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1. Introduction

Pulmonary toxicity has been linked to increasing 
number of drugs since the late 19th century. With the 
advancement in development of new drugs, more drugs 
are now associated with lung diseases. In 1880, Osler 
described heroin-induced pulmonary edema during 
an autopsy (1). Drugs can affect any part of lung but 
parenchyma is most frequently involved. Currently, 
more than 350 agents are associated with drug induced 
pulmonary parenchymal diseases (DIPPD) (2,3). While 
uncommon, pulmonary adverse reactions often lead to 
significant physiologic impairment and/or necessitate 
intervention (4). Although drug-induced pulmonary 
diseases (DIPPD) vary in their pathophysiology, 
presentation and prognosis but diagnosis and treatment 
approach is similar in all groups. DIPPD is primarily 
a diagnosis of exclusion. Proper diagnosis requires a 
high index of suspicion and familiarity with the clinical 
syndromes associated with DIPPD. The present article 
aims to review the various drug induced pulmonary 
parenchymal diseases and their management.

2. Pathogenesis

Drug induced pulmonary parenchymal disease 
generally involves pulmonary parenchyma but can 
also involve the airways in addition. Mechanisms 
include direct oxidative injury, cytotoxic effects on 
alveolar capillary endothelial cells, immune-mediated 
lung injury and amphophilic medications causing 
deposition of phospholipid within the cells. These 
result in a variety of clinical and histologic patterns 
including bronchospasm, pneumonitis, pulmonary 
fibrosis, hypersensitivity reaction and non-cardiogenic 
pulmonary edema that has been mentioned in Table 1.

2.1. Bronchospasm

Drug induced bronchospasm can be triggered by any 
drug delivery route (aerosol, oral, IV or topical). Acute 
bronchospasm may be seen within few minutes of drug 
administration. Symptoms may manifest as wheezing 
and shortness of breath. Chest radiographs may show 
hyperinflation. Drugs cause bronchoconstriction by 
direct effect on airway smooth muscle by β blockers 
(5) and anticholinergic (6), inhibitory action on 
cyclooxygenase by aspirin (7), irritation of airways via a 
vagal reflex by ipratropium bromide and cromoglycate 
(8), release of substances causing bronchoconstriction 
by morphine (9), IgE mediated type I hypersensitivity 
reaction by penicillin (10) and enzymatic degradation 
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of other drugs in the liver by rifampicin (11). Common 
causes of drug-induced acute bronchospasm include 
non-steroidal anti-inflammatory drugs (NSAIDs), 
aspirin and beta-blockers. Other drugs like angiotensin 
converting enzyme (ACE) inhibitors, cephalosporins, 
hydrocortisone, nitrofurantoin, penicillin, and tamoxifen 
can also cause this manifestation (4). Contrast media 
used in radiology that contains iodine and the iron 
dextran compound Imferon may provoke severe 
anaphylactic responses. Hydrocortisone may cause 
paradoxically worsening of asthma by unknown 
mechanism (12). In patients with asthma and chronic 
obstructive pulmonary disease (COPD) who have 
a component of reversible airflow limitation, acute 
bronchospasm with beta-blockers is more likely. 
However, in one study, patients with COPD and 
coronary artery disease benefited from β-blockers; thus, 
β-blockers use in patients with COPD is not avoided 
(13,14). Up to 20% of asthmatic patients cannot tolerate 
aspirin and other NSAIDS (15). 

2.2. Bronchiolitis obliterans organizing pneumonia 
(BOOP)

Bronchiolitis obliterans is a chronic form of airflow 
limitation characterized by inflammation and small 
airways occlusion (16). BOOP is a histopathologic 
reaction to a nonspecific inflammatory insult and can 
occur after exposure to a number of drugs (17,18). 
Symptoms may include nonproductive cough and 
shortness of breath with bilateral crackles. Imaging 
shows patchy airspace infiltrates peribronchial or sub-
pleural in location with air trapping. Spirometry may 
reveal decreased Forced Expiratory Volume (FEV1) 
and forced expiratory flow at 25% to 75% of forced 

vital capacity (FEV 25-75%). Diffusing capacity is 
reduced. Lung biopsy may demonstrate intraluminal 
buds of granulation tissue with preserved lung 
architecture. BOOP is treated with drug withdrawal and 
corticosteroids and has favourable outcome.

