
Pulmonary Medications 

Many of the patients seen by physical therapists have primaly or secondaly 
diagnoses for which cardiovascular- orpulmonaly-active medications may be 
prescribed. nere  is a need, therefore, forphysical therapists to understand the 
phamacologic treatment of such patients. n i s  article discusses medications 
commonly used in the treatment of pulmonaly ciisorders. These medications are 
t@ically divided into the following categories: bronchodilators, anti- 
inflammatoly agents, decongestants, antihistamines, antitussiues, mucokinetics, 
respiratoly stimulants and depressants, and paralyzing and antimicrobial 
agents. Regardless of which group a particular medication belongs to, the ratio- 
nale for its prescription centers on promoting bronchodilation or relieving bron- 
choconstriction, facilitating the removal of secretions from the lungs, improving 
alveolar ventilation or oxygenation, or optimizing the breathing pattern, The 
relative importance of each of these goals depends on the specijc disease pro- 
cess involved and the resultant respiratory pmblemCs). [Cahalin LP, Sadowsky 
HS. Pulmonaly medications. Phys mer. 1995; 75:397- 414.1 

Key Words: Bronchodilator agents; Phamacology; Pulmonaly, general; Respiration; 
Ventilation. 

The prescription of any pulmonaly 
medication is founded on four basic 
goals: (1) promotion of bronchodila- 
tion or relief of bronchoconstriction, 
(2) facilitation of the removal of secre- 
tions from the lungs, (3) improvement 
of alveolar ventilation or oxygenation, 
and (4) optimization of the breathing 

The relative importance of 
each of these goals depends on the 
specific disease process and the result- 
ant respiratory problem(s). Conse- 
quently, pulmonaly-active medications 
are typically grouped in accordance 
with their principal desired effect: 
bronchodilators, anti-inflammatory 
agents, decongestants, antihistamines, 
antitussives, mucokinetics, respiratory 
stimulants and depressants, and para- 
lyzing and antimicrobial agents. Each 

of these groups will be reviewed, with 
emphasis placed on its impact on the 
specfic problem. 

Bronchodilators are the most often 
used drugs in the treatment of pulmo- 
nary disease.l Therefore, they will be 
considered before the other drug 
groups. First, however, a brief discus- 
sion of the mechanisms of broncho- 
constriction, or airway narrowing, is 
presented to facilitate an understand- 
ing of the actions of bronchodilator 
drugs. The bronchial smooth muscle 
fibers of the lungs involuntarily con- 
strict in response to various types of 
irritation. The resultant bronchocon- 
striction plays a major role in the 
pathophysiology of most obstructive 
pulmonary diseases. Bronchoconstric- 
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tion can be attributed to any, or all, of 
three primary pathologic factors: ab- 
normal bronchomotor tone (broncho- 
spasm), inflammation, and mechanical 
~bstruction.~ With the elimination of 
overt mechanical obstruction, the 
control of bronchomotor tone and 
inflammation become the components 
of airway management in patients 
with pulmonary disease. Only after 
constricted airways are dilated can 
mucociliary transport, removal of 
secretions, and subsequent alveolar 
ventilation and oxygenation take 
p1a~e.l .~ 

Mechanisms of Bronchospasm 

Normal bronchomotor tone is the 
result of a balance between adrenergic 
and cholinergic influences (Fig. 1).3 
When something (eg, disease, allergy) 
disrupts this balance, bronchospasm 
may result. The characteristic findings 
in acute bronchospasm are mucus 
production, vascular engorgement, 
and submucosal inflammatory edema. 
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Figure 1. Normal bronchomotor tone is the result of a balatzce between adrenergic 
and cholinergic influences mediated through the intracellular nucleotides cyclic aden- 
osine 3',5'-monophosphate (CAMP) and cyclic guanosine monophosphate (cGMP). 
Adrenevic stimulation cf the appropriate receptor catalyzes (via adenyl cyclase) the 
conversion of adenosine tnphosphate CAP) to CAMP, eliciting relaxation of the af- 
fected b~uncial smooth muscle. Cyclic M is metabolized 6-y phosphodiesterase. Cho- 
linetgic .stimulation of the appropriate receptor catalyzes (via guanyl cyclase) the con- 
version cfglutamyl transpeptidase ( G P )  to cGMP, eliciting contraction of the afected 
bronchial smooth muscle. Cyclic GMP is metabolized byphosphodiesterase. (Reprinted 
with permission from Hillgas E, Sadowskry HS. Essentials of Cardiopulmonary Physical 
Therapy. Philadelphia, Pa: ltVB Saunders Co; 1993:532.) 

The mechanisms of bronchospasm 
can be illustrated using asthma as a 
model. In asthma, an imbalance in 
autononlic nervous system (ANS) 
activity causes a predominant para- 
sympathetic influence, increasing 
bronchomotor tone and resulting in 

narrowing of bronchial and bronchio- 
lar passages4 

Other receptors in the connective 
tissues of the airways (eg, receptors on 
mast cells) and the blood are also 
stimulated, and mediator substances 
are released. This response is called 

HUMORAL IMMU L-MEDIATED IMMUNIN 

inflammation, and it plays a central 
role in the production of broncho- 
spasm in the vast majority of respira- 
tory d i s ~ r d e r s . ~ , ~ , ~  The mediator sub- 
stances originate from the plasma, the 
adjacent cells, or the damaged tissue 
and are associated with at least eight 
major events: (1) changes in vascular 
flow and caliber; (2) changes in vascu- 
lar permeability; (3) leukocytic (eg, 
neutrophils, monocytes, eosinophils, 
lymphocytes, basophils) exudation; (4) 
margination, or clustering of leuko- 
cytes along the capillary endothelial 
cells at the site of injury; (5) sticking, 
or adherence of the leukocytes to the 
endothelial surface at the site of injury; 
(6) emigration, or leukocytic insinua- 
tion between endothelial cells; (7) 
chemotaxis, or unidirectional migra- 
tion of polymorphonuclear leukocytes 
from the bloodstream to the site of 
injury in response to released attract- 
ants; and (8) phago~ytosis .~~~~5 Al- 
though macrophages, leukocytes, and 
neutrophils assist in the elimination of 
an invading pathogen by means of 
phagocytosis, it is the action of the 
lymphocytes that is probably most 
critical. Lymphocytes have been identi- 
fied as the "cornerstones of the im- 
mune p r o ~ e s s . " ~ , ~  

Invading organisms (eg, bacteria) or 
other irritants that elicit an immune 
response are referred to as a l l q e n s  
or antigens. Antigens stimulate the 
dfierent types of lymphocytes stored 
in the lymph nodes to produce two 
mediator substances: antibodies or 
sensitized lymphocytes (Fig. 21.3 Anti- 
bodies are produced by the interaction 
of antigens and B lymphocytes in a 
process referred to as humoral immu- 
nity. Antibodies are also called immu- 
noglobulins, because many reside in 
the gamma-globulin fraction of the 
bl00d.~ Antibodies are generally 
grouped into five major classes: IgA, 
IgE, IgG, IgM, and IgD; the first four 
of these have been identified in respi- 
ratory  secretion^.^^^^^ Sensitized lym- 
phocytes (also called l'phokines) are 
produced through the interaction of 

Figure 2. Acquired immunity. 7;be formation of antibodies (immunoglobulins) antigens with T lymphocytes in a 
results from the interaction of antigens with B-lymphocytes and initiates the humeral process referred to as cell-mediated 
immune response. 7;be formation of lymphokines results from the interaction of anti- 
gens wilh T-lymphocytes and initiates the cell-mediated immune response. (Reprinted immunity. LymphOkines are respOnsi- 
with permission from Hillgass E, Sadoulsky HS. Essentials of Cardiopulmonary Physical ble for a variety of immunologic ac- 
Therapy. Philadelphia, Pa: W3 Saunders Co; 1993:534.) tions, including the activation of mac- 
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Figure 3. (A) Factors injluencing adrenergic and cholinelgic mediation of bron- 
chomotor tone. (B) ~harmacologic control of bronchomotor tone and the allergen- 
induced release of chemical mediators, Stimulation of beta2-receptors by sympathomi- 
metic agents (eg, isoproterenol) facilitates dilation. Glucocorticoids, methylxanthines 
(eg, theophylline), and some pmtaglandins enhance the bronchodilator effect of beta, 
adrenergic stimulation. Glucocorticoids and alpha-synpatholytic drugs (eg, phentol- 
amine), however, inhibit the alpha-adrenelgic contribzrtion to bronchoconstriction. 
Similarly, parasympatholytics (eg, atropine) inhibit cholinergic bronchoconstrictive 
inzuences. Cromolyn retards the release of mediators by inhibiting calcium ion move- 
ment into unstable mast cells, thereby preventing bronchoconstriction. 
AMP= adenosine monophosphate, GMP=guanosine monophosphate, ECF-A= eosinophil 
chemotactic factors of anaphylaxis, SRS-A=slow-reacting substance of anaphylaxis. 
(Adapted with permisszon from Townley RG. Pharmacologic blocks to mediator release: 
clinical application. Advances in Asthsma and Allergy. 1975;2: 7.) 

