrounding gas molecules resulting in deposition 

by diffusion. Diffusion is important in the terminal respiratory units 

where the mass movement of air is small (Murray, 1976).

Even in the absence of the three major mechanisms, deposition 

can occur when the inspired air is close to a large surface area. As 

particles progress into smaller air spaces, a point may be reached 

where the distance to a surface is less than the particle size. This 

contact is.referred to as interception (Brain and Valberg, 1979).

To study particle deposition in the respiratory tract, it is 

necessary to relate the size of a particle to its aerodynamic properties 

rather than its physical""diameter (Newhouse et al., 1976). The 

aerodynamic diameter is based on the particle’s terminal settling



velocity, which is the steady downward velocity of a particle due to 

the force of gravity balanced by the viscous drag of the air. The 

aerodynamic diameter is this velocity "expressed in terms of a standard 

or reference velocity" (Morrow, 1974:91). The varying densities and 

shapes are incorporated into the description of the aerosol particle 

in terms of the spherical unit density. -With this information predic

tion of deposition patterns can be made. .

Relationship of Flow and Velocity to 
Deposition

As mentioned under the major mechanisms of deposition, flow and 

velocity are common factors which influence all three major mechanisms. 

In the present study, particle size was not manipulated, but the three 

methods of using the inhaler should alter inspiratory flow and velocity. 

Thus, a separate discussion .of the determinants and variables of flow 

and velocity are presented,.followed by a discussion :of their specific 

role in deposition.'

Determinants of Flow and Velocity

To cause air to move from outside of the body into the 

respiratory tract, pressure is required to overcome three opposing 

forces. First, the elastic recoil of the lung and chest wall mqst be 

overcome to produce a volume change. Secondly, the frictional 

resistance of the airway must be overcome to produce flow. Finally, 

the inertial forces must be overcome to produce volume accleration 

or velocity (Pride, 1971; Otis, Fenn, and Rahn, 1950). Flow is
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expressed in terms of volume per unit of time. Velocity is described 

as the displacement of the gas molecule per unit time (Macklem, 1974.) .

In the respiratory tract, the rate of airflow is based on the 

pressure difference causing airflow and the resistance to airflow.

^ T«n Pressure DifferenceRate of Flow = Resistance to Airflow

Airway resistance can be influenced by several factors which also 

affect flow. Airway resistance is affected by the number, length, and 

cross sectional area of the airways. The structure of the tracheo

bronchial tree, with its variable cross sectional area during the 

respiratory cycle, is important when considering airway resistance.

Since resistance to airflow is proportional to the fourth power of 

the radius of the airway, airway resistance decreases during inspiration 

when the caliberiof the airway increases. Intrapulmonary airways are 

dependent on the lung!s recoil, for1their external support. Increasing 

lung volume as during inspiration increases lung recoil. Likewise, 

the higher recoil exerts increasing amount of radial traction to enlarge 

the caliber of the airway, resulting in decreased resistance to flow 

(Pride, 1971).

Velocity depends on the flow and the cross sectional area of 

the airway.

.» ___________ Flow_________
e oci y Cross Sectional Area

When the cross sectional area is decreased, the velocity of the gas 

increases. Therefore, velocities are greater where the cross sectional 

area is less, as in the large airways (Macklem, 1974).
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In addition to absolute flow., one must consider the pattern of 

flow. The major patterns are laminar and turbulent flow. In a long 

straight tube, laminar flow is characterized by streamlines that are 

parallel to the side of the tube and capable of sliding over one another. 

(Netter, 1979). When laminar flow is fully developed the gas in the 

center of the tube moves at twice the average velocity,of the gas near 

the. walls of the airway. Thus, the flow pattern demonstrates a velocity 

or parabolic profile (Pedley, Sudlow, and Schroter, 1977). Laminar flow, 

occurs in the small peripheral airways where the flow rates are low.

In laminar flow, airway resistance varies directly with the 

viscosity of the gas and the length of the tube and inversely to the 

fourth power of the radius of the tube (Comroe et al., 1962). The 

radius is important in determining the driving pressure required for a 

given flow. For example, if the tube radius is halved; the. pressure 

required to maintain the flow rate must be increased 16 fold (Netter, 

1979).

Turbulent flow is characterized by complete disorganization of 

the streamline. The gas molecules move laterally as well as forward 

and therefore collide with one another and change their velocities.

Since the streamline characteristic is not seen, turbulent flow does 

not exhibit the parabolic profile (Netter, 1979). The wave profile is 

square or blunted during complete turbulent flow, thus all the 

particles move along the tube at the same rate. Turbulent flow occurs 

in a straight, unbranched tube with high flow rates and when the tube 

diameter or direction is changed (Nunn, 1969). The site of turbulent 

flow in the human is in the trachea and larger airways where the flow



rates are high and directional changes occur (Netter, 1979). Deposition 

by impaction is more likely to occur in the presence of turbulent flow.

In turbulent flow, the driving pressure is proportional to the . 

square of the flow rate. An increase in gas density increases the 

pressure drop for a given flow. The viscosity of the gas has little 

effect in turbulent flow (Comroe et al., 1962).

Flow in the Respiratory Tract 
Compartments

The anatomical compartments of the lung, the nasopharyngeal, 

tracheobronchial, and pulmonary compartments, are used to describe 

aerosol deposition (Brain and Valberg, 1979)• Although the nasal 

passageway is bypassed when a metered dose inhaler is used, the 

respiratory tract is discussed as a unit.

A healthy person breathing quietly-will breathe.through his __

nose. During quiet breathing the-nasal passageway-contributes:approxi- ■ 

mately one-half of the total flow resistance. The resistance to nasal 

airflow is about twice that of resistance to airflow through the mouth 

(Bouhuys, 1977).

The nasopharyngeal, compartment, with its complex nasal passages 

and narrow cross sectional area, extends from the nostrils to the 

larynx (Brain and Valberg, 1979). The velocity of the air passing 

through the narrow anterior entrance of the nasal passage is thought 

to be three times the.velocity in any other portion of the respiratory, 

tract (Proctor and Swift, 1971). Inertial impaction predominates due 

to the high airstream velocity and directional changes (Brain and 

Valberg, 1979). The nasal passages act as a filter for particles of
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large aerodynamic diameter, 5 to 8 pm (Brain, Proctor, and Reid, 1977; 

Brain and Valberg, 1979) or greater than 10 Jim (Murray, 1976) . The 

efficiency of the nasopharyngeal filtering decreases and becomes 

negligible for particles smaller than 1 pm (Brain et al., 1977). 

Deposition by diffusion is not relevant in this part of the respiratory 

tract due to the short residence time of the particles (Brain and 

Valberg, 1979). When an aerosolized bronchodilator in metered dose 

inhaler form is used the nasal passageway is bypassed in order to avoid 

the high percentage of particle deposition by impaction in the upper 

airway.

Compared to nasal flows, flow in the oral pharynx is at a lower 

velocity, depending, on the position of the tongue. Turbulent flow 

exists at the expansion of the laryngeal aperture (Swift and Litt,

1977). The laryngeal aperture ip slit-like_in an anterior.to posterior 

direction. During inspiration and forced expiration the flow rate 

increases, the vocal chords abduct increasing the cross sectional area 

and reducing resistance to airflow. The laryngeal aperture is influ

enced by lung volume and is controlled by vagal reflexes (Pedley et al., 

1977).

During mouth breathing aerosol particles of 5 to 10 pm have the 

greatest inertial impaction in the tonsillar area of the pharynx and 

larynx, as well as the initial five or six bronchial bifurcations. 

Aerosol particles of 0.8 to 5 pm remain airborne to penetrate beyond 

the 10th bronchial division.. The deposition of smaller aerosol 

particles is mainly by sedimentation (Newhouse and Ruffin, 1978).
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Mouth breathing is used - during :talking,"1 sighing, and .with: - ' :

exercise (Bouhuys, 1977). For example, during heavy exercise which 

requires high ventilatory rates, the tongue is depressed and the palate 

raised. This anatomical adaptation creates a widened and straightened 

passageway to the trachea with minimal airway resistance (Proctor,

1966; Proctor and Swift, 1971). Similarly, during deep inspiration, as 

when using a metered dose inhaler, the oropharynx and glottis are open 

wide. This anatomical configuration provides a maximal opportunity 

for penetration of. the aerosol particles into the lower respiratory 

tract (Proctor, 1966). 1

The tracheobronchial compartment consists of the trachea 

(approximately 2.2 centimeters [cm] in diameter) down through the 

terminal bronchioles (0.7 millimeter [mm] in diameter) (Brain and 

Valberg, ...1979) . The turbulence produced at : the .laryngeal >aperture :: : ,• 

influences the flow in the trachea ’ and .•the. first three generations-.of' / - 

bronchi. iThe average velocity.is moderately.high (2 to 3 meters/- ^

second) at this location. This compartment•consists of the asymmetric, 

dichotomously branching tubes. At the airway bifurcations, secondary 

flows develop that cross the direction of the main flow (Swift and Litt, 

1977). Inertial impaction occurs at the airway bifurcations. Sedi

mentation can take place because of the increased proximity of the gas 

and its resident particles to the respiratory tract _surface. As with 

the upper airway, diffusion is not a major mechanism due to the short 

residence time of particles in this compartment (Brain and Valberg,

197.9). Deposition of particles with an aerodynamic diameter of 1 to 

5 jjm occurs mainly by sedimentation from the fifth bronchial division
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to the terminal lung units. The collection of particles 1 to 3 pm is 

most efficient in the 15th-17th bronchial division by sedimentation 

(Newhouse et al., 1976).

The respiratory bronchioles, alveolar ducts, and alveoli 

comprise the pulmonary compartment. The pulmonary compartment is 

characterized by its vast total surface area (70 meters squared) and 

the small airspace dimensions (Brain and Valberg, 1979). The total 

cross sectional area of the airways significantly increases after the 

third generation of bronchi. As the cross sectional area increases 

the average velocity decreases. The velocity continues to drop as the 

cross sectional area increases in the respiratory bronchioles and 

alveolar ducts (Swift and Litt, 1977). Sedimentation can occur and 

for very small particles (0.1 pm) diffusion is the mechanism for

deposition. .Diffusion.can take place in the pulmonary.compartment......

because of . the short distance to the surface .and -the; long .residence-- - - 

time for particles. Inertial impaction is not an effective mechanism 

for deposition because of the slow flow rate in the pulmonary compart

ment (Brain and_Valberg, 1979).

Factors Affecting Particle Deposition in 
the Respiratory Tract

The ventilatory pattern plays a significant role in determining 

the importance of the various deposition mechanisms. Airstream velocity 

determines inertial impaction. The effects of diffusion and sedimenta

tion increase with time. For these reasons, inertial impaction is 

predominant in the upper airways where velocities are high, and
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diffusion and sedimentation are important in the lower airways where 

particle residence time is longer (Brain and ,Valherg9 1979).

The rate of airflow can influence the pattern of aerosol 

deposition; loss of particles due to impaction is directly proportional 

to the rate of airflow (Dolovich et al., 1977). Dolovich et al. (1977) 

reported that even with the greater inspiratory volume of the inter

mittent positive pressure breathing, it delivered 32 per cent less 

aerosol to the lung than did quiet breathing. The decreased lung 

deposition was attributed to the initial rapid flow rate of the 

intermittent positive pressure breathing apparatus, which increased 

impaction in the oral cavity.

When the respiratory rate decreases, deposition increases in 

the lung due to the particles longer residence time. Deposition of 

larger particles in the upper respiratory.tract increases when the: 

respiratory rate is above 15-20 breaths.per.minute.. The increased 

deposition by impaction is thought to result from the Increase in 

velocity due to rapid breathing (Stuart, 1973).

An increase in tidal volume leads to an increase in the total 

amount of aerosol deposition. Increased penetration occurs when the 

flow rate is kept constant as the tidal volume increases (Stuart,

1973; Pavia et al., 1977). In comparison, when using intermittent 

positive pressure breathing both tidal volume and the flow rate are 

increased which results in increased deposition in the upper airway.

When administering an aerosolized bronchodilator, there is 

concern for the distribution of the aerosol throughout the airways, as 

well as the amount that reaches the respiratory tract. In the dependent
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regions of the lung, airway closure occurs when the normal adult 

expires to residual volume (Anthonisen et al., 1969-1970). The pleural 

pressure at the base of the lung exceeds intraluminal pressure resulting 

in peripheral airway closure at low lung volumes near residual volume 

(Netter, 1979). Therefore, the aerosol would preferentially be 

delivered to the apices of the lung when airway closure occurs. In s 

the present study, to prevent peripheral airway closure and equalize 

the distribution of the aerosol, subjects expired to functional residual 

capacity rather than residual volume.

Palmes et al. (1973) reported that breath holding following an 

aerosol inhalation decreased exponentially with time the probability 

of the aerosol being exhaled. In a study by Pavia et al. (1977) it 

was concluded that the depth of aerosol deposition in the lung would 

be increased when the patient inhaled slowly followed by.a breath " 

holding pause. The breath hold is thought.to^enhance gravitational 

settling of a small number of particles which would have remained 

airborne. If the particles could lose velocity as they are dispersed 

from the container it was thought that deposition would be enhanced. 

Initially it was thought that "the space between the actuator wall and 

the pressurized canistor provided an adequate amount of air to assist 

the passage of the aerosolized medication to its target— -the respiratory 

tract" (Grainger, 1977:22). However, as the patient inhales from the 

metered dose inhaler most of the heterod-isperse aerosolized broncho^ 

dilator impacts in the .oral cavity. This impaction results in only 

10-20 per cent of the aerosolized particles reaching the lower 

respiratory tract (Pavia et al., 1977).
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Aerosol deposition can be altered by pathologic changes in the 

airways and parenchyma (Brain and Valberg, 1979). In a study by 

Lippmann, Albert, and Peterson (1971) one asthmatic and seven bronchitic 

subjects had a much higher tracheobronchial deposition for particles 

of 1 to 5 pm than the 14 nonsmoking normals. In chronic bronchitis, 

the characteristic bronchoconstriction is thought to increase air 

velocities and turbulence by decreasing the cross sectional area. With 

the increased velocity deposition by impaction is increased.

Summary

The three methods used in the present study for inhaling an 

aerosolized bronchodilator have the following common characteristics:

(1) inspiration with a slow, deep breath from functional residual 

capacity (FRC) and (2) a breath hold after inspiration to increase the 

aerosol particle deposition in the.lung. The difference among the 

three methods exists in the manner of inhaling the aerosolized 

medication— the closed mouth method, the open mouth method, and with 

the cylinder. The bronchodilating effect of the medication inhaled in

the three methods can be compared by measuring the expiratory flows
)-

and volumes. The open mouth and cylinder methods should result in 

greater aerosol deposition than the closed mouth technique. The use 

of the cylinder with the inhaler should decrease the velocity.of the 

dispersed aerosol in its progression through the cylinder to the 

patient's mouth. Since the aerosol velocity would be decreased, 

impaction in the oral cavity should be less allowing for greater 

deposition in the lower respiratory tract. With the increased



deposition of the aerosolized medication, the hronchodilating effect 

as measured by the expiratory flow and volume would be enhanced. If 

the maneuvers used with the open mouth technique are properly 

coordinated, the aerosol deposition may be the same as that with the 

cylinder.



CHAPTER 2

REVIEW OF THE LITERATURE

Literature pertaining to (1) therapeutic effect of meta- 

pro ter enol sulfate, (2) deposition of inhaled aerosols, and (3) the use 

of the maximum expiratory flow-volume curve to measure airway obstruc

tion to flow is presented.
i

Therapeutic Effect of Metaproterenol Sulfate

Aerosolized bronchodilators, such as adrenergic agonists, are 

used to alleviate reversible airway obstruction. Adenyl^cyclase, the 

catalyst for production of cyclic-AMP from ATP, is stimulated by the 

adrenergic drugs. Cyclic AMP-mediates-the.following cellular responses: 

relaxation of the:smooth .muscle in the respiratory tract, as well:as 

the blood vessels, the skeletal muscles, the uterus, and"the alimentary 

tract (Hurst, 1973).

Adrenergic agents are currently classified by the alpha and beta 

receptors they act upon. The alpha receptors are associated with 

vasoconstriction, intestinal relaxation, and uterine contraction. The 

beta receptors are classified into beta-1 and beta-2. The beta-1 

receptors are concerned with stimulating lipolysis and excitation of the 

heart rate and force of contraction. The beta-2 receptors are associ

ated with relaxation of the bronchi, uterine, and vascular smooth 

muscle and promote glycogenolysis (Jenne, 1977).

20



Metaproterenol sulfate is a beta adrenergic agent. It is an 

analogue of the sympathomimetic amine, isoproterenol. Both meta

proterenol and isoproterenol have one hydroxyl group on the benzene 

ring in the meta position while isoproterenol has two hydroxyl groups, 

one in the meta and one in the para position. The ring modification 

renders metaproterenol immune to degradation by catech-o-methy1 

transferase, which is thought to result in the longer duration of 

action and greater beta-2 specificity (Hurst, 1973). Inhalation of 

metaproterenol produces a peak bronchodilating effect in 30-60 minutes, 

which persists for three to four hours (Leifer and Wittig, 1975).

The effectiveness of the beta adrenergic agent is influenced by 

the type of airway obstruction. For example, a marked response will 

be observed after administration of an aerosolized bronchodilator if 

the airway obstruction is due to mucosal edema, bronchospasm, or easily 

mobilized secretion.; When airway obstruction results from mucosai or 

submucosal infiltration, basement membrane thickening or clogging of 

the airway with epithelial and mucocellular debris, a poor response to 

an aerosolized bronchodilator is observed (Hurst, 1973).

