
METHODS
We performed a search of Medline and consulted the
Textbook of Respiratory Medicine (2nd edition) edited
by John F. Murray and Jay A. Nadel. From the
obtained articles we carried out a crossover search (ie
we obtained more references from bibliographies of
the textbooks and papers) to write this review.

Mechanisms of drug-induced lung injury1,2,3

At present four mechanisms are recognised by which
drugs may damage the lungs.1

Oxidant injury: This type of lung injury is particularly
related to the adult respiratory distress syndrome. It
also plays a significant role in pulmonary fibrosis due
to nitrofurantoin. Nitrofurantoin generates oxygen rad-
icals such as hydrogen peroxide (H2O2), hydroxyl radi-
cal (OH), superoxide and singlet oxygen, which dis-
rupt critical cell functions. These radicals are normally
removed by the antioxidants (eg. Glutathione).
Nitrofurantoin and other drugs may accelerate the pro-
duction of these oxygen radicals in the lung cells

Direct cytotoxic effects on alveolar capillary endothe-
lial cells: Research with bleomycin led to postulation
of this mode of lung injury. The drug is allowed to
accumulate within the epidermal cells of the lungs as
they contain lower levels of a specific inactivating
enzyme as compared to epithelial cells in other organs.
The accumulated drug passes through the nuclear 
membrane and results in fragmentation of the DNA
and damage.2 People developing lung damage may be
congenitally deficient in the inactivating enzyme.

Phospholipid deposition within cells: Certain drugs
such as amiodarone cause accumulation of abnormal
alveolar macrophages containing phospholipids.3 This
may be due to inhibition of phospholipid catabolism
and the process is reversible with discontinuation of
the drug and corticosteroid therapy.
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1) Alveolar haemorrhage: Penicillamine, cocaine, anticoagulants, 
nitrofurantoin, haloperidol, hydralazine, 
amphotericin B, mitomycin, sulfonamides

2) ARDS     Amphotericin B, Acetylsalicylic acid, Bleomycin, 
Epinephrine, Fibrinolytics, Heroin, 
Hydrochlorothiazide, Methotrexate, Nitrofurantoin, 
Protamine, Tricyclic antidepressants, oxygen in high 
concentration, NSAIDs, 
Oesophageal variceal sclerotherapy

3) Broncholitis obliterans       Penicillamine
4) Broncholitis obliterans   Gold, penicillamine, sulfasalazine, bleomycin, 
with organising pneumonia amiodarone,methotrexate, cyclophosphamide, cocaine

5) Bronchospasm Beta blockers, acetylsalicylic acid, adenosine, 
cocaine, dipyridamole, hydrocortisone, 
nitrofurantoin, NSAID, protamine, propafenone, 
vinblastine, nebulised pentamidine, nebulised 
beclomethasone, vinblastine with 
mitomycin, ACE inhibitors, proton pump inhibitors, 
amiodarone, xamoterol, acipimox, tropisetron

6) Cough ACE inhibitors, podophyllin, zotepine, citalopram
7) Granulomatous disease   Aspiration of oily nasal drops or eye lubricants, talc 

(magnesium silicate), intravenous and intranasal 
cocaine, methotrexate

8) Immune complex Hydralazine, procainamide, isoniazid, mediated 
lung disease penicillamine, hydantoins (drug 
induced SLE)  

9) Interstitial fibrosis  Busulfan, chlorambucil, cyclophosphamide, 
melphalan, bleomycin, methotrexate, etoposide, 
vinblastine, amiodarone, tocainide, nitrofurantoin, 
sulfasalazine, aspirin, gold, penicillamine, heroin, 
methadone, talc, isoniazid, hydralazine, 
procainamide, radiation treatment