rophages (by the production and 
release of macrophage-activating fac- 
tor), inhibition of leukocyte migration 
(by the production and release of 
leukocyte inhibitory factor), and de- 
struction of susceptible target cells 
(lyrnphotoxic 

The humoral immunologic response 
causes the release of chemical media- 
tors from mast cells and leukocytes-a 
type I sensitivity reaction. This imme- 
diate reaction is apparently related to 
IgE antibody activity and occurs within 
10 to 20 minutes. The cell-mediated 
immunologic response takes approxi- 
mately 48 hours to develop, and is 
most llkely due to the macrophagic 
release of specific enzymes that pro- 
duce inflammation--type IV sensitivity 
r e a c t i ~ n . ~ . ~  Type I inflammatory reac- 
tions are treated with rapidly acting 
agents such as glucocorticoids, 
whereas type IV reactions can be 
treated with less rapidly acting agents, 
which may have less profound side 
effects. 

Principles of Bronchodilator 
Therapy 

The primary goal of bronchodilator 
therapy is to influence the ANS via 
two opposing nucleotides: cyclic 
adenosine monophosphate (CAMP) 
and cyclic guanosine monophosphate 
(cGMP) (Fig. 3).1,2,416 Cyclic adenosine 
monophosphate facilitates smooth 
muscle relaxation and inhibits mast 
cell degranulation, resulting in bron- 
chodilation. Cyclic guanosine mono- 
phosphate facilitates smooth muscle 
contraction and may enhance mast 
cell release of histamine and other 
mediators, resulting in bronchocon- 
striction. Within the lungs, the effects 
of CAMP or cGMP can be attributed to 

cholinergic stimulation-muscarinic 
receptor stimulation, which in- 
creases cGMP and enhances bron- 
choconstriction, or 

adrenergic stimulation- beta,- 
receptor stimulation, which pro- 
duces an increase in CAMP and 
bronchodilation, or alpha,-receptor 
stimulation, which results in a de- 
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Table 1. Drugs i%at Have a Positive Influence on Bronchial Intralumenal Diameter 

Group Action Mechanism of Action Side Effects 

Beta-sympathomimetics Bronchodilation 

Methylxanthines Bronchodilation 

Alpha-sympatholytics Bronchodilation 

Parasympatholytics 

Glucocorticoids 

Cromolyn sodium 

Prevents bronchoconstriction 

Bronchodilation 

Bronchodilation 

Increases cyclic AMP," decreases Tremor, palpitations, tachycardia, 
intracellular calcium headache, nervousness, 
concentrations, thus relaxing dizziness, nausea, 
smooth muscle hypertension 

Blocks the degradation of cyclic AMP Agitation, tachycardia, headache, 
palpitations, dizziness, 
hypotension, chest pain, 
nausea, possibly diuresis 

Blocks the decrease of cyclic AMP Agitation, tachycardia, headache, 
palpitations, diuiness, 
hypotension, chest pain, 
nausea, possibly diuresis 

Central nervous system 
stimulation with low doses, 
depression with high doses; 
delirium, hallucinations, 
decreased gastrointestinal 
activity 

Blocks parasympathetic stimulation, 
which prevents an increase in cyclic 
GMP,b allowing cyclic AMP to 
increase; blocks the activity of the 
enzyme phosphodiesterase, which 
prevents the degradation of cyclic 
AMP 

Decreases inflammatory response Cushingoid appearance; obesity; 
growth suppression; 
hyperglycemia and diabetes, 
mood changes, irritability, or 
depression; thinning of skin; 
muscle wasting; osteoporosis; 
hypertension; 
immunosuppression 

Prevents influx of calcium ions into the Throat irritation, hoarseness. dry 
mast cell, thus blocking the release mouth, cough, chest tightness, 
of mediators responsible for bronchospasm 
bronchoconstriction 

"AMP = adenosine monophosphate. 

' ~ ~ ~ = g u a n o s i n e  monophosphate. 

crease in CAMP and facilitates 
bronc hoconstriction.7~ 

As noted, however, in asthma and 
possibly other pulmonary disorders, 
there appears to be a reduced sympa- 
thetic influence because of predomi- 
nant parasympathetic activity. 

The three main effects of parasympa- 
thetic activity are heart rate slowing, 
bronchial constriction, and increased 
exocrine gland s e c r e t i ~ n . ~ ~ ~ ~ ~  Clearly, 
these effects may be deleterious to a 
patient with pulmonary disease. Con- 
sequently, autonomic-active agents are 
often used in the treatment of patients 
with pulmonary disease. Beta- 
adrenergic agonists, some prostaglan- 
dins, glucocorticoids (although not 
technically bronchodilators), and 

methylxanthines may be given to 
increase CAMP and thereby promote 
bronchodilation. Alpha-adrenergic 
antagonists, glucocorticoids, cholin- 
ergic antagonists, and cromolyn may 
be given to inhibit cGMP or enhance 
cAh4P. The common autonomic-active 
bronchodilating agentsmethylxan- 
thines, cromolyn sodium, and cortico- 
steroidsare listed in Table 1 and are 
discussed in the following section. 

Medications That Promote 
Bronchodilation 

Medications that stimulate adrenergic 
receptors are frequently referred to as 
sympathomimetics (adrenergic), and 
those that inhibit adrenergic receptors 
are referred to as sjwzpatholytics (an- 
tiadrenergic). Similarly, medications 

that stimulate the cholinergic receptors 
are referred to as parasympathomimet- 
ics (cholinergic), and those that inhibit 
cholinergic receptors are called para- 
sympatholytics (anticholinergic). The 
actions and adverse effects of the 
principal bronchodilators, specifically, 
the autonomic-active agents (adrener- 
gic sympathomimetics and parasyrnpa- 
tholytics) and methylxanthines, will be 
reviewed next. Additionally, two types 
of anti-inflammatory medicat ions 
corticosteroids and cromolyn sodi- 
um-will also be considered in this 
section because of their positive effect 
on bronchial intraluminal diameter. 

Sympathomimetics 

Sympathornirnetic drugs may be selec- 
tive or nonselective in their activity. 
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Table 2. Major Sympatbomimetic Medications 

Drug Clinical Uses 

Time to 
Route of Administration Onset of 
(Brand Name) Action Duration of Action 

Epinephrine 

Ephedrine 

lso~roterenol 

lsoetharine 

Terbutaline 

Acute bronchospasm; also 
topical vasoconstrictor, 
vasopressor, intracardiac 
stimulant, increase blood 
sugar 

Frequently combined with 
other bronchodilator 
agents, often used as a 
decongestant 

Acute bronchospasm; also 
cardiac stimulant, pressor 
agent 

Acute bronchospasm 

Acute bronchospasm 

Albuterol (salbutamol) Acute bronchospasm 

Subcutaneous 
Nebulized (Vaponefrin) 
lnhaler (Medihaler-Epi) 

Oral 

Nebulized (Isuprel) 
lnhaler (Isuprel Mistometer, 

Medihaler-lso) 
Intravenous (Isuprel) 

Nebulized (Bronkosal) 
lnhaler (Bronkometer) 

Subcutaneous (Brethine, 
Briscanyl) 
Nebulizer lnhaler (Brethaire) 

lnhaler (Proventil, Ventolin) 

Bitolterol Acute bronchospasm Inhaler (Tornalate) 

Salmeterol Acute bronchospasm Inhaler (Serevent) 

Selective medications react with spe- 
cific receptors, whereas non5elective 
medications react with several recep- 
tors. As with all drugs, the response 
elicited by sympathomimetic agents 
depends on the relative intensity of 
the receptor reaction, the route of 
administration, and the dosage of the 
particular drug (Tab. 2). Recall that 

alpha-receptors are distributed 
within peripheral and bronchial 
smooth muscle, the myocardium, 
and mucosal blood vessels, but they 
are most abundant in the peripheral 
smooth muscles; 

beta-receptors are more abundant in 
cardiac tissue, although they are 
also present in mucosal blood ves- 
sels; and 

beta2-receptors predominate in the 
bronchial smooth muscles, although 
they are also found in peripheral 
smooth muscle and skeletal 
m u s ~ l e . ~ , " ~  

Epinephrine (adrenalin) and ephed- 
rine typify general, nonselective sym- 
pathomimetics. Epinephrine has a 
short duration of action, demonstrating 
moderate alpha-receptor activity, 
strong beta,-receptor activity, and 
moderate beta2-receptor 
Ephedrine has a long duration of 
action, exhibiting mild alpha-receptor 
activity and moderate beta, and beta, 
activity. Thus, in the treatment of 
bronchoconstriction, peripheral vascu- 
lar constriction and accelerated cardiac 
responses may result from the alpha- 
and beta,-receptor stimulation. Other 
adverse reactions include agitation, 
sweating, headache, and nausea. It 
should be noted that the route by 
which a particular medication is ad- 
ministered significantly influences the 
extent of any adverse r e a ~ t i o n s . ~ ~ ~  For 
example, sympathomimetic medica- 
tions administered by an inhalational 
route produce less profound deleteri- 
ous side effects than when they are 
administered systemically. 

