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Abstract Various drugs are associated with adverse respiratory disorders (ARDs) rang-
ing in severity from mild, moderate to severe and even fatal. Cardioselective and
nonselective β-blockers, calcium antagonists and dipyridamole can induce asth-
ma. ACE inhibitors are mainly associated with cough. Amiodarone is related to
a form of interstitial pneumonitis (IP) which can be fatal, tocainidine and flecainidine
to a form of IP, and hydrochlorothiazide to a form of IP and pulmonary oedema.
Antiasthmatic drugs can be associated with a paradoxical bronchospasm, while leu-
kotriene antagonists are linked to the development of Churg-Strauss syndrome.
Nonsteroidal anti-inflammatory drugs including aspirin (acetylsalicylic acid)
may induce asthma. Gold is mainly related to IP, penicillamine to IP, systemic
lupus erythematosus, bronchiolitis obliterans, and Goodpasture’s syndrome.

Acute respiratory reactions to nitrofurantoin include dyspnoea, cough, IP, and
pleural effusion while IP and fibrosis are common in chronic reactions. Other anti-
bacterials mainly evoke pneumonitis, pulmonary infiltrates and eosinophilia, and
bronchiolitis obliterans. ARDs are similar for most categories of cytotoxic agents,
with chronic pneumonitis and fibrosis being the most common. Noncardiogenic
pulmonary oedema occurs as the most common respiratory complication in opioid
agonist addiction. Psychotropic drugs such as phenothiazides, butyrophenones
and tricyclic antidepressants can also induce pulmonary oedema. Oral contra-
ceptives may produce asthma exacerbation, while long term use and/or high doses
of postmenopausal hormone replacement therapy increase the risk of asthma. Bro-
mocriptine is mainly associated with pleural effusion, while methysergide is usu-
ally associated with pleural effusion and fibrosis. Some anorectic agents have been
linked to the development of primary pulmonary hypertension.

The possibility of the occurrence of ARDs should be taken into account in each
individual patient. Although in most cases the adverse effects are unpredictable,
they can be reduced to a minimum or prevented if some drugs are avoided or stopped
in time.

Drug-induced adverse respiratory disorders
(ARDs) are common iatrogenic illnesses. Their clin-
ical presentation may be mild to severe and even
fatal. Knowledge of these adverse effects is impor-
tant in providing an appropriate medical treatment.
In drug-related adverse respiratory effects a symp-
tomatology complex and/or an abnormality on the
chest x-ray film may highlight the suspicion of this
disorder. Sometimes biopsy is needed to prove a
diagnosis. This review summarises the relevant in-
formation regarding various main categories of
drug-induced ARDs.

1. Data Collection

A comprehensive search of all biomedical liter-
ature from 1966 to 1998wasconducted using Medline.

Terms included in the search, alone or combined,
were drug-induced adverse respiratory disorders or
effects. Some reports were identified from bibliog-
raphies of selected articles and book chapters. All
articles were critically evaluated and all relevant
available publications on the incidence, mechanism
of action, prevention, and management of drug-
induced ARDs were included.

2. Cardiovascular Drugs

2.1 β-Blockers

β-Blockers (β-adrenoceptor antagonists) are
widely used to treat cardiovascular diseases, hyper-
tension, anxiety syndromes, glaucoma, tremor and
hyperthyroidism. The β-adrenergic system is clas-
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sified as having β1- and β2-receptor activities.
Stimulation of β1-receptors results in an increase
in heart rate and force of cardiac contraction, while
β2-receptor stimulation leads to bronchodilatation.
β-blockers may induce bronchoconstriction by
blocking the β2-adrenergic receptors in bronchial
smooth muscle.[1-3] Adverse respiratory reactions
were observed in 0.5% of patients following the
ocular administration of timolol.[4] Furthermore,
5.3% of 38 patients receiving oral and ophthalmic
β-blockers were hospitalised for asthma.[5] Respi-
ratory difficulties may be associated with a nonse-
lective β-blocker, such as timolol, and a cardio-
selective β-blocker, such as betaxolol.[6-9] Even
topical preparations of β-blockers (such as timolol),
used to treat glaucoma, can cause significant and
severe respiratory distress.[6] Pneumonitis, pulmo-
nary fibrosis, and pleurisy have also been related to
these agents.[10]

β1-selective agents are tolerated best, indepen-
dently of the other associated properties, but they
do cause increased airway resistance, suggesting the
need for caution when giving β-blockers to patients
with asthma.[6]

Celiprolol is a novel agent that represents a new
generation of β-blockers. It combines cardioselec-
tive β-adrenergic antagonism (β1-receptor) with
mild vasodilatation via vasoselective β-adrenergic
agonism (β2-receptor). Celiprolol has β1-receptor
antagonist potency similar to that of propranolol
and atenolol, and cardioselectivity slightly greater
than that of atenolol. This agent distinguishes itself
from other β-blockers by virtue of its cardioselec-
tivity, vasorelaxation via β2-receptor agonism, and
the lack of bronchoconstriction and cardiodepres-
sion.[11] It is effective and well tolerated for the treat-
ment of essential hypertension and angina pectoris,
demonstrating favourable haemodynamic activity
and minimal effects on other cardiovascular risk
factors.[12,13] In addition, this agent has no effect on
forced expiratory volume in one second (FEV1)
either before or after administration of inhaled β2-
receptor agonists in patients with asthma.[14,15]

The use of β-blockers, regardless of their degree
of selectivity, should be avoided in patients with

asthma. If a β-blocker is essential, a short acting β1-
receptor selective agent should be used, at the low-
est possible dose (table I).[6]

2.2 Calcium Antagonists

The incidence of ARDs with calcium antagonists
is unknown, however, serious adverse respiratory
reactions to these agents seem to be rare. The activa-
tion of the mast cell and the liberation of chemical
mediators such as histamine, slow reacting sub-
stance of anaphylaxis, and prostaglandins are asso-
ciated with an influx of free calcium ions.[17] Calcium
antagonists selectively inhibit calcium ion influx
across the cell membrane and suppress calcium-
dependent smooth muscle excitation and contrac-
tion.[18] Bronchoconstriction can be explained by
the fact that human lung mast cells are lacking volt-
age-dependent calcium channels and are not influ-
enced by calcium antagonists, as well as the empirical
observation that verapamil at concentrations as high

Table I. β-Blockers and associated half-livesa[16]

Agents Half-life (hours)

Nonselective (β1/β2)
Nadolol 22

Sotalol 12

Timolol 4

Propranolol 4

Selective (β1)
Betaxolol 20

Bisoprolol 20

Atenolol 10

Metoprolol 8

Esmololb 5

Selective (β1) with intrinsic sympathomimetic activity
Acebutolol 4

Celiprolol 4-5

Nonselective (β1/β2) with intrinsic sympathomimetic activity
Carteolol 6

Penbutolol 4

Pindolol 4

Nonselective (β1/β2) with α-adrenoceptor blocker function
Labetolol 7

a Arranged by activity.

b Intravenously administered only.
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as 104 mol/L does not inhibit the immunological re-
lease of chemical mediators from sensitised baso-
phil preparations.[19]

Dyspnoea, bronchoconstriction, and acute asthma
attacks associated with these agents have been re-
ported in single cases.[19-23] Treatment consists of
discontinuation of the drug and administration of
antiasthmatic medications.