Mushin (1967) studied the response to inhalation of meta

proterenol sulfate by recording changes in FEV^. Two inhalations of 

metaproterenol were administered from a metered dose inhaler to four 

patients with reversible airway obstruction.. One patient had the 

greatest response 30 minutes postbronchodilator, while the remaining 

three had their greatest response 60 minutes postbronchodilator.

Roth, Wilson, and Novey (1977) examined the effect of three 

aerosolized bronchodilators, isoproterenol, metaproternol, and
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terbutaline, on small9 mixed9 and large airways9 on blood pressure9 

heart rate, and various blood chemistries. Twenty^one subjects with 

asthma were involved in the double blind crossover study. The subjects . 

received three inhalations of each of the aerosolized bronchodilators. 

Peak expiratory flow rate and airway resistance were used to evaluate 

large airway function. Small airway function was measured by the 

maximum expired flow rate at 80 per cent (VmaXg^) of expired vital 

capacity. The FEV^ and maximum expired flow rate at 50 per cent vital 

capacity represented both large and small airway function. The changes 

in lung volume were monitored by measuring forced vital capacity and 

thoracic gas volume at functional residual capacity. The subjects* 

heart rate and blood pressure were monitored for cardiovascular changes. 

The subjects were instructed to observe for the potential side effects

of nervousness, jitteriness, apprehension, palpitations, tachycardia, "
;1 .

and tremor that are associated with sympathomimetics and to-record 'the 

incidence of symptoms.

Metaproterenol was reported to have significantly (p < 0.05) 

dilated the large airways for three hours. The peak of metaproterenol’s 

maximal effect occurred at 30 minutes for reducing airway resistance 

and thoracic gas volume. A decrease in thoracic gas volume was present 

for five hours. Within 10 minutes after inhaling metaproterenol, 

increases, in Vmax^g and FEV^ were noted. The increase in VmaXg^ 

persisted for two hours, while the increase in FEV^ was observed for 

five hours. An increase in FVC was observed for three hours after the 

inhalation of metaproterenol. Overall, metaproterenol*s onset of action 

in large airways was reported as one and one-half minutes, while the
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peak action w a s . at 30 minutes. In the small and mixed airways the onset 

of action for metaproterenol occurred at 10 minutes and peaked at 60 

minutes. Isoproterenol peak of maximal effect occurred within 10 

minutes, while the duration of action was one hour. The peak effect 

for terbutaline was observed at 20 minutes, while the duration of 

action was from three to six hours. Isoproterenol was the only drug 

noted to increase heart rate. None of the three drugs were noted to 

increase blood pressure.

A two month study by Chervinsky and Belinkoff (.1969) compared 

metaproterenol (0.65 milligrams [mg]) to isoproterenol (0.075 mg) in 

17 subjects with bronchospastic disease. Thirteen subjects were 

diagnosed with bronchial asthma and four subjects had chronic 

bronchitis. A double blind, crossover study with random assignment of 

the medication was used. Each patient used either metaproterenol or 

isoproterenol daily for 60 days; A  washout period of three to seven 

days was followed by use of the alternative medication for 60 days. 

During the washout period no aerosol was used by the subject.

Spifometric measurements were obtained on the first day, 30th day, and _ 

60th day of the study. The results of the spirometric test were 

analyzed as mean volumes and the mean per cent difference from base

line.

On day one, metaproterenol was found to produce a significant 

improvement (p < 0.05) over baseline in forced expiratory volume at one- 

second, forced vital capacity and maximum expiratory flow rate at five 

minutes, one and two hours. The FEV^ remained significantly improved 

with metaproterenol at the three hour interval, the FVC was
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significantly improved at four hours and the maximum expiratory flow 

rate (MEFR) was significantly improved at three and four hours. Iso

proterenol produced similar improvement in FVC, and MEFR but the

duration of effect was one to two hours shorter than that observed with 

metaproterenol.

On day 30, metaproterenol produced significant improvement in 

all three pulmonary function tests at five minutes and at one hour.

The effect of metaproterenol was reported to persist for two hours longer 

than that of isoproterenol on day 30. On day 60, a comparison of;>theV: 

two aerosols concluded that the effect of metaproterenol continued to 

persist for at least one hour longer than that of isoproterenol.

Overall, metaproterenol produced a more consistent improvement in FVC, 

FEV^, and MEFR on the three test days. Side effects were negligible 

and no increase in blood pressure or heart rate occurred with either 

drug.

Deposition of Inhaled Aerosols

Metered dose inhalers deliver heterodisperse aerosols. Most of 

the studies utilize monodisperse aerosols to determine the deposition 

of particles in the respiratory tract. The value of the monodisperse 

aerosol is that it simplifies the process of establishing a relation

ship between particle size and the mechanisms of deposition— inertial 

impaction, sedimentation, and diffusion.

Seven healthy volunteers were instructed to breathe through 

their mouth and inhale monodisperse particles of. 2.5 pm, 5 pm, and

7.5 pm aerodynamic diameter in a study by Foord, Black, and Walsh



25
(1977). The particles were labeled with techneticum^SSm. The subjects 

inhaled the aerosol through a mouthpiece for two to three minutes, 

while maintaining a respiratory rate of 10 breaths per minute. The 

mouthpiece was inserted well into the subject’s mouth in an attempt to 

reduce particle deposition in the mouth. No restriction was maintained 

on the tidal volume, which ranged from 0.65 to 1.91 liters. The 

reported results in the healthy non-smoking subjects showed.that 84 per 

cent of the 2.5 pm, 65 per cent of the 5 pm, and 30 per cent of the

7.5 pm aerosol particles were deposited in the pulmonary region of the 

lung.

In 1969 Lippmann and Albert investigated regional deposition of 

monodispersed aerosol particles ranging from 1.3 micron (p.) to 7.9 p 

median diameter (2.1 p to 12.5 p unit density) in 34 subjects, of which 

one exhibited a smoker’s cough and one subject had chronic:bronchitis... 

A large variation in tracheobronchial:^ deposition was xeported, which was 

attributed to intersubject differences. The following were cited as 

potential factors for the intersubject differences: variation in average 

airway diameters, especially those beyond the first few generations, 

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

in the alveolar region decreased as the particle size increased above 

4 p (unit density). There was reported a large variation in alveolar 

deposition which was attributed to the intersubject differences.

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

tion of nine bronchodilator aerosols, metaproterenol was one of the 

nine. A new instrument, the single-particle, aerodynamic relaxation 

time analyzer measured the aerodynamic size of individual particles.
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The mass median aerodynamic diameter of metaproterenol was found to be

3.5 pm. The geometric standard deviation of metaproterenol was 1.7 

which demonstrated the heterodisperse nature of the aerosol.

Monodisperse aerosols are described as having a geometric standard 

deviation of less than 1.2 (Brain and Valberg, 1979). It was concluded 

by Hiller et al. (1978) that the metered dose bronchodilator devices 

tested were within the aerodynamic range, 2.3 pm to 4.3 pm, regarded as 

acceptable for deep lung penetration. It was noted that further 

research is needed.

Eight healthy subjects and nine subjects with chronic 

bronchitis inhaled several 750 ml breaths of aerosol through their 

mouths to determine the depth of penetration and clearance of the 

particles. Thomson and Pavia (1974) reported that under standard 

conditions of inhalation the uniform particles exhibited deeper pene

tration in the healthy subject T-s lung than in: the subjects with •* 

chronic bronchitis. In the Jsubjects with chronic bronchitis, a 

relatively greater amount of deposition was observed nearer to the 

mouth. Thomson and Pavia (1974) cited the following factors that may 

have contributed to the difference in particle penetration. The 

presence of even a minimum of airway abnormality may enhance the 

turbulent flow that exists at the trachea; therefore deposition in the 

central airways by impaction would increase and peripheral deposition 

would decrease. During expiration when residual volume is reached, 

gradual closure of airways occurs in the dependent lobes of the lung.

As part of the aging process, the airway closure may occur near or at 

the ordinary breathing level. In subjects with airway obstructive
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disease aerosol deposition is dependent on the cause of airway closure, 

whether it is due to dynamic compression during expiration or loss of 

elastic recoil of the lung.

In a study by Dolovich et al. (1977) quiet breathing by mouth 

of 3 pm aerosol was compared with intermittent positive pressure 

delivery in nine subjects with chronic bronchitis. The aerosol was 

labeled with saline technetium-99m pertechnetate. During quiet 

breathing the aerosol was inhaled from the nebulizer through a short 

piece of tubing for two minutes. Similarly, the aerosol was inhaled 

for two minutes during the intermittent positive pressure breathing 

experiment. After each treatment each subject exhaled through a Wright 

respirometer into a balloon.

The tidal volume, frequency, and total ventilation were 

measured with each experiment. After each aerosol inhalation period, 

the distribution of radioactivity in the lung was measured by a chest 

count. It was reported that in seven of the nine subjects the inter

mittent positive pressure breathing delivered 32 per cent less aerosol 

to the lung than quiet breathing. The rapid flow rate with inter

mittent positive pressure breathing was thought to result in increased 

aerosol impaction in the tubing, pharynx, and larynx. The potential 

influence of the subject's tidal volume on airway diameter was con

sidered. It was reported that the tidal, volume of five subjects was 

increased with intermittent positive pressure breathing. Three.of 

the five subjects demonstrated decreased peripheral deposition, one 

subject showed increased peripheral deposition, and one subject 

demonstrated no difference in distribution. Therefore an increase in
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tidal volume alone did not significantly increase peripheral.deposition 

in the five subjects. Dolpvich et al. (1977) concluded that inter

mittent positive pressure breathing delivery of aerosols in subjects 

with chronic bronchitis did not produce deeper penetration or more 

peripheral deposition into the lung when compared to quiet mouth 

breathing.

A study of 50 patients with varying degrees of airway obstruc

tion in which monodisperse particles (5 pm aerodynamic diameter) were 

inhaled was reported by Pavia et al. (1977). The standard technique 

suggested for inhaling the therapeutic pressurized aerosol was employed 

in the study. The particles were tagged with technetium-99m. The 

subjects randomly received a set volume upon inspiration, either 0.11,

0.30, 0.50, 0.75, or 0.88 liters. It was reported that the penetration 

of the particles was directly related to volume and FEV^, while 

inversely related to flow rate during inhalation.• It was found that 

alveolar deposition increased by 40 per cent for every 1 liter increase 

in volume inspired per breath; 11 per cent for every 1 liter increase in 

FEV^, but decreased by 0.75 per cent for every 1 liter/minute increase 

in flow rate. Pavia et al. (1977:196) concluded that "to enhance depth 

of deposition of therapeutic aerosols in the lung full breaths of the 

aerosol should be inhaled slowly followed by a breath, holding pause 

which T freezesT some particles at the furthest point of penetration.”

Palmes et al. (1973) investigated the effect of deep inhalation 

on aerosol persistence in the respiratory tract during breathholding. 

Persistence was defined as "the probability of the aerosol being 

exhaled rather than deposited in the respiratory tract" (Palmes et al.,
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1973:356).• : Six subjects inhaled a monodisperse aerosol .followed by 

200-800 ml of clean air to a volume slightly below total lung capacity 

(TLC). The subjects then held their breath for 0.5 to 20 seconds, 

followed by a forced exhalation with measurement of aerosol recovered.

The inspiratory flow rate was not controlled in the study. It was 

reported that the depth of inhalation had a great influence on the 

persistence of the aerosol during breath holding.

The method a patient uses to inhale an aerosolized bronchodilator 

in metered dose form may influence the effectiveness of the medication. 

Few studies currently exist that examine the most efficacious method 

for use of the metered dose inhalers.

Although most of the studies use the monodisperse aerosols, one 

recent study by Newman et al. (1980) does use a pressurized aerosol 

inhaler that -delivered heterodisperse .aerosol.- Five patients with 

obstructive airway disease participated - i n ' a Jstudy by “Newman et al. ̂  

(1980) that compared three methods of using a pressurized aerosol - 

inhaler: (1) aerosol actuator alone, (2) with actuator and a 10

centimeter (cm) telescopic space tube, and (3) actuator and 28 cm pear 

shaped spacer cone. To investigate the effect of the spacer devices on 

aerosol deposition in the lung, teflon particles labeled with 

technitium-99m were incorporated into the pressurized canister. Each 

patient participated in three randomized studies. The patient was 

instructed to inhale the aerosol in the early state (20 per cent vital 

capacity) of a deep inhalation followed by a breathing holding maneuver 

at TLC for four seconds. To measure the percentage of aerosol dose in 

the mouth, lung, and stomach, a whole body counter with slit collimator
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was used. It was reported that the initial mouth deposition, which was 

the sum of the mouth, stomach, and mouthwash count, was decreased in 

all five patients with the use of either of the spacer devices as 

compared to the actuator alone. In four of the five patients the per

centage of the dose deposited in the lung was increased by both 

spacers. It was also reported that "both spacers" Increased the dose 

in the lung expressed as percentage of total aerosol deposition in the 

body. Two components of the lung deposition, tracheobronchial and 

pulmonary, were subsequently measured; the tracheobronchial and pulmonary 

deposition were increased with the use of both spacer devices. The 

authors concluded that the spacers may prove to be a useful addition 

to bronchodilator aerosol therapy by increasing the dose to the con

ducting airways.

In a study by^Corr et al._(1980) a .small plastic cylinder, the. 

aerochamber, was developed:to use with the.metered dose -inhaler tol-. i- 

overcome the problem of coordinating inhalation with activation of the 

inhaler. The metered dose inhaler was inserted within one end of the 

aerochamber, while the other end of the cylinder with the inhalation 

valve served as the mouthpiece. The aerochamber dimensions were 

4 cm in diameter and 11 cm in length. With these dimensions, the 

aerochamber delivered approximately .90 per cent of all the aerosol 

below 2.8 pm aerodynamic diameter- and approximately 10-per cent of the 

aerosol above 2.8 pm.

The following steps were used in the study by Corr et al. 

(1980:123), "the patient releases a dose from the metered dose inhaler 

into the aerochamber, and inhales slowly." The activation of the
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metered dose inhaler and inhalation of the aerosol are two separate 

steps. To determine the aerosol dose delivered to the right lung and 

throat by the metered dose inhaler with the aerochamber and the metered 

dose inhaler alone 19 patients were examined (Dolovich, 1980). Twelve 

of the 19 patients were diagnosed as having chronic obstructive lung 

disease, the seven remaining patients were described as normal. A 

radioactive tracer technique was used to determine the aerosol deposi

tion in the lung. It was reported that the dose of aerosol deposited 

in the lung was the same for the aero chamber with the inhaler and the 

correctly administered standard metered dose inhaler (aerochamber 1.4 

microliters [pi] versus metered dose inhaler 1.42 pi, p > 0.4). How

ever, it was reported that the aerochamber did reduce by 13-fold the 

aerosol dose to the mouth and throat (aerochamber 1.77 pi versus 

metered dose inhaler 22.8 pi,.p <.0.001). The-authors concluded "that 

the side,effect of aerosolized drugs could be considerably reduced- 

without loss of the therapeutic effect with the use of the aerochamber" 

(Corr et al., 1980:123).

Nine subjects with stable asthma participated in a study by 

Corr et al. (1980) that compared the effectiveness of the bronchodilator, 

fenoterol, delivered via the aerochamber with the inhaler to the 

standard metered dose inhaler. The double blind, placebo controlled 

study revealed that the FEV^ response obtained with the aerochamber was 

the same as the correctly administered metered dose inhaler (p > 0.37). 

Thirty minutes postbronchodilator, a slightly greater maximum 

midexpiratory flow rate (MMFR) (p = 0.06) was observed with the use 

of the aerochamber than with the standard metered dose inhaler. It was
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concluded, "that the aerochamber was as therapeutically effective as 

the metered dose inhaler alone and was easier to use" (Corr et al., 

1980:123)..

One hundred and thirty subjects were observed for the method 

they used to inhale an aerosolized bronchodilator during routine 

pulmonary function testing. The subjects were observed by one of two 

trained pulmonary technologists, who recorded the correct completion of 

11 standard maneuvers on a checklist. No specific instructions were 

given to the subjects, who were unaware of the technologist observa

tion. Epstein et al. (1979) reported that 10.8 per cent of the 130 

subjects performed all 11 standard, maneuvers satisfactorily. It was 

reported that 24.6 per cent of the. subjects failed to do more than five 

maneuvers correctly. The individual maneuver data revealed the 

following: 97.7 per cent removed t:he -cap, 68.5 per cent shook the j

container, 90 per cent held the inhaler upright, 84v6 per cent tilted, 

their head back, 88.8 per cent closed their lips on the inhaler, -- 

62.3 per cent breathed in and activated the inhaler, 42.3 per cent 

inhaled slowly and deeply, 43.8 per cent held their breath for ten 

seconds, 15.4 per cent breathed out through their nose, 76.9 per cent 

used one puff, and 67.7 per cent waited 30 seconds before administering 

another puff. It was not stated if the subjects expired to functional 

residual capacity or residual volume prior to inhaling the aerosolized 

bronchodilator.

Two variables were noted by Epstein et al. (1979) in his study. 

The first variable was that the subjects with asthma performed better 

than those with chronic obstructive pulmonary disease. The difference
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in performance between the two groups occurred with four maneuvers: 

inhaling slowly and deeply9 holding their breath for IQ seconds, 

breathing out through their nose and waiting 30 seconds before 

administering another puff. The second variable described noted that 

the subjects who regularly used the inhaler performed better than those 

subjects with irregular use. No clear relation between improvement in
■ ■ ■ . :  fspirometry following proper use of the inhaler and performance was 

established in this study*

The aim of Paterson and Crompton's (1976) study was to 

determine the number of patients that used their inhaler satisfactorily. 