10) Lymphocytic interstitial Flecainide, phenytoin, captopril disease 
11) Mediastinal lipomatosis Corticosteroids
12) Pleural effusion Amiodarone, bromocriptine, chemotherapeutic

agents (methotrexate), practolol, dantrolene, 
methysergide, nitrofurantoin, tocolytic agents 
(terbutaline, ritoridine & other betamimetic drugs), 
oesophageal variceal sclerotherapy with sodium 
tetradecyl sulphate or ethanolamine oleate, 
pergolide

13) Pulmonary alveolar Busulfan
proteinosis 
14) Barotrauma (Pneumothorax, Pneumomediastinum and 

pneumopericardium) cocaine
15) Pulmonary eosinophilia Ampicillin, aspirin, inhaled beclomethasone, 

bleomycin, carbamazepine, captopril, 
chlorpromazine, clofibrate, cocaine, dapsone, 
ethambutol, fenbufen, gold, imipramine, 
methotrexate, metronidazole, minocycline, 
naproxen, nitrofurantoin, penicillin, penicillamine, 
pentamidine, phenytoin, propranolol, 
sulphonamides, sulfasalazine, tamoxifen, 
tetracycline, trazodone, tolazamide. 

16) Pulmonary hypertension Mitomycin, aminorex, phenformin, fenfluramine, 
smoking cocaine, intravenous use of amphetamine
from medicinal nasal inhalers 

17) Pulmonary venoocclusive bleomycin, mitomycin, zinostatin, bischloroethyl 
disease nitrosourea, etoposide, cyclophosphamide
18) Inappropriate respiratory Neuroleptics, strychnine poisoning
muscle contraction
19) Respiratory failure Calcium channel blockers, beta-blockers, diuretics, 
(neuromuscular) antirheumatics, aminoglycoside antibiotics, polymyxin 

antibiotics
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INTRODUCTION
Many drugs can cause respiratory toxicity. Drugs
may affect the lung parenchyma, pleura, airways,
mediastinum, pulmonary vasculature or the neuro-
musculature and hence drug induced lung problems
may present in various ways. The diagnosis of drug
induced lung disease is one of excluding other
pathologies as imaging studies or histology may not
be diagnostic. It is important to recognise the con-
dition as cessation of treatment may lead to com-
plete cure whereas continuation of the offending
agent may lead to a fatal outcome. This article
reviews the various manners in which drugs may
affect the respiratory system adversely.

Table 1:  Spectrum of pulmonary toxicity that drugs may cause



Immune system mediated injury: Drug induced lupus
erythematous may affect the lungs. Certain drugs
incite the formation of antibodies against histones and
these result in pulmonary damage.4

Damage by the above mechanisms may result in the
appearance of evidence of interstitial disease on the
chest radiograph. Drugs may also result in pulmonary
toxicity without an abnormal chest radiograph. Table 1
lists the spectrum of pulmonary toxicity that drugs
may cause. 

To reach to a diagnosis, it is important to take a
detailed history including purchase of over the counter
medications, use of alternative medicine, drug history,
any history of overdoses or past addiction. It should be
ascertained whether the onset of symptoms correlates
with any recent prescription. Chest X-ray and CT scan
may show non-specific features and may not be diag-
nostic. Pulmonary function tests may reveal airflow
obstruction or a restrictive disorder with altered trans-
fer factor and hence though not diagnostic, may point
to the type of disorder and can help to monitor the dis-
ease. Histology may show specific features of toxicity
from certain drugs and hence may be helpful in con-
firming the diagnosis. 

Types of drug induced lung disease

Alveolar haemorrhage
The causes of alveolar haemorrhage5 can be divided
into those accompanied by pulmonary capillaritis and
those without involvement of the pulmonary vessels.
Penicillamine is usually associated without pulmonary
capillaritis. Usually patients have been on at least 1gm
daily for at least 10 months, although cases been
reported after 20 years of treatment. It may be accom-
panied by crescentic glomerulonephritis.6

