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Amiodarone pulmonary toxicity: functional and
ultrastructural evaluation
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ABSTRACT Pulmonary function, chest radiographic appearances, and the cellular composition of
bronchoalveolar lavage fluid were assessed in 13 patients who were receiving amiodarone treatment.
Eight of the patients had developed clinical and radiological evidence of lung disease and five were
symptom free. The proportions of lymphocytes (mean 8.6 (SD 6.9)) and neutrophils (mean 3.4 (3.3))
obtained by bronchoalveolar lavage were similar in patients with and without lung complications.
Electron microscopic examination of alveolar macrophages showed intralysosomal inclusion bodies
in all subjects, regardless of clinical state. There was no significant difference in the mean number of
inclusion bodies per macrophage transection between those with and those without lung disease.
The differential cell count in bronchoalveolar lavage fluid and the presence ofmacrophage inclusion
bodies were therefore not useful as markers of disease activity. Among those who developed clinical
and radiological evidence of lung disease, the cumulative drug dose per kilogram of body weight
and the duration of treatment (mean 16.5 (SD 9.0) months) were significantly correlated with the
degree of lung restriction as measured by total lung capacity and forced vital capacity. It is con-
cluded that, while the severity of the restrictive pulmonary defect that is induced by amiodarone is
largely dose related, the development of lung toxicity is to some extent idiosyncratic.

Since its discovery in 1961, amiodarone hydro-
chloride, an iodinated derivative of benzofuran, has
found increasing use in the treatment of life threat-
ening ventricular and supraventricular arrhythmias
refractory to other agents.' 2 In high dosage ranges
several serious side effects occur, including corneal
microdeposits, changes in thyroid function, blue skin
pigmentation, and photosensitivity,3 4 associated
with intralysosomal inclusion bodies. Recently a syn-
drome of rapidly progressive pneumonitis has been
described.5 - 9

In many interstitial lung diseases, a process of alve-
olar inflammation can be identified before the devel-
opment of structural lung damage.10 Open lung
biopsy performed in several patients with amiodarone
induced lung disease has shown evidence of such alve-
olar and interstitial inflammation.7 - The availability
of bronchoalveolar lavage allows sampling of
immune effector cells of the lower respiratory tract. 1"
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We performed bronchoalveolar lavage in 13 patients
who had been taking amiodarone for various periods
of time, eight of whom had developed pulmonary
infiltrates for which no explanation other than a drug
reaction was apparent. We hoped to identify the pre-
viously reported alveolitis in those patients who had
developed a radiological infiltrate, and to determine
whether symptom free patients taking amiodarone
might have subclinical alveolitis.

Methods

Thirteen patients (12 men and one woman, mean age
58.9 (SD 13.6) years) who had taken amiodarone
hydrochloride for at least seven months (mean 20.5
(13.9) months) for control of cardiac arrhythmia were
referred for assessment.Eight of the patients had
developed clinical and radiological evidence of an
otherwise unexplained lung disease; the remaining
five had no evidence of any lung disease. This group
was studied because of concern on the part of their
referring doctors about a clinically silent alveolitis
that might precede overt amiodarone induced lung
disease. All patients signed informed consent before
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Table 1 Resultsfor 13 patients (Nos 1-8 developed lung disease)
Case Age Amiodarone treatment Pulmonaryfunction Arterial bloodgas Lavagefluid
No (y) (% predicted normal) tensions

(mm Hg (k Pa))
Average daily Cumulative Duration TLC FVC TLCO PaO2 PaCO2 Macrophages Lymphocytes Neutrophils
dose (g) dose (g) (m) (%) (%) (%)

