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INTRODUCTION 

Adverse reactions to therapeutic agents may involve the respiratory system in a 
number of ways. In some circumstances the mechanism is an exaggerated pharmacologic 
response to the drug. Central nervous system depression may lead to respiratory failure from 
narcotics or sedatives. The respiratory airways may be affected through the pharmacologic 
actions of beta-blocking agents and drugs which affect prostaglandin balances such as aspirin 
or non-steroidal anti-inflammatory agents. Oxygen, radiation therapy, and many of the cancer 
chemotherapy drugs produce a direct, toxic injury to the lung which is often mediated by 
oxygen-radical formation and which may then incite non-specific inflammation and fibrosis. 
There is also growing evidence of an important role for the immune system in drug-related 
reactions, either through direct immune-mediated injury (e.g. autoimmune disease, pulmonary 
infiltrates with eosinophilia, or hypersensitivity pneumonitis) or through alterations in 
immunologic modulation of injury, inflammation, and repair. 

MAJOR MECHANISMS OF DRUG-RELATED 
RESPIRATORY COMPLICATIONS 

Pharmacologic 
Direct toxic injury 
Inflammatory responses 
Immunologic injury 
Immunologic modulation 

In reviewing this subject, it was not difficult to identify over 80 drugs or therapeutic 
agents which can affect the respiratory system; this number will surely continue to increase. 
There have been recent reports, for example, which have shown that captopril and other 
angiotensin-converting enzyme inhibitors may cause persistent cough (Stoller, 1988; Gibson, 
1989). bronchial hyper-reactivity (Bucknall, 1988; Kaufman, 1989; Lindgren, 1989). and overt 
asthma (Popa, 1987; Lipworth, 1989). Bromocriptine has also been recently added to the list 
of drugs which may cause pleuropulmonary complications (McEivaney, 1988; Kinnunen, 
1988). Aerosolized pentamadine has been implicated in the induction of bronchospasm, 
"spontaneous pneumothorax," and the development of atypical infiltrative patterns with 
recurrence of Pneumocystis carinii pneumonia The subject of drug-related pulmonary disease 
has become too broad to be covered comprehensively in this discussion, and has been dealt 
with in prior Grand Rounds (Pierce, 1972; Goldings, 1983). A number of excellent reviews 

· have appeared in the literature which may be useful to the clinician (Rosenow, 1988; Cooper, 
1986; White, 1985; Rosenow, 1972). including an entire issue of Clinics in Chest Medicine 
(Cooper, editor, 1990). 

Many of the drugs which cause pulmonary toxicity result in common injury patterns 
and clinical presentations; the mechanisms involved are also shared by a number of different 
drugs. Further, any one drug may produce a number of different clinical syndromes and m,ay 
have a variety of simultaneous (and interrelated) pathophysiologic mechanisms. This 
discussion will attempt to focus upon three drugs for which a reasonable amount of 
information is available and which serve to illustrate the more common clinical presentations 

2 



and pathophysiologic mechanisms of drug-induced pulmonary disease: amiodarone, bleomycin, 
and procainamide. 

AMIODARONE: DIRECT TOXICITY AND HYPERSENSITIVITY 

Clinical use of amiodarone was begun in 1967 in Europe where it was initially used for 
its antianginal properties. However, its potent suppressive effect on both supraventricular and 
ventricular dysrhythmias led to its expanded use as a class Ill antiarrhythmic agent. 
Unfortunately, significant side effects were noted in over 50·% of patients treated (Waxman, 
1982; Raeder, 1985; Harris, 1983). Toxic effects of amiodarone have included grey-blue skin 
discoloration, photosensitivity, corneal micro-deposits, neurologic and muscle disturbances, 
clinical and chemical thyroid abnormalities, as well as hepatic and gastrointestinal dysfunction 
(Smith, 1986; Harris, 1983; Wilson 80, 1991 ). Pulmonary toxicity was first reported in 1980 
(Rotmensch, 1980) and has developed as one of the most significant and potentially lethal 
side-effects of amiodarone. As a consequence, when the drug was released in the United 
States in 1985, it was approved solely for use with severe, life-threatening, refractory 
ventricular arrhythmias (Mason, 1987). 

TOXIC EFFECTS OF AMIODARONE 

Gray-blue skin color 
Photosensitivity 
Corneal deposits 
Neuromuscular weakness 
Thyroid abnormalities 
Hepatic dysfunction 
Gl dysfunction 
Pulmonary toxicity 

Amiodarone is an iodinated benzofurane derivative which is amphophilic. It binds 
avidly to plasma proteins and in tissue so that it has a volume of distribution near 5000L 
(Kennedy, 1990). Bioavailability is variable while uptake and distribution display a biphasic 
pattern; consequently the drug has a delayed onset of action and requires initial high loading 
doses (Haffajee, 1983). The drug is accumulated to remarkable levels (up to 1000 fold) in 
adipose tissue, liver, and lung and to a lesser extent in skin and myocardium (Mason, 1987). 
The terminal elimination half-life is therefore both long and variable, averaging 52 days (Holt, 
1983). 

Serum drug levels have not proven useful in predicting efficacy or toxicity (Kannan, 
1987). Amiodarone resembles triiodothyronine, T3, and is associated with frequent 
alterations in thyroid function studies (especially reverse T3, rT3l as well as clinical hyper- or 
hypothyroidism. Although this led to speculation that measurement of serum rT3 levels might 
be predictive of efficacy and/or toxicity (Kerin, 1986). this has not proved to be the case. 
Thus, the pharmacologic properties of amiodarone make it a difficult drug to monitor and its 
toxic effects may persist for considerable periods even after drug cessation. 
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REPORTED INCIDENCE OF SYMPTOMATIC PULMONARY TOXICITY 
IN PATIENTS TAKING AMIODARONE 

Study Patients (n) Pulmonary Toxicity (%) 

Marchlinski, 1982 70 5.7 
McGovern, 1983 59 6.8 
Morady, 1983 154 3.9 
Kudenchuk, 1984 72 6.9 
Raeder, 1985 217 3 .7 
Kennedy, 1987 154 9.7 
Dean, 1987 171 6.4 

Total 897 5.9% 

· The reported incidence of pulmonary tox1c1ty due to amiodarone has varied 
considerably, in large part owing to imprecise definitions of clinical toxicity and the lack of a 
specific diagnostic test. If one accepts only reports of patients who are symptomatic, have 
new or worsening radiographic infiltrate(s), and for whom other causes have been reasonably 
excluded, then the incidence of pulmonary toxicity is approximately 6% (see table). The 
mortality associated with amiodarone pulmonary toxicity is more difficult to quantify as most 
patients treated are at high risk for sudden death and as the elimination time is so long 
following discontinuation. However, a mortality of 5-10% appears to be a reasonable 
estimate (Martin, 1988). 

Pathophysiology 

The pathogenesis and mechanism(s) of amiodarone pulmonary tox1c1ty remain 
controversial. There are data to support both direct toxic effects of the drug and 
hypersensitivity immunologic mechanisms (Martin, 1990). 

Amiodarone causes inhibition of lysosomal phospholipase A and C (Heath, 1985; 
Kodavanti, 1991 ). This results in the accumulation of a variety of different phospholipids 
within the lysosomes of affected cells in experimental models (Kodavanti. 1991; Wilson JS, 
1991) and in humans (Martin, 1988). In the lung, this intracellular phospholipidosis occurs 
predominately in alveolar macrophages. Similar phospholipid accumulation has been 
demonstrated in other tissues in which amiodarone concentrates including myocardium, liver, 
and skin (Arbustini, 1991 ). Perhaps through a similar mechanism, serum lipoprotein levels are 
also be increased by amiodarone (Albert, 1991) and this effect is independent of alterations 
in thyroid function (Wiersinga, 1991 ). 

The intracellular phospholipidosis leads to the characteristic finding of "foamy" alveolar 
macrophages in histologic sections; in patients with pulmonary toxicity, these foamy 
macrophages are found in abundance in association with interstitial inflammation, fibrosis, and 
·hyperplasia of type II pneumocytes (Myers, 1987). These characteristic appearing 
macrophages can also be found in cytologic preparations from the bronchoalveolar lavage of 
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patients with pulmonary tox1c1ty (Martin, 1985; lsrael-8iet, 1987). The bronchoalveolar 
lavage of amiodarone patients contains significantly increased amounts of phospholipids 
(Martin, 1988) which is confined to the cellular fraction (Martin, 1988; Nicolet-Chatelain, 
1991 ). Isolated endothelial cells can be induced to develop intracellular phospholipidosis in 
vitro and this is associated with evidence of cell damage (Martin, 1985). In animal studies 
there is evidence of dose-related pulmonary accumulation of amiodarone and phospholipids 
(Wilson 8D, 1991) which correlates as well with pulmonary inflammation (Wilson BD, 1990; 
Wilson 8D, 1991). 

These observations suggest that amiodarone may thus cause direct cellular toxicity 
through the intracellular accumulation of phospholipids. The major metabolite of amiodarone 
is desethylamiodarone (DEAl and it also possesses potent antiarrhythmic activity. 
Unfortunately DEA is not a clinically relevant alternative as it causes cytotoxic effects which 
are similar to (or greater than) the parent compound .(Kodavanti, 1991; Wilson 8D, 1990; 
Wilson 8D, 1991; Daniels, 1989). 

Although intracellular phospholipid accumulation is associated with toxicity, it is not 
entirely clear how injury actually occurs. In vitro studies have provided evidence that 
amiodarone may cause oxidant lung injury (Hasan, 1984; Li, 1987; Kennedy, 1988). The 
possibility that the iodine content of the drug is somehow important cannot be discounted as 
well. Patients receiving amiodarone tend to have high attenuation coefficients in the lung 
parenchyma on chest CT scan (Kuhlman, 1990) which has been attributed to the iodine 
content serving as a contrast agent. The significance of this finding is not clear, but there 
have been 3 reports of the rapid development of a fatal ARDS-Iike syndrome immediately 
following intravenous administration of radiographic contrast media to patients with 
amiodarone pulmonary toxicity (Wood, 1985; Kuhlman, 1990). 

While both amiodarone and DEA cause direct toxicity, it is unlikely that this completely 
explains the pathogenesis of pulmonary toxicity. A dose-response relationship in human 
subjects is suggested by the observation that pulmonary toxicity was rarely recognized in 
Europe when first introduced, but became common when used in the United States. In Europe 

'..... smaller doses were typically used for antianginal and supraventricular arrhythmias, while in 
the United States higher doses were used to treat refractory ventricular arrhythmias. 
However, pulmonary toxicity has been reported in patients receiving relatively small doses 
(less than 200 mg/day) for brief periods and many patients receive very high cumulative doses 
without toxicity. 