Approximately 1-2 h 
5 min 1-3 h 

1-5 min 1-3 h 
1-5 min 

Approximately Approximately 4 h 
l h  

2-5 min Approximately 2 h 

Immediate 

Approximately 
5 min 

5-1 5 min 
5-30 min 
5-30 min 

Within 15 min 

Within 15 min 

Within 15 min 

As long as infusion 
continues 

2-3 h 

Clearly, drugs that elicit no alpha- 
receptor activity and more specific 
beta2-receptor activity would be desir- 
able for bronchodilator therapy. Un- 
fortunately, however, no purely beta2- 
specific syrnpathomimetic medications 
have been identified. Isoproterenol, a 
drug with very weak alpha-receptor 
activity and strong beta,- and beta,- 
receptor activity, is the most com- 
monly prescribed nonspecific beta- 
syrnpathomimetic. Selective stirnula- 
tion of beta2-receptors is preferable, 
because beta,-specific agents would 
affect the lungs without affecting the 
heart. Beta2-specific agents produce 
bronchiolar dilatation by relaxing the 
bronchial smooth muscle through 
facilitation of increased CAMP levels. 
The most commonly prescribed beta2- 
specific-type sympathomimetics in- 
clude isoetharine (Bronkosol, Bisorine, 
Bronkometer) and terbutaline 
(Brethaire, Bricanyl), which elicit weak 
beta1-receptor activity and moderate 
beta2 activity, as well as albuterol 
(Proventil) and bitolterol (Tomalate), 
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which elicit weak beta,-receptor activ- 
ity and strong beta,-receptor a~tivity.~s 
Although the adverse effects of the 
currently available beta,-specific sym- 
pathomimetics are similar to, but usu- 
ally less profound than, those of the 
nonspecific beta-sympathomirnetics, 
their severity affects the dosage of the 
drug administered. The adverse effects 
that are associated with beta- 
sympathomimetic medications include 
tremor, palpitations, headache, ner- 
vousness, dizziness, nausea, and hy- 
perten~ion.~~9J~ In addition, nonspe- 
cific beta-sympathomimetic drugs may 
also elicit inotropic (enhanced myocar- 
dial contractility) and chronotropic 
(enhanced heart rate) effects. 

Because alpha-adrenoreceptor stimula- 
tion procluces both vasoconstriction 
and bronchoconstriction, the pharrna- 
cologic reduction of alpha-adrenergic 
activity via alpha-adrenoceptor antago- 
nists is certainly warranted for patients 
with pulmonary disease."Jz Alpha- 
sympatholytic action inhibits the de- 
crease of' CAMP associated with an 
antigen-antibody reaction, allowing 
bronchodilation to occur. The most 
common side effects associated with 
alpha syrnpatholytic administration are 
nausea and dizziness. 

The lungs receive a rich supply of 
parasympathetic innervation through 
the vagus nelve.'3 The role of the 
parasympatholytics is similar to that of 
alpha-sympatholytics in that it is the 
lytic action (inhibitory effect) that pro- 
duces the desired effect of bronchodi- 
lation4 Blocking parasympathetic 
stimulation prevents an increase in 
cGMP, thereby producing a relative 
increase in the amount of CAMP and 
promoting bronchial smooth muscle 
relaxati~n.'~-'~ The agent most com- 
monly used for this purpose was the 
muscarinic antagonist atropine. Be- 
cause atropine is readily absorbed into 
the systanic circulation, however, it is 
frequently associated with adverse 
reactions, including central nervous 
system (CNS) stimulation with low 
dosages or depression with high dos- 

ages, delirium, hallucinations, and 
decreased gastrointestinal activity.4.6 
The newer drug, ipratropium 
(Atrovent), is administered by inhala- 
tion and is, therefore, poorly absorbed 
into the systemic circulation; conse- 
quently, it has fewer side effects." 

Table 3. Known Deletedous and 
Known or Suspected Benejcial E$c& of 
Methykanthines 

Deleterious 
Effects Beneficial Effects 

Methykanthines 
Tachycardia Bronchodilation 

The intracellular level of CAMP can be 
enhanced if the process of its degrada- 
tion by the enzyme phosphodiesterase 
can be inhibited. By blocking the 
inactivation of CAMP, bronchodilation 
is facilitated. The group of drugs that 
most significantly inhibits phosphodi- 
esterase is the methylxanthines.4.6 
Methylxanthines are also believed to 
facilitate bronchodilation by means of 
prostaglandn inhibition, adenosine 
receptor blockade, enhancement of 
endogenous catecholamine levels, 
inhibition of cGMP, and enhancement 
of the translocation of intracellular 
cal~ium.*~~ Although still inconclusive, 
there is evidence to suggest that these 
actions enhance diaphragmatic con- 
tractility, reduce patient complaints of 
dyspnea, and improve exercise toler- 
ance and gas ex~hange.'~-2~ The most 
commonly used methylxanthines are 
theophylline (Bronkodyl, Theo-Dur, 
Slo-Phyllin) and arninophylline (Amin- 
ophyllin, Cardophyllin), which are 
associated with a variety of side ef- 
fects, including increased myocardial 
work load, heightened susceptibility to 
ventricular and supraventricular dys- 
rhythmias, and possibly diuresis. For- 
tunately, the identhcation of several 
phosphodiesterase isoenzymes is 
spurring the development of selective 
Inhibitors that should minimize the 
systemic side effects associated with 
such nonselective Inhibitors as theo- 
phylline and arnin0phylline.~5 The 
potential benefits and undesirable side 
effects associated with methylxan- 
thines are summarized in Table 3. 

Cmmolyn Sodium (Disodium 
Cmmoglycate) 

Research in England in the 1960s on 
an extract of a Mediterranean plant 
resulted in the discovery of cromolyn 
sodium, which is known by the brand 
names Intal, Nalcrom, Nasalcrom, or 

Hypertension Increased diaphragmatic 
strength/ 
endurance18.21 ,22,24 

Palpitations Improved ventilatory muscle 
reselveZz 

Chest pain Increased minute ventilationz2 

Agitation Enhanced gas exchangg2 

Dizziness Enhanced exercise 
t ~ l e r a n c e ' ~ , ~ ~  

Headache Decreased sensation of 
dyspneaZ0 

Rynacrom. Cromolyn is used prophy- 
lactically in cases of chronic asthma 
because it prevents the immediate 
hypersensitivity reaction (also known 
as type I reaction). Immediate hyper- 
sensitivity reactions are mast cell con- 
trolled via the release of specific medi- 
ators (eg, histamine, lymphokines, 
bradykinin) that produce bronchocon- 
striction and a variety of other signs 
and symptoms (eg, mucus secretion, 
mucosal swelling, dyspnea). Cromolyn 
sodium does not prevent the activa- 
tion of mast cells and the subsequent 
release of specific mediators that re- 
sults from the coupling of IgE with an 
allergen.4 The late phase reaction in 
an acute asthma episode (which can 
cause severe airway obstruction 4-6 
hours after initial bronchoconstriction) 
can be prevented by cromolyn sodi- 
um.26 Cromolyn prevents the influx of 
calcium ions into the mast cells, block- 
ing the degranulation process of these 
cells and thereby inhibiting the further 
release of mediators that cause bron- 
choconstriction. Thus, although cro- 
molyn has no effect on the mediators 
released from the antigen-antibody 
reaction of an acute asthma attack, it 
prevents later bronchoconstriction by 
impairing the release of mediators26 
Cromolyn has few side effects, the 
most common being dry mouth and 
throat, airway irritation, and possible 
bronchospasm. 
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Glucocorticoids 

The adrenal cortex synthesizes choles- 
terol and secretes two major cortico- 
steroids: the rnineralocorticoids and 
the glucocorticoids. Although there is 
some controversy as to the exact 
mechanism, glucocorticoids are postu- 
lated to suppress the process of IgE- 
mediated bronchoconstriction and to 
block or inhibit a variety of mediator 
substances.l,2,4,27 Even though glu- 
cocorticoids are not classified as pri- 
mary bronchodilators, they are known 
to have the following general effects 
that contribute to the enhancement of 
bronchial intraluminal diameteP.27: 

inhibition of the migration of leuko- 
cytes and mast cells 

reduction of stickiness and margin- 
ation of polyrnorpholeukocytes 

potentiation of catecholamine 
activity 

reduction of tissue stores of hista- 
mine and other mediators 

suppression of kinin activity, result- 
ing in constriction of the 
microvasculature 

stabilization of mast-cell membranes 

reduction of phosphodiesterase 
activity 

It is because of their profound anti- 
inflammatory actions, that glucocorti- 
coids are considered by many to be 
the drugs of first choice during an 
acute attack of asthma. 