2.3 ACE Inhibitors

ACE inhibitors are widely used in the treatment
of cardiovascular diseases, diabetic microalbum-
inuria and nephropathy, and nondiabetic nephrop-
athy.[24-26] ARDs such as unspecific airway hyper-
reactivity, dyspnoea, bronchospasm, and asthma are
related to these drugs.[27-38] The incidence of cough
attributed to ACE inhibitors is estimated to be from
0.1[31] to 62.7%,[32] dyspnoea 4.5%, bronchospasm
1.4%, and asthma 2.6%.[33]

ACE is responsible for the degradation of brady-
kinin, substance P, and other biologically active
peptides in the kallikrein-prostaglandin system.
The mechanism of ACE inhibitor–induced cough
is thought to be related to increased bronchial reac-
tivity caused by reduced degradation of proinflam-
matory mediators such as bradykinin and substance
P, stimulation of pulmonary C fibre receptors by
elevated levels of substance P,[29,39] enhanced cough
reflex, prostaglandin-mediated effects, and the pre-
sence of the sulfhydryl group in the ACE mole-
cule.[29,32,33] Angiotensin II receptor antagonistshave
no effect on the kallikrein-kinin-prostaglandin sys-
tem and do not increase the levels of bradykinin
and other peptides because of high substrate spec-
ificity, bypassing these undesirable adverse effects
of ACE inhibitors.[39] However, cough can also be
induced by angiotensin II receptor antagonists, but
it occurs significantly less during treatment with
these agents than during ACE inhibitor treatment.

Management of ACE inhibitor–induced cough
includes discontinuation of the ACE inhibitor and
replacement by another ACE inhibitor,[40] angio-
tensin II receptor antagonist,[39] or by a drug from
another therapeutic class. Alternatively, the cough
can be treated with nonsteroidal anti-inflammatory

drugs (NSAIDs),[41-43] benzonatate,[44] theophyl-
line,[45,46] or inhaled sodium cromoglycate[47-49]

while treatment with the current ACE inhibitor con-
tinues.[40]

2.4 Antiarrhythmic Drugs

2.4.1 Amiodarone
Amiodarone, a benzofuran derivative is an antiar-

rhythmic drug used for supraventricular and ventri-
cular arrhythmias. The incidence of pulmonary tox-
icity related to this drug varies from 4 to 6%.[50-52]

The mechanism of amiodarone-induced pulmonary
toxicity is explained by at least 2 different path-
ways: (i) an indirect mechanism characterised by
influx of inflammatory or immune effector cells to
the lung and (ii) a direct toxic mechanism that re-
sults in lung parenchymal cell injury and a subse-
quent fibrotic response. There is potential for much
crossover interaction between the pathways of tox-
icity in any given patient.[53] The adverse effects of
amiodarone, especially pulmonary toxicity, are
thought to be dose and time related.[53,54]

Symptoms of pulmonary toxicity consist of ex-
ertional dyspnoea, nonproductive cough, body-
weight loss, occasionally low grade fever,[55,56]

pneumonitis which can lead to pulmonary fibrosis,[52]

postoperative adult respiratory distress syndrome,[57]

respiratory failure,[52] and death.[50,51,58] Physical
examination commonly shows bibasilar rales, with
decreased breath sounds and pleural friction rubs
reported rarely. Laboratory findings are nonspecific.
The white blood cell count is usually normal, and
peripheral eosinophilia is rare. The erythrocyte sed-
imentation rate may be elevated and returns to nor-
mal with the resolution of pneumonitis.[59] Chest
x-rays have revealed both reticular infiltrates and
patchy acinar infiltrates in patients with amiodarone-
induced lung disease.[60,61] Less common findings
include pleural thickening, pleural effusion, focal
consolidation, diffuse acinar infiltrates, and nodular
lesions.[60,61] Gallium scans may show uptake in the
lungs.[62,63]

In all previous studies in which amiodarone tox-
icity has been documented, patients treated with ami-
odarone had received high maintenance dosages (375
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to 685 mg/day), usually for a prolonged time.[54]

Recently, it has been shown that patients receiving
lower dosages of amiodarone (100 to 420 mg/day)
did not have significant pulmonary toxicity.[54]

Thus, amiodarone is considered to be a well toler-
ated and effective antiarrhythmic drug when used
in lower doses.[64]

Treatment consists of discontinuation of the drug.
If required, corticosteroids may be used for a brief
time (e.g. weeks) or long term, as long as the patient
receives amiodarone.[65]

2.4.2 Tocainide and Flecainide
Tocainide is used in the treatment of refractory

ventricular arrhythmias while flecainide is used
for ventricular and supraventricular arrhythmias.
The incidence of tocainide-associated pulmonary
fibrosis is estimated to be 0.3%.[66] Dyspnoea is
reported to occur in 5 to 6% of patients treated with
flecainide.[67] Acute interstitial pneumonitis (IP)
and pulmonary fibrosis[68] associated with tocain-
ide therapy, and pneumonitis,[69] and adult respira-
tory distress syndrome[70] related to flecainide use
have been reported in small numbers of patients.

Treatment consists of discontinuing the drug con-
cerned; corticosteroids may be necessary in some
cases.