Macrophage phospholipidosis is highly characteristic for amiodarone toxicity; however, 
similar changes can be demonstrated in other conditions and in response to other cationic 
amphophilic drugs, not all of which are associated with clinically significant pulmonary toxicity 
(Reasor, 1981 ). Further, macrophages obtained from patients receiving amiodarone who are 
without evidence of clinical toxicity also demonstrate similar degrees of macrophage 
phospholipidosis (Liu, 1986) and have similar bronchoalveolar and biopsy findings (Liu, 1986; 
Kennedy, · 1987; Myers, 1987). These findings therefore suggest that intracellular 
phospholipidosis is not specific for amiodarone toxicity and imply that other or additional 
pathophysiologic mechanisms may be important. 
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Recent studies have suggested an immunologic role in the development or amplification 
of amiodarone pulmonary toxicity. Although a lung autoantibody has been described in a 
patient with amiodarone toxicity (Fan, 1987). the predominance of data suggest that cell­
mediated mechanisms are more important. Bronchoalveolar lavage from approximately 70% 
of patients with amiodarone toxicity demonstrate an absolute and relative lymphocytic 
alveolitis (lsraei-Biet, 198 7; Akoun, 1991: Martin, 1990). Phenotypically the lymphocytes are 
virtually all T-lymphocytes , with a CD8 +predominance (giving a reduced CD4 +/CD8 +ratio). 
Thus, many patients have a significant increase in alveolar suppressor/cytotoxic (CD8 +) 
lymphocytes. This type of CD8 + lymphocytic alveolitis is similar to the pattern seen in 
hypersensitivity pneumonitis due to inhaled allergens (Leatherman, 1984; Semenzato , 1986) ~ 
With clinical resolution of the pulmonary toxicity following withdrawal of amiodarone (with 
or without steroids). this lymphocytic alveolitis tends to resolve (lsraei-Biet, 1987). Lung 
natural killer cell activity has been shown to be increased in animal studies (Karpel, 1991 ). 

BRONCHOALVEOLAR LAVAGE LYMPHOCYTES IN 
NORMALS (N) AND AMIODARONE PATIENTS (AM) 
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While these observations strongly suggest a cell-mediated immunologic mechanism in 
the development of amiodarone pulmonary toxicity, at least 30% of patients with 
symptomatic disease do not show this CD8 + lymphocytic alveolitis (Akoun, 1991; lsrael-Biet, 
1987). Asymptomatic pigeon breeders, with no evidence of clinical hypersensitivity 
pneumonitis, typically demonstrate a lymphocytic alveolitis on bronchoalveolar lavage which 
is similar to that seen in patients with overt disease (Johnson, 1989). The same is true for 
asymptomatic farmers (Cormier, 1986). Bronchoalveolar lavage has been reported in a small 
number of asymptomatic patients taking amiodarone who had no evidence of toxicity; lavage 
data paralleled that of normal volunteers except that the CD4 +/COB+ ratio is decreased 
(lsrael-Biet, 1987). It is also interesting that in a report of two patients who had amiodarone 
pneumonitis who were inadvertently re-challenged, symptoms did not recur immediately, but 
were delayed by 6 and 12 months (Chrysanthopoulos, 1988). 

Thus, the findings suggestive of a hypersensitivity response are not universally present 
and may not be specific. While it is possible that cell-mediated immunity plays a role, a direct 
causal relationship has not yet been established. The cellular responses described may 
represent events which are secondary to byproducts of direct drug toxicity; such events might 
thus serve to amplify the injury rather than being the direct cause. Strain differences in animal 
models of amiodarone toxicity (Wilson BD, 1990; Wilson 80, 1991) as well as the wide 
variation in dose-responsiveness in humans suggest a genetic susceptibility to amiodarone 
and/or secondary immune responses. 

Clinical Findings 

The clinical features of amiodarone pulmonary toxicity are characteristic, but not 
specific (Marchlinski, 1982; Kennedy, 1987; Martin, 1988; Kennedy, 1990). Virtually all 
patients complain of dyspnea, especially with exertion. Non-productive cough is common. 
Constitutional symptoms include fever, malaise, and weight loss. Chest pain, usually of a 
pleuritic nature, is present in many cases. Proximal muscle weakness and myalgias have also 
been reported (Marchlinski, 1982). Symptoms usually do not occur until after the patient has 
been receiving the drug for several months, though onset can occur earlier. Patients will 
either develop an abrupt onset with fever and cough which mimics pneumonia or have a more 
insidious presentation in which dyspnea predominates. The physical findings include rales and 
(occasionally) pleural friction rub. Other physical findings of amiodarone may be present such 
as grey-blue skin discoloration or corneal microdeposits (usually seen only by slit-lamp); 
however, these finding merely confirm that the patient is taking the drug. 

AMIODARONE PULMONARY TOXICITY 

Dyspnea 
Non-productive cough 
Fever 
Malaise 
Weight loss 
Chest pain 
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Laboratory studies are entirely non-specific and include leukocytosis. elevation of the 
erythrocytes sedimentation rate (ESR). and an increase in serum lactate dehydrogenase 
(Martin, 1988). The abnormalities of thyroid function mentioned earlier are not specific for 
pulmonary toxicity, including the elevation of reverse T3. 

RADIOGRAPHIC FINDINGS OF 
AMIODARONE TOXICITY 

Diffuse infiltrates 
Localized infiltrates 
Nodular or mass lesions 
Pleural effusions 
Enhanced CT attenuation 

The typical radiographic pattern is one of diffuse, bilateral infiltrates. These may be 
either interstitial or alveolar in nature (Marchlinski, 1982; Kennedy, 1987). A third of patients 
may have well-localized infiltrates, which may be lobar (Kennedy, 1987). Nodular (Patel, 
1987; Arnon, 1988). mass-like (Piccione, 1989). and cavitary (Pollak, 1984) densities have 
been described in some patients. Small pleural effusions may also occur (Kennedy, 1987). 

Pulmonary function tests of patients with symptomatic amiodarone pulmonary toxicity 
will typically demonstrate a restrictive pattern with reduced diffusion capacity (OLCOl and 
arterial hypoxemia (Kudenchuk, 1984; Gleadhill, 1989; Magro, 1988). The diagnosis of 
pulmonary toxicity should be questioned if pulmonary function tests (especially the DLCO) are 
normal (Gieadhill, 1989). However, while these abnormalities are present in most cases of 
overt toxicity they are highly non-specific and would be expected in most conditions in the 
differential diagnosis. Further, interpretation of changes in the DLCO for individual patients 
over time must take into account the large variability inherent in this test; the minimum 
coefficient of variation for the DLCO in clinical laboratories is 1 0% and variations of from 1 5-
20% can be found in stable patients with repeated testing (Crapo, 1986). 

Although earlier reports suggested that the pulmonary functions of some asymptomatic 
patients taking the drug might detect "subclinical disease" or predict which patients might 
developed toxicity prior to actually starting therapy (Kudenchuk, 1984; Adams, 1986). 
prospective studies have not substantiated this view (Adams, 1988; Magro, 1988; Gleadhill, 
1989). Indeed, no pre-existing abnormality of pulmonary function testing, chest X-ray finding, 
or drug-dose relationship has been shown to be useful in predicting drug toxicity in individual 
patients. In patients who were being followed prospectively with serial pulmonary function 
testing, there was no premonitory decline in any variable (including DLCO) which heralded the 
onset of toxicity in those who developed overt disease (Gieadhill, 1989; Magro, 1988). Some 
have questioned the wisdom of serial pulmonary function testing in patients receiving 
amiodarone as they are not useful in predicting toxicity and might inappropriately lead to 
withdrawal of therapy in some patients (Horowitz, 1988; Mason, 1989). Based upon these 
considerations, pulmonary function testing (including DLCO and arterial blood gas testing) 

,should be obtained prior to (and perhaps once or twice shortly after) institution of therapy for 
purposes of establishing the patient's baseline ; subsequent testing should be reserved for 
those patients who develop new pulmonary symptoms or radiographic infiltrates. 

8 



Diagnosis 

The clinical findings of amiodarone pulmonary toxicity are highly non-specific and the 
differential diagnosis is necessarily quite broad . The most commonly encountered entities in 
this setting, however, include congestive heart failure {CHF). infection, pulmonary 
embolism/infarction, and malignancy. Patients receiving amiodarone have a very high 
prevalence of impaired left ventricular function and thus CHF is ultimately diagnosed in more 
than a third of cases. The symptoms, chest X-ray, and pulmonary function changes 
(restrictive pattern with reduced diffusion capacity, DLCO) of amiodarone toxicity are virtually 
indistinguishable from CHF. Thus, an empiric trial of diuresis or even right heart 
catheterization may be justified, especially given the problematic nature of treating amiodarone 
toxicity (see below). 

FINAL DIAGNOSIS IN PATIENTS SUSPECTED OF HAVING 
AMIODARONE PULMONARY TOXICITY 

(n=47) 

Amiodarone pulmonary toxicity 
Congestive heart failure 
Pneumonia 
Pulmonary embolism/infarction 
Other 

Gleadhill IC. Am J Med 86: 4, 1989. 
Zhu YY. Chest 93: 1126, 1988. 

55% 
36 

6 
2 
1 

Fever, lung infiltrate, and leukocytosis may suggest infection, and thus appropriate 
""-- cultures and treatment with antibiotics may be instituted. The presence of any of these 

findings, especially with pleural pain/effusions would also be compatible with pulmonary 
thromboembolic disease. The diagnosis of pulmonary embolism should be pursued when 
indicated on clinical grounds. In this regard, however, the clinician should be aware that there 
have been reports of fatal onset of ARDS in patients receiving amiodarone after administration 
of intravenous contrast material for pulmonary angiography (Wood, 1985; Kuhlman, 1990). 
Especially when the presentation is one of insidious onset of dyspnea with diffuse infiltrates, 
malignancy must also be excluded before rendering a diagnosis of amiodarone toxicity. In this 
regard,lymphangitic spread of carcinoma,lymphoid malignancy, and primary bronchoalveolar 
cell carcinoma should be considered. 

Chest computed tomography often demonstrates that the radiographic abnormalities 
observed on plain films have a high attenuation, presumably owing to the high iodine content 
of the drug (Standertskjold, 1988; Kuhlman, 1990). Although this has been suggested to,be 
useful in diagnosis, it likely represents drug accumulation in the lung and is not necessarily 

·specific for toxicity; similar findings have been described in asymptomatic patients taking the 
drug who have normal plain films of the chest (Nicholson, 1989). 
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As with other interstitial diseases, gallium-67 scanning has been advocated for the 
diagnosis of amiodarone pneumonitis (Dake, 1985; van Rooij. 1984; Moinuddin, 1986; 
Lecklitner, 1988). It is thought to be especially useful in distinguishing CHF (which should 
not have uptake) from other causes. However, analogous to other interstitial diseases, the 
clinical utility of this test is questionable for it is difficult to interpret, requires 24 to 72 hours 
to perform (Martin, 1990) and is neither entirely sensitive nor specific. False positive (Zhu, 
1988; Xaubet, 1987) and false negative (Fraioli, 1990; Zhu, 1988) results can occur in the 
setting of suspected amiodarone pulmonary toxicity. A newer study involving Tc-99 labeled 
diethylene tria mine penta-acetic acid (DTPA) has been described which appears to discriminate 
between amiodarone pneumonitis and asymptomatic patients taking the drug (Terra-Filho, 
1990). The study is said to detect abnormal permeability of the alveolar-capillary membrane 
and as such might be useful in distinguishing CHF from drug-toxicity; a greater experience 
with the study is needed before its wide-spread use can be recommended. 

Bronchoscopy with bronchoalveolar lavage has played an important role in furthering 
our understanding of the pathogenesis of amiodarone toxicity as described in detail earlier. 
While the findings of foamy alveolar macrophages and lamellar lysosomal inclusions are 
characteristic of amiodarone, these histo/cytologic and ultrastructural changes are not specific 
for the drug and do not distinguish between toxic and non-toxic patients (Kennedy, 1987; 
Kennedy, 1990). Thus, these findings merely confirm exposure to the drug and in themselves 
add little to the clinical history. As noted earlier, phenotypic characterization of 
bronchoalveolar lavage lymphocytes may prove of some use when a reduced CD4 + /CD8 + 
ratio is found in the appropriate clinical setting. However, the overall utility of this finding 
remains limited as 30% of patients with clinical toxicity lack the finding, as limited data exist 
with respect to asymptomatic patients receiving the drug, and as this methodology is not yet 
widely available for clinical purposes (see above). Thus, the principle utility of bronchoscopy 
in patients with suspected amiodarone pulmonary toxicity is for the exclusion of other 
conditions, especially infection and malignancy. 