2.3. Hypersensitivity lung disease

Drug-induced hypersensitivity syndrome (DIHS), 
also called drug rash with eosinophilia and systemic 
symptoms (DRESS), is a severe reaction occurring 1-8 
weeks after drug introduction. It is an immune mediated 
reaction involving cytokine and T-lymphocyte activation. 
Any drug can cause hypersensitivity syndrome. It may 
present with Loffler syndrome characterized by cough, 
dyspnea, fever, rash, blood eosinophilia and fleeting 
pulmonary infiltrates. Hypersensitivity lung disease 
may also manifest as chronic eosinophilic pneumonia. 
Patients may present with sub-acute low-grade fever, 
weight loss and nonproductive cough. Chest radiographs 
shows patchy peripheral airspace consolidation. 
Bronchoscopy with bronchoalveolar lavage (BAL) can 
confirm the diagnosis by revealing eosinophilia (more 
than 25% eosinophils). Drug-induced hypersensitivity 
pneumonitis is a pulmonary syndrome characterized 
by a complex immunological reaction (19). Patients 
may present with acute, sub-acute or chronic symptoms 
of fever, chills, malaise and dyspnea. Spirometry 
demonstrates a reduced Forced Vital Capacity (FVC) 
and Diffusion Lung Capacity for carbon monoxide 
(DLCO). High Resolution Computed Tomography 
(HRCT) scan Chest may reveal bilateral upper lobe-
predominant ground-glass opacities, centrilobular 
nodules and air trapping on expiratory scans. In chronic 
cases, HRCT may show fibrotic changes, including 
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Table 1. Drugs causing various patterns of pulmonary parenchymal disorders

Condition

Bronchiolitis obliterans organizing 
pneumonia

Hypersensitivity lung disease

Pulmonary eosinophilia

Pulmonary edema

ARDS

Offending drugs

Minocycline, amphotericin-B, bleomycin, methotrexate, nitrofurantoin, mitomycin, 
doxorubicin, acebutolol, amiodarone, ticlopidine, gold, phenytoin, sulfasalazine, 
L-tryptophan, interferon

Ampicillin, bupropion, cytarabine, NSAIDs, sirolimus, penicillin, cephalosporins, 
phenytoin, carbamazepine, atorvastatin, sulfonamides, ticlopidine, ciprofloxacin, 
interferon-alfa, trimethoprim-sulfamethoxazole 

Amiodarone, captopril, bleomycin, gold salts, tryptophan, methotrexate, phenytoin, 
acetyl-salicylic acid, GM-CSF, minocycline, carbamazepine, penicillamine, 
sulfasalazine, propylthiouracil, chloroquine, cocaine, diclofenac, heroin, isoniazid, 
isotretinoin, zafirleukast 

Cytarabine, amlodipine, heroin, gemcitabine, cyclosporine, verapamil, interleukin, 
epinephrine, aspirin, methotrexate, acetazolamide, propoxyphene, ethchlorvynol, 
tocolytic agents, propranolol, nitric oxide, chlorthiazide, thiethylperazine, methotrexate, 
tretinoin, nitomycin, ketoprofen, heroin, methadone, protamine, clozapine

Cytarabine,  vinblast ine,  vincris t ine,  ni t rofurantoin,  ant ineoplast ic  and 
immunosuppressant agents, recombinant GM-CSF, infliximab, talc, amiodarone, 
immunoglobulin
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The treatment involves discontinuation of the drugs. 
If the drug is used, use in minimal dose along with 
corticosteroids.