It was reported that the patients participating in the study had 

received previous instructions on the proper use of the inhaler by 

the staff of the asthma clinic. A trained respiratory technician 

observed the 321" asthmatic subjects use their -inhalers.-.and evaluated 

their technique.as-efficient, doubtfully efficient, and inefficient.

Shim and Williams (1980) examined the technique for inhalation 

of aerosolized bronchodilators used by 30 patients with asthma. The 

30 patients who participated in the study had previously used aero

solized bronchodilators in canister nebulizer form. The ideal. 

technique as described by Shim and Williams (1980:189) was that !,the 

canister should be actuated at the beginning of inhalation so that the 

aerosol is carried to the lungs." It was reported that 14 of _the 30 

patients failed to inhale the aerosol properly. The most frequent 

mistake made by the patients was inhaling first then activating the 

inhaler and closing their lips without further inhalation. The 14 

patients were instructed in the proper use of the inhaler by using a
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horn attached to the mouthpiece of the inhaler to signal inhalation.

The 14 patients were reexamined in one to several days 9 five of the 14 

patients had reverted to the incorrect technique and required further 

instruction.

Thirteen subjects with asthma were evaluated by Riley, Weitz, 

and Edelman (1976) to determine the optimal time for inhalation of an 

aerosolized bronchodilator so as. to obtain the maximal therapeutic 

response. It was hypothesized that inhaling the aerosolized medication 

near the end of a full breath might allow for greater particle penetra

tion into the lung and enhance bronchodilation.* The hypothesis was 4 

based on the premise that airways.are better dilated near total lung - 

capacity. Each subject inhaled 400 pg of isoproterenol at 20 per cent

(low) and at 80 per cent (high) of the inspired vital capacity. The
-ipulmonary parameters .monitored included: -.FVC9‘ FEV£y specific airway: 

conductance, and maximal flow :at 50 per .cent of vital capacity, r \ . ~J

ij In seven trials a! least a 10 per cent increase<in.FEV^-was r

observed when the isoproterenol was inhaled at high lung volume “versus 

low lung volume. In the remaining- six trials, the results at the 

different lung volumes were within 10 per cent of each other. For the 

combined group, a significantly greater increase (p < 0.05) in FEV^ at 

the 10 minute interval occurred when isoproterenol was inhaled at high 

lung volume than low lung volume. _ There were no significant differences 

observed in forced vital capacity," specific airway conductance, or 

maximal flow at 50 per cent of vital capacity at either lung volume. 

Riley et al. (1976:509) concluded "that inhaling a bronchodilator at
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the end of a full inspiration causes relatively greater bronchodilata

tion than inhalation of the same drug at the beginning of inspiration."

The Use of the Maximum Expiratory Flow^Volume Curve 
to Measure Airway Obstruction to Flow

The main problem in assessing the effect of bronchodilator drugs

in man is that smooth muscle tone cannot be measured; rather changes in

tone must be inferred from functional measurements that reflect airway

caliber. Fortunately, it is now understood that airway caliber changes

can be assessed objectively from measurements of airway conductance and

maximum expiratory flow rates during forced expiration (Bouhuys, 1974).

The maximum expiratory flow-volume (MEFV) curve is frequently the

pulmonary test used. It incorporates all the components of the

expiratory maneuver and exhibits the mechanical behavior of the lung

during forced expiration. :i -

The sensitivity of various."pulmonary function tests for - -

assessing response to bronchodilators as measured by airway resistance

and maximum expiratory flow rate was compared by Stanescu, Clement, and

Van DeWoestijne (1973). Twenty patients with chronic obstructive lung

disease completed the following testing protocol: measurements of

airway resistance, MEFR, dynamic compliance, FVC, and TLC were obtained

before and 20 minutes after two inhalations of isoproterenol. It was

reported that the bronchodilating effect could best be appreciated by

measuring airway resistance and maximum expiratory flow at low lung

volumes. The behavior of the peripheral airways at low lung volumes

could be obtained from the measurement of maximum flows. Airway

resistance predominantly measures the magnitude of the downstream



resistance, it does not tend to detect small deviation in upstream 

resistance (McFadden, Newton-Howes? and Pride, 1970).

In 1973 Green et al. analyzed 59 MEFV curves at the portion

below 70 per cent of vital capacity. The investigators wanted to

determine the extent and cause of normal variability in the MEFV curve.

It was reported that striking intersubject variability was observed

at all lung volumes with the MEFV curve. The FEV^ and FVC have similar

variability but considerably less than that of Vmax^Q.

;i The FEV^ variability is less even though it includes an effort

dependent part which is known to vary. The MEFV curve and FEV were1
noted to be more sensitive at lower slopes indicative of disease. The 

MEFV curve was postulated to be a powerful test when a subject served 

as his own control. It was hypothesized that the intersubject varia

bility may be the result of the potential physiological variation in 

the geometry of the tracheobronchial tree arid, parenchyma .-due.:-to, 

different embryonic growth patterns. Green,-Mead, and Turner (1974) 

stated that the MEFV curve is a relatively repeatable test for a given 

individual.

Lorber, Kaltenborn, and Burrows (1978) measured the response 

of 1,063 subjects to inhalation of isoproterenol by using forced 

expiratory flow. The authors propound that the isovolume method should 

be utilized when the response to bronchodilator drugs are being evaluated 

by changes in Vmax. It was explained that after receiving a broncho- 

dilator the FVC may increase while the residual volume may decrease. 

Therefore measuring the changes in instantaneous flow at the same 

volume would result in more appropriate indicator of the overall
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response than measuring the change in flow at the fraction of the base

line and postbronchodilator FVC. It was reported that in subjects with 

relatively poor lung function and in subjects with a history of asthma, 

the percentage improvements In FEV^ and Vmax^^ isovolume appeared to 

be the best indicators of the response to bronchodilators.



CHAPTER 3

METHODOLOGY

This chapter discusses the design of the study, study sample and 

setting, human rights, treatments used in the study, method of data 

collection, and method of data analysis.

Design of the Study 

An experimental design was used to study the effect of three‘ 

methods of inhaling an aerosolized bronchodilator in metered dose form. 

The efficacy of each method was evaluated by changes in pulmonary 

function, in particular the maximum expiratory flow rates, in subjects 

with airway obstructive disease. .Due to_interindividual variability, 

each subject- served as his own control. Maximum expiratory flow-volume 

(MEFV) curves were obtained prior to the inhalation of the aerosolized 

bronchodilator, metaproterenol sulfate, and 30 minutes after each 

treatment session.

Sample and Setting 

Twenty-four subjects with- a diagnosis of airway obstructive 

disease were selected from an outpatient clinic at a southwestern 

hospital. Subjects who agreed to participate in this study met the 

following criteria:

1. Had a physician confirmed diagnosis of airway obstructive 

disease.
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2. Were stable9 without hospitalization for at 'least two weeks 

prior to participation in the study.

3. W$re able to understand and speak English.

4. Were using metaproterenol sulfate (alupent) in metered dose

inhaler form as part of their therapeutic regimen.

5. Were willing to abstain from using metaproterenol sulfate in 

metered dose inhaler form for four hours prior to each treats

.' ment session.

6. Were verified by a physician to be able to tolerate repeated 

forced vital capacity maneuvers.

7. Had approval from a physician to use the aerosolized broncho- 

dilator, metaproterenol sulfate, in metered dose inhaler form 

with each treatment session.

Pro tection- of - Human Rights- X s ; -

The guidelines for :protection-of: subjects1 ̂ humari. rights idetehr-r
'1 4 =j

mined 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 was

given an explanation of the purpose and nature of the study. Following

the explanation, each • subj ect was asked if he would be willing to

participate. Confidentiality was assured by assigning a number to

each subject and by coding for analysis. The research proposal, subject

consent form, and physician consent form were submitted and approved by

The University of Arizona Human Subjects Committee (see Appendix A). A

letter of their approval appears in Appendix B .



.Treatments

In treatment A the aerosolized bronchodilator in metered dose 

form was inhaled with a closed mouth around the mouthpiece of the 

inhaler. A verbal explanation with a demonstration of the closed mouth 

method was conducted with each subject by the investigator. Each 

subject had a practice session using the closed mouth method with an 

empty inhaler prior to actual use of metaproterenol sulfate.

Treatment A was carried out in the following manner. The

subject:

, 1. Removed the cap from the mouthpiece of the inhaler.

2. Shook the inhaler and held it upright for use.

3. . Tilted his head back.

4. Placed the mouthpiece of the inhaler in his mouth and closed

his lips around it.

5. Exhaled normally to resting volume.

6. Activated the inhaler as he inhaled slowly and deeply with his

tongue in a down position.

7. Held his breath for at least three to five seconds-after 

removing the inhaler from his mouth.

8. Waited 30 seconds and repeated the procedure to obtain another 

inhalation of the aerosolized bronchodilator, metaproterenol 

sulfate.

In treatment B the aerosolized bronchodilator in metered dose 

form was inhaled with an open mouth around the mouthpiece of the inhaler. 

A verbal explanation with a demonstration of the open mouth method was
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conducted with each subject by. the investigator. Each subject had a 

practice session using the open mouth method with an empty inhaler 

prior to actual use of metaproterenol sulfate.

Treatment B was carried out in the following manner. The

subject:

1. Removed the cap from the mouthpiece of the inhaler.

2. Shook the inhaler and held it upright for use.

3. Tilted his head back.

4. Placed the mouthpiece of the inhaler in his open mouth, so that

neither his lips nor teeth touched the mouthpiece.

5. Exhaled normally to resting volume.

6. Activated the inhaler, as he inhaled slowly and deeply with 

his tongue in a down position.

7. Held his breath for at least three to five seconds after 

removing the inhaler ..from his mouth. - -

8. Waited 30 secopds and repeated the procedure^to obtain another

inhalation of the aerosolized bronchodilator, metaproterenol 

sulfate.

In treatment C the aerosolized bronchodilator in metered dose 

form was inhaled through a cylinder. The mouthpiece of the inhaler was 

placed within the cylinder forming concentric circles (see Figure 1).

An 8-1/2 x 11 inch sheet of paper was rolled to a line 4-1/4 inches 

from each side to form the cylinder (see Figure 1). A verbal explana

tion with a demonstration of the use of the cylinder with the inhaler 

was conducted with each subject by the investigator. Each had a



—  4-1/4 inches

// \\ I
I—

Figure 1. Construction of the Cylinder and Use with the Metered Dose Inhaler
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practice session using the cylinder method with an empty inhaler prior 

to the actual use of metaproterenol sulfate.

Treatment C was carried out in the following manner. The 

subject: '

1. Removed the cap from the mouthpiece of the inhaler.

2. Shook the inhaler and held it upright for use.

3. Tilted his head back.

4. Placed the mouthpiece of the inhaler in the distal end of the

cylinder.

5. Placed the proximal end of the cylinger in his mouth with his 

lips closed around the opening.

6. Exhaled,normally to resting volume.

7. Activated the inhaler.
! n ;8. Inhaled slowly and deeply with ̂ his tongue. in::a_ down position..

9. Held his breath for at least three to five seconds after 

removing the cylinder from his mouth*

10. Waited 30 seconds and repeated the procedure to obtain another 

inhalation of the aerosolized bronchodilator, metaproterenol 

sulfate.

Method of Data Collection 

A written request was submitted to the Director of the Out

patient Clinic in the hospital for permission to use the clinic setting 

to establish initial contact-with subjects and for staff, nurse partici

pation in the study. The purpose of the study was presented to the 

staff nurses in the outpatient clinic. The staff nurses agreed to



observe .subjectsT hand^respiratory‘pattern coordination?-prior to the 

subjects1 participation in the study. The nurse’s observation sheet 

appears in Appendix C.

Subject Data

Pertinent subject information, such as the results of the most 

recent chest X-ray, arterial blood gases, and pulmonary function test, 

was obtained from the subject’s medical records and entered on the 

data collection sheet (see Appendix D).

Measurements

The MEFV curves were obtained .with a Med Science Model 570 

Wedge Spirometer and Hewlett Packard Model 7045A X^-Y Recorder and a 

strip chart recorder designed by the Division of Respiratory Science 

Engineer , r ..

The Wedge Spirometer drives j through -two-separateplinear i i:v - v 

transducers, one producing voltage proportional^:to' volume • ahd“ the.;*̂  /.:• 

other producing voltage proportional to flow. The use of individual 

transducers for dual output enabled simultaneous flow and volume output 

in phase. The MEFV curve was plotted directly from the Wedge Spirometer 

on the X-Y recorder. The strip chart has a motor driven pin whose 

angular displacement is proportional to the voltage producing a 

positive deflection of volume versus t i m e T h e  strip chart was used 

to record FVC and FEV^ simultaneously with the MEFV curve on the X-Y 

Recorder.

Each MEFV curve was performed three times by each subject. The 

strip chart readout was used to determine the maximal FEV^ and maximal
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FVC in accordance with the American Thoracic Society recommendations 

from the 1977 Snowbird Workshop (1TSnowbird Workshop on Standardization 

of Spirometry," 1979). The "best" MEFV curve was selected from the 

•greatest sum of FEV^ and FVC obtained from the strip chart. The maximum 

expiratory flows and reported FVC were calculated from the corresponding 

MEFV curve. Baseline Vmax^Q and Vmax^^ were calculated from volumes 

obtained from the prebronchodilator MEFV curves. Flows obtained 

following each treatment were measured at isovolume points, volumes 

corresponding to 50 per Cent and 75 per cent of the baseline pre

bronchodilator exhaled forced vital capacity (see Figure 2).

,Subjective Response

* A questionnaire was designed to determine which of the three 

methods of using the inhaler: (1) provided the most subjective improve- 

. ment and - (2). was the easiest to- use in terms of hand—respiratory -pattern 

coordination. At the completion of each treatment session, each 

subject filled out the questionnaire. The questionnaire appears in 

Appendix E.

Research Design 

Prior to participation in the study, the subject?s hand- 

respiratory pattern coordination was- observed by the staff nurses in 

the outpatient clinic. Using an empty metered dose inhaler, the subject 

demonstrated his hand-respiratory pattern coordination which was 

evaluated as poor or good by the staff nurse.

After consenting to participate in the study, the subject was 

asked to withhold use of aerosolized bronchodilators for at least four
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Flow

TLC

Vmax at isovolume 
point using 50% FVCg

V-Baseline Vmax 50%

50%FVC 75%FVC

Baseline FVC

Vmax at isovolume 
— point using 75% FVCg

.Baseline Vmax 75%

Post-treatment FVC

Figure 2. Calculations of Isovolume Maximum Expiratory Flows from the 
MEFV Curve —  Taken from Leonard (1978) with written permis
sion from the author.
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hours prior to each treatment session. The subject was informed to 

maintain his oral bronchodilator medication and all other oral medica

tions.

The three treatment sessions were completed within one week at 

approximately the same time each day. The treatment order was 

randomized. Each treatment session began two to three hours after the 

subject normally took his oral bronchodilators. The following treatment 

protocol and data collection were performed on each subject.

1. Each subject was instructed in the performance of an exhaled 

forced vital capacity maneuver.

2. Prebronchodilator MEFV curves were obtained (designated as 

MEFV1).

3. The treatment3 A, B 9 or C, to be used was reviewed with each 

subject prior to receiving the actual treatment. 'Two inhala

tions of metaproterenol sulfate were administered in each. .. 

treatment session.

4. Thirty minutes after completing the treatment session9 a second 

set of MEFV curves were obtained (designated MEFV^).

5. After the completion of the final MEFV curve, subjects who

normally used more than two inhalations of metaproterenol.

sulfate were instructed to use the remaining number of inhala

tions.

6. Following completion of the MEFV curves, a questionnaire to

ascertain the subject's current method of using the inhaler

and his subjective response to each treatment session was 

given.
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Method of Data Analysis 

The data were analyzed to determine the effect of the three 

treatment sessions and to compare the three methods of using the 

metered dose inhaler. The Chi Square test for normality (Roscoe, 1969) 

was used to determine if the baseline measurements represented a normal 

distribution so as to satisfy the normality assumption of parametric 

testing.

A One-Way Analysis of. Variance (McCall3 1975) was used to assure 

that the prebroncho dilator flow and volume parameters were the same for 

treatment A, treatment B, and treatment C. The Students t-test (McCall, 

1975) analyzed data as change in FVC, FEV^, and at isovolume points 

corresponding to 50 per cent and 75 per cent of baseline FVC from 

prebronchodilator to postbronchodilator for treatment A, treatment B , 

and treatment C. A Two-Way Analysis of Variance (McCall., 1975) was 

used to analyze the change in flow and volume parameters from pre- 

bronchodilator to postbronchodilator and to determine the variance due 

to the treatment effect and to individual difference. The Friedman 

Two-Way Analysis of Variance by Ranks (Siegel, 1956) was used to 

determine whether there were significant differences in the change in 

flow and volume parameters for treatment A, treatment B , and treatment 

C. The Chi Square (McCall, 1975) test was used to analyze the data 

obtained from the subjective response questionnaire.



CHAPTER 4

PRESENTATION AND ANALYSIS OF DATA

This chapter presents the data of the study in terms of (1) 

characteristics of the sample, (.2) results' of flows and volumes measured 

from the MEFV curve, (3) statistical analysis of the latter results, and 

(4) results and statistical analysis of the other variables studied.

Characteristics o f t h e  . Sample _ . .
-!