DIAGNOSIS OF AMIODARONE 
PULMONARY TOXICITY 

Compatible clinical symptoms 
Radiographic infiltrate(s) 
Exclusion of other conditions 

Given the lack of specific markers for amiodarone pulmonary toxicity, the diagnosis 
remains clinical and is based upon the exclusion of other possible causes of the patient's 
findings. The diagnosis should be made when: (1) the patient has been taking amiodarone, 
(2) the patient has new, compatible symptoms, (3) there are new or changing radiographic 
infiltrates, and (4) other diagnostic considerations have been reasonably excluded (especially 
CHF, infection, thromboembolism, and malignancy). The work-up might thus include 
appropriate cultures, bronchoscopy, evaluation for pulmonary embolism, and especially tests 
or empiric therapy for congestive heart failure. • 
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· Therapy 

The treatment of amiodarone pulmonary toxicity would appear to be deceptively 
simple: discontinuation of the drug. Indeed, most patients who develop toxicity will have 
complete or near resolution of symptoms and other findings with drug elimination (Kennedy, 
1990). The time course of this response may be somewhat prolonged (weeks to months) 
given the long half-life of the drug, but is nearly complete in the majority of cases. 
Unfortunately this apparently favorable outcome must be tempered by other findings. The 
mortality of amiodarone lung toxicity is reasonably estimated to be 5-10% (Martin, 1988). 
However, the mortality associated with drug discontinuation (within one month) may be as 
high as 45% (Dean, 1987). This is not entirely surprising as most patients who die shortly 
after discontinuation do so as a consequence of sudden cardiac death, to which virtually all 
are predisposed by definition. However, it is in sharp contrast to the usual prognosis of 
patients who are maintained on the drug and have an expected one year mortality of 14-19% 
(Peter, 1983; CASCADE Study, 1991 ). Obviously, if the patient can receive alternative 
treatment, then this should be undertaken. However, assuming that the patient was initially 
started on amiodarone only after being found to have truly refractory, life-threatening 
ventricular dysrhythmias, the decision to withdraw the drug in response to toxicity cannot be 
made lightly. Despite the only weak dose-response relationship between amiodarone therapy 
and toxicity, there are well-documented reports of clinical improvement following reduction 
in amiodarone doses alone (Leech, 1984; Martin, 1988). 

TREATMENT OPTIONS FOR AMIODARONE 
PULMONARY TOXICITY 

Stop Amiodarone 
Lower dose !.±. steroids) 
Same dose with steroids 

The role of steroids in the management of amiodarone lung toxicity is controversial. 
The available data suggesting a role for hypersensitivity immune responses in the 
pathogenesis of the disorder might suggest a role for immunosuppressive therapy. However, 
most reports of improvement following cessation of drug differ little from those in which 
concomitant steroid therapy was employed. Not surprisingly, controlled trials are lacking, and 
not likely to be forthcoming. There are reports of patients who have developed toxicity and 
who were maintained on the same or lower doses of amiodarone who improved with the 
addition of steroids (Zaher, 1983; Myers, 1987). Thus, in patients who are severely 
symptomatic or in whom continuation of amiodarone is felt to be necessary, the addition of 
therapeutic doses of corticosteroids may be indicated. 
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BLEOMYCIN: OXIDANT INJURY AND FIBROSIS 

Bleomycin is a cancer chemotherapeutic antibiotic agent which is derived from bacterial 
glycoprotein products (Jules-Elysee, 1990). While it is effective as a single agent, it is used 
primarily in combination regimens for malignant lymphomas, germ cell neoplasms, and some 
squamous cell carcinomas (Yagoda, 1972; Blum, 1973; Bennett, 1979). The drug is 
particularly useful in combination therapy because of it's lack of marrow suppression and as 
it tends to "synchronize" tumor cells, enhancing susceptibility to other cytotoxic agents . 
Bleomycin's antitumor effects are largely mediated through disruption of DNA, probably via 
iron-dependent oxygen free-radical formation (Bennett, 1979). The drug is rapidly excreted 
except when renal function is significantly impaired, i.e. at creatinine clearances of less than 
25 ml/min. 

The principle toxicity limiting the use of bleomycin is pulmonary. This usually takes 
the form of an acute oxidant lung injury followed by progressive pulmonary fibrosis (Yagoda, 
1972; Blum, 1973). However, a syndrome of pulmonary eosinophilic pneumonia has also 
been reported in a small number of patients (Holoye, 1978; Yousem, 1985). The overall 
incidence of pulmonary toxicity is 11-13% (Blum, 1973; Scheulen, 1987). The development 
of lung disease carries a 10% mortality, usually from respiratory insufficiency developing over 
a period of months (Scheulen, 198 7); rapidly progressive fatal cases have been reported as 
well (Dee, 1987). If the patient survives the initial injury peribd, then recovery is usually 
complete (Van Barneveld, 1987). 

RISK FACTORS FOR BLEOMYCIN 
PULMONARY TOXICITY 

Definite 

Cumulative dose 
Supplemental oxygen 
Chest radiotherapy 

Possible 

Age over 70 years 
Renal insufficiency 
Route of administration 
Other cytotoxic agents 

The development of bleomycin lung injury is influenced by several risk factors, some 
of which are well established and others which are somewhat speculative. The cumulative 
dose of bleomycin which the patient has received influences the incidence of toxicity in a non­
linear fashion. Up to total doses of approximately 450 mg the incidence remains fairly 
constant at 3-5%, and toxicity has been seen after as little as 20 mg (Bechard, 1987). 
However, above doses of 450 mg the incidence jumps to 13-17% (Blum, 1973). Lung injury 
and the resulting inflammatory response is dose-dependent in animal models of bleomycin 
pulmonary toxicity (Moseley, 1984). 
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EFFECT OF CUMULATIVE DOSE OF BLEOMYCIN 
ON THE INCIDENCE OF PULMONARY TOXICITY 
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Chest radiotherapy appears to have a synergistic effect with bleomycin in producing 
lung injury in animal experiments (Collis, 1983) and this enhanced toxicity has been observed 
in humans as well (Jules-Elysee; 1990). A considerable body of evidence from animal models 
clearly establishes that supplemental oxygen, which is itself toxic, predisposes to bleomycin 
induced injury. Clinical reports have substantiated the contributory role of oxygen as well (see 
below) . There is likely a higher incidence of toxicity in patients over the age of 70 years, 
though this is based upon a small number of patients (Blum, 1973). Renal insufficiency is also 
said to enhance toxicity, but this likely only occurs at extremely low levels of renal function 
(Van Barneveld, 1984; Jules-Elysee, 1990). The route and/or method of drug administration 
(Krakoff, 1977) and the concomitant use of other toxic agents (Ra.binowits, 1990) have also 
been reported to increase the frequency of pulmonary toxicity, though this is less well 
established. 
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Pathophysiology 

Animal models of bleomycin-induced lung disease have contributed greatly to our 
knowledge of this disorder and to a better understanding of lung injury and fibrosis in general 
(Chandler, 1990). Bleomycin induces an acute injury pattern which, though generalized, tends 
to predominate in subpleural locations. The histopathologic changes, though characteristic, 
are not specific and can be seen with other cytotoxic agents and with oxygen toxicity. The 
primary injury appears to cause a loss of type I pneumocytes and the hyperplastic proliferation 
of type II alveolar epithelial cells. These type II pneumocytes are very prominent and have 
bizarre shapes, abundant cytoplasm, prominent nucleoli, and marked variation in size (Jules­
Elysee, 1990). There is frequently accumulation of alveolar proteinaceous material. These 
hyperplastic changes are accompanied by an interstitial pleomorphic cellular infiltration; 
polymorphonuclear leukocytes predominate early, followed by mononuclear cellular infiltration, 
and culminating in fibrosis. 

The acute injury appears to be mediated in large part by the production of oxygen­
derived free-radicals. Hyperoxic conditions potentiate bleomycin injury and mortality in 
animals (Rinaldo, 1982; Tryka, 1982; Coursin, 1988), while hypoxia may actually be 
protective. Supplemental oxygen has also been reported to worsen bleomycin injury in 
humans as well (Bauer, 1983; Ingrassia, 1991 ). Pre-treatment of animals with antioxidants 
attenuates the toxicity of bleomycin (Wang, 1989). The oxidative injury appears to be 
dependent upon iron. Iron chelation with desferoxamine ameliorates bleomycin injury in vitro 
(Martin, 1987) and in vivo (Chandler, 1988). Iron deficiency produces reduced fibrosis in an 
animal model as well (Chandler, 1988). 
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At the molecular level, this early phase of injury is accompanied by alterations in the 
interstitial extracellular matrix (Laze, 1990) with accumulation of hyaluronic acid (Nettelbladt, 
1989; Bray, 1991) followed by collagen deposition (Chandler, 1990). There are concomitant 
changes in alveolar phospholipids, including alterations in surfactant which are associated with 
increased lung elastic recoil (Thrall, 1987; Low, 1988; Horiuchi, 1990). The early injury also 
leads to the local production of chemotaxins for polymorphonuclear leukocytes (PMNs); this 
leads to the early PMN alveolitis which is detectable with bronchoalveolar lavage and which 
resembles the findings in idi.opathic pulmonary fibrosis (Moseley, 1984; White, 1987). While 
the PMNs may contribute to lung injury in this setting, the exact role of PMNs is not clear 
(Osanai, 1988). 

Following the acute injury and PMN alveolitis, there is influx of mononuclear cells and 
local activation of coagulation mechanisms which leads to fibrin deposition. In animal studies, 
these changes then typically proceed to fibrosis (ldell, 1987). It is clear, however, that 
bleomycin injury does not inevitably lead to fibrosis (Van Barneveld, 1987) .. Although the 
intensity of the initial injury appears to be a prime determinant of ultimate fibrosis (Shen, 
1988), other factors may modulate the process. Prostaglandin synthesis inhibition alters 
fibrogenesis in ·animal models, though the effect is variable (Giri, 1987). Genetic factors also 
contribute to susceptibility as there are species differences in animal models of bleomycin 
toxicity (Ward, 1988). This heterogeneity of responsiveness would appear to include both 
immune and non-immune genetic differences (Rossi, 1987). 

Clinical Findings 

Patients usually have a subacute presentation with onset of symptoms 4 to 1 0 weeks 
(rarely up to 6 months) after bleomycin treatment. Symptoms almost invariably include 
exertional dyspnea; non-productive cough is also common. Fever, usually low grade, is 
frequent, but highly variable in its incidence. Chest pain is uncommon, but has been 
described. The physical exam is usually only remarkable for basilar rales, though this finding 
may be absent. Laboratory exam is unrevealing except that the patient may be hypoxemic 
(Jules-Elysee, 1990). 

The chest X-ray of patients with bleomycin toxicity demonstrates bilateral infiltrates. 
These tend to be diffuse, but may be very patchy, especially with early disease. The process 
is said to typically begin in subpleural locations; new nodular infiltrates in the costophrenic 
angles are a characteristic early finding (Jules-Elysee, 1990). While the infiltrates are typically 
diffuse, they may be localized. Lobar consolidation simulating bacterial pneumonia can be 
seen. Of particular concern is that, while uncommon, patients with pulmonary toxicity have 
been described with multiple nodules or masses resembling metastatic disease; this has been 
most often reported in patients with germ cell neoplasms (Zucker, 1987; Trump, 1988; 
Cohen, 1989) or with osteogenic sarcoma (Scharstein, 1 987; Santrach, T989). These lesions 
can (rarely) cavitate (Talcott, 1987). Although CT scan determination of parenchymal density 
has been reported to correlate with bleomycin toxicity (Bellamy, 1987). this finding is highly 
non-specific and of questionable clinical utility. 