The most commonly used glucocorti- 
coids in the treatment of bronchocon- 
striction are i d e n ~ e d  in Table 4.ll2z4 
Although it influences all medications, 
the route of administration of cortico- 
steroids is of particular importance 
because of the tremendous impact it 
plays in the incidence of side effects- 
the more localized the area of admin- 
istration, the less likely the chance of 
systemic reaction. During episodes of 
severe bronchoconstriction, glucocorti- 
coids are usually administered intrave- 
nously (eg, methylprednisolone). For 

- virtually no data on which to base any 
comparisons of the efficacy of the 

Table 4. Commolz Glucocorticoids numerous classes of drugs used in the 

Drug Generic (Brand) Route of 
Name Administration 

Prednisone (many) Intravenous, oral 

Hydrocortisone Intravenous, oral 
(Solu-Cortef) 

Methylprednisolone Intravenous 
(Solu-Medrol) 

Dexamethasone Inhaler 
(Decadron Respihaler) 

Beclomethasone Inhaler 
(Beclovent, Vanceril) 

Triamcinolone (Azmacort) lnhaler 

Flunisolide (Aerobid) Inhaler 

prolonged use, however, an oral 
(prednisone) or inhalational (dexa- 
methasone sodium phosphate, be- 
clomethasone dipropionate, triamcin- 
olone acetonide, flunisolide) route of 
administration is The inhala- 
tional route is usually preferred be- 
cause there are fewer side effects. 

Most of the adverse effects of glu- 
cocorticoid therapy are dosage depen- 
dent and take a few days or weeks to 
manifest themselves. Some side effects 
are unavoidable; reactions span the 
spectrum from merely unpleasant to 
dangerous. The primary side effects 
associated with steroid use include 
immunosuppression, gastrointestinal 
disturbance, emotional lability (vacilla- 
tion between euphoria and depres- 
sion), insomnia, osteoporosis, retarda- 
tion of growth, muscle weakness and 
atrophy (particularly of pelvic and 
shoulder girdle musculature), hyper- 
glycemia, sodium and water retention, 
and cushingoid  effect^.^,^."^ 

Current Controversies 
Regarding Bronchodilators and 
Anti-inf lammato y Agents 

Even a cursory review of the literature 
concerning asthma illustrates the com- 
plexity of the disease and a lack of 
consensus regarding the use of medi- 
cations in the treatment of the various 
types of a~thma.~9 Little consensus 
could be expected because there are 

- 
treatment of a~thma.3~ The same prob- 
ably holds true for many of the drugs 
used to treat other kinds of lung 
disease. 

Although the National Institutes of 
Health has developed and promul- 
gated guidelines for patient care and 
pharmacologic therapy in the manage- 
ment of asthma,3' there are several 
limitations to the guidelines. The pri- 
mary limitation involves the method of 
defining the severity of asthma: fre- 
quency of acute episodes versus the 
intensity and duration of airway ob- 
struction. Moreover, some authors3O 
contend that the virtual absence of 
comparative data for different pharma- 
cologic therapies fosters an environ- 
ment in which the choices for the use 
of inhaled steroids, cromolyn, sympa- 
thomirnetics, or specific beta2-agonists 
are made on the basis of personal 
preference and anecdotal communica- 
tion between physicians and patients. 
Perhaps, physical therapists can take a 
part in limiting this dilemma by care- 
fully documenting and reporting the 
functional ramifications associated 
with the withdrawal or titration of 
pharmacologic therapy in the treat- 
ment of patients with asthma. 

Because mast-cell stabilization is be- 
lieved to reverse or prevent the acute 
physiologic and clinical aspects of 
asthma, there is an ongoing quest to 
identlfy the most efficacious means of 
accomplishing such stabilization. Un- 
fortunately, many investigations of the 
spechc effects of cromolyn and corti- 
costeroids are highly theoretical and 
lack a large base of supportive da- 
ta.3z-34 In addition, the evidence sug- 
gesting that beta2-agonists are more 
potent mast-cell stabilizers than cro- 
molyn35 has not been widely substan- 
tiated. Nonetheless, beta2-agonists 
such as albuterol and terbutaline have 
been the most frequently prescribed 
drugs for the treatment of asthma 
since 1983.3O.3' Recently, however, 
inhaled beta,-agonists have been re- 
ported to facilitate bronchoconstriction 
in some patients with airway hyperre- 
sponsi~eness,3~-'3 and they have been 
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implicated in the deaths of some 
~ a t i e n t s . ~ ~ - ~ '  

In response, the American Academy of 
Allergy and Immunology published a 
position statement on the use of in- 
haled beta2-adrenergic agonists in 
a~thma.~B These current recomrnenda- 
tions call for the identfication and 
nonprecipitous withdrawal of beta,- 
agonists from the treatment regimens 
of those patients (1) requiring "rescue 
treatment" for the symptoms of asthma 
with beta2-agonists more than three to 
four times within a 24-hour period or 
(2) using more than one canister (200 
metered dose inhalations) of a beta2- 
agonist per month. These recommen- 
dations also call for the replacement of 
beta,-agonists with an inhaled glu- 
cocorticoid or other nonbronchodilator 
medication. Investigators*-53 have 
identifieti neonatal thrombocytopenia, 
elevated IgE levels, and chromosome 
I l q  as predisposing factors for adverse 
reactions. 

Ancillary Pulmonary 
Medications 

In addition to bronchodilators, several 
other drug groups are frequently used 
in the treatment of respiratory disor- 
ders: decongestants, antihistamines, 
antitussives, mucokinetics, respiratory 
stimulants and depressants, and para- 
lyzing and antimicrobial agents. The 
drug grouping may provide clues 
regarding the nature of the problem 
for which it was taken, or vice versa. 
For example, a patient experiencing 
mucosal edema may complain of 
feeling "stuffed up" and the patient 
may be taking an over-the-counter 
decongestant or anthistamine. 

Decongestants 

The common cold, allergies, and 
many respiratory infections have in 
common the symptoms of "runny 
nose and stuffy head." Decongestants 
are used to treat this upper airway 
mucosal edema and discharge. The 
most common decongestants are 
alpha-adrenergic sympathomimetics, 
specifically alpha,-agoni~ts.5~ These 
medicaticlns stimulate vasoconstriction 
by binding with the alphal-receptors 

Table 5. Common Decongestants 

Drug Route of 
Generic (Brand) Name Administration 

Ephedrine Oral 
(Primatene Tabletse) 

Epinephrine Nasal spray 
(Primatene Mist) 

Oxymetazoline Nasal spray 
(Neo-Synephrine 
12-Hour) 

Phenylephrine Nasal spray 
(Neo-Synephrine) 

Phenyl propanolamine Oral 
(Triaminic? Contace) 

Pseudoephedrine Oral 
(Sudafed) 

"Decongestant combined with other ingredi- 
ents. 

in the blood vessels of the mucosal 
lining of the upper airways. The de- 
sired result is a decreased congestion 
in the upper airways. 

Decongestants are frequently com- 
bined with other ingredients (eg, 
antihistamines) as constituents of com- 
mercially available nonprescription, 
over-the-counter preparations (Tab. 5). 
When used appropriately, these medi- 
cations can be safe and effective. If a 
patient has a specific sensitivity or if 
the decongestant medication is im- 
properly used, however, adverse ef- 
fects may arise. Primary side effects 
include headache, dizziness, nausea, 
nervousness, hypertension, and car- 
diac irregularities (eg, palpitations). 

Antihistamines 

Treatment of the respiratory allergic 
responses associated with seasonal 
allergies (eg, hay fever) is one of the 
most common uses of antihistamines. 
Histamines play a role in the modula- 
tion of neural activity within the CNS 
and the regulation of gastric secretion 
by means of two types of receptors: 
HI- and Hz-receptors, respectively.55 
The HI-receptors, primarily located in 
vascular, respiratory, and gastrointesti- 
nal smooth muscle, are specifically 
targeted for blockade by antihista- 

mines in the treatment of a~thma.5~85' 
HI-antagonist drugs decrease the mu- 
cosal congestion, irritation, and dis- 
charge caused by inhaled allergens. 
Antihistamines may also reduce the 
coughing and sneezing often associ- 
ated with common colds. 