The sample,consisted of 24 subjects, 14) female and 10 male 

all with airway obstructive disease. Eighteen of the 24 subjects had 

a diagnosis of asthma, of which four subjects had an additional 

diagnosis of chronic bronchitis and one subject liad an additional , 

diagnosis of ̂ chronic / obstructive- pulmonaryrdiseasd; ^The T remaining “: 

subjects had the following ̂ diagnoses::r three^lsubjects with -asthmatic 

bronchitis, one subject with mild chronic obstructive pulmonary 

disease, and one subject with emphysema. The mean age was 59.08 years 

with a range of 22 years to 77 years of age for the 24 subjects.

At the time of the study, metaproterenol sulfate in metered dose 

inhaler form was routinely used by all 24 subjects. Xanthine medica

tions were taken by all 24 subjects; oral sympathomimetics (meta-*- 

proterenol sulfate or terbutaline sulfate) were taken by seven of the 

24 subjects; oral steroids were taken by 18 of the 24 subjects, and 

steroids in inhaler form were taken by 14 of the 24 subjects. All of 

the 24 subjects were stable, without hospitalization, for at least two

49



weeks prior to participation in the study. Table 1 presents the 

characteristics of the sample including age, sex, medications, and 

diagnosis.

Results

For each treatment session, three MEFV curves were performed by 

each subject prior to the inhalation of the bronchodilator (referred 

to as MEFV^) and 30 minutes after inhalation (referred to as MEFV^)•

The MEFV curve with the greatest sum of FEV^ and FVC based on the strip 

chart’readout was selected as the best prebronchodilator (MEFV^) and 

postbronchodilator (MEFV^) MEFV curve. The maximum expiratory flows 

were obtained from the MEFV curve that represented the greatest .sum 

of FEV^ and FVC. For the postbronchodilator curve (MEFV^) isovolume 

Vmax^Q and isovolume V m a x ^  were calculated based on the prebroncho

dilator.exhaled forced .vital capacity (MEFV^-)v.

Forced Vital Capacity

The data for baseline (MEFV^) FVC for treatment A (closed mouth 

method) demonstrated a mean of 2.81 liters with a range of 1.11 to 6.10 

liters. Thirty minutes after inhalation of the bronchodilator (MEFV^)., 

the mean FVC was 3.15 liters with a range of 1.80 to 6.12 liters. The 

per cent change in FVC from baseline to MEFV^ for treatment A ranged 

from -3.50 per cent to +39.36 per cent with a mean of +15.41 per cent, 

(see Table 2).

For treatment B (open mouth method), the prebronchodilator 

(MEFV^) FVC demonstrated a mean of 2.76 liters with a range of 1.45 to 

4.30 liters. The postbronchodilator (MEFV^) FVC for treatment B



Table 1. Characteristics of the Subjects.. ~r- Age, sex, medications, and diagnosis.

Subj ect
Age

(years) Sex

! -

Medications Diagnosis

1 70 female xanthines
sympathomimeticS (oral■and inhaled) 
steroids , (oral and inhaled)

Asthmatic Bronchitis

2 72 female xanthines > * 
sympathomimetics (inhaled) 
steroids (oral and inhaled)

Asthma

3 29 female xanthines ;<* * ; -i !• 
sympathomimetics 1(oral and inhaled) 
steroids (oral)

Asthma

4 56 female xanthines (r .• - , 
sympathomimetics (inhaled) 
steroids (oral and inhaled)

Asthmatic Bronchitis

5 57 female xanthines :• \ij ' :: - 
sympathomimetics (inhaled)

Asthma

6 63 female xanthines
sympathomimetics (inhaled) 
steroids (oral)

Asthma

7 62 male xanthines ; 1;: : • 
sympathomimetics (inhaled) 
steroids (inhaled)

Asthma
Chronic Obstructive 
Pulmonary Disease

8 69 male xanthines / h: 
sympathomimetics (oral and inhaled) 
steroids (oral and inhaled)

Asthma



1 ' . . , ,Table 1.— Continued Characteristics of the Subjects -- Age, sex, medications, and diagnosis.

Subject
Age

(years) Sex Medications Diagnosis

9 71 male xanthines
sympathomimetics : (oral:and inhaled) 
steroids (oral)

Asthmatic Bronchitis

1 0 63 male xanthines " 
sympathomimetics (inhaled) 
steroids (oral and inhaled)

Asthma with Chronic 
Bronchitis

1 1 77 female xanthines h! ■ • 
sympathomimetics-(inhaled) 
steroids (oral)

Asthma Bronchitis

1 2 33 female xanthines -.i b n  
sympathomimetics (inhaled) 
steroids ; (oral)

'! Asthma

13 56 . female xanthines irj:'. 
sympathomimetics (inhaled) 
steroids (oral)

Asthma

14 6 6 female xanthines t: • 1; • 
sympathomimetics (inhaled 
steroids (oral and inhaled)

Mild Chronic 
Obstructive Pulmonary 
Disease

15 75 female xanthines in!'' 
sympathomimetics (inhaled) 
steroids (oral and inhaled)

Asthma
Chronic Bronchitis .

16 56 male xanthines •in1 1 

sympathomimetics (oral and inhaled) 
steroids (oral and inhaled)

Asthma



Table 1.— Continued• Characteristics of the Subjects —  Age, sex, medications, and diagnosis.

Subject
Age

.(years) Sex Medications Diagnosis

17 2 2 male - xanthines
sympathomimetics (oral and inhaled)

Asthma '

18 58 female xanthines
sympathomimetics (inhaled) 
steroids (oral)

Asthma

19 6 6 male xanthines . 
sympathomimetics (inhaled)

Emphysema

2 0 62 male xanthines
sympathomimetics (inhaled) 
steroids (oral and inhaled)

Asthma

2 1 74 ; female xanthines ■ 
sympathomimetics (inhaled)

Asthma

2 2 54 male xanthines
sympathomimetics (oral and inhaled) 
steroids (oral and inhaled)

Asthmatic Bronchitis

23 6 6 male xanthines
sympathomimetics (inhaled) 
steroids (oral)

Asthma

24 41 female xanthines
sympathomimetics (inhaled)
steroids (inhaled intranasally and by mouth)

Asthma

In
U)



Table 2. Brebronchodilator (MEFV^) and Postbronchodilator(MEFV^) FVC with Per Cent Change for 
Each Subject During*Treatment A, Treatment B, and Treatment C r—  Mean, standard 
deviation, and mean per cent change for each treatment session.

! . .  ■ ■ ; ,  l i ' h - i  m u ; : ;  "  . . . ,

! 1 ' ll/i! . i

, Treatment A - Treatment .B Treatment C

Pre- Post- Pre- : Post- Pre- Post
broncho- broncho- Per broncho^ r .'broncho- Per broncho- broncho- Per
dilator
Liters

dilator
Liters

Cent
Change

dilator
Liters

dilator
'"Liters

Cent 1 

Change
—  dilator 

Liters
dilator
Liters

Cent
Change

1 1.860 1.800 -3.20 1;830, .,1*890 +3.20 1.610 1.860 +15.00
2 2.080 2.430 +16.80 li 670. 2*500 +49.70 1.700 2.460 +44.70
3 2.25Q 2.675 +18.88 2.310 : 2.300 -0.43 2.775 2.725 -1.80
4 1 . 1 1 0 1.880 +69.36 1.450 1.940 +33.79 1.520 1.950 +28.28
5 3.250- 3.225 -0.76 3.150 3.200 +1.50 3.075 3.225 ■ +4,87
6 2.960 3.090 +4.39 3.060 . 3.180 +3.92 2.600 2.540 -2.30
7 4.275 4.125 -3.50 4.100 4.250 ; +3.65 4.300 4.275 -0.58
8 2.490 3.190 +28.11 2 . 0 0 0 3.000 '■ +50.00' . 2.390 3.070 +28.45
9 1.920 2.260 +17.70 1.950 2.250 +15.38 1.560 1.990 +27.56

1 0 3.350 3.775 + 1 2 . 6 8 3.625 3.830 +5.65 3.050 3.750 +22.95
1 1 1.650 2 . 0 1 0 +21.81 1.710 2 . 0 0 0 +16.95 1.800 2.150 +19.44
1 2 2.700 3.210 +18.88 3.200 3.200 0 3.175 3.275 +3.14
13 2.600 2.700 +3.84 2.550 2.650 +3.92 2 . 2 0 0 2.800 +27:27
14 2 . 0 0 0  ' 2.540 . +27.00 1 2 . 0 0 0  ■ 2.320 +16.00 2.150 2.490 +15.81
15 2.075 2 . 2 0 0 + 6 .0 . 2 ■ 2,325 2.400 +3.22 2.300 2.400 +4.34
16 3.550 4.200 +18.30 3.500 4.225 +20.71 3.250 4.200 +29.23
17 6 . 1 0 0 6.125 +0.40 4.300 3.650 -15.11 4.800 5.080 +5.83
18 1.850 2.640 +42.70 1.910 2.675 +40.05 1.780 2.500 +40.-44
19 3.700 . 4.175. +12.83 3.725 4,125 +10.73 3.525 4.100 +16.31
2 0 3.850 4.150 +7.79 3.750 : 4.075 + 8 . 6 6 3.600 4.075 +13.19
2 1  . 2.325 2.350 +1.07 2.425 2,550 +5.15 2.475 2.475 0

2 2 3.675 4.050 + 1 0 . 2 0 3.750, 4.150 + 1 0 . 6 6 3.350 4.050 +20.89
i



Table 2.-^Continued

FVC

Treatment A Treatment B Treatment C

Pre
broncho- 
dilator > 
Liters

Post-
broncho-
dilator
Liters

Per
Cent

Change

Pre-
broncho-
dilator,
Liters

Post-
broncho-
dilator
Liters

Per
Cent

Change

Pr.e-
broncho-
dilator
Liters

Post-
broncho-
dilator
Liters

Per
Cent

Change

23 3.350 4.125 +23.13 3.150 ' 3.300 +4.76 3.538 3.886 +9.83
24 2.700 2.700 0 2.825 . 2.900 +2.65 2.875 2.800 -2.60

Mean 2.81 3.15 2.76 3.02 2.72 3.08
S.D. 1.06 1 . 0 2 0.85 0.78 0 . 8 8 0 . 8 8

Mean Per Cent Change +15.41 +12.81 +16.09



demonstrated a mean of 3.02 liters with a range of 1.89 to 4.25 liters. 

The per cent change from baseline for FVC in treatment B was a mean of 

+12.81 per cent and a range of -15.11 per cent to +50.00 per cent (see 

Table 2).

The data for prebronchodilator (MEFV^) FVC for treatment C 

(with the cylinder) demonstrated a mean of 2.72 liters and a range of 

1.52 to 4.80 liters. Thirty minutes postbronchodilator (MEFV^) the 

mean FVC for treatment C was 3.09 liters with a range of 1.86 to 5.08 

liters. The per cent change from baseline for FVC in treatment C was - 

a mean of +16.09 per cent with a range of —2.60 per cent to +44.70 per * 

cent (see Table 2).

Forced Expiratory Volume in One Second

The baseline (MEFV^) FEV^ for treatment A (closed mouth method) 

.revealed:-a mean of ̂ 1;62 liters, with a range of, 0. 70 to 4. 20- liters.

The postbronchodilator•(MEFV^) FEV^ for treatment+B -revealed a range 

of 0.70 to 4.40 liters with a mean of 1.83 liters (see Table 3). The 

per cent change in. FEV^ from baseline to MEFV^ for treatment A ranged 

from -48.14 per cent to +100 per cent with a mean of +18.12 per cent 

(see Table 3).

~ - In treatment B (open mouth method) the prebronchodilator 

(MEFV1 ) FEV- demonstrated a range of 0.80 to 3.62 liters with a mean of 

1.60 liters. Thirty minutes after bronchodilator inhalation (MEFV^)

FEV for treatment B demonstrated a range of 0.80 to 3.50 liters with -
1  ,

a mean of 1.75 liters. The per cent change in FEV^ from baseline to



Table 3. Brebronchodilator (MEFV^) and Postbronchodilator " FEV-, with Per Cent Change for
Each Subject During Treatment A, Treatment B, and Treatment C Mean, standard
deviation, and mean per cent change for each treatment session.

'  }  ■   : \ ' _____

Treatment A Treatment B. Treatment C
” n  ~  “ ' '■ "" -t-r—  - : : . - !

Pre-i Post- Pre- : Post- Pre- Post
broncho- broncho- Per broncho-i ■ -broncho- Per broncho- broncho- Per
dilator
Liters

dilator
Liters

Cent
Change

dilator - 
Liters

dilator
Liters

Cent
Change

dilator
Liters

dilator
Liters

Cent
Change

1 1.250 1.150 - 8 . 0 0 1 . 1 0 0  : 11.150 . +4.54 1 . 0 0 0 1.300 +30.00
2 1.450 1.600 +10.34 1.150 1.550 +34.78 1 . 2 0 0 1.700 +41.66
3 1.350 0.700 "48.14 1.140 ■ 0.800 -29.82 1.800 1.950 + 8 .33
4 0.700,' 1 . 0 0 0  : +42.85 0.800 1 . 0 0 0 +25.00 0.750 1 . 0 0 0 +33.33
5 2 . 0 0 0 2 . 0 0 0 0 1.950 2 . 0 0 0 +2.56 1.800 2 . 0 0 0 + 1 1 . 1 1

6 1.950 2 . 1 0 0 +7.69 2 . 0 0 0 2 . 1 0 0 +5.00 1.620 1.700 +4.93
7 2.150 2.300 +6.97 1.800 2.400 +33.33 2 . 2 0 0 2.750 +25.00
8 1.400 1.600 +14.28 1 . 0 0 0 1.350 +35.00 1.050 1.300 +23.80
9 0.800 0.900 +12.50 0.950 0.900 -5.26 0.800. 0.950 +18.75

1 0 . 1.500 1.900 +26.66 1.500 -- 1.700 +13.33 1.350 1.850 +37.03
1 1 0.800 1.150 +43.75 0.800 1.050 +31.25 0.800 1 . 1 0 0 +37.50
1 2 1.450 2.150 +48.27 2 . 0 0 0 2.250 +12.50 2.150 2.400 +11.62
13 1.450 1.650 +13.79 1.400 1,450 +3.57 , 1.450 1.550 +6.89
14 1.250 1.600 +38.00 1 . 1 0 0 1.400 +27.27 1.500 1.700 +13.33
15 1.550 1.900 +22.58 • 1.800 1.800 0 1.700 1.850 +8.82
16 2 . 1 0 0 2.500 +19.04 2.300 2.550 + 1 0 . 8 6 2 . 2 0 0 2.800 +27.27
17 4.200 4.400 +4.76 3.625 3.500 . -3.44 4.375 4.187 -4.29
18 0.800 1.600 + 1 0 0 . 0 0 1 . 2 0 0 1.650 . +37.50 0.950 1.600 +68.42
19 1 . 2 0 0 1.400 +16.66 ' 1 . 2 0 0 1.400 +16.66 1 . 2 0 0 1.400 +16.66
2 0 , 1.800 2 . 2 0 0 + 2 2 . 2 2 2 . 0 0 0 2 . 0 0 0 . 0 ■ > 1.600, 2 . 1 0 0 +31.25
2 1  . 1.800 1.850 +2.77 1.600 ■ 1.800 +12.50 1.750 1.800 +2.85
2 2 2.550 2.400 -5.88 2.600 2.700 . +3.84 1,800 2.350 +30.55



Table 3.--Continued

FEV1

Treatment A Treatment B Treatment C,

Pre-
broncho-
dilator
Liters

Post-
broncho-
dilator
Liters

Per
Cent

Change

Pre-
broncho-
dilator
Liters

Post- 
broncho- 
dilator 
Liters •

Per
Cent

Change

Pre-
broncho-
dilator
Liters

Post-
broncho-
dilator
Liters

Per
Cent

Change

23 1.650 2 . 0 0 0 +27.27 1.700 1.600 -6 . 8 8 1.800 2 . 1 0 0 +16.66
24 •1.750 1.900 +8.57 1.600 1.950 +21.87 1.850 1.800 -2.70

Mean 1.62 1.83 1.59 : 1.75 1.61 1 . 8 8

s.p. ■ 0.72 0.72 . 0.64 i 0.63 0,73 0.69

Mean Per Cent Change +18.12 +13.04 +20.78



MEFV^ for '/treatment B ranged > from .-29. 82 -per 'cent. to +37 .~5Q per cent 

with a mean of +13.04 per cent (see Table 3).

The baseline (MEFV^) FEV^ for treatment C (with the cylinder) 

ranged from 0.75 to 4.37 liters with a mean of 1.61 liters. The post

broncho dilator (MEFV2 ) FEV^ for treatment C demonstrated a mean of 

1.88 liters with a range of 0.95 to 4.19 liters. The per cent change 

in FEV^ from baseline to MEFV^ for treatment C ranged, from ^4.29 per 

cent to +68.42 per cent with a mean of +20.78 per cent (see Table 3).

I so volume Vmax^ q

The Vmax^-Q~measured from MEFV^ for treatment A (closed mouth 

method) ranged from 0.40 td 3.75 liters/second with a mean of 1.22 

liters/second. After the bronchodilator (MEFV^) isovolume Vmax^Q 

demonstrated a mean of 1.64 liters/second with a range of 0.20 to 

3.59 liters/.second.'_: The -per-1 cent'change from-haselihe:.-for isdvolui&e . 