Pulmonary function tests will generally demonstrate a restrictive pattern with reduced 
DLCO and hypoxemia. Although much has been written about the components of the DLCO 
which may change with "early" disease (the pulmonary capillary volume, Vc, tends to be 
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abnormal in many patients receiving the drug). the routine use of serial pulmonary function 
testing in these patients is of doubtful clinical utility (Luursema, 1983; Van Barneveld, 1984). 
Indeed, these changes are not specific and many falsely abnormal results are obtained, 
especially due to patient weakness, pain, narcotic use, anemia, and inherent test variability 
(lewis, 1980). As such, pulmonary function testing should be performed at .baseline and 
thereafter only when the patient develops new signs or symptoms. Changes in pulmonary 
function should not be used to define bleomycin toxicity in clinical settings, but used merely 
in a supportive diagnostic context or to quantify impairment. 

Diagnosis 

The most important differential diagnostic considerations in patients with findings 
suggestive of bleomycin pulmonary toxicity includes recurrent or metastatic malignancy and 
infection, especially with opportunistic organisms when the patient is immunocompromised 
as a consequence of the primary malignancy or other chemotherapeutic agents. Although the 
histologic findings with bleomycin toxicity are characteristic, they are not specific. 
Bronchoalveolar lavage also is non-specific and will usually demonstrate an increased number 
and percentage of polymorphonuclear leukocytes (see above). Thus, the role of bronchoscopy 
or even thoracotomy, in patients with suspected bleomycin toxicity is to evaluate for 
malignant and infectious etiologies. The diagnosis of bleomycin should be made when the 
patient has compatible clinical signs and symptoms, new or changing radiographic infiltrates, 
and other etiologies have been reasonably excluded. 

Therapy 

The treatment for bleomycin toxicity is cessation of drug therapy. In the majority of 
cases this will lead to symptomatic, radiographic, and pulmonary function improvement in 
weeks to months. In the majority who survive the initial illness, recovery can be expected to 
be complete (Van Barneveld, 1987). As the ultimate outcome is most likely dependent upon 
the severity of the initial injury (Shen, 1988) and as experimental studies have shown little 
significant modulation of the pulmonary response with steroid administration (Grunze, 1988). 

" routine use of steroids in these patients cannot be recommended. When given, steroids 
should likely be used only during the initial phase of severe bleomycin reactions. Given the 
abundance of data suggesting a pivotal role for oxygen in bleomycin toxicity (see above). 
supplemental oxygen should be used with extreme caution in patients receiving the drug and 
should be maintained at minimum levels (e.g. to maintain arterial saturation near 90%). 

PROCAINAMIDE: AUTOIMMUNITY 

More than 50 different drugs and chemicals have been reported to have caused a 
clinical syndrome resembling systemic lupus erythematosus (SLEl: of these, drug-induced 
lupus (OIL) has been most common and best described for hydralazine and procainamide 
(Solinger, 1988). Drug-specific differences exist in patients who develop OIL (e .g. anti­
nuclear antibody specificity). However, the clinical features are strikingly similar, so that . 
procainamide associated OIL may serve as a prototype. ' 
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Patients taking procainamide for prolonged periods will commonly develop anti-nuclear 
antibodies (ANA); as many as 50-80% of patients will be found to have a positive ANA 
(Dubois, 1969; Blomgren, 1969). The development of a positive ANA marks the development 
of serologic autoimmunity and will be present in virtually all patients with OIL. However, only 
12-29% of patients taking procainamide will actually have any of the clinical features of OIL 
(Geldings, 1983). 
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Clinical Findings 

The clinical features of OIL closely resemble idiopathic SLE, especially with respect to 
signs of polyserositis. The commonest findings in OIL are pleuritis, pleural effusion(s), 
pulmonary infiitrates, and pericarditis. Arthralgias, myalgias, and fever are also common. 
However, in contrast to idiopathic SLE, renal and CNS involvement are exceptionally rare 
(Solinger, 1988). It is postulated that these clinical differences might in part be due to the 
absence of anti-nuclear antibodies specific for native (or double-stranded) DNA and/or the 
absence of significant complement activation in patients with OIL (Blomgren, 1972). 
Leukopenia and anemia are less common in OIL than in idiopathic SLE; positive tests f or 
rheumatoid factor and LE preparations can be found in both. 
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CLINICAL FEATURES OF IDIOPATHIC AND 
DRUG-INDUCED LUPUS SYNDROME 

Idiopathic Procainamide 
SLE OIL 

Pleuritis + + 
Pleural effusion + + 
Pulmonary infiltrates + + 
Pericarditis + + 
Arthralgias + + 
Myalgias + + 
Fever + + 
Rash + ± 
Renal + 0 
CNS + 0 
Lymphadenopathy + 0 
Hypocomplementemia + 0 
Leukopenia + 0 
Anemia + 0 

The demographic profile is shifted considerably in patients with procainamide DIL. The 
predilection of idiopathic SLE for young black women is lost so that the typical patient with 
DIL is middle aged, white and may be equally likely to be a man or woman (Geldings, 1983). 
This shift is clearly related in part to the population which is usually treated with 
procainamide, but may also suggest important genetic differences with respect to 
susceptibility to disease in the presence of autoantibodies. 

Diagnosis 

The diagnosis of DIL should be made when the patient has: (1) no prior history of 
idiopathic SLE prior to taking procainamide, (2) a positive ANA, (3) clinical features of lupus, 
and (4) other possible causes of the clinical findings have been excluded. The diagnosis can 
be considered firm if clinical findings and serology revert to normal after discontinuation of 
procainamide. Most patients will fulfill at least 4 of the standard criteria for the diagnosis of 
lupus, though a single compatible clinical finding (e.g. pleural effusion) may be sufficient if the 
other features listed above are satisfied (Geldings, 1983). 

DIAGNOSIS OF DRUG-INDUCED LUPUS 

No prior history of SLE 
Positive ANA 
Clinical feature(s) of lupus 
Exclusion of other conditions 
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When a patient taking procainamide has a positive ANA and the typical presentation 
of fever, myalgias, arthralgias and pleuropericarditis, the principle differential diagnostic 
consideration is viral infection. When there is isolated pleural or parenchymal pulmonary 
disease, then bacterial (or mycobacterial) infections, thromboembolic disease, and malignancy 
must be considered. While the ANA will be positive in all cases, a positive test is not specific 
and thus is not sufficient to make the diagnosis; other diseases must be independently and 
reasonable excluded. Bronchoscopy in these patients has a limited role, as the pathology is 
highly non-specific and bronchoalveolar lavage demonstrates increased numbers of PMNs 
(Goldberg, 1984). which is also non-specific given the usual differential diagnosis. The 
principle utility of bronchoscopy in patients with suspected OIL is to exclude malignancy. 

Therapy 

Treatment of patients with procainamide-induced lupus consists of discontinuing the 
drug. This is usually not difficult as effective alternative treatments usually exist and as the 
drug is rapidly cleared. In the majority of cases drug withdrawal results in prompt resolution 
of symptoms over a period of days to weeks. Serum ANAs will also resolve, though more 
slowly. Although complete resolution can be expected in most cases, symptoms may persist 
in a small minority (Byrd, 1969). Aspirin or non-steroidal anti-inflammatory agents may be 
helpful, especially for the symptoms of polyserositis (Solinger, 1988). Prednisone may be 
needed on occasion, especially in refractory or life-threatening cases such as pericardia! 
effusion with tamponade (Greenberg, 1972). 

Anti-Nuclear Antibodies 

Virtually all patients with either idiopathic SLE or OIL will have a positive ANA. The 
titers do not offer significant discrimination in individual patients. The antinuclear antibody 
profile differs when comparing idiopathic SLE and OIL (see table). as do the nuclear antigenic 
specificity of the antibodies (Solinger, 1988). Patients with both SLE and OIL will frequently 
have antibodies to denatured, or single-stranded, DNA (ssDNA); antibodies to native, or 
double-stranded, DNA (dsDNA) are found in patients with SLE but not those with OIL 
(Winfield, 1974). Similarly, antibodies to the Smith antigen (Sml. one of the extractable 
nuclear antigens (ENA) are unique to idiopathic SLE, though only about 20-30% of patients 
with SLE have these antibodies (Tan, 1982). Antibodies directed to the histone proteins of 
the deoxyribonucleoprotein complex are characteristic of OIL and are found in the vast 
majority (Rubin, 1985; Totoritis, 1988). While as many as 90% of OIL patients have anti­
histone antibodies, 30% of patients with SLE will also have histone antibodies (Gohill, 1985). 
The specificity of the anti-histone antibodies in patients with idiopathic SLE may be directed 
to any of the five different classes of histones, while those with procainamide OIL are 
restricted primarily to H2A-H2B histone complexes (Gohill, 1985; Rubin, 1985; Portanova, 
1987; Totoritis, 1988). Interestingly, other drugs causing OIL will also lead to anti-histone 
antibodies, but they tend to be restricted to different classes of histone proteins. Hydralazine 
induces histone antibodies to the H3 and H4 classes (Portanova, 1987; Craft, 1987). 
However, the restricted nature of these antibodies may not be as definite as earlier reports 
have suggested (Pauls, 1990). 
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ANTI-NUCLEAR ANTIBODY PROFILES 

.Idiopathic Procainamide Procainamide 
SLE OIL Asymptomatic 

ANA +++ +++ ++ 
Diffuse ++ ++ ++ 
Peripheral + + + 
Speckled ++ 0 0 

Anti- ss DNA +++ +++ ++ 

Anti- ds DNA ++ 0 0 

Anti - Sm (ENA) + 0 0 

Anti-histone ++ +++ + 
Epitopes All five H2A,H28 H2A,H28 

Solinger AM, Rheum Dis Clin N Am 14: 187, 1988. 

These observations regarding the patterns and antigenic specificities of anti-nuclear 
antibodies are important in helping to understand the mechanisms underlying the development 
of lupus and may provide clues regarding the different clinical spectrum seen in OIL as 
compared to SLE (e.g. the lack of renal disease). However, for clinical purposes these 

....___ differences in ANAs are not as useful. Distinguishing a new case of idiopathic SLE in a patient 
who is taking procainamide from a case of OIL has little operational significance: in either case 

·one would likely stop the drug and consider using anti-inflammatory agents. The distinction 
may become important prognostically, and in this regard the presence of renal or CNS 
involvement, positive antibodies to native DNA (dsDNAl or to ENAs such as the Smith 
antigen, hypocomplementemia, or failure to resolve promptly would suggest idiopathic SLE 
(Solinger, 1988). However, in clinical settings this argument is somewhat circular and would 
appear to contribute little to patient management. 

For clinical purposes it would be more important to be able to distinguish between OIL 
and a "false-positive" ANA in a patient with another cause for their clinical findings (e.g. 
pulmonary embolism ·or post-primary pleural tuberculosis). There have been reports which 
showed that asymptomatic individuals taking procainamide who have a positive ANA tend (as 
a group) to have a lower frequency of antibodies to denatured DNA (Winfield, 1974) and to 
the H2A-H28 histone complex epitopes (Rubin, 1985; Totoritis, 1988). Unfortunately neith"er 
of these is entirely discriminatory and is of no use in individual patients (see table). The 
diagnosis of procainamide OIL requires the presence of positive ANAs which may have a 
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characteristic, but not sufficiently specific, profile to be pathognomonic . As with most forms 
of drug-induced lung disease, the diagnosis ultimately hinges upon the exclusion of other 
causes for the patient's ailments. 