Some of the antihistamines commonly 
used to treat the symptoms of hay 
fever and other hay-fever-like allergies 
are listed in Table 6. Antihistamines 
are frequently combined with other 
ingredients, such as alpha-adrenergic 
sympathomimetics. The adverse effects 
most often attributable to ant~hista- 
mines include sedation, fatigue, dizzi- 
ness, blurred vision, loss of coordina- 
tion, and gastrointestinal distress. 

Coughs are such a common and trou- 
blesome symptom that there are more 
prescription drugs available for the 
treatment of coughs than for any other 
symptom.5H Used to suppress the 
ineffective, dry, hacking cough associ- 
ated with minor throat irritations and 
the common cold, antitussive agents 
act to correct the irritation or block the 
receptors, or to increase the threshold - 
Table 6. Common Antihistamines 

Drug Route of 
Generic (Brand) Name Administration 

Brompheniramine 
(Dimetappa) 

Chlorpheniramine 
(Chlor-Trimeton? 
Sudafed," Coricidine) 

Dexbromphenirarnine 
(Drixorale) 

Dirnenhydrinate 
(Dramamine) 

Diphenhydrarnine 
(Benadryl) 

Phenirarnine (Triaminica) 

Phenyltoloxarnine 
(Sinutabe) 

Triprolidine (Actifede) 

Oral 

Oral 

Oral 

Oral 

Oral 

Oral 

Oral 

Oral 

"Antihistamine combined with other ingredi- 
ents. 
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Table 7. Common Antitussiues 

Drug 
Generic 
(Brand) Name Classification 

Benzonatate Local anesthetic 
(Tessalon) 

Codeinea Increases threshold in 
(many brand cough center 
names) 

Dextromethorphana lncreases threshold in 
(many brand cough center 
names) 

D~phenhydramine Antihistamine 
(Benadryl) 

Hydrocodone Increases threshold in 
(Triarninic cough center 
Expectorant 
DH) 

"Frequently combined with other ingredients 
(ie, expectorants, decongestants). 

of the cough center in the brain. They 
are generally indicated for only short- 
term use and are not indicated for 
coughs due to retained secretions. 

Antitussives may be classified as topi- 
cal anesthetics (eg, benzonatate [Tes- 
salonl), nornarcotics (eg, dextro- 
methorphan [Congespirin for Children, 
Mediquell, Pertussin]), and narcotics 
(eg, codeine, morphine); they are 
frequently combined with other ingre- 
dients and are offered under many 
brand names. The primary adverse 
effect of antitussive agents is sedation. 
Gastrointestinal distress and dizziness, 
however, may also occur. Common 
antitussives are listed in Table 7. 

Mucokinetics 

Drugs that promote the mobilization 
and removal of secretions from the 
respiratory tract are called mucokinetic 
agents. There are four basic types of 
mucokinetic agents: mucolytics, ex- 
pectorants, wetting agents, and surface 
active agents. 

Mucolytic drugs disrupt the chemical 
bonds in mucoid and purulent secre- 
tions, decreasing the viscosity of the 
mucus and promoting expectoration. 
Administered by ~nhalation or direct 

intratracheal instillation, acetylcysteine 
(Mucomyst) is the principal mucolytic 
drug used today. Acetylcysteine's 
primary adverse effects include muco- 
sal irritation, coughing, bronchospasm 
(especially in individuals with asthma), 
and nausea. 

Expectorants increase the production 
of respiratory secretions, thus facilitat- 
ing their ejection from the respiratory 
tract. Several expectorant drugs are 
available, among them are guaifenesin 
(Anti-Tuss, Robitussin), potassium 
iodide, and ammonium chloride. 
These drugs are often combined with 
others, and are available by many 
trade names (eg, Contac Cough and 
Sore Throat Formula, Triminicol Multi- 
Symptom Cold). Although expecto- 
rants are widely used outside the 
United States, and are sold over the 
counter in this country, there has been 
an ongoing debate over their effica- 
~y.1.59~60 Nonetheless, in an acute care 
setting, expectorants are often adrnin- 
istered as an adjunct to vigorous bron- 
chial hygiene techniques. 

By hurnidlfying and lubricating secre- 
tions, wetting agents make expectora- 
tion easier for the patient. The diluent 
of choice is half normal saline (0.45% 
NaCl), delivered by either continuous 
aerosol or intermittent ultrasonic nebu- 
lization.61 Sterile water, however, is 
sometimes administered via a nebu- 
lizer as an airway irritant to induce 
coughing and facilitate the expectora- 
tion of sputum for subsequent labora- 
tory testing. Although surface active 
agents may stabilize aerosol drop- 
lets, and thereby enhance their 
efficacy as carrier vehicles for nebu- 
lized drugs, the utility of these agents 
is debatable.l.6 

Respiratory Stimulants and 
Depressants 

Any agent that increases the output of 
the central respiratory centers may be 
considered a respiratory stimulant. 
Certainly, noxious stimuli, such as 
pain or verbal exhortation, may result 
in CNS excitation and thus elicit en- 
hanced respiratory center activity. 
Medications such as sympathomimet- 
ics and methylxanthines also stimulate 

respiratory center activity and induce 
an increase in ventilation. Drugs that 
have a specific ability to cause central 
excitation with subsequently enhanced 
respiratory center activity are called 
analqbtics. Unfortunately, analeptic 
drugs elicit dose-dependent levels of 
central stimulation that can ultimately 
result in convulsions. Therefore, the 
clinical use of analeptic medications is 
not without controversy, but few 
would argue that when respiratory 
failure has been aggravated by an 
injudicious intervention (eg, oxygen, 
narcotics), respiratory stimulants serve 
a purp0se .~~$~3 

Because it stimulates respiration more 
than it activates the cortical or spinal 
neurons, doxapram is one of the most 
widely accepted ar~aleptics.~~ Adminis- 
tered intravenously, it is used to pre- 
vent a rise in arterial carbon dioxide 
pressure (Paco,) with oxygen therapy 
in acute ventilatory failure.6S6' It is 
also used in patients with high-risk 
postoperative conditions to prevent 
respiratory depression.@-7O 

Some drugs (eg, sedatives, tranquiliz- 
ers) are, to varying degrees, respira- 
tory depressants. In general, patients 
with pulmonary disease should avoid 
the use of sedatives because they 
suppress the ventilatory drive. In some 
instances, however, intravenous mor- 
phine or diazepam (Valium) is given 
to patients who receive mechanical 
ventilation if anxiety or agitation is 
contributing to an increased work of 
breathing and hindering mechanical 
ventilation. The tranquilizer haloperi- 
do1 (Haldol) may be prescribed for 
spontaneously breathing patients to 
control agitation because it has less 
respiratory depressant action than 
other tranquilizers or sedatives.l Many 
of the drugs used in the treatment of 
psychiatric disorders have varying 
degrees of sedative effect, depressing 
the CNS and possibly leading to respi- 
ratory depression in some patients. 
Some antipsychotic dmgs are associ- 
ated with significant parasympatholytic 
effects, causing symptoms such as 
bronchoconstriction, dry mouth, 
blurred vision, constipation, and uri- 
nary retention. 
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Table 8. Common Paralyzing Drugs 

Drug Generic 
(Brand) Name 

Usual 
Duration of 

Type Effect Adverse Reactions 

d-Tubocurarine (curare, Tubadil, Nondepolarizing Typically Hypertension or 
Tubarine) 45-90 rnin hypotension, 

bradycardia or 
tachycardia 

Pancuronium (Pavulon) Nondepolarizing Up to 50 min Mild hypertension, mild 
tachycardia 

Succinylcholine (suxamethoniurn, Depolarizing About 5 min Vagal and sympathetic 
Anectine) stimulation; 

associated 
fasciculations may 
cause muscle pain 

Paralyzing Agents 

Although tranquilizers can relieve 
muscle spasm, they do not prevent 
volitional muscle activity, and, in order 
to completely ablate muscular contrac- 
tion during general anesthesia, the 
level of anesthesia must be pro- 
found-a situation not wholly desir- 
able. Anesthetists and anesthesiolo- 
gists, therefore, usually opt for lighter 
general anesthesia in conjunction with 
muscle-paralyzing agents to produce 
the desired degree of immobilization. 
Paralyzing agents are also used to 
facilitate endotracheal intubation or 
control laryngeal spasm; to treat dis- 
eases that cause neuromuscular hyper- 
activity (eg, tetanus, severe intractable 
seizure activity); and occasionally to 
prevent struggling, fighting, or exces- 
sive tachypnea in patients being me- 
chanically ventilated. Table 8 presents 
the neurc~muscular blocking agents 
frequently used clinically. 