2.6. Alveolar hemorrhage

Diffuse alveolar hemorrhage is characterized by the 
accumulation of red blood cells in the alveolar spaces 
(34). Patients with alveolar hemorrhage present with 
hemoptysis, dyspnea, anemia and bilateral infiltrates. 
Drug induced alveolar hemorrhage may represent a 
hypersensitivity reaction, an injury to the alveolar 
capillary basement membrane or a coagulation defect. 
Drugs that may cause coagulation defects are oral 
anticoagulants, fibrinolytics and platelet glycoprotein 
inhibitors (35), drugs resulting in hypersensitivity 
reaction are propylthiouracil, penicillin, sulfasalazine 
and hydralazine and drugs having direct toxicity are 
amiodarone, gefitinib, sirolimus and crack cocaine 
(36-38). Diagnosis requires bronchoscopy in which 
serial BAL samples reveal increasingly hemorrhagic 
fluid along with appearance of new infiltrates on chest 
radiograph. Lung biopsy is rarely required. Withdrawal 
of the drug or reversal of a coagulation defect is helpful 
in alveolar hemorrhage.

2.7. Interstitial fibrosis

Inflammation of the lung interstitium is the most 
common manifestation of DIPPD. Childhood and old 
age are associated with an increased risk of drug toxicity. 
Interstitial fibrosis occur when drug reach higher tissue 
concentrations in the lung by biotransformation process 
which increases the toxicity by producing reactive 
metabolites or by consequences of bioactivation which 
are lung-specific (39). By causing disruption of the 
oxidant/antioxidant balance, oxygen may precipitate 
DIPPD (40). Similarly, radiation therapy by synergistic 
effect with bleomycin can cause lung toxicity. Patients 
may present with nonproductive cough and dyspnea. 
HRCT Chest may demonstrate basilar sub-pleural 
reticular infiltrates; diffuse fibrosis with traction 
bronchiectasis and honeycombing. Spirometry reveals 
a restrictive physiology and a reduced DLCO. Lung 
biopsy demonstrates lymphoid aggregates and plasma 
cells infiltrating the alveolar septa and the peribronchial 
spaces. Interstitial fibrosis can also be found (41). In 
drug-induced NSIP, interstitial inflammation is more 
homogeneous and cellular than that seen in UIP. This 
is a progressive disease with poor response to therapy. 
In acute amiodarone toxicity, mortality may approach 
40-50%, despite drug withdrawal and corticosteroid 
therapy. Drugs causing pulmonary fibrosis are 
adalimumab, amiodarone, bleomycin, chlorambucil, 
cyclophosphamide, gold, interferon, infliximab, 
methotrexate, nitrofurantoin, paclitaxel, penicillamine, 
phenytoin, sirolimus and statins.

honeycombing and traction bronchiectasis (20). Lung 
biopsy may demonstrate loosely formed granulomas 
near the terminal bronchioles and lymphocytic and 
plasma cell infiltration of the alveolar walls. Pathology 
may demonstrate a Non-specific interstitial pneumonia 
(NSIP) or Usual interstitial pneumonia (UIP) pattern 
(20). Management includes drug withdrawal, but in 
some cases corticosteroid therapy may be helpful.  
The common examples of drugs associated with a 
hypersensitivity pneumonitis include nitrofurantoin and 
methotrexate (21).

2.4. Alveolitis

Most common mechanism of drug-induced alveolitis 
i s  a l lergic  react ions .  Cyclophosphamide and 
nitrofurantoin release toxic oxygen species or Acrolein 
(24). Bleomycin may cause proliferation of fibroblasts 
and penicillamine may impair collagen formation 
(25,26). Patients with alveolitis may present with 
shortness of breath and cough. Chest radiograph shows 
diffuse patchy infiltration. Drug reaction should be kept 
in differential diagnosis in all patients presenting with 
diffuse lung infiltrates. HRCT Chest may reveal early 
symmetric reticular interstitial markings progressing to 
fibrotic changes. Pulmonary function tests demonstrate 
restrictive changes with decreased DLCO and reduced 
FVC and Total Lung Capacity (TLC). Bleomycin 
is the most common chemotherapeutic agent, while 
amiodarone is the most common non-chemotherapeutic 
agent resulting in alveolitis (27). Phenytoin and 
carbamazepine are the anticonvulsant drugs that can 
cause alveolitis. Among cardiac drugs, amiodarone 
is most frequently associated with alveolitis (28). 
Amiodarone has a prolonged action and resolution 
of pulmonary abnormalities occur on withdrawal of 
drug. Sulfasalazine is the one of the common anti-
inflammatory drugs associated with alveolitis (29) and 
the reaction is due to hypersensitivity to the sulpha-
pyridine moiety (30).