Pathophysiology 

The actual pathogenesis of procainamide OIL is not known. Procainamide is capable 
of binding to DNA and DNA complexes (Tomura, 1988). The drug can cause structural 
(Tomura, 19880) as well as conformational changes (Zacharias, 1990). The antibodies to 
deoxyribonuclear proteins have binding specificities for exposed regions of the histone 
proteins (Gohill, 1987}. suggesting that drug-chromatin interactions might lead to the 
development of autoantigen (Bigazzi, 1988). This might explain how procainamide causes 
serologic autoimmunity (i.e. a positive ANA}. but it does not explain why the majority of 
patients with positive ANA do not develop disease. 

INFLUENCE OF ACETYLATION STATUS 
IN PATIENTS TAKING PROCAINAMIDE 

Slow Acetylators 

Rapid Acetylators 

Average Time from Start 
of Therapy (months) 

Positive ANA Disease Onset 

3 12 

7 48 

Woosley RL. N Engl J Med 298: 1157, 1978. 

The different demographic profile of patients with OIL as compared to idiopathic SLE 
suggests that genetically-determined idiosyncratic differences might determine susceptibility 
(see above). Procainamide is metabolized in the liver by the N-acetyltransferase enzyme 
system to N-acetylprocainamide (NAPA). This metabolite has significantly less propensity to 
induce either anti-nuclear antibodies (Woosley, 1978; Lahita, 1979; Sonnhag, 1979) or clinical 
disease (Stec, 1979). The enzyme system's functional capacity is genetically determined 
following a recessive Mendelian pattern; the homozygous recessive phenotype is referred to 
as the "slow acetylator". It has been well-documented that individuals with the slow 
acetylator phenotype tend to develop antinuclear antibodies and OIL more quickly than their 
rapid acetylator counterparts (Woosley, 1978; Lahita, 1979). However, rapid acetylators 
whose drug levels are maintained at similar levels as slow acetylators are not protected from 
the development of positive ANAs or of active OIL (Sonnhag, 1979). This suggests that 
acetylation status is a genetically determined feature which is important in the process, but 
it likely serves to modulate the time course for developing serologic autoimmunity and does 
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not explain differences in susceptibility to disease in those with positive ANAs. Other genetic 
factors are likely to be important and higher prevalances of certain HLA phenotypes have been 
demonstrated for other drugs causing OIL (Russell, 1987); however, similar HLA associations 
have not been formally reported for procainamide induced disease. It has also been postulated 
that regulation of collagen might also be involved and that this too might be altered by the 
drug with genetically-determined influences (Solinger, 1988). 

PROCAINAMIDE LUPUS: IMMUNE REGULATION 

Anti-lymphocyte antibodies 
Circulating activated 8-lymphocytes 
Inhibition of suppressor /cytotoxic T -cells 
Enhancement of helper T-cell function 

There is growing evidence that idiopathic SLE may be governed by genetically 
determined immunoregulatory mechanisms; this is beyond the scope of this discussion, 
however. With respect to OIL, there is also evidence suggesting alterations in immune 
function. Antilymphocyte antibodies have been found on the surface of circulating 
lymphocytes from patients taking procainamide (Bluestein, 1981 ). Patients with active 
procainamide OIL have been shown to have circulating activated 8-lymphocytes;· this was not 
seen in asymptomatic individuals taking the drug (Forrester, 1988). While no alteration in 
CD4 or CDS subsets has been identified (Forrester, 1988), there is also evidence for 
procainamide induced T-lymphocyte functional alterations (Bigazzi, 1988). Work done at this 
institution has shown that procainamide can inhibit suppressor T-cell effects on 
immunoglobulin secreting cells (Ochi, 1983), suggesting that it might thus augment 
autoantibody production. Similarly, others have shown enhanced helper T-cell function with 
respect to immunoglobulin production (Miller, 1982). More recent data suggest that these 
effects are in part dose-dependent in vitro; net enhancement of immunoglobulin production 
is observed at lower doses, while higher doses produce suppression (Adams, 1989). Inherited 
alterations in the complement system may be important in the development of both idiopathic 
and drug-induced lupus; this has been demonstrated with respect to susceptibility to 
hydralazine OIL (Speirs, 1989). 

Although the exact significance of these findings remains to be shown, it would appear 
likely that alterations in both humoral and cellular immune regulation may play an important 
role in this disorder and that genetic differences might determine an individual's ultimate 
response to the presence of the drug and ultimately to the development of autoimmunity and 
susceptibility to active disease. 

CONCLUSIONS 

It is hoped that the foregoing discussion will be useful to the clinician faced with ,a 
patient with new respiratory symptoms. Given the ever expanding list of drugs which may 
potentially lead to pulmonary complications, a very high index of suspicion in such 
circumstances is in order. This should equally be the case when patients taking medications 

22 



commonly associated with respiratory side-effects present with new symptoms or when 
patients fail to respond to conventional therapy for common disorders. In diagnosing drug­
related illnesses, there are certain laboratory or histopathologic features which are 
characteristic for certain drugs or classes of drugs; unfortunately, however, these changes are 
in general more indicative of drug exposure or effect than they are specific for drug-induced 
disease. Our understanding of drug-induced pulmonary injury has given us an opportunity to 
better understand lung injury in more broad circumstances and has taught us that many 
mechanisms may be operant in a given case. These include drug-specific and genetically­
determined effects such as: direct pharmacologic effects, primary toxicity, non-specific 
inflammatory responses, direct immune-mediated injury, and immunologic modulation of 
normal or drug-induced pulmonary function. 

23 



APPENDIX A: DRUGS ASSOCIATED WITH RESPIRATORY TOXICITY 

Cardiovascular 

Amiodarone 
Atenolol 
Betaxolol 
Calcium Channel Blockers 
Captopril 
Enalapril 
Esmolol 
Hydralazine 
Labetalol 
Methyldopa 
Metoprolol 
Minoxidil 
Procainamide 
Propranolol 
Quinidine 
Reserpine 
Tocainide 

Cancer Chemotherapy 

Bleomycin 
Busulfan 
Carmustine (BCNU) 
Chlorambucil 
Cytosine Arabinoside 
Etopside (VP-16) 
Lomustine (CCNU) 
Melphalan 
Mitomycin 
Procarbazine 
Semustine (Methyi-CCNUl 
Teniposide (VM-26) 
Vincristine 
Zinostatin 

Antibiotics 

Colistin 
Gentamicin 
Grisefulvin 
Isoniazid 
Kanamycin 
Neomycin 
Nitrofurantoin 
PAS 
Penicillin 
Pentamidine (Aerosol) 
Polymyxin B (Aerosol) 
Streptomycin 
Sulfonamides 
Tetracycline 

Rheumatologic 

Allopurinol 
Aspirin 
Colchicine 
Gold Salts 
Non-steroidal Anti-inflammatory Agents 
Penicillamine 

lmmunosuppresives 

Azathioprine (lmuran) 
Cyclophosphamide 
Methotrexate 
Sulfasalazine 

Neuro-Psychiatric 

Carbamazepine (Tegretol) 
Chlorpromazine 
Cholinesterase Inhibitors 
Diphenylhydantoin 
Imipramine 
Lithium 
L-Dopa 
Methylsergide 

Endocrine 

Bromocriptine 
Chlorpropamide 
Estrogens 
Pituitary Snuff 
Propylthiouracil 

Illicit Drugs 

Heroin 
Methadone 
Propoxyphene 

Other Agents 

Acetylcysteine 
Aminorex 
Cromolyn 
Dantrolene 
Iodinated Contrast Media 
Metrizamide 
Mineral Oil 
Neuromuscular Blocking Agents 
Oxygen 
Radiation 



APPENDIX 8: DRUGS ASSOCIATED WITH DIFFUSE PULMONARY INFILTRATES 

Amiodarone 
Aspirin (ASAl 
Azathioprine (lmuran) 
Bleomycin 
Bromocriptine 
Busulfan 
Carmustine (BCNU) 
Chlorambucil 
Cromolyn 
Cyclophosphamide 
Cytosine Arabinoside 
Diphenylhydantoin 
Etopside (VP-16) 
Gold Salts 
Heroin 
Hydralazine 
Iodinated Contrast Media 
Lomustine (CCNUl 
Melphalan 
Methadone 
Methotrexate 
Methylsergide 
Mineral Oil 
Mitomycin 
Nitrofurantoin 
Oxygen 
Penicillamine 
Pituitary Snuff 
Procainamide 
Procarbazine 
Propoxyphene 
Propylthiouracil 
Radiation 
Semustine (Methyi-CCNUl 
Sulfasalazine 
Tocainide 
Vincristine 
Zinostatin 
Other Drugs Causing P.I.E. 
Other Drugs Causing S.L.E. 



APPENDIX C: DRUGS ASSOCIATED WITH DRUG-INDUCED LUPUS 

Procainamide 
Hydralazine 
Isoniazid 
Methyldopa 
Chlorpromazine 
Atenolol 
Captopril 
Carbamazepine (Tegretoll 
Diphenylhydantoin 
Labetalol 
Lithium 
L-Dopa 
Metoprolol 
Nitrofurantoin 
Penicillamine 
Propylthiouracil 
Quinidine 
Allopurinol 
Estrogens 
Gold Salts 
Griseofulvin 
Methylsergide 
Metrizamide 
Minoxidil 
PAS 
Penicillin 
Reserpine 
Streptomycin 
Sulfasalazine 
Sulfonamide antibiotics 
Tetracycline 



APPENDIX D: DRUGS ASSOCIATED WITH HYPERSENSITIVITY PNEUMONITIS 

Amiodarone 
Gold Salts 
Methotrexate 
Penicillamine 
Atenolol 
Azathioprine (lmuran) 
Cromolyn 
Diphenylhydantoin 
Pituitary Snuff 
Procarbazine 
Propranolol 
Propylthiouracil 
Radiation 
Vincristine 

APPENDIX E: DRUGS ASSOCIATED WITH ASTHMA OR COUGH 

ACE Inhibitors 
Acetylcysteine 
Aspirin (ASA) 
Beta-blocker Agents 
Cholinesterase Inhibitors 
Cromolyn 
Iodinated Contrast Media 
Neuromuscular Blocking Agents 
Non-steroidal Anti-inflammatory Agents 
Pentamidine (Aerosol) 
Pituitary Snuff 
Polymyxin B (Aerosol) 

APPENDIX F: DRUGS ASSOCIATED WITH PULMONARY INFILTRATES 
AND EOSINOPHILIA 

Nitrofurantoin 
Diphenylhydantoin 
Aspirin (ASA) 
Bleomycin 
Captopril 
Chlorpropamide 
Gold Salts 
Hydralazine 
Imipramine 
Methotrexate 
PAS 
Penicillamine 
Penicillin 
Sulfasalazine 
Sulfonamide antibiotics 
Tetracycline 



APPENDIX G: DRUGS ASSOCIATED WITH PLEURAL DISEASE 

Amiodarone 
Bromocriptine 
Diphenylhydantoin 
Hydralazine 
Methylsergide 
Nitrofurantoin 
Penicillamine 
Procainamide 
Other Drugs Causing P.I.E. 
Other Drugs Causing S.l.E. 