2.5 Dipyridamole

Dipyridamole is a vasodilator and an antithrom-
botic agent. The incidence of dipyridamole-induced
bronchospasm was reported to be 0.15% in patients
who underwent dipyridamole-thallium myocardial
perfusion imaging. In patients who developed a
bronchospastic reaction a history of asthma or
wheezing was obtained. Those patients were suc-
cessfully treated with intravenous administration
of aminophylline.[71] Although the mechanism of
dipyridamole-induced bronchospasm is uncertain,
it seems that dipyridamole blocks transiently raised
levels of endogenous adenosine uptake, available
for interaction with adenosine receptors. Exoge-
nously inhaled adenosine has been shown to induce
bronchospasm which can be prevented with either
antihistamine or sodium cromoglycate. This sug-

gests that the effect of adenosine is executed
through a mediator release.[72]

2.6 Hydrochlorothiazide

ARDs associated with hydrochlorothiazide use
are rare. This drug can cause acute onset IP and
noncardiogenic pulmonary oedema in some pa-
tients.[73-78] Patients present with dyspnoea, cough,
wheezing and a low grade fever within a few hours
of taking this medication. Chest x-ray findings are
consistent with pulmonary oedema and include re-
ticular and acinar infiltrates.[77] Treatment is sup-
portive, and aminophylline and corticosteroids are
employed. Mechanical ventilation is sometimes
required.[77] Patients with hydrochlorothiazide-
induced ARDs should avoid this drug.

Interestingly, another diuretic, furosemide, given
in inhaled solutions, can prevent exercise-induced
bronchoconstriction in patients with asthma.[79]

Furosemide can inhibit both early and late reactions
induced by specific allergen challenge in allergic pa-
tients with asthma.[80] The mechanism is most prob-
ably attributable to changes in the local osmotic and
ionic environment which leads to reduced respon-
siveness of epithelial receptors to inflammatory
stimuli,[79,80] release of bronchodilatory prostaglan-
dins,[81] inhibition of inflammatory mediators,[82]

resolution of mucosal oedema,[83] or inhibition of
epithelial nerves.[80,84]

3. Anti-Inflammatory Agents

3.1 Aspirin (Acetylsalicylic Acid) and Other
Nonsteroidal Anti-inflammatory Drugs

Aspirin and other NSAIDs can induce dose-
dependent asthma exacerbation.[6] Other severe
adverse effects related to overdoses of aspirin are
central respiratory stimulation, noncardiogenic
pulmonary oedema, respiratory failure and death.[85]

The incidence of aspirin-induced asthma (AIA) in
children is estimated to be between 1.9[86] and
13%,[87] but incidences as high as 28% have been
reported.[88] In adults, the incidence is estimated to
be between 4%[89] and 25%.[90-94]
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The triad of asthma, nasal polyposis, and AIAwas
identified in 1968.[95] Aspirin intolerance has also
been shown to occur in a number of families.[96,97]

AIA is associated with a decrease in prostaglan-
dins and an increase in leukotrienes.[98] The possible
mechanisms underlying NSAID-induced broncho-
spasm are believed to directly involve the enhanced
generation of autocoid (nonprostanoid) eicosanoid
mediators, the sulfidopeptidic leukotrienes LTC4,
LTD4, and LTE4, all of which are potent broncho-
spasmogens. An additional or alternative mecha-
nism may be an increased target organ sensitivity to
the leukotrienes, leading to selective receptor up-
regulation.[99]

NSAIDs precipitate an asthmatic reaction when
administered orally, topically (as ophthalmic so-
lutions), intravenously,[100-104] and rectally leading
to the development of respiratory failure, and
death.[101,105] Another NSAID ketorolac, available
for intramuscular and intravenous injection, has
been associated with severe, life-threatening ana-
phylactoid reactions.[106]

Patients with asthma have been reported to re-
spond favourably to indomethacin,[107-109] mefena-
mic acid,[109,110] ibuprofen,[109] aminophenazone
(aminopyrine),[111] dipyrone,[112,113] azelastine,[114]

and also to aspirin.[109] Since favourable responses
to NSAIDs are infrequent in patients with asthma,
occurring in only 1% or less of adult patients with
asthma,[89] these medications cannot be recommend-
ed for widespread use in such patients in general
practice.[115]

Desensitisation to aspirin has been demonstrated
in patients with AIA who require the use of NSAIDs
for rheumatic diseases.[116] When desensitisation is
complete, a decrease in leukotriene E4 levels has
been observed in the urine along with a reduced need
for corticosteroids. A reduction of nasal symptoms
and nasal polyps, less sinus surgery and fewer
emergency department visits and hospitalisations
have also been observed. However, the procedure is
time consuming, often requires hospitalisation and
is potentially dangerous.[116]

Under experimental conditions dinoprostone
(prostaglandin E2) and salbutamol at equimolar

concentrations of 0.25 µmol, 5 minutes before the
aspirin challenge, attenuate aspirin-induced bron-
choconstriction.[117] Both prostaglandin E and sal-
butamol, acting through separate receptors,[118] stim-
ulate production of cyclic AMP by activation of the
enzyme adenyl cyclase. By doing so, they inhibit the
release of several mediators from the proinflam-
matory cells. The involved cells can be mast cells,[119]

or eosinophils.[117] Eosinophils are present in high
amounts in the blood and airways of patients with
AIA.[120,121] They represent an abundant source of
leukotrienes which are important mediators in
AIA.[117]

3.2 Leukotriene Antagonists

The leukotriene antagonists (LA) offer a new ap-
proach to the treatment and prophylaxis of asthma.
Some respiratory specialists believe that LA may
reduce the need for corticosteroids and bronchodi-
lators in patients with asthma.[122] The potent and
selective sulfidopeptide LA, SKF-104353, inhibits
AIA.[123] Furthermore, the magnitude of the pro-
tection achieved by dinoprostone in clinical studies
against AIA is similar to that offered by LA[123-125]

and better than that provided by sodium cromogly-
cate[124] or antihistamine drugs.[126,127] However,
no formal comparison of these medications has
been made.[117]

Selective LA LTD4 antagonists (e.g. pranlukast,
zafirlukast, MK-571, and MK-679) as well as zileu-
ton (a direct inhibitor of 5-lipoxygenase), have been
developed as antiasthma agents.[128] Clinical and
experimental studies have demonstrated the effica-
cy of these compounds in reducing not only the
symptoms of asthma, but also the use of β2-receptor
agonists and the bronchoconstriction induced by
exposure to allergens, exercise, aspirin, and cold
water.[128,129]