Antimicrobal Agents 

Drugs used to combat small, unicellu- 
lar organisms (eg, bacteria, viruses) 
that invacle the body are often called 
antimicn~bial agents or antibiotics. 
There are numerous pathogenic or- 
ganisms, so it is quite likely that many 
patients receiving physical therapy will 
be taking one or more antimicrobial 
drugs. Unfortunately, the majority of 
antimicrobial agents may be as toxic 

to the host cells as to the infecting 
 organism^.^ The commonly used anti- 
microbial agents (Tab. 9) act by inhib- 
iting cell-wall synthesis and function 
(eg, penicillins, cephalosporins, baci- 
tracin, vancomycin, cycloserine, 
polypeptides, antifungal polyenes), 
protein synthesis (eg, aminoglycosides, 
chloramphenicol, macrolides, tetracy- 
clines, lincomycins), or nucleotide 
formation (eg, rifampin, isoniazid). 
Antibacterial drugs may be classified 
as bactericidal (lulling or destroying 
bacteria) or bacteriostatic (limiting 
growth and proliferation of bacteria). 
The bactericidal or bacteriostatic char- 
acteristics of a drug may depend on 
the dosage of the drug, some drugs 
(eg, erythromycin) being bacteriostatic 
at low dosages and bactericidal at 
higher dosages. 

Penicillins are a mainstay in the treat- 
ment of respiratory infections. The 
semisynthetic penicillins have a 
broader spectrum of antibacterial ac- 
tivity than the natural penicillins.28 The 
principal drawback to the use of peni- 
cillins is hypersensitivity, which mani- 
fests itself as skin rashes, hives, bron- 
choconstriction, or even anaphylactic 
reaction. 

Cephalosporins are generally consid- 
ered as alternatives to the penicillins, 
when penicillins are not tolerated by 
the patient or when they are ineffec- 
tive. First-generation cephalosporins 

are used in the treatment of gram- 
positive cocci and some gram-negative 
bacteria. Second-generation cephalo- 
sporins are similar in effectiveness 
against gram-positive cocci and are 
generally thought to be more effective 
against gram-negative bacteria. Third- 
generation cephalosporins are effective 
against the greatest number of gram- 
negative bacteria, but are of limited 
effectiveness against gram-positive 
cocci. Cephalosporins may elicit stom- 
ach cramps, diarrhea, nausea, and 
vomiting, and some patients may 
exhibit similar hypersensitivity reac- 
tions as to penicillins. 

Arninoglycoside drugs have a wide 
spectrum of antibacterial activity; they 
are active against many aerobic gram- 
negative bacteria, against some aero- 
bic gram-positive bacteria, and against 
many anaerobic bacteria.4.6 Unfortu- 
nately, this wide spectrum of activity is 
associated with some Neph- 
rotoxicity and ototoxicity are the pri- 
mary toxic manifestations, especially 
in patients with particular susceptibility 
(eg, elderly patients, patients with liver 
or renal failure). The erythromycins 
also exhibit a broad spectrum of anti- 
bacterial activity, being effective 
against many gram-positive and some 
gram-negative ba~ter ia .~ .~  The most 
common side effect of erythromycin 
administration is gastrointestinal dis- 
tress (stomach cramps, nausea, vornit- 
ing, and diarrhea). When the tetracy- 
clines were first introduced, they were 
effective against many gram-positive 
and gram-negative bacteria, as well as 
organisms such as Chlamydia, Rickett- 
sia, and Spimchaeta. Because tetracy- 
clines are generally bacteriostatic, 
however, many bacterial strains have 
developed resistance to tetracycline 
and its derivatives.4.6 

There are not many effective drugs for 
the treatment of viruses in humans. 
Research into this area of pharmacol- 
ogy, however, is in a period of explo- 
sive discovery. Interferons represent 
just one of the areas of potential phar- 
macologic and physiologic benefit; 
advancements with vaccines is an- 
other. Fungal and protozoal infections 
have historically been associated with 
tropical and subtropical environments, 
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Table 9. Common Antimicrobial Medications 

Group Drug Name Brand Name Indication for Specific Antimicrobial Use 

Drugs that inhibit 
bacterial cell 
membrane synthesis 

Penicillins 
Natural penicillins 

Penicillin G 

Penicillin V 

Bicillin, Crysticillin, Permapen, Bacillus anthracis, Clostridiurn perfringens or tetani, 
etc Corynebacteriurn diptheriae 

V-C~llin, Pen-Vee, Pnapar VK, Streptococcus pyrogenes 
etc 

Penicillinase-resistant 
penicillins 

Cloxacillin Cloxapen, Tegopen 
Dicloxacillin Dynapen, Pathocil 
Methicillin Staphcillin 
Nafcillin Unipen 
Oxacillin Bactocil, Prostaphlin 

Aminopenicillins 

Staphylococcus aureus 

Amoxicillin 
Ampicillin 
Bacampicillin 

Wide-spectrum 
penicillins 

Amoxil, Polymox 
Amcill, Omnipen, Polycillin, etc Escherichia coli, Proteus rnirabilis, Neissia gonorrheae 
Spectrobid 

Azlocillin Azlin 
Carbenicillin Geocillin, Geopen, Pyopen 
Mezlocillin Mexlin 
Piperacillin Pipracil 
Ticarcillin Ticar 

Cephalosporinsa 
First generation 

Cefadroxil 
Cefazolin 
Cephalexin 
Cephalothin 
Cephapirin 

Second generation Cefaclor 
Cefamandole 
Cefonicid 
Ceforanide 
Cefotetan 

Duricef, Ultrace 
Ancef, Kefzol 
Keflex 
Kefl~n, Seffin 
Cefadyl 

Ceclor 
Mandol 
Monocid 
Percef 
Cefotan 

Third generation 

Cefoperazone Cefobid 
Cefotaxime Claforan 
Ceftazidime Fortaz, Tazicef 
Cefoxitin Mefoxin 

Others 

Bacitracin 
Cycloserine 
Vancomycin 

Aminoglycosidesb 

Amikacin 
Gentamicin 
Kanamycin 
Neomyc~n 
Streptomycin 
Tobramycin 

Bacitracin ointment 
Seromycin 
Vancocin IV, Vancoled 

Amikin 
Apogen, Garamycin 
Kantrex, Klebcil 
Neo-IM 

Nebcin 

Klebsiella pneurnoniae 

Corynebacteriurn species 

Enterobacter aerogenes 

(continued) 
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Table 9. (Continued) 

Group Drug Name Brand Name Indication for Specific Antimicrobial Use 

Macrolides 

Tetracyclines 

Erythromycin Eryc, E-Mycin, etc 
Erythromycin estolate llosone 
Erythromycin EES, Pediamycin 
ethylsuccinate 

Erythromycin gluceptate lllotycin 
Erythromycin Erythrocin 
lactobionate 

Erythromycin stearate Erypar, Ethril 
Triacetyleandomycin TAO 

Tetracycline Achromycin V, Sumycin, etc 
Chlortetracycline Auremycin 
Doxycycline Doxychel, Vibramycin, etc 
Oxytetracycline Terramycin 

Lincomycins 

Lincomycin Linocin 
Clindamycin Cleocin 

Other 

Chloramphenicol Chloromycetin, Amphicol, etc 

Drugs that inhibit 
bacterial folic acid 
metabolism 

Sulfonamides 

Sulfadiazine Silvadene 
Sulfamethoxazole Gantanol, Methoxanol 
Sulfisoxazole Gantrisin 

Other 

Aminosalicylic acid PAS, Teebacin 
Sulfamethoxazole + Bactrim, Septra 
Trimethoprim 

Antituberculosis drugs 

lsoniazid INH, Nydrazid, etc 
Capremycin Capastat 
Pyrazinamide PZA 

Antiviral drugs 

Acyclovir 
Amantidine 
Ribavirin 
Vidarabine 
Zidovudine 

Zovirax Herpes (especially simplex-related) infections 
Symadine, Symmetrel Influenza A infections 
Tribavirin, Virazole Respiratory syncytial infections 
Vira-A Herpes simplex, cytomegalovirus, varicella zoster infections 
Retrovir to slow human immunodeficiency virus progression 

Antifungal drugs 

Amphotericin B Fungizone Aspergilosis, blastomycosis, candidiasis, coccidiomycosis, 
cryptococcosis, histoplasmosis 

Nystatin Mycostatin, Nilstat Oropharyngeal candidiasis 
Flucytosine Ancobon candidiasis, cryptococcosis, aspergilosis 

Antiprotozoal drugs 

Metronidazole Flagyl 
Pentamidine Pentam 
Chloroquine Aralen 
Hydroxychloroquine Plaquenil 

Amebiasis, giardiasis, trichomoniasis 
Pneumocyctis carinii 
Malaria 

"Cephalos~~orins generally serve as alternatives to penicillins if they prove ineffective or are poorly tolerated by the patient. 

b ~ f t e n  used as supplements to the penicillins 
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or with less-developed areas of the 
world where sanitation and hygiene 
are inadequate. Recently, however, the 
incidence of these infections has be- 
come more prevalent because immu- 
noinsufficiency, acquired (acquired 
immunodeficiency syndrome) or in- 
duced (post-organ transplantation), is 
more widespread. The use of antifun- 
gal and antiprotozoal agents, there- 
fore, is becoming more common. 