Vmax^Q^ in treatment/A ranged-from '-90.47 per cent- to-+384 .25 '-per cdnt" 

with a mean.of +84.77 per cent:(see:Table 4).-

For treatment— B (open mouth method) ? the prebronchodilator 

(MEFV^) Vmax^Q ranged from 0.32 to 4.35 liters/second with a mean of 

1.15 liters/second. The postbronchodilator (MEFV^) isovolume V m a x ^  

revealed a mean of 1.70 liters/second with a range of 0.25 to 6.50 

liters/second. For treatment B the mean per cent change from baseline 

for iso volume Vmax^Q demonstrated a mean of +53.42 per cent with a 

range of -33.33 per cent to +209.09 per cent (see Table 4).

The data for prebronchodilator (MEFV^) Vmax^Q for treatment C 

(with the cylinder) demonstrated a mean of 1.27 liters/second and a



Table 4. Prebronchodilator (MEFVj) and Postbronchodilator _ (MEFV2 ) Isovolume Vmax^Q.5 with Per
Cent Change for Each Subject During Treatment A, Treatment B, and Treatment C —  Mean, 
standard deviation, and mean per cent change for each treatment session.

Isovolume Vmax^Q

■ Treatment A Treatment B Treatment C

Pre Post Pre Post- Pre Post
broncho broncho Per broncho 7  rbroncho- Per broncho broncho Per
dilator dilator Cent dilator dilator Cent dilator dilator Cent

Liters/Second Change Liters/Second Change Liters/Second Change

1 1 . 1 0 0 0.950 -1.51 0.800 0.875 +9.37 0.650 1.400 +115.38
2 1.550 1.850 +19.35 1.125 1 : 3.050 + 1 1 1 .1 1 ., 0.860 3.000 +248.80
3 2 . 1 0 0 0 . 2 0 0 -90.47 0.375 0.250 -33.33 1.450 2.025 +39.65
4 0.45Q 1.400 : + 2 1 1 . 1 1 0.426 0.900 +111.26 0.475 0.800 +68.42
5 2 . 35Q . 1.500 -36.17 1.570 1.175 -2?.15 2.050 2.475 +20.73
6 1.350 2.050 +51.85 1.550 2 . 2 1 2 +42.20 1.670. 1.650 -1.19
7 1.250 1.450 +16.00 1.075 1.850 +72.09 1.400 1.950 +39.28
8 .0.450 1.050 +133.33 0.475 0.950 + 1 0 0 . 0 0 0.500 0.975 +95.00
9 0.450 0.450 0 0.325 0.500 +53.80 0.350 0.500 +42.85

1 0 0.400 0.800 + 1 0 0 . 0 0 0.40.0 0.687 . +71.75 0.450 1.150 +155.55
1 1 0.250 1.137 +354.80 0.275 0.850 +209.09 0.250 1.050 +320.00
1 2 0.775 2.700 +248.38 1.500 2 . 2 0 0 +46.66 1.875 2.880 +53.60
13 0.850 1.050 +23.52 0.975 0.850 -12.82 0.925 1.300 +40.54
14 0.800 2.525 +215.62 0.700 1.125 +60.71 0.950 2 . 1 0 0 +121.05
15- 2.275 2.750 +20.85 • 2 . 2 0 0 3.100 +40.90 2.600 3.200 +23.07
16 1.500 3.000 + 1 0 0 . 0 0 1.500 3.150 + 1 1 0 . 0 0 1.950 3.400 +74.38
17 3.750 3.593 -4.18 4.350 6.500 +49.42 5.800 5.600 -3.44
18 0.400 1.937 +384.25 0.800 2 . 0 0 0 +150.00 0.650 2 . 1 0 0  . +223.07
19 0.375 0.500 +33.33 0.400 0.550 +37.50 0.400 0.550 +37.50
2 0 0.600 1.050 + 6 6 . 6 6 0.800 0.950 +18.75 0.500 1.125 +125.00
2 1 1.800 2.250 +25.00 1.550 2 . 0 0 0 +29.03 1.500 2.150 +43.33
2 2 2 . 2 0 0 2.050 —6.81 2.250 2.700 + 2 0 . 0 0 1 . 0 0 0 2.350 +135.00



Table 4.— Continued

Isovolume Vmax,-n" • ■ 50
Treatment A Treatment B Treatment C

Pre- Post
broncho- broncho-, 
dilator dilator 

Liters/Second

Per
Cent

Change

Pre- Post
broncho- <broncho- 
dilator dilator 

Liters/Second

Per
Cent

Change

Pre- Post
broncho- broncho- 
dilator dilator 

Liters/Second

Per
Cent

Change

23
24

0.800 1.400 
1.500 1.650

+75.00 
+ 1 0 . 0 0

0.875i 0.800 
1.350- , ■ 1.600

-8.57 - 
+18.51

0.962 1.250 
1.500 1.300

+29.93
-13.33

Mean
S.D.

1.22 . 1.63. . 
0 . 8 6  0 . 8 6

1.15 : 1.70 
0.88% 1.34

1.27 1,92 
1.15 1.13

Mean Per Cent Change +84.77 +53.42 +84.75

H



range of 0.25 to 5.80 liters/second. Thirty minutes postbronchodilator 

(MEFV^) the mean isovolume Vmax^Q for treatment C was 1.93 liters/second 

with a range of 0.55 to 5.60 liters/second. The mean per cent change 

in isovolume Vmax^Q from baseline to MEFV^ was 4-84.79 per cent with a 

range of -13.33 per cent to +320 per cent (see Table 4).

Iso volume V m a x ^

The baseline V m a x ^  measured from MEFV^ for treatment A (closed

mouth method) demonstrated a mean of 0.366 liters/second and a range of

0.10 to 1.25 liters/second. The MEFV^ for treatment A demonstrated a

mean of 0.612 liters/second with a range of 0.15 to 1.30 liters/second. ;

The per. cent' change in iso volume Vmax-^ from baseline to MEFV^ in

treatment A ranged from -40.00 per cent to +414.28 per cent with a mean

of +119.21 per cent (see Table 5).

For treatment B (open mouth method) the prebronchodilator ■ i

(MEFV^) VmaXy^ demonstrated a mean of 0,402 liters/second with a range

of 0.100 to 3.30 liters/second. After 30 minutes the postbronchodilator

(MEFV^) isovolume Vmax^^ revealed- a range of 0.10 to 3.00 liters/second

with a mean of 0.668 liters/second. The per cent change in isovolume

Vmax^t- for treatment B from baseline to MEFV^ ranged from -28.57 per

cent to; +314.28 per cent with a mean of +85.47 per cent (see Table 5).

For treatment C (with the cylinder), the baseline (MEFV^)

demonstrated a range of 0.10 to 3.30 liters/second with a mean of

0.48 liters/second. The MEFV0 isovolume Vmax^^ demonstrated a rangeZ / D

of 0.25 to 3.00 liters/second with a mean of 0.801 liters/second. The 

per cent change from baseline for isovolume Vmax-^ for treatment C



Table 5. Prebrofichodilator (MEFV^) and Postbronchodilator (MEFV^) Isovolume Vrnax^^ with Per
Cent Change for Each Subject During Treatment A, Treatment B, and Treatment C —  Mean, 
standard deviation, and mean per cent change for. each treatment session.

Isovolume Vmax^^

Treatment A Treatment B Treatment C

Pre- Post Pre- ■ Post Pre- Post-
broncho- broncho Per broncho- broncho Per broncho- broncho- Per
dilator dilator Cent dilator dilator Cent dilator - dilator Cent

Liters/Second Change Liters/Second Change Liters/Second Change

1 0.250 0.150 -40.00 0 . 2 0 0 0.175 -12.50 0 . 2 0 0 0.600 + 2 0 0 . 0 0

2 0.500 0.600 + 2 0 . 0 0 0.350 . 1.450 +314.28 ■ 0.430 1.500 +248.83
3 0 . 2 0 0 0 . 2 0 0 0 0 . 1 0 0 0 . 1 0 0 0 0.650 0.900 +38.46
4 . 0 . 2 0 0 0.700 +250.00 0.150 0.412 +174.66 0 . 2 0 0 0.375 +87.50
5 0.900 0.750 -16.66 0.700 0.650 -7.14 0.650 0.862 +32.61
6 0.387 0.800 +106.71 0.450 0.737 +63.77 0.470 0.500 +6.38
7 0.500 0.550 + 1 0 . 0 0 0.400 0.950 +137.50 Cl.550 0.850 +54.54
8 0.125 0.400 + 2 2 0 . 0 0 0 . 2 0 0 0.500 +150.00 0.150. 0.350 +133.00
9 0 . 1 1 2 0.250 +123.00 . 0.150 0,237 +58.00 0.150 0.250 + 6 6 . 6 6

1 0 0 . 1 0 0 0.312 + 2 1 2 . 0 0 0.125 0.250 + 1 0 0 . 0 0 0.150 0.500 +233.33
1 1 0 . 1 0 0 0.300 + 2 0 0 . 0 0  ' 0.150 0.300 + 1 0 0 . 0 0 0 . 1 0 0 0.350 +250.00
1 2 0.300 1.150 +283.33 0.325 0.525 +61.53 0.475 0.975 +105.26
13 0 . 2 0 0 0.350 +75.00 0.350 0.250 -28.57 0.525 0.950 +80.95
14 0.300 0.937 +212.33 0 .2 0 0 - 0.450 +125.00 0.450 0.750 + 6 6 . 6 6

15 0.500 0.950 +90.00 . 0.450 0.800 +77.77 0.450 0.850 +89.06
16 0.275 1.300 +372.72 0.450 1.350 + 2 0 0 . 0 0 0.575 1 . 2 0 0 +108.69
17 1.250 1 . 0 0 0 - 2 0 . 0 0 2.450 3.000 +22.44 3.300 3.000 -9.09
18 0.175 0.900 +414.28 0.300 0.875 +191.66 0.175 1.300 +642.85
19 0.175 0.250 +42.85 0.150 0.250 + 6 6 . 6 6 . 0 . 2 0 0 0.250 +25.00
2 0 0.150 0.250 + 6 6 . 6 6 0.300 0.300 0 0.150 0.300 + 1 0 0 . 0 0

2 1 0.650 0.775 +19.23 0.400 0.575 +43.75 0.475 0.600 +26.30
2 2 0.525 0.650 +23.80 . 0.525 0.975 +85.71 0.250 0.775 + 2 1 0 . 0 0



Table 5.— Continued

Tsoyolume, VmaXyt-

Treatment A Treatment B Treatment C

Pre- Post
broncho- broncho- 
dilator dilator 

Liters/Second

Per 
Cent 

Change•

Pre- • Post- 
broncho- r- broncho- 
dilator dilator 

Liters/Second

Per
Cent

Change

Pre- Post
broncho- broncho- 
dilatbr dilator 

Liters/Second

Per 
Cent 

• Change

23
24

0.350
0.575

0.650
0.525

+85.71
-8.69

0.325 0.387 
0.450',/+0.550

+19..07 
+ 2 2 . 2 2

0.300
0.500

0.500
0.750

+ 6 6 . 6 6  

+50.00

Mean
S.D.

0.366
0.27

0.612
0.32

0.402 0.668 
0.46 0.61

0.480
0.62

0.801 
0.57 .

Mean Per Cent Change +119.21 +85.47 +121.40



65
demonstrated a range of -9.09 per cent to +642.85 per cent with a mean 

of +121.40 per cent (see Table 5).

Statistical Analysis 

The Chi Square test for normality (Roscoe, 1969) determined 

that the prebronchodilator measurements for forced vital capacity were 

sampled from a population with a normal distribution. The Chi Square 

test demonstrated no significant difference between the sample distribu

tion and a normal distribution (p = . 90) . A One Way Analysis of

Variance (McCall, 1975) demonstrated no significant difference among
.  .

the; prebronchodilator measurements of FVC, FEV^, Vmax^^, and Vmax^c- 

for- treatment A, treatment B,~and treatment C.

The Paired StudentT s t test (McCall, 1975) demonstrated a 

significant difference in flow and volume parameters from MEFV^ 

(prebronchodilator) to-MEFV^- (postbronchbdilator) in;treatment"A, ; 

treatment B, and treatment C. Significant differences as demonstrated 

by the one-tailed Student’s t test existed in all three treatments 

for FVC (p = .0005), FEV^ (treatment A and treatment B p = . 005, 

treatment C p = .0005), isovolume Vmax^^ (treatment A p = .01, treat

ment B and treatment C p = .0005), and isovolume Vmax^^ (p = .0005)

(see Table 6 ). A trend toward a slightly more significant difference 

with treatment C was suggested by the larger t-values in the four MEFV 

measurements (see Table 6 ).

- ' - A Two Way Analysis of Variance (McCall, 1975) was used to

analyze the data as change in volume and flow parameters from pre

bronchodilator (MEFV^) to postbronchodilator (MEFV^) in terms of



Table 6 . Paired Student's t Test for Flow and Volume Parameters for Treatment A, Treatment B , 
and Treatment C for Each Test Period •=-«- Absolute mean, mean difference, and -1 -value.

FVC
Liter

FEVi : 
Liter

Isovolume Vmaxrn 
Liter/Second

Isovolume Vmnxyc 
Liter/Second

Mean
Me a n 

Difference t-Value Mean
Mean

Difference t-Value ' Mean
Mean

Difference t-Value Mean
Mean

Difference t-Value

Trea timent A:
MEFV1 2.819 1.620 1.221 .3666

m e f v 2 3.151 .3315 5.65*** 1.835 .2146 3.62** 1.637 .4152 2.48* .6125 .2458 3.79***

Treatment B:
MEFV1 2.761 1.596 1.151 .4021

m e f v 2 3.023 .2623 3.78*** 1.752 .1556 3.67** 1.701 .5491 4.21*** .6687 .2666 4.39***

Treatment C:
MEFV1 2. 724 1.612 1.152 .4802

m e f v2 3.088 .3637 5.89*** 1.884 .2726 6.23*** 1.928 .6485 5.68*** .8015 .3213 5.17***

n = 24 

*p - o.oi.

**p = 0.005. 
VnVVrp =  0.0005.

ONCh
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individual and treatment differences. The FVC, FEV^, and the isovolume 

points corresponding to 50 per cent and 75 per cent of the baseline FVC 

were analyzed to determine the variance due to the treatment effect and 

to individual differences. Seventy-two per cent of the variance in 

absolute change in FVC (p = .001) was due to individual differences, 

while, the variance due to the treatment effect was not significant 

(see Table 7). For the absolute change in FEV^, 55 per cent of the 

variance (p = .001) was due to individual differences and 4.1 per cent 

of the variance was attributed to the treatment effect; the treatment 

effect was not statistically significant (see Table 7). Fifty-five per 

cent of the variance (p = .003) in absolute change in isovolume Vmax^^ 

was due to individual differences, while the treatment effect was not 

statistically significant. For the absolute change in isovolume Vmax^, 

62 per cent of variance resulted from individual differences and 1 . 1

per cent of variance was due(to the treatment effect, which was not
' : 1 ' 

statistically significant. The findings from the Two Way Analysis of

Variance revealed that most of the variance was due to individual

differences and that there was minimal difference among the three

treatment sessions.

The Friedman Two Way Analysis of Variance By Ranks (Siegel,

1956) was used to rank the per cent change in FVC, FEV^, isovolume

Vmaxr ,̂ and isovolume Vmax_,_ for the three treatments and then 50’ 75
determined whether the rank totals differed significantly by computing 

a Chi Square Distribution. Findings from the Friedman Two Way Analysis 

of Variance By Ranks revealed no significant difference in the per cent 

change from baseline (MEFV^) for any of the flow and volume parameters
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Table 7. Two Way Analysis of Variance for Absolute Change for Flow- and 
Volume Parameters for Treatment A, Treatment B, and Treatment 
C Expressed as Per Cent of Variance Due to Individual 
Difference and to Treatment Effect

f
FVC

Liters
FEV^

Liters

.
Isovolume Vmax^Q 

Liters/Second
Isovolume Vmaxy^ 

Liters/Second

Individual
Difference 72* 55* 55* 62*

Treatment
Effect 1.9 4.1 2 . 0 1 . 1

N = 24

*p = 0.001.

for treatment A, treatment B, and treatment C. The Friedman Two Way 

Analysis of Variance By Ranks was also used to compare the per cent 

change in flow and vblume parameters of treatment A and treatment B, 

treatment A and treatment C, and lastly treatment B and treatment C. 

Findings from the Friedman Two Way Analysis of Variance By Ranks 

demonstrated no significant difference in the per cent change in flow 

and volume parameters for the paired treatments. Although no 

significant difference was demonstrated, a trend toward a slightly 

more significant difference between treatment B and treatment C was 

suggested by the FVC, FEV^, and isovolume Vmax^^ P value being con

sistently lower than other P values (see Table 8 ).

First, it was hypothesized that from pretreatment (MEFV^) to 

posttreatment (MEFV^), there would be a significant increase at the



Table 8 . Friedman Two Way Analysis of Variance By Ranks for Per Cent Change in Flows and
Volumes for Treatment A and Treatment B, Treatment A and Treatment C, and Treatment B 
and Treatment C —  Mean rank, Chi Square, and significance levels.

FVC
Liters

.. • :f e v 1:‘fiiL-
Liters

Isovolume VmaXcn 
Liters/Second

Isovolume Vmax^ 
Liters/Second

Mean
Rank

Chi
Square

Significance 
Leve 1

Mean
Rank

Chi ' "Significance 
Square Level

Mean
Rank

Chi
Square

Significance
Level

Mean
-Rank

• Chi 
Square

Significance
Level

Treatment A - 1.542 1.604. 1,458 1.604
and i ,

Treatment B 1.458 ' 0.1667 0.68 1.396 1.0417 ‘ 0.30 1.542 0,1667 0.68 1.396 1.0417 0.30

Treatment A 1.458 1.479 1:417 1.417,
and

Treatment C 1.542 0.1667 . 0.68 1.521 0.0417 " 0.83 1.5&3 0.667 0.41 1.583 0.667 0.41 .