2.5. Drug-induced lupus erythematosus

Drug-induced lupus erythematosus reactions are most 
commonly due to hydralazine, procainamide, isoniazid, 
quinidine, phenytoin and penicillamine (4,31-33). 
Symptoms begin insidiously after taking the drug for 
many months. Patients may complain of dyspnea, 
fever, rash, arthralgias, and joint swelling along with 
systemic symptoms. Pleuritis presenting with pleural 
effusion is the most common pulmonary manifestation 
reported in 50-80% of patients. In drug-induced lupus 
erythematosus, antinuclear antibodies or anti-histone 
antibodies are positive, while anti-double stranded 
DNA is negative. Chest radiograph may reveal bilateral 
infiltrates, pneumonitis, atelectasis and/or pleural 
effusions. Pleural fluid glucose is usually normal. 
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2.8. Eosinophilic lung disease

Pulmonary manifestations of drug induced eosinophilic 
lung diseases are simple pulmonary eosinophilia, 
acute eosinophilic pneumonia, chronic eosinophilic 
pneumonia, churg-strauss syndrome and eosinophilic 
pleural effusion. Drug induced eosinophilic lung 
disease is a diagnosis of exclusion. Thus, history and 
physical examination are required for the diagnosis. 
Laboratory investigation is helpful to exclude other 
diseases. Blood eosinophil count is frequently elevated. 
Chest radiograph is often helpful to diagnose other 
lung diseases that may mimic drug induced lung 
disease. BAL may demonstrate elevated percentage 
of eosinophils and lymphocytes (42). Eosinophilic 
lung disease can be suspected by the finding of an 
increased number of eosinophils in the blood or BAL 
fluid of a patient who has pulmonary symptoms or 
infiltrates on chest radiograph. Lung biopsy is non-
specific and rarely required. Symptoms may resolve 
with discontinuation of the drugs and rarely treatment 
with corticosteroids is required. Both idiopathic and 
drug induced acute eosinophilic pneumonia mimic 
radiologically (43). Minocycline has been reported to 
cause acute eosinophilic pneumonia (44). Drug induced 
acute eosinophilic pneumonia recur on re-challenge 
with offending drug. Churg-Strauss syndrome can 
be the result of leukotriene inhibitors like zafirlukast 
and montelukast (45). Whether leukotriene inhibitors 
cause Churg-Strauss syndrome or their use as a steroid 
sparing agents in asthmatics allows the development 
of symptoms of occult Churg-Strauss syndrome 
is unknown (46). The clinical and radiological 
presentation of idiopathic and drug induced Churg-
Strauss syndrome are similar. Treatment requires long-
term corticosteroids and cytotoxic medications.

2.9. Pulmonary edema and acute respiratory distress 
syndrome 

Pulmonary edema and Acute Respiratory Distress 
Syndrome (ARDS) are common manifestations of 
drug induced lung disease. Clinical features mimic 
other causes of pulmonary edema. Clinical features 
may include dyspnea, tachypnea and hypoxemia. 
Pathogenesis is unknown for most drugs. Idiosyncratic 
reaction is most common mechanism followed by 
capillary leak, anaphylaxis and hypervolemia for drug 
induced pulmonary edema. Increased permeability leads 
to protein and fluid to enter the lung interstitium and 
alveolar spaces. Chest radiograph may show alveolar 
and interstitial infiltrates. Unlike cardiogenic pulmonary 
edema, cardiomegaly and vascular redistribution are 
absent. Diagnosis is based on exclusion of other causes. 
Most reactions are self-limited. Treatment includes 
oxygen and diuretic therapy. Corticosteroids role is 
controversial. Positive pressure ventilation may be 

required in severe cases (47). Symptoms may recur on 
re-challenge.