APPENDIX H: DRUGS ASSOCIATED WITH NON-CARDIOGENIC 
PULMONARY EDEMA 

Aspirin (ASA) . 
Cyclophosphamide 
Cytosine Arabinoside 
Heroin 
Iodinated Contrast Media 
Methadone 
Methotrexate 
Non-steroidal Anti-inflammatory Agents 
Propoxyphene 
Teniposide (VM-26) 

APPENDIX 1: DRUGS ASSOCIATED WITH RESPIRATORY 
NEUROMUSCULAR DYSFUNCTION 

Beta-Blocker Agents 
Calcium Channel Blockers 
Cholinesterase Inhibitors 
Colchicine 
Colistin 
Dantrolene 
Gentamicin 
Isoniazid 
Kanamycin 
lithium 
Neomycin 
Neuromuscular Blocking Agents 
Penicillamine 
Procainamide 
Quinidine 
Streptomycin 
Tetracycline 



BIBLIOGRAPHY 

Introduction 

Stoller JK, Elghazawi A, Mehta AC, Vidt DG: Captopril-induced cough. Chest 93: 659-661, 
1988. 

Gibson GR: Enalapril-induced cough. Arch Intern Med 149: 2701-2703, 1989. 

Bucknall CE, Neilly JB, Carter R, Stevenson RD. Semple PF: Bronchial hyperreactivity in 
patients who cough after receiving angiotensin converting enzyme inhibitors. Br Med J 296: 
86-88, 1988. 

Kaufman J, Casanova JE, Riendl P, Schlueter DP: Bronchial hyperreactivity and cough due 
to angiotensin-converting enzyme inhibitors. Chest 95: 544-548, 1989. 

Lindgren BR, Rosenqvist U, Ekstrom T, Gronneberg R, Karlberg BE, Andersson RGG: 
Increased bronchial reactivity and potentiated skin responses in hypertensive subjects 
suffering from coughs during ACE-inhibitor therapy. Chest 95: 1225-1230, 1989. 

Popa V: Captopril-related (and -induced?) asthma. Am Rev Respir Dis 136: 999-1000, 1987. 

Lipworth BJ, McMurray JJ, Clark RA, Struthers AD: Development of persistent late onset 
asthma following treatment with captopril. Eur Respir J 2: 586-588, 1989. 

McEivaney NG, Wilcox PG, Churg A, Fleetham JA: Pleuropulmonary disease during 
bromocriptine treatment of Parkinson's Disease. Arch Intern Med 148: 2231-2236, 1988. 

Kinnunen E. Viljanen A: Pleuropulmonary involvement during bromocriptine treatment. Chest 
94: 1034·1036, 1988. 

Pierce AK: Adverse pulmonary reactions to drugs. Medical Grand Rounds, UT Southwestern 
Medical Center, October 1,2. 1972. 

Geldings EA: Drug-induced lupus. Medical Grand Rounds, UT Southwestern Medical Center, 
May 5, 1983. 

Rosenow EC, Ill, Martin WJ, II: Drug-Induced interstitial lung disease. Interstitial Lung 
Disease, Schwarz Ml and King TE, Jr., eds., B.C. Decker, Inc., Toronto, Philadelphia, 1988, 
pp. 123-137. 

Cooper JAD, White DA, Matthay RA: Drug-induced pulmonary disease. Am Rev Respir Dis 
133: 321-340, 1986. 

White JP, Ward MJ: Drug-induced adverse pulmonary reactions. Adv Drug React Ac Pois 
Rev 4: 183-211, 1985. 



Rosenow EC, Ill: The spectrum of drug-induced pulmonary disease. Ann Intern Med 77: 977-
991,1972. 

Cooper JAD, Jr. (editor): Drug-induced pulmonary disease. Clinics in Chest Medicine 11: 1-
189, 1990. 

Amiodarone 

Waxman Hl, Groh WC, Marchlinski FE, Buxton AE, Sadowski LM, Horowitz LN, Josephson 
ME, Kastor JA: Amiodarone for control of sustained ventricular tachyarrhythmia: Clinical and 
electrophysiologic effects in 51 patients. Am J Cardiol 50: 1066-1074, 1982. 

Raeder EA. Podrid PJ, lawn B: Side effects and complications of amiodarone therapy. Am 
Heart J 109: 975-983, 1985. 

Harris l, McKenna WJ, Rowland E. Holt DW, Storey GCA, Krikler DM: Side effects of long­
term amiodarone therapy. Circulation 67: 45-51, 1983. 

Smith WM, Lubbe WF, Whitlock RM, Mercer J, Rutherford JD, Roche AH: long-term 
tolerance of amiodarone treatment for cardiac arrhythmias. Am J Cardiol 57: 1288-1293, 
1986. 

Wilson BD, Clarkson CE, Lippmann Ml: Amiodarone-induced pulmonary inflammation. Am 
RevRespirDis 143:1110-1114,1991. 

Rotmensch HH, liron M, Tupilski M, laniado S: Possible association of pneumonitis with 
amiodarone therapy. Am Heart J 100:412-413, 1980. 

Mason JW: Amiodarone. N Engl J Med 316: 455-466, 1987. 

, Kennedy Jl, Jr.: Clinical aspects of amiodarone pulmonary toxicity. Clin Chest Med 11: 119-
129, 1990. 

Haffajee Cl, love JC, Canada AT, Lesko LJ, Asdourian G, Alpert JS: Clinical 
pharmacokinetics and efficacy of amiodarone for refractory tachyarrhythmias. Circulation 67: 
1347-1355, 1983. 

Holt DW, Tucker GT, Jackson PR, Storey GCA: Amiodarone pharmacokinetics. Am Heart J 
106: 840-84 7, 1983. 

Kannan R, Yabek SM, Garson A, Jr., Miller S, McVey P, Singh RV: Amiodarone efficacy in 
a young population: Relationship to serum amiodarone and desethylamiodarone levels. Am 
Heart J 114: 283-287, 1987. 

Kerin NZ, Blevins RD, Benaderet D, Faitel K, Jarandilla R, Garfinkel C, Klein S, Rubenfire M: 
Relation of serum reverse T3 to amiodarone antiarrhythmic efficacy and toxicity. Am J 
Cardiol 57: 128-130, 1986. 



Martin WJ, II, Rosenow EC, Ill: · Amiodarone pulmonary toxicity. Recognition and 
pathogenesis (part 1). Chest 93: 1067-1075, 1988. 

Martin WJ, II, Rosenow EC, Ill: Amiodarone pulmona.ry toxicity. Recognition and 
pathogenesis (part II). Chest 93: 1242-1248, 1988. 

Martin W J, II: Mechanisms of amiodarone pulmonary toxicity. Clin Chest Med 11 : 1 31-1 38, 
1990. 

Heath MF, Costa-Jussa FR, Jacobs JM, Jacobson W: The induction of pulmonary 
phospholipidosis and the inhibition of lysosomal phospholipases by amiodarone. Br J Exp Path 
66: 391-397' 1985. 

Kodavanti UP, Mehendale HM: Amiodarone- and desethylamiodarone-induced pulmonary 
phospholipidosis, inhibition of phospholipases in vivo, and alteration of [ 14C] amiodarone 
uptake by perfused lung. Am J Respir Cell Mol Bioi 4: 369-378, 1991. 

Wilson JS, Podrid PJ: Side effects from amiodarone. Am Heart J 121: 158-171, 1991. 

Martin WJ, II, Standing JE: Amiodarone pulmonary toxicity: Biochemical evidence for a 
cellular phospholipidosis in the bronchoalveolar lavage of human subjects. J Pharmacal Exp 
Ther 244: 774-779, 1988. 

Arbustini E, Grasso M, Salerno JA, Gazazzi A, Pucci A, Bramerio M, Calligaro A, Ferrans VJ: 
Endomyocardial biopsy finding in two patients with idiopathic dilated cardiomyopathy 
receiving long-term treatment with amiodarone. Am J Cardiel 67: 661-662, 1991. 

Albert SG, Alves LE, Rose EP: Effects of amiodarone on serum lipoprotein levels. Am J 
Cardiol 68: 259-261, 1991. 

Wiersinga WM, Trip MD, van Beeren MH, Plomp TA, Costing H: An increase in plasma 
cholesterol independent of thyroid function during long-term amiodarone therapy. Ann Intern 
Med 114:128-132,1991. 

Myers JL, Kennedy Jl, Plumb VJ: Amiodarone lung: Pathologic findings in clinically toxic 
patients. Hum Pathol 18:349-354, 1987. 

Martin WJ, II, Osborn MJ, Douglas WW: Amiodarone pulmonary toxicity: Assessment by 
bronchoalveolar lavage. Chest 88: 630-631, 1985. 

lsraei-Biet D, Venet A, Caubarrere I, Bonan G, Daniel C, Chretien J, Hance AJ: 
Bronchoalveolar lavage in amiodarone pneumonitis. Chest 91 : 214-220, 1987. · 

Nicolet-Chatelain G, Prevost MC, Escamilla R, Migueres J: Amiodarone-induced pulmonary 
toxicity. Chest 99: 363-369, 1991. 

Martin WJ, II, Howard OM: Amiodarone-induced lung toxicity. In vitro evidence for the direct 
toxicity of the drug. Am J Pathol 120: 344-350, 1985. 



Wilson 80, Lippmann ML: Pulmonary accumulation of amiodarone and N-desethylamiodarone. 
Am Rev Respir Dis 141: 1553-1558, 1990. 

Daniels JM, Brien JF, Massey TE: Pulmonary fibrosis induced in the hamster by amiodarone 
and desethylamiodarone. Toxicol Appl Pharmacal 100: 350-359, 1989. 

Hasan. T, Kochevar IE, Abdulah D: Amiodarone phototoxicity to human erythrocytes and 
lymphocytes. Photochem Photobiol 40: 715-719, 1984. 

Li ASW, Chignell CF: Spectroscopic studies of cutaneous photosensitizing agents -IX. A spin 
trapping study of the photolysis of amiodarone and desethylamiodarone. Photochem 
Photobiol 45: 191 -197, 1987. 

Kennedy TP, Gordon GB, Paky A, McShane A, Adkinson NF, Peters SP, Friday K, Jackman 
W, Sciuto AM, Gurtner GH: Amiodarone causes acute oxidant lung injury in ventilated and 
perfused rabbit lungs. J Cardiovasc Pharmacal 12: 23-36, 1988. 

Kuhlman JE, Teigen C, Ren H, Hurban RH, Hutchins GM, Fishman EK: Amiodarone pulmonary 
toxicity: CT findings in symptomatic patients. Radiology 1 77: 1 21 -1 25, 1990. 

Wood OL, Osborn MJ, Rooke J, Holmes OR: Amiodarone pulmonary toxicity. Report of two 
cases associated with rapidly progressive fatal adult respiratory distress syndrome after 
pulmonary angiography. Mayo Clin Proc 60: 601-603, 1985. 

Reasor MJ: Drug-induced lipidosis and the alveolar macrophage. Toxicology 20: 1-33, 1981. 

Liu FLW, Cohen RD. Downar E, Butany JW, Edelson JD, Rebuck A: Amiodarone pulmonary 
toxicity: Functional and ultrastructural evaluation. Thorax 41: 100-105, 1986. 

Kennedy Jl, Myers JL, Plumb VJ, Fulmer JO: Amiodarone pulmonary toxicity. Clinical, 
radiologic, and pathologic correlations. Arch Intern Med 14 7: 50-55, 1987. 

Fan K, Bell R, Eudy S, Fullenwider J : Amiodarone-associated pulmonary fibrosis . Chest 92: 
625-530,1987. 