Treatment B 1.375 1.354 1.396 1.417
'

and
Treatment C 1.625 1.500 0.22 1.646 2.0417 0.15 1.604 1.0417 0.30 1.583 0.667 0.41

N - 24

o\kO
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0.05 level in FEV^, FVC, Vmax^Q, and Vmax^^ at the 30 minute interval 

for all treatments. Findings from the Paired StudentTs t test demon

strated a statistically significant increase for all the volume and 

flow parameters in treatment A, treatment B, and treatment C (see 

Table 6 ). Therefore, the hypothesis that there would be a significant 

difference (p = 0.05) in FEV^, FVC, Vmax^, and V m a x ^  from pre- 

bronchodilator to 30 minutes postbronchodilator was accepted.

Secondly, it was hypothesized that from pretreatment to post- 

treatment there would be a greater increase in FEV^, FVC, and Vmax^^ 

and Vmax^^ at the 30 minute interval with treatment C (with the 

cylinder) than treatments A or B. Findings from the Paired Student’s 

t test demonstrated similar levels of significance for the volume and 

flow parameters for treatment A, treatment B, and treatment C (see 

Table 6 ) . The Two Way Analysis of Variance revealed minimal difference 

among the three treatments (see Table 7). Findings from the Friedman 

Two Way Analysis of Variance By Ranks demonstrated no significant 

difference in any parameters for treatment A, treatment B, and treat

ment C (see Table 8 ). Therefore, the hypothesis that there would be 

a greater increase in flow and volume parameters 30 minutes postbroncho

dilator with treatment C than treatments A or B was rejected.

The third hypothesis stated that from pretreatment to post

treatment, there would be a greater increase in FEV^, FVC, Vmax^, and 

VmaXyc-.at the 0.05 level at the 30 minute interval with treatment B 

than treatment A. Findings from the Paired Student’s t test demon

strated similar levels of significance for the volume and flow 

parameters for treatment A and treatment B (see Table 6 ). The Two Way
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Analysis of Variance revealed minimal difference among the three 

treatments (see Table 7). Findings from the Friedman Two Way 

Analysis of Variance By Ranks demonstrated no significant difference 

in any parameters for treatment A and treatment B (see Table 8 ), 

Therefore 3 the hypothesis that there would be a greater increase (p = 

•0.05) in FEV ^ 3  FVC? Vmax^Q, and V m a x ^  from prebronchodilator to post- 

bronchodilator at the 30 minute interval with treatment B than treatment 

A was rejected.

Other Variables

The staff nurses observed the hand-respiratory pattern coordina

tion (see Appendix C) for 17 of the 24 subjects. The staff nurses, 

reported that five of the 17 observed subjects demonstrated poor hand- 

respiratory pattern coordination, the remaining 1 2  observed subjects 

demonstrated good hand-respiratory pattern coordination. All 24 

subjects; demonstrated good hand-respiratory coordination during the 

three treatment sessions as observed by the investigator.

The subjective response questionnaire was filled out by each 

subject at the completion of each treatment session. The subjective 

response questionnaire revealed that the open mouth method of using the 

metered dose inhaler.was the usual method for five of the 24 subjects; 

the remaining 19 subjects used the closed mouth method.

The Chi Square test (McCall, 1975) was used to determine whether 

the subjectTs usual method of using the metered dose inhaler influenced 

his best performance, based on the per cent change in FVC for treat

ments A, B, and C (see Table 9). The distribution of the subject's
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Table 9. Distribution of Subject’s Best Performance Showing

subject’s usual method of using metered dose inhaler and 
best performance.

Usual Method

Best Performance Open Mouth Method Closed Mouth Method

Treatment A 2  . 7

Treatment B 0 5

Treatment C 3 7

. (N = 5) (N = 19)

Chi Square = 1.8 
No Significance

best performance versus his usual method is presented in Table 9, No - 

significant relationship between a subject’s usual method of using the 

metered dose inhaler and his best performance was demonstrated by the 

Chi Square test.

The fourth hypothesis stated that a significantly greater 

number of subjects would select treatment C (with the cylinder) as 

easier for hand-respiratory pattern coordination, than treatments A or 

B. The third question of the subjective response questionnaire relates 

to the fourth hypothesis (see Appendix E). The subject was asked to 

compare the hand-respiratory pattern coordination required in his usual 

method of using the metered dose inhaler to treatment A, treatment B, 

and treatment C hand-respiratory pattern coordination. Due to the
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small sample size and the fact that no responses fell in the much 

easier or much harder category, the five responses to question three 

(much easier, easier, the same, harder, much harder) were collapsed 

into three categories, (more, the same, less), The Chi Square test 

demonstrated that for both types of usual method of using the metered 

dose inhaler, there was no significant difference between the treatment 

methods in terms of perceived ease of coordination compared with the 

subject’s usual method (see Table 10). No subject used the cylinder 

with the metered dose inhaler.as their usual method. The hypothesis 

that a significantly greater number of subjects would select treatment 

C (with the cylinder) as easier for hand-respiratory pattern coordina

tion than treatments A or B was therefore rejected.

Table 10. Percentage Distribution of Subject Perceived Ease of Hand-
Respiratory Pattern Coordination Versus Treatment.Method for 
the Usual Methods of Open and Closed Mouth ..

Usual Method

Open Mouth Closed Mouth

Coordination

Treat
ment
A

Treat
ment
B

Treat
ment
C

Treat
ment
A

Treat
ment
B

Treat
ment
C

Easier 0 40 40 31.6 2 1 . 0 36.8

The Same 1 0 0 60 40 63.2 47.4 36.8

Harder 0 0 1 0 5.2 31.5 26.4

1 0 0

(N=5)
1 0 0

(N=5)
1 0 0

(N=5)
1 0 0

(N=19)
1 0 0

(N=19)
1 0 0

(N=19)

x4 = 5 - 4  
No significance

x 4  = 5.7 
No significance



The last-, hypothesis stated.;that :a significantly * great err number * 

of subjects would select treatment C (with the cylinder) as having 

helped their breathing more than treatments A or B.. The second question 

of the subjective response questionnaire relates to the last hypothesis

(see Appendix E). The subject was asked to compare the improvement in

breathing obtained with his usual method of using the metered dose 

inhaler to the improvement experienced with treatment A, treatment B, 

and treatment C. Due to the small sample size and the fact that no 

responses fell in the much more and much less category, the five

responses to question three (much more, more, the same., less, much

less) were collapsed into three categories (more, the same, less). The 

Chi Square test demonstrated that for both types of usual methods of 

using the metered dose inhaler there was no significant difference in 

the subjectfs perception-of the improvement in-breathing experienced - 

with the : three treatment sessions , compared t withlhis : usual method. : The 

hypothesis that a:significantly greater.number o f :subj ects-would select 

treatment C (with the cylinder) as having helped their breathing more “ 

than treatments A or B was therefore rejected (see Table 11).

The final question of the subjective response questionnaire 

asked the subject which method of using the inhaler he preferred. The 

Chi Square test was used to determine whether there was a relationship 

between the usual method of using the inhaler and the method of 

preference. Findings from the Chi Square test demonstrated a positive 

relationship (p = 0 .0 0 1 ) between the usual method and preferred method 

of using the metered dose inhaler (see Table 12).
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Table 11. Percentage Distribution of Subject Perceived improvement in 

Breathing Versus Treatment Method for Open and Closed Mouth 
Usual Methods

Usual Method

Open Mouth Closed Mouth

Improvement

Treat
ment
A

Treat
ment
B

Treat- 
. ment 

C

Treat
ment
A

- Treat
ment 
B

Treat
ment
C

Miore 0 40 2 0 26.3 26.3 31.6

The Same 1 0 0 60 40 63.2 63.2 57.9

Less 0 . 0 40 10.5 10.5 10.5

1 0 0

(N=5)
ioo
(N=5)

1 0 0

(N=5)
1 0 0

(N=19)
1 0 0

(N=19) /-\CTt 
O 

H
2
4

= 7.4 
No significance

X2 = .18 
No significance

Table 12. Distribution of Subject's 
of Using the Metered Dose

Usual Method and Preferred 
Inhaler

Method

Preferred Method

Usual Method Open Mouth Closed Mouth Cylinder

Open Mouth 4 1 0

Closed Mouth 0 17 2

N = 4 N = 18. N = 2

x2 = 18.27
p = 0.001



SiiTmnary ■

The following statements summarize the relevant findings:

There was no statistically significant difference, for the total 

group, among the three treatment sessions for any volume or 

flow parameter for the MEFV^ measurements.

There was a statistically significant (p < 0.05) increase from 

prebronchodilator (MEFV^) to 30 minutes postbronchodilator 

(MEFV^) for FVC, FEV^, isovolume Vmax^^, and isovolume Vmax^^ 

for treatment A, treatment B, and treatment C.

There was no statistically significant difference, for the 

total group, among the three treatment sessions for any volume 

or flow parameter from MEFV^ to MEFV^.

There was no statistically significant difference in the 

subjects' perception of the ease of hand-respiratory pattern 

coordination for treatment A, treatment B, and treatment C.

There was no statistically significant difference in the 

subjects' perception of improvement in breathing with 

treatment A, treatment B, or treatment C.



j 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 

this chapter. The implications for health professionals who 

directly prescribe and instruct patients in the use of aerosolized 

medication in metered dose form are discussed. Recommendations for 

further study are made based on the interpretation of the findings.

Response to Treatment A, Treatment B, 
and Treatment C

During treatment A, treatment B , and treatment C each subject 

was given two inhalations of the aerosolized bronchodilator, meta- 

proterenol sulfate, in metered dose inhaler-form. In treatment A, the 

subject inhaled the aerosolized bronchodilator in metered dose form with 

a closed mouth around the mouthpiece of the inhaler. The aerosolized 

bronchodilator, metaproterenol sulfate, was inhaled with an open mouth 

around the mouthpiece of the metered dose inhaler in treatment B. In 

treatment C, the mouthpiece of the metered dose inhaler was placed 

within the distal end of the cylinder and the proximal end of the 

cylinder was placed in the subjectTs mouth for inhalation of the 

aerosolized bronchodilator.

Flow and volume parameters were measured prebronchodilator and 

30 minutes postbronchodilator. The postbronchodilator flows and
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volumes were compared to the prebroncho dilator flows and volumes . e

There were statistically significant increases in all the flow and 

volume parameters from prebronchodilator to 30 minutes postbroncho- 

dilator for treatment A, treatment B, and treatment C (see Table 6 ). 

Several subjects in the study demonstrated decreases in the flow and 

volume parameters from prebronchodilator to postbronchodilator. Sub

ject one demonstrated decreases in all the. flow and volume parameters 

from prebronchodilator to postbronchodilator in treatment A. Subject 

three demonstrated decreases in FVC, FEV^ ? and isovolume Vmax^^ in 

treatment B. Subject five demonstrated decreases in FVC, isovolume 

Vmax^Q 9 and isovolume V m a x ^  from baseline to MEFV^ in treatment A. 

Subject 17 demonstrated decreases in isovolume Vmax^^ and isovolume 

Vmax^^ in treatments A and C. Subject 17 also demonstrated decrease in 

FEV^ and FVC from prebronchodilator to postbronchodilator in: treatment 

A. In treatment C, subject 24 demonstrated decreases in. FVC., FEV^, 

and isovolume Vmax^^ from prebronchodilator to postbronchodilator.

Roth et al. (1977) reported statistically significant increases 

(p < .05) in FEV^ and Vmax^^ in 2 1  patients with asthma 1 0  minutes 

after inhalation of metaproterenol sulfate. The maximal effect of 

metaproterenol on large and small airways as measured by FEV^ and 

Vmax^Q occurred at 60 minutes postinhalation. The FVC was signifi- 

_ cantly increased (p < .05) at 10 minutes postbronchodilator and 

~ demonstrated a peak effect in 60 minutes. The duration of action for 

metaproterenol was reported by Roth et al. (1977) to be three hours.

In the present study, the only postbronchodilator measurement was at 30



minutes which demonstrated statistically significant increases in the 

flow and volume parameters.

Other studies on aerosolized metaproterenol sulfate demonstrated

similar findings. Chervinsky and Belinkoff (1969) compared the effect

of metaproterenol (0.65 mg) and isoproterenol (,075 mg) in 17 subjects

with bronchospastic disease. Statistically significant increases (p <

.05) in FEV * FEV, and MEFE. were reported at five minutes, and one and 
1  ?

two hours.. The FEV^ remained significantly increased for three hours, 

the FEV was significantly increased for four hours, and the MEFR was 

significantly increased at three and four hours.

There was no statistically significant difference among the 

three treatments for any of the flow and volume parameters (see Tables 

6 , 7, 8 ), The mean per cent changes from baseline to 30 minutes post- 

bronchodilatpr and the t-values of - the Paired Student's -t test sug

gested a-tr end toward a greater increase in the jflow arid.volume param— - 

eters with treatment C (see Tables 2, 3, 4, 5, "and 6 ). Although the 

differences between the three treatments were not statistically sig

nificant for the entire group, evaluation of the individual data demon

strated that specific subjects did have dramatically improved volumes 

and flows after one treatment as compared to the other two treatments. 

For example, in subjects 2 and 22 the percentage increase in FEV^ was 

more than 20 per cent greater after treatment C as compared to either 

treatment A or B. Subject 12 demonstrated a much greater increase in 

FEV^ after treatment A as compared to treatment B or C. These findings 

indicate the importance of evaluating the individual's response to the 

three methods of inhaling an aerosolized bronchodilator.
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Nineteen of the 24 subjects in the present study reported the 

close mouth method as their usual method of using the metered dose 

inhaler, while the five remaining subjects utilized the open mouth 

method. Based on the subjective response questionnaire, there was no 

significant difference among,the three treatment sessions in terms of 

perceived ease of hand-respiratory pattern coordination when compared 

with the subjects’ usual method of using the metered dose inhaler (see 

Table 10). There was no significant difference in the subjects 1 per

ceptions of improvement in breathing obtained with the three treatment 

sessions as compared to their usual method of using the metered dose 

inhaler (see Table 11). There was a significant relationship (p =

0 .0 0 1 ) between the subjects’ usual method of using the metered dose 

inhaler and the subjects’ preferred method of using the inhaler (see 

Table 12). ,

Few studies exist that examine the method of inhaling aero

solized bronchodilator in metered dose form. Corr et al. (1980) re

ported the use of a small plastic cylinder, 4 -cm in diameter and 11 cm 

in length, with the metered dose inhaler. In nine subjects with stable 

asthma there was no statistically significant difference (p >0.37) 

between the correctly administered metered dose inhaler and the cylinder 

with the metered dose inhaler in the postbronchodilator FEV^. However, 

at 30 postbronchodilator there was a slightly greater MMFR (p = 0.06) 

with the cylinder and metered dose inhaler "than with the metered dose 

inhaler alone. In the present study, there was no significant differ

ence among the three treatment sessions postbronchodilator for FEV^. A 

trend toward a greater increase in the flow and volume parameters in
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treatment C (with the cylinder) was suggested by the mean per cent 

change from baseline to 30 minutes postbronchodilator, However, the 

change noted was not enough to be statistically significant. Both 

studies examined postbronchodilator FEV^ and flow rates at the middle 

of vital capacity% The construction of the cylinder differed in the 

two studies.

In the present study the staff nurses of the outpatient clinic 

observed 17 of the 24 subjects1 hand-respiratory pattern coordination.

It was reported that five of the 17 subjects demonstrated poor hand- 

respiratory pattern coordination, while the remaining 12 subjects ; 

demonstrated good hand-respiratory pattern coordination. During the 

three treatment sessions all 24 subjects demonstrated good hand- 

respiratory coordination after the investigator1s verbal explanation 

and demonstration. .

Shim and Williams (1980) reported -that:'14r;of the 30 ̂ asthmatic" 

patients-.observed in their study failed, to inhale : the 'aerosolized. " 

bronchodilator in canister nebulizer form properly. Following an 

instruction period the 14 patients were reexamined and 5 patients had 

reverted to the improper inhalation technique. Perhaps the instruction 

technique used in the present study resulted in fewer subjects demon

strating poor hand-respiratory pattern coordination. The present study 

also -did not have a reexamination period. Both studies suggest the 

need-for patient education in the use of inhalers.

Epstein et al. (1979) reported that 10.8 per cent of 130 sub

jects satisfactorily performed 11 standard maneuvers for inhalation of 

an aerosolized bronchodilator, while 24.6 per cent of the subjects



82

failed to do more than five maneuvers correctly. Subjects with asthma 

were found to perform the inhalation technique better than subjects 

with chronic obstructive lung disease. It was also observed in the 

study by Epstein et al. (1979) that subjects that regularly used the 

inhaler performed better than those subjects with irregular use. In 

the present study there was a general observation of the subjects' 

hand-respiratory coordination, whereas the study by Epstein et al.