It is often very difficult to establish the 
causative agent in an acute pulmonary 
infection because transoral sputum is 
often contaminated, yielding mixtures 
of multiple organisms on culture. 
Nevertheless, the organisms Diplococ- 
cus pneumoniae and Haernophilus 
influenzae are generally thought to be 
the primary causative agents of infec- 
tion of the respiratory mucosa in pa- 
tients with chronic obstructive pulmo- 
nary dysfunction (COPD).7Z.73 Precise 
diagnosis generally requires that spu- 
tum samples be obtained by transtra- 
cheal aspiration, bronchoscopy, or 
transpulmonary aspiration. 

Other Agents 

Oxygen should be considered a drug 
when it is breathed in concentrations 
higher than those found in the atmo- 
spheric air.74 Regardless of its etiology, 
arterial hypoxemia (partial pressure of 
oxygen in arterial blood [Pao,] of <60 
rnm Hg) is the most common indica- 
tion for oxygen therapy. The thera- 
peutic administration of oxygen can 
elevate the arterial oxygen tension and 
increase the arterial oxygen content 
(which shifts the oxyhemoglobin dis- 
sociation curve to the right), improv- 
ing peripheral tissue oxygenation.75 
Additionally, the constriction of the 
central pulmonary vascular beds that 
is associated with hypoxia can be 
red~ced.7~ Oxygen therapy, therefore, 
can be quite beneficial in the reduc- 
tion of the abnormally high pulmonary 
arterial pressures seen with pulmonary 
hypertension, both at rest and with 
exercise.77 

Supplemental oxygen is most com- 
monly administered via nasal cannula 
at flow rates between 1 and 6 Wmin. 
Systems for such low gas flow rates 

are generally prescribed on the as- 
sumption that the patient is breathing 
at a relatively constant rate and depth 
(minute ventilation). When breathing 
patterns deviate from the norm, how- 
ever, patients cannot be assured of 
receiving the intended fraction of 
inspired oxygen (FIo,). Therefore, 
when higher gas flow rates are indi- 
cated (eg, respiratory rate greater than 
30 respirations per minute), or more 
accurate titrations of FIO, are required, 
oxygen is typically delivered by any 
one of several types of moderate- and 
high-flow face masks (providing oxy- 
gen concentrations of 40%60?h, or 
higher).78 Table 10 summarizes the 
approximate oxygen concentrations 
achieved with different oxygen deliv- 
ery devices. Care must always be 
exercised to avoid the potential for 
depression of the hypoxic drive to 
breathe in patients with chronically 
elevated Paco, levels (primarily pa- 
tients with COPD).78 

When used judiciously, oxygen ther- 
apy has few side effects. Dependent 
on the oxygen concentration and its 
duration of administration, however, 
oxygen toxicity can occur. In general, 
the pathological changes in the lungs 
associated with oxygen toxicity can be 
described in three phases: exudative, 
proliferative, and rec0very.~9-~~ In the 
exudative phase, there is damage to 
the alveolar-capillary membrane, 
which results in an increased perme- 
ability to water, electrolytes, and pro- 
tein. Secondarily, the capillaries be- 
come plugged with platelets, and the 
interstitium is invaded by polymorpho- 
nuclear leukocytes. As lung damage 
progresses, the inflammatory response 
is intenshed. In the proliferative 
phase, fibroblasts and type 11 epithelial 
cells proliferate in conjunction with 
interstitial collagen deposition. The 
recovery phase may result in complete 
healing or areas of fibrosis. 

Since the accidental discovery, in 
1980, of the important role the vascu- 
lar endothelium plays in the regulation 
of vascular smooth muscle tone,82 the 
identification of endothelium-derived 
relaxing factor (EDRF) in 1982,H3 and 
the discovery in 1986 that EDRF was 
indistinguishable from nitric oxide 

- 
Table 10. Approximate Concentra- 
tion of Oxygen Delivered by Dzfferent 
Delivery Devices 

Delivery Oxygen Flow 
Device Rate (Urnin) FIO,~ 

Low-flow systems 

Nasal cannulab 

1 

2 

3 

4 

5 

6 

Simple mask 

5-6 

6-7 

7-1 0 

High-flow 
systems 

Aerosol mask 

10-1 2 0.35-1 .OC 

Venturi maskd 

4 0.24e 

4 0.2ae 

6 0.31 

8 0.35e 

8 0.40e 

10 0.50 

" FIO, = fraction of inspired oxygen. 

Estimated Fro,, assuming norn~al minute 
ventilation. 

'Depends upon the setting. 

d ~ x y g e n  flow rates are minimums to be used 
for indicated Fro, with device-specific orifice 
sizes. 

'The Flo, depends o n  rhe size of the orifice 
or entrainment ports; these vary among manu- 
facturers. 

(N0),84,85 numerous articles regarding 
the actions and effects of NO have 
been published. Although little is 
known about the biochemistry of NO, 
it is widely distributed in the body and 
plays an important role in the regula- 
tion of the circulation. In the body, 
NO is derived from L-arginine in a 
reaction catalyzed by NO synthase. 
Once produced, NO d f i s e s  to the 
vascular smooth muscle cells where it 
activates the enzyme guanylate cy- 
clase, leading to increased cGMP lev- 
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els and to vascular smooth muscle 
relaxation.% In its ability to elicit the 
relaxation of vascular smooth muscle, 
NO resembles nitrovasodilators, such 
as nitroglycerin,87 and has been 
termed the "endogenous nitrovasodila- 
t0r."*7,~ For this reason, NO has been 
administered by inhalation for the 
treatment of pulmonary hyperten- 
si0n.~9-93 Other potential therapeutic 
roles of NO include the treatment of 
endotoxic shock, adult respiratory 
distress syndrome, and hypertension 
in various disease states such as ath- 
erosclerosis and chronic renal 
fail~re.%a9~395 

Although the side effects of NO are 
not completely understood, the 
marked oxidizing effects of nitrogen 
dioxide (the product of NO and oxy- 
gen) are known to (1) decrease alveo- 
lar permeability, (2) decrease Pao, and 
DLCO, (3) cause pulmonary edema, 
(4) cause loss of cilia and disintegra- 
tion of bronchiolar epithelium, and (5) 
decrease pulmonary function tests (ie, 
forced expimtory volume in 1 second 
[FEV,]).% The few studies investigating 
the toxic effects of NO have shown 
that at concentrations of NO greater 
than 15 to 20 ppm, Pao, decreased 7 
to 8 rnrn Hg and airway resistance 
increased.96.97 

The Effects of Pulmonary 
Medications on Exercise 

The vast majority of pulmonary medi- 
cations are used to promote bron- 
chodilation and improve alveolar 
ventilation and oxygenation. These 
effects should improve an individual's 
ability to exercise and more effectively 
develop training effects. Because of 
the side effects of many pulmonary 
medications, however, exercise toler- 
ance and the normal adaptations to 
habitual exercise conditioning may be 
retarded. The following section is not 
presented to discourage the use of 
these medications nor of exercise 
training; rather, it should highlight 
the important role exercise has for 
patients with pulmonary disease who 
are taking orle or more pulmonary 
medications. 