Akoun GM, Cadranel JL, Blanchette G, Milleron BJ , Mayaud CM: Bronchoalveolar lavage cell 
data in amiodarone-associated pneumonitis. Chest 99: 1177-1182, 1991. 

Leatherman JW, Michael AF, Schwartz BA, Hoidal JR: Lung T cells in hypersensitivity 
pneumonitis. Ann Intern Med 100: 390-.392, 1984. 

Semenzato G, Agostini C, Zambello R, Trentin L, Chilosi M, Pizzolo G, Marcer G, Cipriani A : 
Lung T cells in hypersensitivity pneumonitis: Phenotypic and functional analyses. J lmmunol 
137: 1164-1172, 1986. 

Karpel JP, Mitsudo S, Norin AJ: Natural killer cell activity in a rat model of amiodarone­
induced interstitial lung disease. Chest 99: 230-234, 1991. 



Johnson MA, Nemeth A, Condez A, Clarke SW, Poulter LW: Cell-mediated immunity in pigeon 
breeders' lung: The effect of removal from antigen exposure. Eur Respir J 2: 444-450, 
1989. 

Cormier Y, Belanger J, Laviolette M: Persistent bronchoalveolar lymphocytosis in 
asymptomatic farmers. Am Rev Respir Dis 133: 843-847, 1986. 

Chrysanthopoulos C, Siablis D, Kounis NG: Amiodarone-induced recurrent aUergic 
pneumonitis. Ann AUergy 60: 111-114, 1988. 

Marchlinski FE, Gansler TS, Waxman HL, Josephson ME: Amiodarone pulmonary toxicity. 
Ann Intern Med 97: 839-845, 1982. 

Patel P, Honeybourne D, Watson RDS: Amiodarone-induced pulmonary toxicity mimicking 
metastatic lung disease. Postgrad Med J 63: 393-394, 1987. 

Arnon R, Raz I, Chajek-Shaul T, Berkman N, Fields S, Bar-On H: Amiodarone pulmonary 
toxicity presenting as a solitary lung mass. Chest 93: 425-427, 1988. 

Piccione W, Jr., Faber LP, Rosenberg MS: Amiodarone-induced pulmonary mass. Ann Thorac 
Surg 47: 918-919, 1989. 

PoUak PT, . Sami M: Acute necrotizing pneumon1t1s and hyperglycemia after amiodarone 
therapy. Am J Med 76: 935-939, 1984. 

Kudenchuk PJ, Pierson OJ, Greene HL, Graham EL. Sears GK, Trobaugh GB: Prospective 
evaluation of amiodarone pulmonary toxicity. Chest 8 6: 541-548, 1984. 

GleadhiU IC, Wise RA, Schofeld SA, Scott PP, Guarnieri T, Levine JH, Griffith LSC, Ventri EP: 
Serial lung function testing in patients treated with amiodarone: A prospective study. Am 
J Med 86: 4-19, 1989. 

Magro SA, Lawrence EC, Wheeler SH, Krafchek J, Lin H, Wyndham CRC: Amiodarone 
pulmonary toxicity: Prospective evaluation of serial pulmonary function tests. J Am CoU 
Cardiol12: 781-788, 1988. 

Crapo RO, Clausen JL, Cotes JE, Cotton OJ, Epler GR. Forster RE, et al: Single breath carbon 
monoxide diffusing capacity (transfer factor). ATS News, pp. 6-1 2, Spring 1986. 

Adams PC, Gibson GJ, Morley AR, Wright AJ, Corris PA, Reid OS, CampbeU RWF: 
Amiodarone pulmonary toxicity: Clinical and sub-clinical features. Q J Med 229: 449-471, 
1986. 

Adams GO, Kehoe R, Lesch M, Glassroth J: Amiodarone-induced pneumonitis. Chest 93: 
254-263, 1988. 

Horowitz LN: Detection of amiodarone pulmonary toxicity: To screen or not to screen, That 
is the question! JAm CoU Cardiel 12: 789-790, 1988. 

Mason JW: Prediction of amiodarone-induced pulmonary toxicity. Am J Med 86: 2-3, 1989. 



Standertskjold-Nordenstam CG, Wandtke JC, Hood WB, Jr., Zugibe FT, Butler L: Amiodarone 
pulmonary toxicity. Chest 88: 143-145, 1985. 

Nicholson AA, Hayward C: The value of computed tomography . in the diagnosis of 
amiodarone-induced pulmonary toxicity. Clin Radiol 40: 564-567, 1989. 

Dake MD, Hattner R, Warnock ML, Golden JA: Gallium-67 lung uptake associated with 
amiodarone pulmonary toxicity. Am Heart J 109: 1114-1116, 1985. 

van Rooij WJ, van der Meer SC, vanRoyen EA, van Zandwijk N, Darmanata Jl: Pulmonary 
gallium-67 uptake in amiodarone pneumonitis. J Nucl Med 25: 211-213, 1984. 

Moinuddin M, Rockett J: Gallium scintigraphy in the detection of amiodarone lung toxicity. 
AJR 147: 607-609, 1986. 

Lecklitner ML, Johnson DR, Hughes JJ: Gallium-67 and pulmonary complications of 
amiodarone. Clin Nucl Med 13: 826-828, 1988. 

Zhu YY, Botvinick E, Dae M, Golden J, Hattner R, Scheinman M: Gallium lung scintigraphy 
in amiodarone pulmonary toxicity. Chest 93: 11 26-1131, 1988. 

Xaubet A, Roca J, Rodriguez-Raisin R, Herranz J, Marin A, Lomena F, Montserrat JM, Agusti­
Vidal A: Bronchoalveolar lavage cellular analysis and gallium lung scan in the assessment of 
.patients with amiodarone-induced pneumonitis. Respiration 52: 272-280, 1987. 

Fraioli P, Barberis M, Montemurro L: Spontaneous regression of amiodarone pulm..,onary 
toxicity. Sarcoidosis 7: 58-62, 1990. 

Terra-Filho M, Vargas FS, Meneguetti JC, Soares J, Cukier A, Teixeira LR, Camargo EE: 
Pulmonary clearance of technetium 99m diethylene triamine penta-acetic acid aerosol in 
patients with amiodarone pneumonitis. Eur J Nucl Med 17: 334-337, 1990. 

Dean PJ, Groshart KD, Porterfield JG, lansmith DH, Golden EB, Jr.: Amiodarone-associated 
pulmonary toxicity. Am J Clin Pathol 87:7-13, 1987. 

Peter T, Hamer A, Mandel WJ, Weiss D: Evaluation of amiodarone therapy in the treatment 
of drug-resistant cardiac arrhythmias: Long-term follow-up. Am Heart J 106: 943-950, 
1983. 

The CASCADE Investigators: Cardiac arrest in Seattle: Conventional versus amiodarone drug 
evaluation (The CASCADE Study). Am J Cardiol 67: 578-584, 1991. 

Leech JA, Gallastegui J, Swiryn S: Pulmonary toxicity of amiodarone. Chest 85: 444-445, 
1984. 

Zaher C, Hamer A, Peter T, Mandel W: Low-dose steroid therapy for prophylaxis of 
amiodarone-induced pulmonary infiltrates. N Engl J Med 308: 779, 1983. 



Bleomycin 

Jules-Elysee K, White DA: Bleomycin-induced pulmonary toxicity. Clin Chest Med 11: 1-20, 
1990. 

Yagoda A, Mukherji B, Young C, Etcubanas E, Lamonte C, Smith JR. Tan CTC, Krakoff IH: 
Bleomycin, an antitumor antibiotic. Ann Intern Med 77: 861-870, 1972. 

Blum RH, Carter SK, Agre K: A clinical review of bleomycin -A new antineoplastic agent. 
Cancer 31: 903-914, 1973. 

Bennett JM, Reich SO: Bleomycin. Ann Intern Med 90: 945-948, 1979. 

Holoye PY, Luna MA, MacKay B, Bedrossian CWM: Bleomycin hypersensitivity pneumonitis. 
Ann Intern Med 88: 47-49, 1978. 

Yousem SA, Lifson JD, Colby TV: Chemotherapy-induced eosinophilic pneumonia. Chest 88: 
103-106, 1985. 

Scheulen ME: Reduction of pulmonary toxicity. Cancer Treat Rev 14: 231-243, 1987. 

Dee GJ, Austin JHM: Bleomycin-associated pulmonary fibrosis: Rapidly fatal progression 
without chest radiotherapy. J Surg Oncol 35: 135-138, 1987. 

Van Barneveld PWC, Sleijfer DT, VanDer Mark TW, Mulder NH, Koops HS, Sluiter HJ, Peset 
R: Natural course of bleomycin-induced pneumonitis. Am Rev Respir Dis 1 3 5: 48-51 , 1 9 8 7. 

Bechard DE, Fairman RP, DeBlois GG, Via CT: Fatal pulmonary fibrosis from low-dose 
bleomycin therapy. South Med J 80: 646-649, 1987. 

Moseley PL, Shasby OM, Brady M, Hunninghake GW: Lung parenchymal lung injury induced 
by bleomycin. Am Rev Respir Dis 130: 1082-1086, 1984. 

Collis CH, Down JD, Pearson AE, Steel GG: Bleomycin and radiation-induced lung damage 
in mice. Br J Radiol 56: 21-26, 1983. 

Van Barneveld PWC, VanDer Mark TW, Sleijfer DT, Mulder NH, Koops HS, Sluiter HJ, Peset 
R: Predictive factors for bleomycin-induced pneumonitis. Am Rev Respir Dis 130: 1078-
1081, 1984. 

Krakoff IH, Cvitkovic E, Currie V, Yeh S, LaMonte C: Clinical pharmacologic and therapeutic 
studies of bleomycin given by continuous infusion. Cancer 40: 2027-2037, 1977. 

Rabinowits M, Souhami L, Gil RA, Andrade CAV, Paiva HC: Increased pulmonary toxicity 
with bleomycin and cisplatin chemotherapy combinations. Am J Clin Oncol 13: 132-138, 
1990. • 

Chandler DB: Possible mechanisms of bleomycin-induced fibrosis. Clin Chest Med 11: 21-30, 
1990. 



Rinaldo J, Goldstein RH, Snider GL: Modification of oxygen toxicity after lung injury by 
bleomycin in hamsters. Am Rev Respir Dis 126: 1030-1033, 1982. 

Tryka AF, Skornik WA, Godleski JJ, Brain JD: Potentiation of bleomycin-induced lung injury 
by exposure to 70% oxygen. Am Rev Respir Dis 126: 1074-1079, 1982. 

Coursin DB, Cihla HP: Non-lethal hyperoxic potentiation of lung disease in the rat. following 
subcutaneous administration of bleomycin. Toxicology 53: 45-55, 1988. 

Bauer KA, Skarin AT, Balikian JP, Garnick MB, Rosenthal DS, Canellos GP: Pulmonary 
complications associated with combination cheomtherapy programs containing bleomycin. 
Am J Med 74: 557-563, 1983. 

Ingrassia TS, Rye JH, Trastek VF, Rosenow EC: Oxygen-exacerbated bleomycin pulmonary 
toxicity. Mayo Clin Proc 66: 173-178, 1991. 

Wang Q, Giri SN, Hyde DM, Nakashima JM: Effects of taurine on bleomycin-induced lung 
fibrosis in hamsters. PSEBM 190: 330-338, 1989. 

Martin WJ, II, Kachel DL: Bleomycin-induced pulmonary endothelial cell injury: Evidence for 
the role of iron-catalyzed toxic oxygen-derived species. J Lab Clin Med 110: 153-158, 1987. 