(1979) utilized 11 standard maneuvers to evaluate the subjects' per

formance. In the present study all the subjects regularly used the 

aerosolized bronchodilator in metered dose form as part of their daily 

routine. Of the five subjects in the present study that demonstrated 

poor hand-respiratory pattern coordination, all five had a diagnosis 

of asthma. These findings conflict with those observed in the study 

by Epstein et al. (1979). f *■ '/

The present ;study attempted to manipulate the flow rate,and 

velocity at which the aerosolized bronchodilator in metered dose form 

was inhaled. It was proposed that the use of the cylinder with the 

metered dose inhaler would decrease the velocity of the. aerosol as it 

progressed through the cylinder to subject's mouth. Since the velocity 

of the aerosol would be decreased, there would be less impaction in the 

oral cavity allowing for greater deposition in the lower respiratory 

tract. It was thought that with the increase in lower respiratory 

tract deposition of the aerosolized medication the bronchodilating 

effect, as measured by the expiratory flows and volumes, would be en

hanced.
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In the present-study, there were statistically significant in

creases in flow and volume parameters for treatment A, treatment B, and 

treatment C from prebronchodilator'to postbronchodilator. The sig

nificant increases in flow and volume parameters indicate that the 

aerosolized bronchodilator, metaproterenol sulfate, did alleviate the 

reversible airway obstruction. However, no statistically significant 

differences were demonstrated among the three treatment sessions.

Grainger (1977) stated that it initially was thought that the 

distance between the actuator wall and pressurized cannister allowed 

for an air* streaming effect which would assist the aerosol in its 

passage to the respiratory tract. Pavia et al. (1977) propound that as 

the patient inhaled from the metered dose inhaler most of the hetero- 

disperse aerosol impacted in the oral cavity, resulting in only 10-20 

per cent reaching the lower respiratory tract. Similar to the basic 

premise of the present study,>:Pavia et alf* (1977) suggested that, if 

the aerosol particles were to lose velocity as they were expressed from 

the inhaler? deposition in the respiratory tract would be enhanced.

The present study used maximal expiratory flows.and volumes as 

indirect measurements of aerosol deposition in the lower respiratory 

tract, while other studies utilized radioactive tagging of the aerosol 

particles to determine deposition in the respiratory tract. Newman et 

al. (1980) investigated the effect of.spacer devices on aerosol deposi

tion in the lung by having five patients with obstructive airway 

disease inhale teflon particles labeled with technetium-99m from 

pressurized canisters. It was reported that the spacer devices



decreased aerosol deposition in the mouth and increased tracheobronchial 

and alveolar deposition.

Corr et al. (1980) examined the effect of using a small 

plastic cylinder with the metered dose inhaler on aerosol deposition in 

the respiratory tract. Nineteen patients participated in the study, 12 

patients had a diagnosis of chronic'obstructive lung disease and 7 

patients were described as normal. It was reported that the dose of 

aerosol deposited.in the lung, as measured by radioactive tracer tech

nique, was the same for the cylinder with the inhaler and the correctly 

administered metered dose inhaler. The use of the cylinder with the 

metered dose inhaler did decrease by 13-fold the aerosol deposition in 

the mouth and throat. Although the present study did not demonstrate 

any statistically significant difference among the three treatment 

sessions in terms of the flow .and.volume -parameters,„the potential . ■ -

importance of the spacer , devices.or .cylinders Jmiist not be lnegated. .As :-- 

cohcluded by Corr et al. (1980) and Newman et al. (1980), the spacer 

devices/cylinders may prove to be a useful addition to aerosolized 

bronchodilator therapy by increasing the deposition in the conducting 

airways and by providing an easier technique for use of the metered 

dose inhaler.in terms of the hand-respiratory pattern coordination.

Clinical Implications

The purpose of conducting this study was to examine three 

methods of inhaling an aerosolized bronchodilator in metered dose form. 

There was a statistically significant increase in the flows and volumes 

from baseline to 30 minutes postbronchodilator for treatment A,
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treatment B,4 and treatment C, However, there was no significant dif

ference demonstrated in the flows and volnmes among the three treatment 

sessions. The response of the individual subjects to the three treat

ment sessions varied, some demonstrated improvement while others 

demonstrated reduction in flows and volumes.

The effect of each of the three treatment methods may be dif

ficult to assess after just one session of use. Metaproterenol 

sulfatels maximal effect was reported by Roth et al« (1977) to occur at 

60 minutes. In the present study the flow and volume parameters were 

measured at 30 minutes postbronchodilator. Perhaps the maximal effect 

of the metaproterenol sulfate was not obtained.in the three treatment 

sessions.

An important aspect of nursing care is patient education. In

structing the patient in ;theJ proper use of the metered dose inhaler"-: 

allows the patient to obtain; the maximal benefit of the aerosolized 

medication. The present study did not establish one method as the most 

effective for enhancing aerosol deposition in the lower respiratory 

tract, or as easiest in terms of hand-respiratory pattern coordination, 

or as improving breathing more than the other methods. Based on the 

findings of the present study, patients should not be compelled to use 

only one method for the inhalation of an aerosolized medication in 

metered dose inhaler form. Alternative -methods for use of the metered 

dose inhaled should be included in patient education, consequently 

allowing the patient to select the method he prefers.

The potential importance of the cylinder or spacer devices was 

suggested by Corr et al. (1980) and Newman et al, (1980), The
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cylinder or spacer devices were found to decrease impaction, in the oral 

cavity and increase aerosol deposition in the lower respiratory tract. 

When evaluating the potential importance of the cylinder or spacer 

devices with metered dose inhalers, the aerosolized medication's site 

of action must be considered. For example, the therapeutic effect of 

aerosolized bronchodilator may occur in the large airways and the 

epiglottic area. Therefore, the bronchodilating effect may result from 

both systemic and topical distribution of thie drug. The use of the 

cylinder or spacer devices may have implications for use with inhaled 

steroids. The therapeutic effect of an inhaled steroid.is more topical 

than systemic. The increase in small airway deposition with the 

cylinder or spacer devices may enhance the effect of the aerosolized 

steroid.

In the. present study of siibj ects with stable, airway: obstructive^ 

disease, one cannot say "there was::any ̂ immediate,.advantage to using one 

method bf= the three methods studied for the inhalation of the aero-r :c.~ ' 

solized bronchodilator in metered dose form. A trend toward a greater 

increase in the flow and volume parameters with treatment C was - sug

gested by the mean per cent changes from baseline to 30 minutes post- 

broncho dilator and the t-values of the Paired Students t test. How

ever, the change noted was not enough to be systematically significant. 

This analysis does not disprove that there may be significant differ

ences among the three methods of inhaling an aerosolized bronchodilator 

for the individual subject. Until more data are collected that measure 

the effects of various methods for using the metered dose inhaler, the 

optimal method for using inhalers cannot be determined.



Suggestions for Further Study

Further studies that compare various methods of inhaling aero- _ 

solized medication in metered dose form are important for continued 

improvement in the administration of aerosolized medication to patients. 

This study should be repeated on those present subjects who demon

strated a dramatic improvement after use of one of the three treatment 

methods. If the original findings are duplicated, there would be sub- • 

stantiation for the hypothesis that, for individuals, one method of 

aerosol inhalation is better than another method. Then a new study 

that obtains repeated flow and volume measurements with each treatment 

method in the same subject should be designed to further evaluate the 

aforementioned hypothesis.

In future studies modifications should be made on the charac

teristics of the cylinder * Cylinders constructed of an assortment"of . 

materials and with“varying'dimensions should be compared to determine 

the amount of aerosolized medication deposited and absorbed in the 

cylinder. The cylinder that delivers the greatest percentage of the 

aerosolized medication should be used in clinical studies.

Modifications of the open and closed mouth methods of inhaling 

an aerosolized medication should also>be evaluated. These studies 

should include variations of the inspiratory pattern by having subjects 

(1) exhale to FRC versus residual volume, (2) take a normal inspira

tion versus a.deep breath, (3) vary coordination of hand movement and 

respiratory pattern, and (4) use a breath hold versus a normal expira

tion postinhalation. * In addition for the open mouth method, the 

metered dose inhaler should be held at graduated distances from the
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subject’s open mouth to determine the effect on aerosol deposition. To 

thoroughly evaluate; the methods of inhaling an aerosolized medication, 

both the therapeutic effect and site of deposition in the lung should 

be investigated. This investigative approach would require tests of 

volume and flow .and the tagging of the aerosol particles.

Future studies should measure MEFV curves for several hours 

postbronchodilator to assess changes in flow and volume parameters over 

a prolonged period of time. Another approach to assess the cumulative 

effect of various methods of using aerosolized medication in metered 

dose form would be to compare the changes in flow and volume parameters 

after the subject uses one method of inhalation for one week followed by 

use of an alternative method for a week. Future studies should be con

ducted with children to determine if differences in hand-respiratory 

pattern coordination?: exist. It would also -Id e: valuable to incorporate- ' 

a subjective assessment by the: patients in future. studies to ascertain .. 

their perception of the methods for using aerosolized medication in 

metered dose inhaler form. In the present study, the sample consisted 

of subjects with stable airway obstructive disease. Future research 

should be conducted on subjects that are not stable and who may exhibit 

more bronchospasm. Data from these future studies would assist health 

professionals to determine the most efficacious method for use of the 

aerosolized medication in metered dose form in subjects with reversible 

airway obstruction.



CHAPTER 6

SUMMARY

The aerosolized bronchodilator, metaproterenol sulfate, in 

metered dose inhaler form, is used" to alleviate reversible airway ob

struction and thereby improve ventilatory function. The method a 

patient uses to inhale an aerosolized bronchodilator in metered dose 

form may influence the.effectiveness of the medication. The ..purpose of 

this study was to examine three methods of inhaling-an aerosolized 

bronchodilator in metered dose .form. The bronchodilating effect of the 

aerosolized medication inhaled in the three methods was compared by 

measuring maximal expiratory -flows and-volumes. Few studies exist that 

evaluate'the methods for inhaling' aerosolized medication in:metered. 

dose form. _ . ' j

Twenty-four subjects with stable airway obstructive disease 

participated in the study. Prior to actual participation, 17 of the 24 

subjectsT hand-respiratory pattern coordination was observed by the 

staff nurses of the outpatient clinic. The subjects were randomly, 

assigned to the three treatment sessions: (T) in treatment A, a closed

mouth method of inhaling the aerosolized bronchodilator was used; (2) 

an open inouth method of inhaling the aerosolized bronchodilator was 

used-in treatment B;-and (3) in treatment C, a cylinder was used with 

the metered dose inhaler. Maximum expiratory flow^volume (MEFV) curves 

were obtained prior to the inhalation of the aerosolized bronchodilator
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and at 30 minutes after the inhalation of the aerosolized broncho- 

dilator. The flow and volume parameters measured postbronchodilator 

were compared to the flow and volume parameters measured prebroncho- 

dilator. The MEFV curve, a relatively sensitive measure of airway ob

struction, was used to evaluate the effect of the three treatment 

methods. A subjective response questionnaire was completed by each 

subject for each treatment session to ascertain which of the three 

methods of using the inhaler: (1) provided the most subjective improve

ment in breathing and (2) was easiest in terms of hand-respiratory 

pattern coordination.

The staff nurses reported that most of the 17 observed subjects 

demonstrated good hand-respiratory pattern coordination. There were 

statistically significant increases in the flow and volume parameters . 

from prebronchodilator to postbronchodilator.for treatment A, -treatment 

B, and treatment C._ There were no statistically significant differences 

for the total group demonstrated in the flow and volume parameters among 

the three treatment sessions. There was a trend toward a greater in

crease in flow and-volume parameters with treatment C; however, the 

findings were not statistically significant. Based on the subjective 

response questionnaire, there was no significant difference among the 

three treatment methods in terms of perceived ease of hand-respiratory 

pattern coordination when compared with the subjects1 usual method of 

using the metered "dose inhaler. There was no significant difference in 

the subjects’ perception of improvement in breathing obtained with the 

three treatment methods as compared to their usual method of using the 

metered dose inhaler. A significant relationship did exist between the
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subjects1~usual method of using the metered dose inhaler and the sub

jects’ preferred method of using the inhaler. '

In subjects with.stable airway obstructive disease, there was 

no immediate advantage demonstrated for use of one of the three methods 

studied for the inhalation of the aerosolized bronchodilator in metered 

dose form. Further study is necessary to determine the most effi

cacious method of inhaling the aerosolized bronchodilator in metered 

dose form.

•This study of the effect of three methods of inhaling an 

aerosolized bronchodilator in:metered dose form in subjects with stable 

airway .obstructive disease should be repeated. .Future.studies should 

incorporate modification of the three methods of inhaling the aerosol

ized medication, as well as evaluate the effect of the various methods 

of inhaling aerosolized medication over a-longer.period of .time. .



APPENDIX A

SUBJECT AND PHYSICIAN CONSENT FORMS

Subject's Consent Form

Summary of Research Procedures 
and Demands in Lay Language

Project Title: Comparison of Three Methods of Administering a 
Self Propelled Aerosolized Bronchodilator

I, Ann Marie Thompson, R.N., am conducting a study to determine 
the most effective way to use an inhaler containing a breathing medicine, 

-the bronchodilator alupent. To determine which method of using the 
inhaler is most effective, breathing tests will be measured in patients 
with airway obstructive- disease. All subjects will presently be.using 
alupent for their breathing problem. I am interested in recording 
changes in your breathing test measurements after you use the inhaler 
in three different ways: (1) a closed mouth around the mouthpiece of
the inhaler, (2) an open mouth around the mouthpiece of the inhaler, 
and (3) jusing a cylinder with the inhalers The results of your 
breathing Lest may enable.the doctors and nurses to determine which 
of the three methods of using the inhaler with the breathing medicine 
helps your breathing the most.

If you agree to participate in this study, you will be asked to 
come'to the Pediatric Pulmonary Function Laboratory at the Arizona . 
Health...Sciences. Center for three treatment sessions. The three treat
ment sessions will be scheduled within a one week time period at 
approximately the same time of day. Each session will require 40-45 
minutes of your time for a total of two to three hours. Each treatment 
session will be scheduled to begin two to three hours after you usually 
take your oral breathing medicine.

On the day of each treatment session, you will be asked to 
refrain from using your inhaled breathing medicine for four hours prior 
to the treatment. You are to keep using your oral breathing medicine.

Two tests of your breathing will be done during each treatment 
session. One will be done before you inhale the breathing medicine, 
alupent. The second one will be done 30 minutes after you inhale the 
breathing medicine, alupent. Each breathing test will involve taking a 
deep breath and blowing it out forcefully and completely into a 
recording device three times.
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After each treatment session, you will be asked to complete a 

short questionnaire (3^4 questions) about the method you use the 
inhaler with the breathing medicine, alupent, and your response to 
the method used during each treatment session.

Your participation in this study also includes permitting the 
investigator to record pertinent information from your chart, 
including: sex, age, .height, weight, diagnosis, previous pulmonary 
function tests, blood gases and chest X-ray interpretation, and the 
current medicine you are taking.

You will be assured of confidential handling of the information 
obtained in this study. Your name will not be used as all information 
will be coded. 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 is no cost to you for your 
participation. The breathing test may cause temporary physical dis
comforts including: shortness of breath, cough, and fatigue. The 
breathing medicine, alupent, you will inhale may cause you to feel 
your heart beat, your heart beat may feel faster to you, you may 
experience nervousness, twitching, headache, feel sick to your stomach, 
and the medicine may leave a bad taste in your mouth. There will be 
a pulmonary doctor available to help you if you need it.

One of the benefits ef the, study will be the results-.of the
breathing tests which may show. the effect of each of the three methods 
for use of the breathing medicine,.. alupent,. in inhaler form.
Physicians and nurses will be able to use the information gained 
from the study when instructing patients in the use of the breathing 
medicine in inhaler form.

If you decide not to participate in this study, it will in no
way affect your relationship with any doctor or nurse or affect the
quality of your care. I will answer any questions you may have about 
the study at any time.

The nature, demands, risks, and benefits of the project have 
been explained to me and 1 understand what my participation involves. 
Furthermore, I understand that I am free to ask questions and withdraw 
from the project at any time without affecting my relationship with 
any institution or person.

I understand that in the event of physical injury resulting 
from the research procedures, financial compensation for wages and 
time lost and the costs of medical care and hospitalization is not 
available and must be borne by the subject, I understand that the 
investigator will provide information upon my request.
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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 
College of Nursing. A copy of this consent form is available to me 
upon request.

Subject’s Signature_____________________________________ Date_______________

Witness Signature Date



95
Physician!s Consent

I, Ann Marie Thompson, R.N., am conducting a study to determine 
the most effective method for use of an aerosolized bronchodilator in 
metered dose inhaler form. To determine which of three methods is most 
effective, selected pulmonary function tests will be completed on 
subjects with airway obstructive disease.

In order to participate in this study, the subjects must meet 
the following criteria:

1. Subjects must have a physician confirmed diagnosis of airway 
obstructive disease.

2. Subjects must be stable, without hospitalization for at least 
two weeks prior to participation in the study.

3. Subjects must be able to understand and speak English.

4. Subjects must be using metaproterenol sulfate in metered dose 
inhaler form as part of their therapeutic regimen.

5. Subjects must be willing to abstain from using metaproterenol 
sulfate in metered dose inhaler form for four hours prior to 
each treatment session,

6. Subjects must be able to tolerate repeated;forced vital 
capacity maneuvers. --

7. Subjects must be willing to.participate..in this study and be 
able to participate in all three sessions to be scheduled 
within a one week time period 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 an exhaled forced vital capacity maneuver.

2. Prebronchodilator MEFV curves will be obtained.

3. Subjects receiving treatment A will use a closed mouth method 
for inhalation of the aerosolized bronchodilator, metaproterenol 
sulfate. Subjects will be Instructed to place the mouthpiece
of the inhaler in his mouth and close his lips around it. 
Subjects receiving treatment B will use an open mouth method 
for inhalation of the aerosolized bronchodilator, metaproterenol 
sulfate. Subjects will be instructed to place the mouthpiece 
of the inhaler in his mouth, so that neither his lips nor
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teeth touch the mouthpiece• The following instructions will be 
used in treatments A and B, After the subject has placed the 
inhaler in his mouth in the described method, he will be 
instructed:

to exhale normally to resting volume 
to activate the inhaler as he inhales slowly and 
deeply with his tongue in a down position 
to hold his breath for at least three to five seconds 
to wait for 30 seconds and repeat procedure to obtain 
a second inhalation of metaproterenol sulfate.