At present, the use of the LA zileuton is some-
what limited because of its 4 times a day adminis-
tration regimen and the need to monitor biochemical
liver function tests. The advantages of the available
LA are the once daily (montelukast) or twice daily
(zafirlukast) dosage regimens in terms of improved
compliance, as well as not needing to routinely mon-
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itor liver function.[130] One of the fundamental quest-
ions regarding LA use is whether they should be
positioned in the guidelines as first-line preventive
monotherapy as an alternative to inhaled cortico-
steroids, or whether their use should be restricted to
second-line controller therapy in addition to cortico-
steroids[130] In a multicentre, randomised, double-
blind trial montelukast administered once daily at
bedtime significantly improved control of chronic
asthma in adult patients (mean age 31 years).[131]

In children with asthma aged 6 to 14 years old,
montelukast once daily inhibited exercised-induced
bronchoconstriction.[132] As is seen with inhaled
beclomethasone, oral montelukast has been shown
to provide clinical benefit to patients with asthma.
This finding is consistent with the use of these agents
as controller medications for chronic asthma.[133]

The Churg-Strauss syndrome is a rare allergic
granulomatous vasculitis of unknown aetiology
characterised by moderate to severe asthma, peri-
pheral blood eosinophilia, mononeuropathy or
polyneuropathy, migratory or transient pulmonary
infiltrates, paranasal sinus abnormality, and the
presence of extravascular eosinophils.[134] Recent-
ly, it has been reported that 8 adult patients devel-
oped Churg-Strauss syndrome while taking zafirlu-
kast for between 3 days to 4 months, and from 3
days to 3 months after corticosteroid withdrawal.[135]

An additional patient developed Churg-Strauss
syndrome while he was receiving zafirlukast. This
patient had not taken prednisone for approximately
6 months prior to experiencing untoward events.[136]

Since an apparent link between LA and Churg-
Strauss syndrome is rare, the US Food and Drug Ad-
ministration has stated that there is no definite
proof of a cause and effect relationship between the
syndrome and zafirlukast, and because of the rarity
of the association it is not recommended that pa-
tients discontinue the drug without first consulting
their doctor.[122]

3.3 Gold

Gold has been used for the treatment of various
disorders, particularly rheumatoid arthritis. The in-
cidence of pulmonary reactions associated with

gold therapy appears to be less than 1%.[137] Pati-
ents with pulmonary injury secondary to gold salts
show findings consistent with a hypersensitivity
lung disease or chronic pneumonitis/fibrosis. IP is
more commonly observed in patients receiving so-
dium aurothiomalate than in those taking aurothio-
glucose, but this may reflect the more common use
of the former drug.[138] Pulmonary symptoms may
develop from 6 hours to 1 month after receiving
the last dose of gold salts.[139] The presentation is
rarely acute with fever, wheezing, and cough de-
veloping over several hours. More commonly, it is
subacute with progressive dyspnoea and nonpro-
ductive cough developing over several weeks.[140]

A few reports have demonstrated peripheral blood
eosinophilia, but this is uncommon. Pleural effu-
sion is not associated with this reaction.

In diffuse IP-fibrosis, the chest x-ray shows a pre-
dominantly interstitial process.[138] Bronchoalveo-
lar lavage usually demonstrates a high percentage
of lymphocytes, which indicates an immunologi-
cal reaction.[141] Histologically, the lung demon-
strates fibrosis with an interstitial infiltrate of lym-
phocytes and plasma cells, and focal hyperplasia of
type II pneumocytes. Electron microscopic exam-
ination demonstrates electron-dense structures which
contain gold within lysosomes of endothelial cells
of the alveolar capillaries and interstitial macro-
phages. This suggests a direct toxic effect in the path-
ogenesis of gold-induced pulmonary reaction.[138]

The treatment may be as simple as withdrawing
the drug and allowing the process to resolve spon-
taneously. However, a number of patients will re-
quire corticosteroid therapy.[138]

3.4 Penicillamine

The dimethylcysteine derivative prepared by
hydrolytic degradation of penicillin, is an effective
chelator of copper, mercury, zinc, and lead.[142]

Penicillamine is commonly used to treat lead poi-
soning, Wilson’s disease, cystinuria, rheumatoid
arthritis, scleroderma, primary biliary cirrhosis, and
other inflammatory diseases.[143] The incidence of
penicillamine-induced pulmonary injury is low,
occurring in sensitive patients. Diffuse alveolitis,
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obliterative alveolitis, hypersensitivity lung disease,
systemic lupus erythematosus, and Goodpasture’s
syndrome are possible complications associated
with penicillamine use.[144-146] Fatal bronchiolitis
in 2 of 3356 cases treated with penicillamine has
also been described.[144] Penicillamine-induced dis-
ease appears to be one of the more common causes
of drug-induced systemic lupus erythematosus.[145]

This condition should always be considered in the
patient receiving penicillamine, especially if a
pleural effusion is present. A normal concentration
of sugar in the effusion eliminates the possibility
of a rheumatoid effusion.

The treatment consists of discontinuation of the
drug. Corticosteroids have been attempted in pa-
tients with bronchiolitis caused by penicillamine
with no apparent improvement. Other options in-
clude azathioprine,[146] haemodialysis, plasmapher-
esis, and immunosuppression.[138]

4. Antimicrobial Drugs

4.1 Nitrofurantoin

Acute nitrofurantoin pneumonitis may be one of
the most common drug-induced pulmonary dis-
eases. The Swedish Adverse drug Reaction Com-
mittee reported 921 patients with adverse reactions
to this drug: 43% were acute pulmonary reactions,
and another 5% were attributable to chronic IP.[147]

The acute presentation occurs within 1 month of in-
stitution of therapy, whereas the long term presen-
tation occurs after 2 months to 5 years of continuous
therapy.[148] The typical reaction begins a few hours
to several days after initiation of therapy.[149,150] It
appears to be more common in females, but this is
probably because of the increased use of this drug
for urinary tract infections in women. Symptoms
include dyspnoea (60 to 65% of cases), nonproduc-
tive cough (60 to 65%), rash (15 to 20%), fatigue
(10%), arthralgias (10 to 15%), chest pain in up to
28% of patients, and fever (80 to 90%). Physical
findings include crackles (66% of cases), signs of
pleural effusion in up to 26% of patients, cyanosis
and hypotension in a small percentage and, rarely,
wheezing.[148,151]

Treatment is based on discontinuation and avoid-
ance of the drug. Corticosteroids and antihista-
mines can provide symptomatic relief.