The most prominent symptoms are cough, dyspnoea,
and haemoptysis. Patients may complain of chest pain.
The chest radiograph demonstrates diffuse or focal
alveolar infiltration. The CT scan confirms the pres-
ence of an air-space filling disorder. The lung function
tests may show a raised diffusing capacity despite an
abnormal chest radiograph and CT scan. Serial meas-
urement of the diffusing capacity is a sensitive indica-
tor in detecting active alveolar bleeding. There may be
associated iron deficiency anaemia. The white blood
cell, platelet count and sedimentation rate are usually
raised. Bronchoalveolar lavage will reveal abundant
red blood cells and haemosiderin-laden macrophages.
Early treatment with haemodialysis, plasmapheresis
and immunosuppression may prevent a fatal outcome.
Other causes associated with alveolar haemorrhage
which need to be excluded are Wegener’s granulo-
matosis, systemic necrotizing vasculitis, Goodpastures
syndrome, Behçet’s syndrome, Henoch-Schönlein pur-
pura, SLE, coagulation disorders, mitral stenosis, pul-
monary veno-occlusive disease, lymphangioleiomy-
omatosis, idiopathic pulmonary haemosiderosis and
pulmonary capillary haemangiomatosis.

Adult respiratory distress syndrome
Certain drugs can induce noncardiogenic pulmonary

oedema7, 8 (increased permeability oedema). This may
be due to an increase in the permeability of the alveo-
lar capillary membrane, due to neurogenic factors or
due to aspiration which is a common feature of respi-
ratory failure of any cause. 

Patients present with dyspnoea and cough. Tachypnoea
is an early sign and wheeze is commonly heard. These
signs are also commonly seen in increased pressure
oedema, however history and physical examination
may help differentiate the two conditions as patients
with increased permeability oedema do not have signs
of cardiac disease (raised JVP, cardiac enlargement,
gallop rhythm, heart murmur, enlarged and tender liver
and peripheral oedema). 

Treatment may require adequate life support with ven-
tilatory support. The causative drug should be identi-
fied and stopped. Any aggravating factor such as
infection should be sought and treated. While adminis-
tering oxygen, it’s toxicity should be borne in mind.
Adequate cardiac output and perfusion of the vital
organs should be maintained. 

Bronchiolitis obliterans and bronchiolitis obliterans
with organising pneumonia (BOOP)
Bronchiolitis obliterans was first described in 1835. It
is characterised by fibrous scarring of the small air-
ways and intraluminal polyps in the small airways.9

Since then it has been associated with toxic fume
inhalation, infection, bone marrow transplantation,
lung and heart-lung transplantation, rheumatoid
arthiritis, SLE and penicillamine ingestion. It is char-
acterised by cough and dyspnoea and physical exami-
nation may reveal wheeze. The chest radiograph in
bronchiolitis obliterans may be normal or may show a
miliary or diffuse nodular pattern. In bronchiolitis
obliterans, a flow volume loop characteristically
shows a reduction in expiratory flow at low lung vol-
umes. Penicillamine induced bronchiolitis obliterans
responds poorly to corticosteroids. BOOP10 is the term
used when there is extension of granulation tissue into
the alveoli. BOOP induced by bleomycin is frequently
nodular and may mimic metastasis.11 Bleomycin expo-
sure with subsequent exposure to high inspired oxygen
is associated with an increased incidence of lung toxi-
city. Hence patients who have had bleomycin in the
previous 6 months should ideally not receive high
flow oxygen.

Bronchospasm12

Beta-adrenergic receptors can be divided into excitato-
ry beta-1-receptors located in the heart and inhibitory
beta-2-receptors located in the bronchi. Body plethys-
mography can be used to demonstrate increased air-
way resistance in normal persons and in asymptomatic
asthmatic patients on beta-blockers. Beta-blockers in
the form of eye drops (Timolol) are known to have
resulted in fatal cases of status asthmaticus. Timolol in
eye drops is absorbed through the conjunctiva and
bypasses the liver resulting in a higher concentration
than if given orally. Propafenone, a membrane-stabilis-
ing antiarrhythmic agent can cause bronchospasm.
Dipyridamole can cause a severe bronchospasm in less
than 1% of the patients in whom it is used. It can be
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prevented by the simultaneous use of aminophylline.
Vinblastine when used along with mitomycin can
result in bronchospasm. Non-steroidal anti-inflamma-
tory agents (NSAIDs) and ACE inhibitors can also
cause bronchospasm. 