Subjects receiving treatment C will be instructed to use a 
cylinder with the inhaler. The following instructions will 
be given to each subject:

a. place the mouthpiece of the inhaler in the distal 
end of the cylinder

b . place the proximal end of the cylinder in his mouth 
with his lips closed around the opening.

c. exhale normally to resting volume
d. activate the inhaler
e. inhale slowly and deeply with his tongue in a down 

position
f . hold his breath for at least three to five seconds
g. wait for 30 seconds and repeat procedure to obtain a

second inhalation of; metaproterenol sulfate. ___

4. Thirty minutes after completion of a treatment session,-a second 
sep of MEFV curves will be obtained.

5. After completion of the final MEFV curves a questionnaire (3-4 
questions) to determine the subject’s current method of using

. the inhaler and his subjective response to each treatment 
session will be given.

Permission has been granted to me, Ann Marie Thompson, R.N. , 
from the Human Subjects Committee of The University of Arizona, to 
conduct this study. If you feel the subject meets the above criteria
for inclusion in this study and that _________ ____________________ _______
will tolerate the protocol outlined, please sign your name below.
Consent will also be obtained from the individual subject after you
have approved of his participation. 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 
College of Nursing.

PhysicianT s Signature ______________________________  Date__________

Witness Signature Date



APPENDIX B

HUMAN SUBJECTS COMMITTEE APPROVAL

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

H U M A N  S U B J E C T S  C O M M I T T E E  
A R IZ O N A  H EA LTH  SCIENCES CENTER 2305

r 11 March 1980

TE LE P H O N E : *-6-6721 OR 626-7575

Ann Marie Thompson, R-N., J.S.N.
College of Nursing
Arizona Health Sciences Center

Dear Ms. Thompson':

We are in receipt of your project entitled, "Comparison of Three 
Methods of Administering a .Self Propelled Bronchodilator", .which was _ .
submitted to the Human Subjects Committee for review. We concur with •
the opinion-of ryour College Review - Committee - that this is a minimal •-risk■ 
project. Therefore,'approval is -granted effective T1 March 1980. . . ■

Approval is granted-with the" understanding that ho changes will be 
made to either the procedures--followed of “in the consent form used (copies 
of which we have ■ on file) without the knowledge and approval of the Hunan 
Subjects Committee and the College Review Committee. Any physical or psy
chological harm to any subjects must also be reported to each committee.

A university-wide policy requires that all signed subject consent 
forms be kept in a permanent file in an area designed for tha purpose by 
the College of Nursing Director. This will assure their accessibility 
in the event that university officials require this information and the 
principal investigator is unavailable for some reason.

Sincerely yours,

Milan Novak, M.D., Ph.D. 
Chairman
Human Subjects Committee

MN/jm

cc: Ada Sue Hinshaw, Ph.D.
College Review Committee
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APPENDIX C

NURSET S OBSERVATION SHEET

PatientT s Name _____________________   Patient’s Nmnber______

Nurse’s Initials_____ .____________

Please circle one of the two choices listed below.

The patient exhibits A, Poor B. Good coordination of his/her 
breathing pattern with compression of the metered dose inhaler.
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APPENDIX D 

DATA COLLECTION SHEET

Treatment A Date __

Treatment B Date ___

Treatment C Date __

Subject Number _____ :

Age _______ ;______  !

Sex _____   ■:

Wt. (kg)  _______

Ht. (cm)  ____________

Medications .

1. S ymp athpmime t i cs i

2. Xanthines:; - J
3. Stdroids- a.ioral

b .!inha
4. Other 

History:
Chest X-ray Date __

Interpretation ____________________________

Blood Gases Date __ _______

p02 _______ pC02   ph    HC03

Sat _______ • EI02  ;__

Pulmonary Function Test Date ___________

Interpretation _______________

Time

Time

Time

Diagnosis

~a; oral. :
b„ inhaler-:'. :..:

ler

Time of Hast, dosec- c c 
c 
(
(
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POStr--

Actual Predicted % Predicted BroncBodilator % Predicted

FVC

FEV1

MEFV Treatment FEV^ FVC Vmax^Q VmaXy^

1 , Tx A

Tx B

Tx C

Is°50 IS°75

2 Tx A
(

Tx B

Tx c : ,

Legend MEFV^ prebronchodilator
MEFV 2  30 minutes following treatment

Calibration Tx A Hand Respiratory Coordination

Tx B
Tx A '

Tx C
Tx B.

Subjective Response Questionnaire
Tx C

Treatment A Treatment B Treatment C

Question 1, A
-

B

C /
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___________ Treatment A_____ Treatment B Treatment C

Question 2. Much More 

More 

The Same 

Less

Much Less

Question 3. Much Easier 

Easier 

The Same 

Harder 

Much Harder

Question 4. A 

B 

C



APPENDIX E

SUBJECTIVE RESPONSE QUESTIONNAIRE

Subject’s Number _____'______________  Treatment_______________________

Please circle the answer which best describes your feelings.

1. How do you currently use your metered dose inhaler?

A. Open mouth method not allowing my teeth or lips to touch the 
mouthpiece of the inhaler,

B. Closed mouth method.with my lips sealed around the mouthpiece 
of the inhaler.

C. With the mouthpiece of the inhaler in the cylinder.

D. Other, please describe;

2. Compared with my usual method of using the inhaler., this method _ 
helped my breathing: ;;

Much More More The Same Less Much Less

3. Compared with my usual method of using the inhaler, this method of 
coordinating my breathing with activating the inhaler was:

Much Easier Easier The Same Harder Much Harder

4. Which method of using the inhaler do you prefer?

A. Open mouth method not allowing my teeth or lips to touch the 
mouthpiece of the inhaler.

■B. Closed mouth method with my lips sealed around the mouthpiece 
of the inhaler.

C. With the mouthpiece of the inhaler in the cylinder.

103



REFERENCES

Anthonisen, N. R., J. Danson, P. C, Robertson, and W, R. D. Ross.
"Airway Closure as a Function of Age." Respiration Physiology, 
8:58-65, 1969-1970.

Boehringer Ingelheim Ltd. Alupent-Brand of Metaproterenol Sulfate. 
Ridgefield, Connecticut, 1978.

Bouhuys, Arend. "Pulmonary Response to Bronchodilators." American 
Review of Respiratory Disease, 110:119-121, 1974.

Bouhuys, Arend. The Physiology of Breathing. New York: Grune and 
Stratton, 1977.

Brain, Joseph D., Donald F. Proctor, and Lynne Reid, eds. Respiratory 
Defense Mechanisms--Part I . New York: Marcel Dekker, Inc., 
1977.

Brain, Joseph D. , and Peter A. Valberg. "Deposition of Aerosol in the 
Respiratory Tract— State of the Art." American Review of 
Respiratory Disease, 120:1325-1373, 1979.

: Chervinsky, Paul,, and Stanton^Belinkoff; "Comparison.of.Metaproterenol 
: ■; and Isoproterenol Aerosols: „ Spirometric Evaluation After Two

. MonthsV Therapy." -Annals, of Allergy, 27:611-616, 1969. -

Comroe, Julius, Robert Forster, Arthur Dubois, William Briscoe, and
Elizabeth Carlsen. The Lung— Clinical Physiology and Pulmonary 
Function Tests. Chicago: Year Book Medical Publishers, 1962.

Corr, D. , M. Dolovich, D. McCormack, R. Ruffin, G. Obminski, and M.
Newhouse. "The Aerochamber: A New Demand Inhalation Device 
for Delivery of Aerosolized Drugs." (Abstract) American 
Review of Respiratory Disease, 121:123s, 1980.

Dolovich, Myrna. Research Advisor of the Regional Respiratory Unit,
St. Joseph's Hospital, Hamilton, Ontario, Canada, personal 
communication. May 26, 1980.

Dolovich, Myrna B., Dermott Killian, Ronald K. Wolff, George Obminski, 
and Michael T. Newhouse. "Pulmonary Aerosol Deposition in 
Chronic Bronchitis: Intermittent Positive Pressure Breathing 
Versus Quiet Breathing." American Review of Respiratory 
Disease, 115:397-402, 1977.

104



105
Epstein, S . , 1C. P. R. Manning, M. J, Ashley^., aridyP. N. Corey. I’1

"Survey of the Clinical:Use of Pressurized Aerosol Inhaler." 
Canadian Medical Association Journal, 120:813-816, 1979.

Foord, N., A. Black, and M. Walsh. "Pulmonary Deposition of Inhaled 
Particles with Diameters in the Range 2,5 to 7.5 pm," in 
W. H. Walton, ed., Inhaled Particles.IV. New York: Pergamon 
Press, 1977.

Goldberg, I., and R. M. Cherniack. "The Effect of Nebulized Broncho-
dilator Delivered with and without IPPB on Ventilatory Function 
in Chronic Obstructive Emphysema." American Review of 
Respiratory Disease, 90:13-20, 1964.

Grainger, J. R. "Correct Use of Aerosol Inhaler." Canadian Medical 
Association Journal, 117:21-22, 1977.

Green, M. , J. Mead, F. Ho.ppin, and M. E. Wohl. "Analysis of the Forced
! Expiratory Maneuver.-" Chest, 63:33-36s,. 1973.
! . ' 1

Green, Malcolm, Jere Mead * • and James M. Turner. "Variability of • :
* Maximum Expiratory Flow Volume Curves/" Journal of Applied *

Physiology, 37:67-74, 1974.

Hiller, Charles, Malay Mazumder, Douglas Wilson, and Roger Bone.
"Aerodynamic Size Distribution of .Metered Dose Bronchodilator 
Aerosol. " American Review-.of‘Respiratory Disease, 118:311- 

. 317, 1978. :

Hurst, "Allan. " "Metapfoterenol, a Potent "and .SafeJ'Brorichodilator" 
Annals-of..Allergy, 31:460-466; 1973. f;~3-

Jenne, iJohn W. "The Clinical Pharmacology of Bronchodilators.!‘?
Basics of RD— -American Thoracic Society, 6:1-6, 1977.

Leifer, Kent N. , and Heinz J. Wittig. "The Beta-2 Sympathomimetic 
Aerosols in the Treatment of Asthma." Annals of Allergy, 
35:69-80, 1975.

Leonard, Mary Ann. ‘ "Changes in Maximal Expiratory Flows After Postural 
Drainage with and without Aerosol Therapy in Subjects with 
Chronic Bronchitis." Unpublished masterTs thesis. The 
University of Arizona, 1978.

Lippmann, Norton, and Roy E. Albert. "The Effect of Particle Size on 
the Regional Deposition of Inhaled Aerosols in the Human 
Respiratory Tract." American Industrial Hygiene Association 
Journal, 30:257-275, 1969.



106
Lippmann, N. , R. S. Albert, and H, T. Peterson, Jr. !,The Regional

Deposition of Inhaled Aerosols in Man," in W. H. Walton ed., 
Inhaled Particles III. Surrey, England: Unwin Brothers, Ltd., 
1971.

Lorber, David B., Walter Kaltenborn, and Benjamin Burrows. "Responses 
to Isoproterenol in a General Population Sample." American 
Review of Respiratory Disease, 118:855-861, 1978,

Macklem, P. T. "Physiology of Cough." Annals of Otology, 83:761-768, 
1974.

McCall, Robert. Fundamental Statistics for Psychology. New York:
Harcourt Brace Jovanovich, Inc., 1975.

McFadden, E. R. , Jr., Jan Newton-Howes, and N. B. Pride. "Acute Effects 
of Inhaled Isoproterenol on the Mechanical Characteristics of 
the Lungs in Normal Man." The Journal of Clinical Investiga
tion, 49:779-789, 1970.

Morrow, Paul E. "Aerosol Characterization and Deposition." American
Review of Respiratory Disease, 110:88-99, 1974,

Munt, Peter W. "Aerosol Bronchodilator and Hand-Lung Dyscorrdination.” 
Canadian Medical Association Journal, 120:781, 1979.

Murray, John F.. The Normal Lung. Philadelphia: W, B . Saunders
Company, 1976. ;

Mushiny G. J. *"Time Factor in the Measurement of Response to 
Bronchodilators." Thorax, 22:538-542, 1967.

Netter, Frank. Respiratory System, Summit, N. J.: CIBA Pharmaceutical 
Company, 1979.

Newhouse, Michael, and Richard Ruffin. "Deposition and Fate of 
Aerosolized Drugs." Chest, 73:936-943s, 1978.

Newhouse, M. , J. Sanchis, and J. Bienestock. "Lund Defense Mechanisms." 
The New England Journal of Medicine, 295:990-998, 1976.

Newman, S. P., F. Moren, D. Pavia, N. F. Sheahan, and S. W. Clarke.
"Effect of Spacer Devices on the Deposition of Pressurized 
Aerosols in the Human Lung." (Abstract) American Review of 

/ Respiratory Disease, 121:173s, 1980,

Nunn, J. F. Applied Respiratory Physiology. Reading, Mass.: 
Butterworths Inc., 1969.



107
Otis, Arthur. B. , Wallace *0. Fenri, and Herman?Rahn. ./Mechanics of ! -

Breathing .in Man.n 'Journal of.Applied Physiology, .2:592-607, 
1950.

Palmes, S. D., Chiu-Sen Wang, Robert Goldring, and Bernard Altshuler.
"Effect of Depth.of Inhalation on Aerosol Persistence During 
Breath Holding." Journal of Applied Physiology, 34:356-360, 
1973.

Paterson, I. C., and G. K. Crompton. "Use of Pressurized Aerosols by 
Asthmatic Patients." British Medical Journal, 1:76-77, 1976.

Pavia, Demetri, Maurice L. Thomson, Stewart W. Clarke, and Harry
Shannon. "Effect of Lung Function and Mode of Inhalation on 
Penetration of Aerosol Into the Human Lung." Thorax, 32: 
194-197, 1977.

Pedley, Timothy, Michael Sudlow, and Robert Schroter. "Gas Flow and 
Mixing in the Airways, " in John; B. West, ed. , Bioengineering 
Aspects of the Lung. New York: Marcel Dekker, Inc.', 1977.

Pride, N. B. "The Assessment of Airflow Obstruction." British Journal 
of Disease of the Chest, 65:135-159, 1971.

Proctor, Donald F. "Airborne Disease and the Upper Respiratory Tract." 
Bacteriological Reviews, 30:498-513, 1966.

A
Frodtor, Donald -F:, and,David L. Swift. "The Nose— A Defence - Against

J the Atmospheric. Environment," ;in W. H. Walton',- red. , -.Inhaled r
!; Particles III. ■ . Surrey,1 England: Unwin Brothers Ltd. , 1971. f ; "
:i *

Riley, David Jv, ..Bradford. W. Weitz, and Normal H. Edelman. "The
Responses of Asthmatic Subjects to Isoproterenol Inhaled at 
Differing Lung Volumes." American Review of Respiratory 
Disease, 114:509-515, 1976.

Roscoe, John. Fundamental Research Statistics. New York: Holt, 
Rinehart and Winston, Inc., 1969.

Roth, M. J., A. F. Wilson, and H. S. Novey. "A Comparative Study of
the Aerosolized Bronchodilators, Isoproterenol, Metaproterenol
and Terbutaline in Asthma." Annals of Allergy, 38:16-21, 1977.

Siegel, Sidney. Nonparametric Statistics— For the Behavioral Sciences. 
New York: McGraw-Hill. Book Company, 1956.

Shapiro, Barry, Ronald Harrison, and Carole Trout. Clinical Applica- 
.. tion of Respiratory Care. Chicago: Year Book Medical 
Publishers Inc., 1976.



108
Shim, C., and M. H. Williams. "Inhalation of Bronchodilator Aerosols 

from Canister Nebulizers." (Abstract) American Review of 
Respiratory Disease, 121:189s, 1980.

"Snowbird Workshop on Standardization of Spirometry." American 
Review of Respiratory Disease, 119:831-838, 1979.

Stanescu, D. C., J. Clement, and K. P. Van DeWoestijne. "Pulmonary 
Resistance and Maximal Expiratory Flow Rates After 
Isoprenaline in Patients with Chronic Obstructive Lung 
Disease." Thorax, 28:716-720, 1973.

Stuart, Bruce 0. "Deposition of Inhaled Aerosols." Archives of 
Internal Medicine, 131:60-73, 1973.

Swift, David, and Mitchell Litt. "Physiochemical Alterations of
Pulmonary Clearance," in George Burton, Glenn Gee, and John 
Hodgkin, eds., Respiratory Care— A Guide to Clinical Practice. 
Philadelphia: J. B. Lippincott Company, 1977.

Taylor, W. F., E. M. Heimlich, L. Strick, and R. J. Busser. "Inter
mittent Positive Pressure Breathing Versus Freon-Unit Nebulized 
Isoproterenol in Asthmatic Children." The Journal of Allergy, 
38:257-263, 1966.

Thomson, Maurice L., and Demetri Pavia. "Particle Penetration and 
Clearance in the Human Lung." Archives of Environmental 
Health, 29:214-219, 1974.

Wu, Nancy, William F. Miller, Robert Cade, and Paul Richburg. "Inter
mittent Positive Pressure Breathing in Patients with Chronic 
Bronchopulmonary Disease." American Review Tuberculosis 
Pulmonary Disease, 71:693-702, 1955.