Habitual exercise performed at the 
proper intensity, duration, and fre- 
quency typically elicits both peripheral 
and central physiologic adaptations. 
The central adaptations include (1) 
improved ventilatory efficiency and (2) 
improved cardiac performance.9*-100 
Peripheral adaptations include (1) an 
increase in the number and size of 
mitochondria, (2) improved extraction 
of oxygen from circulating blood by 
the exercising muscles, (3) increased 
muscle strength, (4) increased mito- 
chondrial enzymatic activity, (5) prolif- 
eration of capillaries, (6) an increase in 
the mean transit time of blood through 
muscle capillaries, (7) a lowering of 
peripheral vascular resistance, and (8) 
an increased arteriovenous oxygen 
d i fFeren~e . l~ l -~~~ Moreover, these cen- 
tral and peripheral adaptations pro- 
duce (1) a reduction in resting and 
submaximal heart rates, blood pres- 
sure, respiratory rate, and rating of 
perceived exertion (eg, Borg scale); 
(2) improved skeletal muscle and 
coronary blood flow; (3) increased 
exercise-induced lipolysis and translo- 
cation of lactate from muscle cells to 
the blood; and (4) improved oxygen 
consumption (lower levels of oxygen 
during submaximal exercise and 
higher levels at maximal exercise) and 
physical work capacity.lol-lo4 

Unfortunately, many of the favorable 
effects associated with habitual exer- 
cise are markedly delayed or absent in 
patients with pulmonary disease. In 
addition, many of the medications 
routinely used in the treatment of 
pulmonary disease mask or impede 
the beneficial effects of exercise. In 
particular, glucocorticoids have several 
deleterious effects on exercise perfor- 
mance and bodily function. The major 
deleterious manifestations of cortico- 
steroids include cataracts, diabetes, 
peptic ulcers, emotional lability, ecchy- 
moses, edema, osteoporosis, weight 
gain with cushingoid appearance, 
skeletal muscle myopathy (occurring 
in the proximal and possibly other 
muscle groups), and atrophy of type 
Ilb muscle fibers.l,4,6J05-11° It is of 
particular concern for patients with 
pulmonary disease that steroid myopa- 
thy and muscular atrophy have been 
identified not only in the peripheral 

skeletal muscles but also in the muscle 
fibers of the diaphragm.111-1'3 The 
impact of glucocorticoids and other 
pulmonary medications on selected 
variables associated with exercise 
performance is summarized in Table 
11. 

All of the untoward effects associated 
with glucocorticoids are signhcantly 
dosage dependent. Moreover, the 
deleterious side effects of glucocorti- 
coids may be reduced in their severity, 
or forestalled, with the implementation 
of a regular aerobic exercise regimen 
and proper nutritional support. 1l4.l l5 

When anabolic steroids are used in 
conjunction with glucocorticoid ther- 
apy and exercise, trained patients 
with severe pulmonary disease have 
exhibited increased fat-free mass 
and improved ventilatory muscle 
strength and endurance in compari- 
son with patients receiving only 
gluc~corticoids.~ l5a1I6 

Because one of the major objectives of 
pharmacologic intervention and exer- 
cise therapy is the improvement of a 
patient's ability to breathe at rest and 
during activity, it is important to un- 
derstand the impact of obstructive and 
restrictive pulmonary diseases on the 
pattern of breathing. Making this task 
dficult, however, is the fact that the 
exercise-related breathing patterns of 
patients with obstructive lung diseases 
have been described as falling some- 
where between two extremes: rapid 
and shallow, or slow and deep.117-119 
This apparent lack of agreement stems 
from the fact that patients with ob- 
structive lung disease must rely to a 
greater extent on breathing frequency 
to augment minute ventilation, be- 
cause their tidal volumes tend to be 
significantly smaller than normal due 
to the disease process.l17 As a conse- 
quence, patients with obstructive lung 
disease reach their maximum minute 
ventilation at lower work loads than 
do asymptomatic individuals. Patients 
with obstructive pulmonary diseases 
are also hampered by a greater degree 
of alveolar and terminal respiratory 
unit hyperinflation compared with 
asymptomatic persons. This leads to 
larger residual volumes and smaller 
tidal volumes, further decreasing effi- 
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Table 1 1. Potential Effect of Pulmonary Medications on Selected Parameters at Rest and During Exercise 

Variablea 

Skeletal Muscle 

Drug 
Exercise Maximal Lipid Glucose Protein 

HR BP RR Sao, Vo2max RPE Duration WorkLoad Mass Metabolism Metabolism Metabolism 

Sympathomimetics 

&-specific 

Nonspecific 

Sympatholytics 

Parasympatholytics 

Methylxanthines 

Cromolyn sodium 

Glucocorticoids 

Oxygen 
Nitric oxide 

"HR=hean rate, BP=blood pressure, RR=respiratory rate, Sao,=arterial oxygen saturation, ~o,max=maximal oxygen consumption rate, RPE=rating 
of perceived exenion. +=increased response, &=decreased response, o=either increased or decreased response, e = n o  significant effect, 
?=questionable effect. 

ciency and increasing the work of 
breathing. It seems that the greater the 
severity of the obstructive lung disease 
(ie, the lower the FEV,), the longer it 
takes to achieve an increase in tidal 
volume. 

Although patients with asthma and 
cystic fibrosis may demonstrate ddTer- 
ent pathological changes in the lung, 
the pattern of breathing during exer- 
cise is similar to that used by patients 
with chronic bronchitic and emphyse- 
rnic obstructive lung disease.120 The 
exercise-related pattern of breathing 
exhibited by patients with restrictive 
lung disease also appears to be similar 
to that of patients with obstructive 
lung d i s e a ~ e . l ~ ~ % l ~ ~  Patients with restric- 
tive lung disease appear to increase 
minute ventilation only minimally 
during exercise, and, as a result, there 
is a decrease in the total breathing 
cycle time due to a subsequent de- 
crease in inspiratory time and a con- 
comitant increase in inspiratory 
flow.123 Because there is less opportu- 
nity to increase tidal volume and a 
greater degree of pulmonary hyperten- 
sion in patients with restrictive lung 

disease, exercise tends to be termi- 
nated prematurely due to marked 
oxygen desaturation and dyspnea. 
Thus, like the patient with obstructive 
lung disease, the patient with restric- 
tive lung disease tries to increase 
minute ventilation by increasing 
breathing frequency, but only slightly 
increases tidal ~ o l u m e . ~ ~ J ~ *  

The appropriate and judicious use of 
supplemental oxygen can improve the 
metabolic activity and work capacity 
of skeletal muscle, as well as the 
breathing pattern, of patients with 
pulmonary disease who are hy- 
p o x i ~ . ' ~ 5 , ' ~ ~  Additionally, the use of 
bilevel positive airway pressure (Bi- 
PAP*-a noninvasive ventilatory assis- 
tance device providing supplemental 
oxygen and positive airway pressure 
during both inspiration and expiration) 
at rest and during exercise has been 
shown to significantly increase arterial 
oxygen saturation levels and decrease 
the respiratory rates of patients with 
end-stage lung disease. 27 Careful 
prescription and titration of medica- 
tions, as well as appropriate monitor- 
ing of the cardiorespiratory responses 

at rest and during exercise, can permit 
individuals with lung disease to partic- 
ipate to a greater extent in activities 
of daily living and exercise training 
programs. 

Summa y 

In this article, we have discussed the 
principal groups of drugs used in the 
treatment of pulmonary dysfunction 
and their potential effects on exercise 
performance. The principal points that 
were addressed include 

normal bronchomotor tone is the 
result of a balance between the 
influences of the sympathetic and 
parasympathetic divisions of the 
ANS; 

bronchoconstriction is the result of 
abnormal bronchomotor tone 
(bronchospasm), inflammation, or 
mechanical obstruction; 

the primary goal of bronchodilator 
therapy is to manipulate the influ- 
ences of the A N S  via two opposing 
nucleotides: CAMP and cGMP; 

decongestants are used to treat the 
mucosal edema and increased mu- 

'Respironics Inc, Pittsburgh, PA 15213. 
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cus production often associated 
with common colds, allergies, and 
many respiratory infections; 

antihistamines are often used alone, 
or combined with other ingredients, 
to control the production of mucus 
and the mucosal edema and irrita- 
tion commonly associated with 
respiratory allergic responses; 

antitussives are used to suppress the 
ineffective, dry, hacking cough 
associated with minor throat irrita- 
tions and the common cold; 

mucokinetics promote the mobiliza- 
tion and removal of secretions from 
the respiratory tract; 

analeptics are used to stimulate the 
CNS and enhance respiratory center 
activity; 

paralyzing agents are used to en- 
sure the immobility of patients dur- 
ing surgical procedures, to facilitate 
endotc~heal intubation, and to 
reduce the work of breathing in 
some patients receiving mechanical 
ventilation; 

antimicrobial agents are used to 
combat microorganisms that invade 
the body, either by killing them or 
by limiting their growth and 
prolifel-ation; 

oxygen is considered a drug when 
it is administered in concentrations 
higher than those found in the 
atmospheric air; 

NO is used for the treatment of 
pulmonary hypertension; and 

careful prescription and titration of 
medications, as well as appropriate 
monitoring of the cardiorespiratory 
responses at rest and during exer- 
cise, can permit individuals with 
lung dlsease to participate to a 
greater extent in activities of daily 
living and exercise training 
programs. 
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