In chronic reactions, the onset of dyspnoea and
cough are usually insidious, beginning 6 months to
many years after either continuous or intermittent
long term use of nitrofurantoin. Clinically, radio-
logically, and histologically this condition mimics
idiopathic IP and fibrosis with the exception that
these patients have ingested nitrofurantoin over a
long period of time.[138] Treatment consists of dis-
continuing the medication and providing support-
ive measures. A trial of corticosteroids may be
given.[138]

4.2 Other Antimicrobial Agents

Isoniazid has been reported to cause a hypersen-
sitivity-like pneumonitis with peripheral eosino-
philia. Penicillin also generates a hypersensitivity
pneumonitis distinct from systemic anaphylaxis,
with peripheral eosinophilia (as high as 80%), al-
veolar infiltrates, pleural effusion, and positive
skin test results. Aminosalicylic acid is estimated
to produce a hypersensitivity-like response in ap-
proximately 0.3 to 5.0% of patients receiving the
drug. Adverse responses include fever, rash, mal-
aise, headache, dry cough, wheezing, angioneu-
rotic oedema with laryngeal oedema, eosinophilia,
alveolar infiltrates, lymphadenopathy, pleural effu-
sion and hepatomegaly.[146,152] Sulfasalazine, which
is used in the management of inflammatory bowel
disease and rheumatoid arthritis, is metabolised to
sulfapyridine and mesalazine (5-aminosalicylic
acid). Both of these latter agents contribute to the
ARDs including cough, dyspnoea, pulmonary in-
filtrates and eosinophilia, fever, bronchiolitis oblit-
erans and fibrosing alveolitis although these com-
plications are rare.[153-155] Symptoms are generally
reversible on withdrawal of sulfasalazine. Death,
however, has been reported.[153] Treatment consists
of discontinuation of the drug. Corticosteroids may
hasten the improvement.[155]

The polymixin and aminoglycoside antibacteri-
als are known to produce respiratory muscle weak-
ness when they reach an excessive concentration in

150 Ben-Noun

  Adis International Limited. All rights reserved. Drug Safety 2000 Aug; 23 (2)



the blood.[156] These effects, which are rare, may
be reversible with physostigmine. The combined
administration of granulocytes with amphotericin
B may predispose some patients to other rare reac-
tions such as transient deterioration of pulmonary
function.[157,158] Furthermore, amphotericin B can
be associated with the development of bronchiol-
itis obliterans in the absence of blood products.[159]

Pentamidine, given intravenously or by nebuliser,
can cause bronchospasm in some patients.[160,161]

Pretreatment with nebulised salbutamol (albuterol)
or ipratropium bromide may prevent this adverse
effect.

5. Antiasthmatic Medications

5.1 Ipratropium Bromide

Ipratropium bromide, a muscarinic anticholin-
ergic agent, competes with acetylcholine on smooth
muscle receptors and inhibits the action of acetyl-
choline on nicotine receptors only at very high con-
centrations. It also acts as a bronchodilator and is
used when the asthma has resisted other forms of
therapy.[162] ARDs associated with this drug are
rare. A paradoxical bronchoconstriction is associ-
ated with ipratropium bromide therapy in some pa-
tients.[163-165] This bronchoconstriction may be at-
tributable to the benzalkonium chloride and edetic
acid in the ipratropium bromide nebuliser solution,
since both agents are potent bronchoconstrictor ag-
onists when inhaled alone.[164]

5.2 Corticosteroids

Corticosteroids are widely used in the treatment
of bronchodilator-resistant bronchial asthma. Al-
though the incidence of ARDs is unknown, it seems
that these reactions to corticosteroids are rare. It has
been reported that a paradoxical bronchospasm
developed with the administration of inhaled and
intravenous corticosteroids (hydrocortisone succi-
nate) in a few patients with AIA.[166-170] The mech-
anism of these reactions is not known, however, re-
sults of separate challenges with the active
corticosteroid preparation and the diluent suggest

that preservatives or stabilisers are not responsi-
ble.[171]

Inhaled corticosteroids should be avoided in
susceptible individuals. If intravenous therapy is
required, it is safer to use corticosteroids other than
hydrocortisone succinate in patients with asthma.

5.3 Sodium Cromoglycate

Sodium cromoglycate is an antiallergic agent that
mainly acts by inhibiting release of inflammatory
mediators. It can be given by inhalation in the pro-
phylactic control of asthma, by nasal insufflation
in the treatment and prophylaxis of allergic rhini-
tis, as eye drops in allergic conjunctivitis, and by
mouth in the management of food allergy.[172] So-
dium cromoglycate is generally well tolerated and
adverse effects are often transient. Adverse respi-
ratory symptoms attributed to this drug include na-
sal congestion, cough, wheezing, bronchospasm, ag-
gravation of existing asthma, pulmonary oedema,
pulmonary infiltrates with eosinophilia,[173-174]

anaphylaxis,[175] and death.[176]

Although patients tolerating sodium cromogly-
cate therapy may demonstrate lymphocyte transfor-
mation in vitro, only those with clinically apparent
adverse reactions produced lymphocyte migration-
inhibiting factor or possessed serum-binding activ-
ity for the dose administered.[177] It has been re-
ported that adverse reactions to sodium cromoglycate
were not based on an immunological mechanism.[178]

On the other hand, an immunoglobulin E mecha-
nism has been demonstrated in patients with reac-
tions to sodium cromoglycate by skin prick tests,[179]

passive transfer,[180] or detection of serum-specific
immunoglobulin E by radioallergosorbent tests.[181]

The rare patient who experiences a hypersensi-
tivity reaction to sodium cromoglycate will require
alternative measures for asthma or other allergic
condition control.

5.4 Other Components of Inhaled Products

Why do inhaled products cause paradoxical bron-
chospasm? Is it simply the turbulence of airflow
associated with incorrect inhalational technique,
the tonicity of the solution,[182-184] or a reflection
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of particle size?[185] If it is attributable to the prod-
uct itself, and not the technique used or the device
provided, is it caused by the ‘active drug’, or is it
attributable to other components in the product,
that is, propellants,[186-188] emulsifying agents, pre-
servatives, or even contaminants?[185]

Quantitatively, propellants are the major com-
ponents of any metered dose inhaler, comprising
58 to 99% of the product. In addition, sorbitan,
oleic acid, soy lecithin, ascorbic acid, or alcohol may
be present in metered dose inhalers, and benzalko-
nium chloride, edetate disodium, and, until recently,
sulfites, have been used in nebulised solutions.[185]

There has been speculation that benzalkonium
chloride may account for some reports of broncho-
spasm after the use of nebulised solutions,[164] pos-
sibly be releasing mediators from the surface of
mast cells.[164] Alcohol, present in inhalers, might
also produce bronchospasm.[189] Metabisulfite is
well recognised as a bronchoconstrictor agent in
patients with asthma, probably as a result of libera-
ting sulfur dioxide which stimulates irritant recep-
tors in the airways,[190,191] and has now been exclu-
ded from all nebuliser solutions.[192] Thus, isotonic
and preservative-free nebuliser solutions may be
more effective in removing the risk of paradoxical
bronchoconstriction.[192] Although a paradoxical
bronchospasm associated with some other compo-
nent in the product is rare, the awareness of the pos-
sibility of such a reaction is clinically important.