Cough
ACE inhibitors can cause a dry and persistent cough,
which is unresponsive to cough suppressants. This
may occur in up to 15% of patients receiving the drugs
and is twice as common in women as in men.13 The
onset of cough may not be immediate. Changing to
another member of the family is unhelpful. ACE
inhibitors inhibit the breakdown of bradykinins and
other kinins, which accumulate and cause the dry
cough. It may respond to nebulised comolyn sodium.
Podophyllin preparations used for treating warts have
also been associated with cough.

Granulomatous Disease
Talc (magnesium silicate) is used as filler in many
medications for oral use. Drug addicts may crush
tablets such as methadone, propoxyphene, ampheta-
mines and mepiridine and inject them intravenously.
The talc in these preparations can result in granuloma-
tous interstitial fibrosis, granulomatous pulmonary
arterial occlusion or both.13,14 Patients present with dys-
pnoea, cough, symptoms of pulmonary hypertension,
exercise induced syncope, right heart failure or sudden
death. The chest radiograph may be normal. However
a diffuse nodularity, which develops into focal nodules
particularly in the upper lobe, may be seen. The lower
lobes may show bullae formation and these can rup-
ture resulting in pneumothorax. The earliest abnormal-
ity in the lung function test is a low diffusing capacity.
Pulmonary tissue may show granulomatous change
with multinucleated giant cells and fibrosis. Talc can
be detected by the presence of strongly birefringent
crystals using polarised light. Bronchoalveolar lavage
may reveal increased lymphocytosis and both intracel-
lular and free talc. Half of these patients also develop
talc retinopathy characterised by the presence of talc
emboli within blood vessels near the macula.15 A trial
of corticosteroid should be given although results of
therapy vary from none to significant improvement.
Use of oily nasal or ophthalmic drops is also associat-
ed with the development of granulomatous reaction if
aspirated. CT scanning may help in diagnosing infil-
trates secondary to aspiration of oily ophthalmic
preparations.16

Methotrexate given in low doses once or twice a week
is also associated with a granulomatous interstitial
pneumonitis in about 5% of patients. There is synergy
with chronic nitrofurantoin use and patients on metho-
trexate should therefore not receive nitrofurantoin.17

Immune complex mediated lung disease
A small percentage of patients on the drugs mentioned
in table 1 develop the pleuropulmonary syndrome
associated with immune complex mediated lung dis-
ease. Patients develop antinuclear antibodies (primari-
ly against histones).18 Symptoms develop insidiously
and the patient usually has been on the offending drug
for many months or even years. 

Patients complain of myalgia, fever polyarthralgia,
pleurisy and cutaneous lesions. Renal involvement is
rare. A chest radiograph may show basal infiltrates,
pleural effusions, atelectasis, or cardiomegaly second-
ary to pericardial effusion. Symptoms usually resolve
on stopping the offending drug and corticosteroids
may be used if resolution is not rapid or if the drug
cannot be stopped for clinical reasons. The abnormal
serum antibodies disappear in a few months.19

Interstitial Fibrosis
Interstitial fibrosis secondary to certain drugs presents
as dyspnoea and cough. The chest radiograph may be
normal or show diffuse interstitial changes.

Methotrexate pneumonitis may show mediastinal, hilar
lymphadenopathy or pleural effusion in 10-15% of
patients.20 Clubbing has not been recorded with drug
induced interstitial lung disease. Auscultation of the
lungs discloses crackles but these may also be seen in
infections, heart failure and cryptogenic fibrosing
alveolitis. The carbon monoxide diffusing capacity
may decrease before a fall in lung volumes. Gallium
uptake may be increased before the chest radiograph
becomes abnormal.