Chandler DB, Barton JC, Briggs DD, Ill, Butler TW, Kennedy Jl, Grizzle WE, Fulmer JD: Effect 
of iron deficiency on bleomycin-induced lung fibrosis in the hamster. Am Rev Respir Dis 137: 
85-89, 1988. -

Chandler DB, Butler TW, Briggs DD, Ill, Grizzle WE, Barton JC, Fulmer JD: Modulation of the 
development of bleomycin-induced fibrosis by deferoxamine. Toxicol Appl Pharmacal 92: 
358-367, 1988. 

Lazo JS, Hoyt DG: The molecular basis of interstitial pulmonary fibrosis caused by 
antineoplastic agents. Cancer Treat Rev 17: 165-167, 1990. 

Nettelbladt 0, Hallgren R: Hyaluronan (Hyaluronic acid) in bronchoalveolar lavage fluid during 
the development of bleomycin-induced alveolitis in the rat. Am Rev Respir Dis 140: 1028-
1032, 1989. 

Bray BA, Sampson PM, Osman M, Giandomenico A, Turino GM: Early changes in lung tissue 
hyaluronan (Hyaluronic acid) and hyaluronidase in bleomycin-induced alveolitis in hamsters. 
Am Rev Respir Dis 143: 284-288, 1991. 

Thrall RS, Swendsen CL, Shannon TH, Kennedy CA, Frederick DS, Grunze MF, Sulavik SB: 
Correlation of changes in pulmonary surfactant phospholipids with compliance in bleomycin­
induced pulmonary fibrosis in the rat. Am Rev Respir Dis 136: 113-118, 1987. · 

Low RB, Adler KB, Woodcock-Mitchell J, Giancola MS, Vacek PM: Bronchoalveolar lavage 
lipids during development of bleomycin-induced fibrosis in rats. Am Rev Respir Dis 138: 709-
713, 1988. 



Horiuchi T, Mason RJ, Kuroki Y, Cherniack RM: Surface and tissue forces, surfactant protein 
A, and the phospholipid components of pulmonary surfactant in bleomycin-induced pulmonary 
fibrosis in the rat. Am Rev Respir Dis 141: 1006-1013, 1990. · 

White DA, Kris MG, Stover DE: Bronchoalveolar lavage cell populations in bleomycin lung 
toxicity. Thorax 42: 551-552, 1987. 

Osanai K, Takahashi K, Suwabe A, Takada K, Ikeda H, Sato S, Yasui S: The effect of 
cigarette smoke on bleomycin-induced pulmonary fibrosis In hamsters. Am Rev Respir Dis 
138:1276-1281,1988. 

!dell S, Gonzalez KK, Macarthur CK, Gillies C, Walsh PN, McLarty J, Thrall RS: 
Bronchoalveolar lavage procoagulant activity in bleomycin-induced lung injury in marmosets. 
Am Rev Respir Dis 136: 124-133, 1987. 

Shen AS, Haslett C, Feldsien DC, Henson PM, Cherniack RM: The intensity of chronic lung 
inflammation and fibrosis after bleomycin is directly related to the severity of acute injury. 
Am Rev Respir Dis 137: 564-571, 1988. ' 

Giri SN, Hyde OM: Increases in severity of lung damage and mortality by treatment with 
cyclo and lipoxygenase inhibitors in bleomycin and hyperoxia model of lung injury in hamsters. 
Pathology 19:150-158,1987. · 

Ward HE, Hicks M, Nicholson A, Berend N: Deferoxamine infusion does not inhibit bleomycin­
induced lung damage in the rat. Am Rev Respir Dis 137: 1356-1359, 1988. 

Rossi GA, Szapiel S, Ferrans V J, Crystal RG: Susceptibility to experimental interstitial lung 
disease is modified by immune- and non-immune-related genes. Am Rev Respir Dis 135: 448-
445, 1987. 

Zucker PK, Khouri NF, Rosenshein NB: Bleomycin-induced pulmonary nodules: A variant of 
bleomycin pulmonary toxicity. Gynecol Oncol 28:284-291, 1987. 

Trump DL, Bartel E, Pozniak M: Nodular pneumonitis after chemotherapy for germ cell 
tumors. Ann Intern Med 109: 431-432, 1988. 

Cohen MB, Austin JHM, Smith-Vaniz A, Lutzky J, Grimes MM: Nodular bleomycin toxicity. 
Am J Clin Pathol 92: 101-104, 1989. 

Scharstein R, Johnson JF, Cook BA, Stephenson SR: Bleomycin nodules mimicking 
metastatic osteogenic sarcoma. Am J Pediatr Hematol Oncol 9: 219-221, 1987. 

Santrach PJ, Askin FB, Wells RJ, Azizkhan RG, Merten OF: Nodular form of bleomycin-related 
pulmonary injury iin patients with osteogenic sarcoma. Cancer 64: 806-811, 1989. 

Talcott JA, Garnick MB, Stomper PC, Godleski JJ, Richie JP: Cavitary lung nodules 
associated with combination chemotherapy containing bleomycin. J Urol 138: 619-620, 
1987. 



Bellamy EA, Nicholas D, Husband JE: Quantitative assessment of lung damage to bleomycin 
using computed tomography. Br J Radio! 60: 1205-1209, 1987. 

Luursema PB, Star~Kroesen MA, Van der Mark HW, Sleyfer DT, Koops HS, Peset R: 
Bleomycin-induced changes in the carbon monoxide transfer factor of the lungs and its 
components. Am Rev Respir Dis 128: 880-883, 1983. 

Lewis BM, lzbicki R: Routine pulmonary function tests during bleomycin therapy. JAMA 243: 
347-351' 1980. 

Grunze MF, Parkinson D, Sulavik.SB, Thrall RS: Effect of corticosteroids on lung volume­
pressure curves in bleomycin-induced lung injury in the rat. Exp Lung Res 14: 183-195, 
1988. 

Procainamide 

Solinger AM: Drug-related lupus. Rheumatic Diseases Clinics of North America 14: 187-202, 
1988. 

Dubois EL: Procainamide induction of a systemic lupus erythematosus-like syndrome. 
Medicine 48: 217-228, 1969. 

Blomgren SE, Condemi JJ, Vaughan JR: Procainamide-induced lupus erythematosus. :Am J 
Med 52: 338-348, 1972. 

Geldings EA: Drug-induced lupus. UT Southwestern Medical Grand Rounds, May 5, 1983. 

Goldberg SK, Lipschutz JB, Ricketts RM, Fein AM: Procainamide-induced lupus lung disease 
characterized by neutrophil alveolitis. Am J Med 76: 146-150, 1984. 

Byrd RB, Schanzer B: Pulmonary sequelae in procaine amide induced lupus-like syndrome. 
Dis Chest 55: 170-172, 1969. 

Greenberg JH, Lutcher CL: Drug-induced systemic lupus erythematosus. A case with life­
threatening pericardia! tamponade. JAMA 222: 191-193, 1972. 

Winfield JB, Davis JS, IV: Anti-DNA antibody in procainamide-induced lupus erythematosus. 
Arthritis Rheum 17: 97-110, 1974. 

Tan EM: Special antibodies for the study of systemic lupus erythematosus. Arthritis Rheum 
25: 753-756, 1982. 

Rubin RL, McNally EM, Nusinow SR, Robinson CA, Tan EM: lgG antibodies to the histone 
complex H2A-H2B characterize procainamide-induced lupus. Clin lmmunollmmunopathol 36: 
49-59, 1985. 

Totoritis MC, Tan EM, McNally EM, Rubin RL: Association of antibody to histone complex 
H2A-H2B with symptomatic procainamide-induced lupus. N Engl J Med 318: 1431-1436, 
1988. 



Gohill J, Cary PD. Couppez, Fritzler MJ: Antibodies from patients with drug-induced and 
idiopathic lupus erythematosus react with epitopes restricted to the amino and carboxyl 
termini of histone. J lmmunol 135: 3116-3121, 1985. 

Portanova JP, Arndt RE, Kotzin BL: Anti-histone antibodies in idiopathic and drug-induced 
lupus recognize distinct intra histone regions. J lmmunol 138: 446-451, 198 7. 

Craft JE, Radding JA, Harding MW, Bernstein RM, Hardin JA: Autoantigenic histone epitopes: 
A comparison between procainamide- and hydralazine-induced lupus. Arthritis Rheum 30: 
689-694, 1987. 

Pauls JD, Gohill J, Fritzler MJ: Antibodies from patients with systemic lupus erythematosus 
and drug-induced lupus bind determinants on histone 5 (H5). Mol lmmunol 27: 701-711, 
1990. 

Tamura T, van Lancker JL: Procainamide-DNA interaction. J Rheumatol 15: 59-64, 1988. 

Zacharias W, Koopman WJ: Lupus-inducing drugs alter the structure of supercoiled circular 
DNA domains. Arthritis Rheum 33: 366-374, 1990. 

Gohill J, Fritzler MJ: Antibodies in procainamide-induced and systemic lupus erythematosus 
bind the C-terminus of histone 1 (H1). Mollmmunol 24: 275-285, 1987. · 

Bigazzi PE: Autoimmunity induced by chemicals. Clin Toxicol 25: 125-156, 1988. 

Woosley RL, Drayer DE, Reidenberg MM, Nies AS, Carr K, Oates JA: Effect of acetylator 
phenotype on the rate at which procainamide induced antinuclear antibodies and the lupus 
syndrome. N Engl J Med 298: 1157-1159, 1978. 

Lahita R, Kluger J , Drayer DE, Koffler D, Reidenberg MM: Antibodies to nuclear antigens in 
patients treated with procainamide or acetylprocainamide. N Engl J Med 301: 1382-1386, 
1979. 

Sonnhag C, Karlsson E, Hed J: Procainamide-induced lupus erythematosus-like syndrome in 
relation to acetylator phenotype and plasma levels of procainamide. Acta Med Scand 206: 
245-251' 1979. 

Stec GP, Lertora JJL, Atkinson AJ, Nevin MJ, Kushner W, Jones C, Schmid FR, Askenazi J: 
Remission of procainamide-induced lupus erythematosus with N-acetylprocainamide therapy. 
Ann Intern Med 90: 799-801, 1979. 

Russell Gl, Bing RF, Jones JAG, Thurston H, Swales JD: Hydralazine sensitivity: Clinical 
features, autoantibody changes and HLA-DR phenotype. Q J Med 65: 845-852, 1987. 

Bluestein HG, Redelman D, Zvaifler NJ: Procainamide-lymphocyte reactions. Arthritis Rheum 
24: 1019-1023, 1981. 

Forrester J, Golbus J, Brede D, Hudson J, Richardson B: B cell activation in patients with 
active procainamide induced lupus. J Rheumatol 1 5: 1 384-1388, 1988. 



' ' 

Ochi T, Goldings EA. Lipsky PE, Ziff M: lmmunomodulatory effect of procainamide in man. 
J Clin Invest 71: 36-45, 1983. 

Miller KB, Salem D: Immune regulatory abnormalities produced by procainamide. Am J Med 
73: 487-492, 1982. 

Adams LE, Sanders CE, Budinsky RA, Donovan-Brand R, Roberts SM, Hess EV: 
lmmunomodulatory effects of procainamide metabolites: Their implications in drug-related 
lupus. J Lab Clin Med 113: 482-492, 1989. 

Speirs C, Fielder AHL, Chapel H, Davey NJ, Batchelor JR: Complement system protein C4 
and susceptibilitY to hydralazine-induced systemic lupus erythematosus. Lancet 1: 922-924, 
1989 . . 