6. Chemotherapeutic Agents

There are 6 predisposing factors for the devel-
opment of cytotoxic drug-induced pulmonary dis-
ease: (i) cumulative dose; (ii) increased age; (iii)
concurrent or previous radiotherapy; (iv) oxygen
therapy; (v) other cytotoxic drug therapy; and (vi)
pre-existing pulmonary disease.[193]

Lung injury occurs in about 10% of all patients
who receive bleomycin, with death in 1 to 2%. The
changes in the lung are diffusive and include fibro-
sis of the alveolar septa, and enlargement of the
type II alveolar lining cells with bizarre alteration of
the nucleus. Clinically, the reaction presents as non-
productive cough, and dyspnoea, often with fever,

which develops from days to weeks. The reaction
is dose-related, being more likely at total doses over
450 units, although it has occurred at much lower
doses, and is more common in elderly patients.[194]

Hypersensitivity pneumonitis, which is more ame-
nable to treatment, has also been reported.[195]

Pulmonary damage has been reported in asso-
ciation with an increasing number of other antine-
oplasic agents as well.[196] Among the alkylating
agents cyclophosphamide (as a single agent) has
been reported to produce lung injury in less than
1% of cases, although this may be increased if it is
a component of combined regimens or where it is
combined with radiotherapy.

The incidence of azathioprine related pneumon-
itis is estimated to be below 1%. Unexplained fatal,
noncardiogenic pulmonary oedema has been re-
ported to be associated with cytarabine when used
to induce remission in acute leukaemia.[138] Busul-
fan may produce lung toxicity including insidious
pulmonary fibrosis in as many as 4% of patients,
usually developing several years after the initiation
of therapy, with increased risk the longer the ther-
apy lasts. A few reports exist of IP and fibrosis as-
sociated with chlorambucil and melphalan, but
these appear to be extremely rare.

The prognosis in patients with alkylating agent–
induced fibrosis is often poor, with mortality rates
around 50%. The antimetabolite methotrexate can
produce symptoms similar to hypersensitivity pneu-
monitis in up to 7% of patients, sometimes with
pleuritis and acute respiratory failure attributable
to pulmonary oedema; symptoms are usually re-
versible even without discontinuing therapy. Other
antineoplastic agents known to be associated with
pulmonary toxicity include mitomycin (usually in
less than 10% of patients although the incidence may
be much higher in combined regimens); the vinca
alkaloids (generally in combination, and usually
producing respiratory failure); chlorozotocin; pro-
carbazine; and possibly teniposide. The nitrosoureas,
and particularly carmustine, have also emerged as
pulmonary toxins.[197] The onset of symptoms may
be very delayed. It has been reported that fibrosis
occurred up to 17 years after treatment with car-
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mustine.[197] Higher doses of carmustine (above
1500 mg/m2)[198] seem to be associated with a higher
risk of early onset lung fibrosis.[199]

Pulmonary physiological abnormalities related
to chemotherapeutic agents are similar regardless
of the drug.[193] The most common abnormality is
a restrictive ventilatory defect and a reduced diffus-
ing capacity for carbon monoxide (DLCO).[193] An
isolated reduction in DLCO has been reported with
bleomycin[200] and chlorozotocin, a nitrosourea.[201]

This finding has been used to construct screening
procedures for patients receiving bleomycin.[202]

Treatment of cytotoxic drug-induced pulmonary
disease involves withdrawal of the agent. Cortico-
steroids may help and probably should be tried.

7. Opioid Agonists

7.1 Diamorphine

As a result of the increased lipid solubility of
diamorphine (heroin), it crosses the blood-brain
barrier more readily than morphine.[203,204] It is
rapidly hydrolysed to monoacetylmorphine and then
to morphine. An incidence of chronic lung disease
attributable to asthma or chronic bronchitis was
observed in 6% and a restrictive defect attributable
to interstitial lung disease was seen in 7% of intra-
venous diamorphine addicts,[205] while pulmonary
oedema occurred in 33% of patients admitted with
diamorphine overdose.[206] Diamorphine-induced
pulmonary oedema is explained by a direct toxic
effect on the alveolar capillary membrane, leading
to an increased permeability and extravasation of
the fluid into alveolar spaces; a neurogenic response
to central nervous system injury; an allergic or hyper-
sensitivity reaction; and an acute hypoxic effect on
the alveolar capillary membrane in association with
secondary increased permeability.[138] Other pulmo-
nary abnormalities include atelectasis, bullous le-
sions, bronchiectasis, alveolar haemorrhage, and sep-
tic emboli from infected thrombophlebitis or tricuspid
endocarditis, and necrotising bronchitis.[138,207]

7.2 Cocaine

Cocaine use remains a major problem through-
out the world. The number of reports on cocaine
addiction are few, reflecting either the low incidence
of these complications or the lack of recognition of
these phenomena as cocaine-related illnesses. The
mechanism by which freebase cocaine can injure
the lung is not well defined. Whether an abnormal
immunological response to cocaine freebase results
in haemorrhage, pneumonitis, or asthma or whether
cardiogenic or noncardiogenic factors play a role
in the development of pulmonary oedema remain
speculative.[208] The abuse of cocaine is related to
pulmonary oedema, hypersensitivity pneumonitis,
pulmonary haemorrhage, obliterative bronchiol-
itis, abnormalities of pulmonary function, pneu-
momediastinum, pneumothorax,[208] lung mass with
or without cavitation, bronchiolitis obliterans with
organising pneumonia,[209-211] primary pulmonary
hypertension,[212] severe or life-threatening exac-
erbation of asthma,[213] or respiratory failure.[214]

The patient tends to respond to corticosteroids.