Amiodarone induced interstitial fibrosis occurs in up
to 6% of the patients taking over 400mg of the drug
daily for two or more months. This may be fatal in 10-
20% of patients.21 CT scan of the chest shows an
increase in pulmonary density in areas of accumula-
tion. Increased density of the liver is also noted on the
CT scan. It can also cause mass-like lesions, which
may cavitate.22

Lymphocytic interstitial disease23, 24

This is characterised by lymphocytic infiltration in the
lung interstitium. It is also associated with autoim-
mune disorders (Sjögren’s syndrome, primary biliary
cirrhosis, pernicious anaemia, chronic active hepatitis,
SLE, myasthenia gravis), AIDS, bone marrow trans-
plantation, hypogammaglobulinemia & tuberculosis.
Besides the features of the underlying condition,
patients present with cough, progressive dyspnoea,
pleuritic chest pain, and fever.  Patients may be
clubbed or cyanosed. The chest radiograph shows non-
specific reticulonodular infiltrates. Lung biopsy is
essential for diagnosis and shows extensive lympho-
cytic infiltration involving the alveolar septa, peribron-
chiolar and perivascular interstitium. Corticosteroids
may bring about complete resolution.

Mediastinal Lipomatosis 25

This is an unusual complication of corticosteroid
administration. It may also be seen in obese patients.
There is deposition of fat in the mediastinum and on
chest radiograph, which appears as a widened medi-
astinum mimicking lymphadenopathy or other neopla-
sia. Patients usually have a Cushingoid appearance
and CT of the chest demonstrates a fatty consistency
of the mediastinal mass. The mediastinal fat does not
compromise vital structures and hence the steroids
may be continued. 
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Pleural Effusion
Certain drugs are known to cause pleural effusion. It is
usually unilateral and small in size. In some patients it
may be due to drug induced SLE and an antinuclear
antibody assay should be performed. Pleural effusion
secondary to bromocriptine therapy may be accompa-
nied by lymphocytosis.26 It usually starts two months
to four years after initiation of bromocriptine and is
reversible after discontinuation of the drug.
Oesophageal variceal sclerotherapy with sodium
tetradecyl sulphate, ethanolamine oleate or sodium
morrhuate can result in an abnormal chest radiograph
showing pleural effusion in 85% of the patients.
Development of a pleural effusion depends upon the
volume of sclerosing agent injected and has been
reported in up to 50% of patients. Most patients
remain asymptomatic. However fever and chest dis-
comfort have been reported.  Other pulmonary compli-
cations of sclerotherapy are ARDS, atelectasis, medi-
astinal widening and pulmonary infiltrates. 

Pulmonary Alveolar Proteinosis
This rare disorder characterised by the deposition of
amorphous, insoluble, proteinaceous material in the
alveoli and bronchioles has been described in patients
suffering from chronic myelogenous leukaemia27 and
receiving busulphan.28 Epithelial hyperplasia caused by
busulphan is probably responsible for the excessive
surfactant production. The primary disturbance is
impairment in oxygen transfer to the blood perfusing
the alveoli and patients present with hypoxemia.
Unlike spontaneous primary pulmonary alveolar pro-
teinosis, it may not respond to whole-lung lavage.

Barotrauma
Barotrauma has been reported with the use of ‘crack’
cocaine.29 This is due to shearing forces on alveolar
structures allowing free air to dissect up the fascial
planes. Several factors may contribute to its occur-
rence. ‘Crack’ cocaine addicts may inhale from a small
pipe aggressively and often perform a Valsalva
manoeuver prior to exhaling against pursed lips. This
is alleged to enhance the euphoria but can result in
barotrauma. Pneumothorax may also be produced by
direct puncture of the mediastinum and chest struc-
tures during intravenous injections.  Treatment is gen-
erally supportive and chest drainage may be needed in
symptomatic patients.