3. Diagnosis

Establishing a direct relationship between the 
administration of a drug and the development of lung 
disease is the first step toward determining drug induced 
pulmonary parenchymal disease. Drug initiation always 
precedes clinical symptoms. The time to develop a 
drug-induced lung parenchymal injury may be quick in 
the case of bronchospasm, or several years in the case 
of drug induced pulmonary fibrosis. The diagnostic 
approach requires review of the patient’s presentation 
and medical history with current and past medication 
use, including dosages and schedule. There are no 
definitive symptoms, physical examination, laboratory 
and radiographic features associated with DIPPD. 
Acute bronchospasm is characterized by obstructive 
changes, including a reduced FEV1 and FEV1/ FVC 
ratio with a significant bronchodilator response. 
Bronchiolitis obliterans may be suggested by evidence 
of fixed obstructive lung disease, initially manifested 
by a reduced FEF1, followed by decreasing FEV25-75 
with a low FEV1/ FVC ratio without a bronchodilator 
response. Pulmonary fibrosis is suggested by a restrictive 
pattern with a decreased FVC and TLC. Gas exchange 
is impaired due to ventilation-perfusion mismatching 
and decreased DLCO due to impaired diffusion across 
the abnormal interstitium. Arterial blood gas analysis 
may reveal hypoxemia at rest but should have also 
arterial oxygen saturation determined during exertion 
by performing six-minute walk test, because many 
patients with only mild disease undergo desaturation 
with exertion despite normal saturation at rest. Complete 
blood cell count with differential, sputum studies, and 
serological findings such as rheumatoid factor or anti 
nuclear antibody and echocardiography are necessary to 
exclude other causes. Fibreoptic bronchoscopy with BAL 
may be indicated in case of non-conclusive noninvasive 
diagnostic measures. BAL findings in drug-induced 
hypersensitivity pneumonitis include lymphocytosis > 
50% and a decreased CD4 to CD8 ratio. Eosinophilic 
pneumonia is characterized by an elevated BAL 
eosinophil count > 25% (54). BAL findings in alveolar 
hemorrhage reveal hemosiderin-laden macrophages and 
an increasingly bloody return from repeated BAL saline 
aliquots. BAL fluid often has foamy macrophages in 
patients taking amiodarone. Cytotoxic pneumonitis due 
to chemotherapeutic agents generally has a neutrophil 
predominance. Bronchoscopy with negative culture 
results helps in ruling out infectious causes. But these 
findings indicate medication exposure and do not 
necessarily establish drug toxicity. Sensitivity of open 
lung or surgical biopsy is not high but can be useful in 
diagnosing hypersensitivity pneumonitis, bronchiolitis 
obliterans and organizing pneumonia. They can exclude 
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the possibility of alternative disease or infection.

4. Management

Management of pulmonary drug reactions consists in 
stopping the offending drug and substituting with less 
harmful one. Occasionally, corticosteroid therapy may 
be used. In BOOP, hypersensitivity pneumonitis and 
eosinophilic pneumonia, corticosteroids can hasten 
resolution of symptoms, but in pulmonary fibrosis, 
pulmonary vascular disease and bronchiolitis obliterans, 
corticosteroids have no role. If allergy is suspected, 
a challenge test can be carried out after an interval 
during which the drug is not taken. Hyposensitization, 
or induction of tolerance, can be done if the drug 
is essential, all alternatives are unsatisfactory and 
the reaction is likely to be allergic or idiosyncratic. 
Clinicians must educate the patients about the potential 
adverse effects of the drug before starting treatment. 
Those who develop drug toxicity should be advised to 
avoid the drug in the future.

5. Conclusion 

Currently there are several drugs that can be recognized 
as offending agent for DIPPD. At present, there is no 
consensus for a definite diagnostic workup approach 
in patients with a suspicion of DIPPD. Although lung 
biopsies are not pathognomonic for drug toxicity and 
correlation with clinical, laboratory, and radiologic data 
is essential, they can be considered as a powerful tool 
in the evaluation of suspected by helping to exclude 
underlying disease or infection and documenting the 
pattern of parenchymal injury. Therefore, it is important 
for physicians to be familiar with iatrogenic diseases 
for which their patients are at risk. The information is 
helpful in making the diagnosis of drug toxicity as well 
as guiding the optimal management of the patient in 
near future. 
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