7.3 Methadone and Dextropropoxyphene

Noncardiogenic pulmonary oedema has been
reported in single cases after oral overdoses of
methadone and dextropropoxyphene. Dextroprop-
oxyphene is a rapidly absorbed drug, and even after
oral ingestion death can occur within 30 minutes
from noncardiogenic pulmonary oedema, respira-
tory depression and arrest.[203]

7.4 Methylphenidate

Another opioid agonist, methylphenidate is an
amphetamine like the stimulant indicated for the
treatment of narcolepsy and the attention deficit dis-
order (‘hyperactivity’).[215] The abuse pattern and
symptoms of toxicity were similar to those seen with
cocaine and amphetamine addiction. In 1 series, all
22 patients (100%) had chest pain and wheezing,
abnormal pulmonary function tests were evident in
90%, and haemoptysis occurred in 80%.[216] In an-
other series, severe panlobular emphysema, pulmo-
nary inflammatory infiltrates and occlusive vascu-
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Table II. Summary of clinical presentations of drug-induced respiratory disorders[1-10,19-23,27-38,50-61,66-78,85,100-106,137-140,144-161,163-176,185-241,247]

Cough Dyspnoea Asthma PIE PLE BO IPF H ARDS RF PE PVD DISLE Death

Cardiovascular drugs
ACE inhibitors + + + +
Amiodarone + + + + + + +
Anticoagulants + + + +
β-Blockers + + +
Calcium antagonists + +
Dipyridamole +
Flecainide + +
Hydralazine + +
Hydrochlorothiazide + + + + + +
Procainamide + +
Tocainide +

Anti-inflammatory drugs
Aspirin + + + + +
Gold + + + + + +
NSAIDs + + + + +
Penicillamine + + + + + + + +

Antimicrobial agents
Amphotericin B + + + + + + +
Isoniazid + + +
Nitrofurantoin:

short term + + + + + + + +
long term + + + + + + +

Aminosalicylic acid + + + + + +
Penicillin + + + +
Pentamidine +
Sulfasalazine + + + + + + +
Sulfonamides + + + + +
Streptomycin + +
Tetracyclines + + +

Anti-asthmatic drugs
β-Adrenoceptor agonists + +
Ipratropium bromide + +
Sodium cromoglycate + + + + + + +
Corticosteroids + +
Leukotriene antagonists + +

Contrast media + + + + +

Opioid agonists
Cocaine + + + + + + + + + +
Diamorphine + + + + + + + +
Dextropropoxyphene + + + + +
Methadone + + + +
Methylphenidate + + + + + + + +

Psychotropic drugs
Carbamazepine + + + +
Benzodiazepines + +
Butyrophenones + +
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lar lesions were found in all 7 patients who died as
a result of profound obstructive lung disease.[217]

8. Psychotropic Medications

ARDs associated with these agents are rare and
are described in single patient cases. Acute pulmo-
nary oedema has been reported with overdoses of
phenothiazines such as chlorpromazine and perphen-
azine, and butyrophenones.[218] The most likely
pathogenesis of phenothiazine-induced pulmonary
oedema is a disturbance of hypothalamic func-
tion.[219] About one-third of the pulmonary compli-
cations attributed to tricyclic drug overdosage are
either noncardiac pulmonary oedema or aspiration.
If hypotension results, cardiac pulmonary oedema
can occur. Nearly one-half of the patients have an
abnormal chest x-ray and in about 10% the adult
respiratory distress syndrome develops.[220-222] In
addition, tricyclics are associated with Loefler’s syn-
drome.[223] Trazodone overdosage may be attrib-
uted to eosinophilic pneumonia and respiratory fail-
ure.[152]Acute pulmonary hypersensitivity has been
observed during carbamazepine therapy.[224,225]

Treatment is supportive and may include mechanical
ventilation.

9. Miscellaneous 

9.1 Tocolytics

Tocolytics are β-adrenoceptor agonists that have
been used in the inhibition of premature uterine
contractions. The most commonly used are terbu-
taline, salbutamol, ritodrine, and other β-adrenergic
drugs.[152] Physiological effects associated with the
use of these agents are attributable to their effect on
β1- as well as β2-receptors. These effects include
tachycardia, hyperglycaemia, hypokalaemia, and
antidiuresis.[226] In addition, β-adrenoceptor ago-
nists increase intracellular cyclic adenosine mono-
phosphate (AMP) levels, thus decreasing muscular
contractions.[227] Other predisposing factors include
the use of corticosteroids, twin gestation, fluid
overload (particularly with saline), and anaemia.[228]

Tocolytics are associated with the development
of dyspnoea, bronchospasm, bilateral alveolar in-
filtrates, acute respiratory distress, thrombotic pul-
monary embolus, and pulmonary oedema. The in-
cidence of pulmonary oedema varies from 0 to 4.4%
of those receiving these drugs. Treatment includes
discontinuation of the drug, oxygen administration,
and diuresis.[228]

Table II. Contd

Cough Dyspnoea Asthma PIE PLE BO IPF H ARDS RF PE PVD DISLE Death

Phenytoin + + + + + +
Phenothiazines +
Trazodone + + +
Tricyclics + + + +

Miscellaneous
Anorectics + +
Bromocriptine + + +
Oral
contraceptives/hormone
replacement therapy

+ + + + + + +

Inhaled products + +
Propylthiouracil +
Pyrimethamine +
Methysergide + + +
Tocolytics + + + + + + + +
ARDS = adult respiratory distress syndrome; BO = bronchiolitis obliterans; DISLE = drug-induced systemic lupus erythematosus; H
= haemorrhage and/or haemoptysis; HRT = hormone replacement therapy; IPF = interstitial pneumonitis and/or fibrosis; NSAIDs =
nonsteroidal anti-inflammatory drugs; PE = pulmonary oedema; PIE = pulmonary infiltrate with or without eosinophilia; PLE = pleural effusion;
PVD = pulmonary vascular disease; RF = respiratory failure.
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9.2 Oral Contraceptives

Premenstrual asthma denotes worsening of
asthma symptoms shortly before and/or during men-
struation. It has been estimated that 30 to 40% of
female patients with asthma report worsening of
asthma symptoms during the premenstrual period,
the menstrual period, or both with a maximum in-
crease in dyspnoea, wheezing, and chest tightness
during the premenstrual period.[229,230] In premeno-
pausal women exogenous sex hormones and/or oral
contraceptives may similarly produce exacerbation
of asthma.[231]