Pulmonary eosinophilia30

Several drugs can cause pulmonary eosinophilia; the
most common are nitrofurantoin, non-steroidal anti-
inflammatory drugs, antibiotics, and anti-neoplastic
drugs. Patients may present with cough, dyspnoea and
fever. Patients with drug-induced eosinophilic lung
disease can vary in presentation from a mild syndrome
to a fulminant condition. Chest radiograph may show
pleural effusion or lung infiltrates. Bronchoalveolar
lavage shows an increase in the percentage of
eosinophils present. Although many patients will
improve on discontinuing the offending drug, corticos-
teroids can hasten recovery in severe cases. 

Pulmonary hypertension31

Pulmonary hypertension has been associated with cer-
tain medicinal compounds.29 Intravenous use of
amphetamines obtained from medicinal nasal inhalers
has been known to cause pulmonary artery foreign
body granulomas. Pulmonary artery medial hypertro-
phy is known to occur with cocaine smoking. Cocaine
can also cause pulmonary vascular smooth muscle
vasoconstriction.

Pulmonary venoocclusive disease32

Pulmonary veno-occlusive disease results from
obstruction of small veins and venules and has been
described as a complication of chemotherapy for
malignant disease.33 Patients present with dyspnea,
haemoptysis, syncope and signs of cor pulmonale.
Pulmonary artery catheterisation reveals an elevated
pulmonary capillary wedge pressure in addition to pul-
monary hypertension. Lung function tests show a
decrease in carbon monoxide diffusing capacity with
preservation of lung volumes. Definitive diagnosis is
by lung biopsy, which demonstrates fibrous intimal
obliteration of venules. Other causes are idiopathic or
autoimmune with features of Raynaud’s phenomenon,
arthritis, and raised serum autoantibodies. 

Inappropraite respiratory muscle contraction34

Strychnine is a common diluent of many street drugs.
It blocks the inhibitory neurones in the spinal cord
such that motor neurone discharge can be precipitated
by trivial sensory stimuli. The symptoms may begin
within minutes of ingestion and patients are usually
alert. Treatment is supportive. Diazepam or phenobar-
bitone can control milder spasms. In severe toxicity it
may be necessary to paralyse the patient using pan-
curonium or d-tubocurarine or general anaesthesia.
Excretion of strychinine occurs within 72 hours and
cumulative toxicity does not occur.

Respiratory failure (neuromuscular)
Calcium channel blockers, beta-blockers, anti-
rheumatics and diuretics can impair respiratory muscle
function.35 This is usually subclinical and does not
result in respiratory failure. However, respiratory fail-
ure in patients with existing impaired respiratory mus-
cle function may occur. Aminoglycoside and polymyx-
in antibiotics may result in ventilatory failure.36  This
occurs by interference with neuromuscular transmis-
sion and the risk is high in patients with renal failure
and myasthenia gravis. Spontaneous recovery can
occur within a few hours or days of stopping the
antibiotic. Anticholinesterase therapy can reverse the
effects of aminoglycoside neuromuscular blockade but
not polymyxin B induced neuromuscular blockade.

Organophophates, by inhibiting acetylcholinesterase
lead to an accumulation of acetylcholine at the neuro-
muscular junction and other cholinergic synaptic sites,
resulting in muscle paralysis.37 This is treated by
atropine to reverse the muscarinic effects, and prali-
doxime to reverse the neuromuscular junction paraly-
sis.
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Opiods depress respiration (rate and depth) by reduc-
ing the sensitivity of the respiratory centre to a rise in
blood CO2 tension. Patients may develop carbon diox-
ide narcosis.

CONCLUSION
A range of drugs may affect different areas of the res-
piratory system. Routine radiology, lung function and
other investigations may be non-specific. For these
reasons, a high degree of clinical suspicion and a
detailed history with particular attention to the timing
of drug ingestion and onset of symptoms are essential
for diagnosis and appropriate management. Lung biop-
sy may help in diagnosis but may be impossible to
perform if the patient is too unwell. �
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