The mechanism of premenstrual asthma has not
been established, but it is speculated that hormonal
variations during the menstrual cycle may play an
important role in its pathogenesis.[232] With regard
to the contraceptive pill, exogenous progesterone,
but not estrogen, given during the follicular phase,
has been shown to decrease β2-adrenoceptor den-
sity and cyclic AMP response in female patients

with asthma. This paradoxical effect of progester-
one in female patients with asthma suggests an ab-
normal regulation of β2-adrenoceptors and might
be a possible mechanism for premenstrual asthma
when progesterone concentrations are high during
this period of the cycle.[232] This hypothesis is sup-
ported by the observation that despite an appropri-
ate rise in female sex hormones during the luteal
period, β2-adrenoceptor regulation in female pa-
tients with asthma shows a loss of the normal cy-
clical pattern.[233]

In addition, patients with asthma receiving an
oral contraceptive had attenuated cyclical changes
in airway reactivity as well as reduced diurnal
morning and evening peak expiratory flow rate
variability, which was associated with suppression
of the normal luteal phase rise in sex hormones.[234]

Thus, it is possible that exogenous female sex hor-
mones may be used therapeutically in females with
unstable asthma or those with premenstrual asthma,

Table III. Clinical presentation of pulmonary toxicity induced by antineoplastic and immunosuppressant agents[138,194-203,248-259]

Cough Dyspnoea Asthma HI PLE BO IPF H ARDS RF PE PVD Death

Antilymphocyte
immunoglobulin

+

Azathioprine +
Bleomycin + + + + + + + + +
Busulfan + + + + + +
Chlorambucil + + +
Cysclophosphamide + + + + + +
Cytarabine + + + + +
Doxorubicin +
Interleukin-2 + + + + +
Melphalan + + + + +
Mercaptopurine +
Methotrexate + + + + + + + + +
Mitomycin + + + + + + +
Nitrogen mustard
(Chlormethine)

+ + + +

Nitrosoureas + + + + +
Procarbazine + + + + +
Tumour necrosis factor + +
Vinblastine + + + + + +
ARDS = adult respiratory distress syndrome; BO = bronchiolitis obliterans; H = haemorrhage and/or haemoptysis; HI = hypersensitivity
infiltrate; IPF = interstitial pneumonitis and/or fibrosis; PE = pulmonary oedema; PLE = pleural effusion; PVD = pulmonary vascular disease;
RF = respiratory failure.
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not controlled by conventional therapy, by smooth-
ing out cyclical changes in airway reactivity.[234]

9.3 Hormone Replacement Therapy

The association of hormone replacement therapy
HRT and asthma incidence was evaluated in pre-
and postmenopausal women during 582 135 person-
years of follow-up in the Nurses’Health Study.[235]

In this study, even users of 10 or more years’ dura-
tion had twice the age-risk of asthma compared with
women who never used postmenopausal hormones.
Among current users of conjugated estrogens,
there was a positive dose-response between daily
dose and asthma risk (p for trend = 0.007). The data
suggest that estrogen plays a role in the pathophys-
iology of asthma and that long term use and/or high

doses of postmenopausal hormone replacement
therapy increase the subsequent risk of asthma.[235]

9.4 Methysergide and Bromocriptine 

Methysergide is used to treat vascular headache,
whereas bromocriptine is used for the treatment of
Parkinson’s disease. ARDs associated with these
drugs are rare and mainly attributed to the develop-
ment of pleuropulmonary reactions.[236,237] The
pleuropulmonary disease produced by both of
these agents has an insidious onset. The predomi-
nant feature is cough, dyspnoea, pleural thickening
and effusion induced by bromocriptine,[236,237]

while pleural effusion and fibrosis are related to
methysergide therapy.[238] The withdrawal of these
medications leads to an improvement in the symp-
tomatology of such patients.[236]

9.5 Anorectic Agents

Primary pulmonary hypertension is a rare, often
fatal disease that tends to occur particularly fre-
quently in women during their third or fourth de-
cade.[239,240] The primary incidence of pulmonary
hypertension is very low; in the order of 1 case per
500 000 inhabitants.[241] The occurrence of this dis-
ease is related to portal hypertension,[242,243] oral
contraceptive use,[244,245] infection with HIV,[246]

cirrhosis, or use of cocaine or intravenous drugs.[241]

Recently, it has been reported that the use of appe-
tite suppressant drugs including derivatives of
fenfluramine (dexfenfluramine), and amphetamine-
like anorectic agents (amfepramone, clobenzorex,
fenproporex, mazindol, and phenmetrazine) was as-
sociated with the development of primary pulmonary
hypertension.[241] The absolute risk for obese per-
sons who use anorectic agents for more than 3 months
would be more than 30 times higher than for non-
users. It is not known to what extent the risk con-
tinues to increase with longer term use, because the
experience with long term use of anorectic agents
has been extremely limited.[241]

Table IV. Unusual manifestations of drug-induced pulmonary tox-
icity[138,152,217,245,248-268]

Presentation Causative agent(s)

Alveolar cell carcinoma Busulfan

Alveolar proteinosis Busulfan

Alveolar haemorrhage Diamorphine

Atelectasis Diamorphine

Bronchiectasis, necrotising
bronchitis

Diamorphine

Calcification Antacids, calcium,
phosphorus, colecalciferol

Emphysema Methylphenidate

Extensive bilateral lung
opacities

Sulfasalazine, bleomycin,
methylphenidate,
phenothiazines

Fibrosing alveolitis Sulfasalazine

Goodpasture’s syndrome Penicillamine

Haemorrhage, haemoptysis Methylphenidate, cocaine

Lung mass with or without
cavitation

Cocaine, amiodarone,
bleomycin

Nasal septal perforation Cocaine

Panlobular emphysema Methylphenidate

Pneumomediastinum Cocaine

Pneumothorax Nitrosoureas, cocaine

Pulmonary hypertension Anorectics, oral contraceptives

Pulmonary artery medial
hypertrophy

Cocaine

Pulmonary ossification Busulfan

Pulmonary embolism Intravenous drug abuse,
tocolytics, oral contraceptives

Pulmonary alveolar proteinosis Busulfan
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10. Conclusions

There are many drugs associated with the devel-
opment of unexplained ARDs (tables II, III and IV).
The spectrum of adverse effects ranges from mild to
moderate and severe, sometimes leading to death.
Many reactions could be avoided if some medica-
tions were not administered at all, such as aspirin
in AIA, or if the drug administration was stopped
in time. Although drug-induced adverse respiratory
reactions are unpredictable, they can be reduced to
a minimum if knowledge of the possibility of such
adverse effects is taken into account for each indi-
vidual patient.
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