1 45 0.567 136 8 _ 87 82 84(11.2) 38(5.1) 96 1 4
2 65 0.406 195 17 95 100 42 64(8.5) 37(4.9) 76 15 9
3 30 0.286 256 32 47 32 80 64(8.5) 51(6.8) 71 4 25
4* 75 0.303 182 20 83 59 122 91(12) 38(5.1) 94 1 5
5 76 0.353 286 27 63 71 74 76(10) 39(5.2) 87 3 10
6 60 0.471 113 8 102 112 48 71(9.5) 31(4.1) 92 1 7
7 57 0.486 102 7 115 133 99 96 1 3
8 56 0.424 191 15 107 111 108 - 88 7 5
9 55 0.365 493 45 117 108 92 70(9.3) 37(4.9) 93 2 5
10 77 0.417 400 33 112 137 102 82(10.9) 33(4.4) 98 1 1
1 1 46 0.423 482 38 75 85 87 98(13) 35(4.7) 97 1 3
12 68 0.428 164 12.5 116 105 78 73(9.7) 35(4.7) 83 3 14
13 56 0.338 71 7 115 105 96 - - 80 3 17
* Female.
TLC-total lung capacity; FVC-forced vital capacity; TLco-transfer factor (diffusing capacity); Pao2-arterial oxygen tension; Paco2-arterial carbon
dioxide tension.

bronchoscopy. Each patient underwent chest radio-
graphic examination, pulmonary function testing,
flexible fibreoptic bronchoscopy, and bron-
choalveolar lavage.

Fibreoptic bronchoscopy was performed after top-
ical airway anaesthesia had been induced. After
inspection of the upper airway and tracheobronchial
tree, the tip of the bronchoscope was wedged in a
segmental bronchus of the lingula. The segment was
lavaged with five 20ml aliquots of 0.9% saline solu-
tion as previously described. " The 50-70 ml of lavage
fluid recovered was divided into two aliquots, and
submitted for light and transmission electron micros-
copy.

For light microscopic examination, the fluid was
filtered under 24mm Hg negative pressure, 5gm Mil-
lipore filters (two slides) and 5pum Gelman filters (two
slides) being used. After immediate fixation in 95%
ethanol, the slides were stained by the Papanicolaou
method. If the slides showed good alveolar sampling
a differential cell count was carried out with 300-500
non-epithelial cells. The total cell content of the bron-
choalveolar lavage fluid was not estimated.

Samples for electron microscopy were centrifuged
at 400g for 10 minutes. After the supernatant had
been discarded, the pellet was resuspended in 2% glu-
taraldehyde (0.1 mol/l phosphate buffered) and fixed
for two hours. The specimen was then rinsed in
0.1 mol/l phosphate buffer and postfixed in 1%
buffered osmium tetroxide for one hour. After a rinse
in distilled water, the specimens were passed through
graded ethanol, ending with propylene oxide, and
subsequently embedded in Epon. Ultrathin sections
were cut with a diamond knife mounted on copper
grids, and the sections stained with lead citrate and
uranyl acetate. These sections were examined with a
Phillips 300 transmission electron microscope. Mac-

rophages were morphologically easily distinguishable
from lymphocytes. The average number of intra-
lysosomal inclusion bodies per alveolar macrophage
transection was determined by counting the total
number of granular and lamellar electron dense and
electron lucent bodies in 10-15 alveolar macrophages.
Care was taken to select maximal cross sections and
to avoid cell sections that were blatantly fragments or
pseudopodia. The pathologist who interpreted the
electron microscopic sections was unaware of the
patient's clinical state.

Blood samples for measurement of serum ami-
odarone concentration were drawn within one week
of the bronchoalveolar lavage. The amiodarone in
serum was measured by high pressure liquid chro-
matography as previously described.'2
The clinical history and chest radiographs of each

subject were reviewed by a panel of three independent
pulmonary physicians. Each subject was allocated to
one of two categories: either "unaffected," if there
was no clinical or radiological evidence of lung dis-
ease, or "pneumonitis," if there was evidence of an
infiltrate on the chest radiograph for which no other
cause was evident.

Data for the two patient groups are expressed as
means with one standard deviation in parentheses.
Mean values of groups were compared by an
unpaired t test (two tailed). Relationships among
variables were sought with the method of least
squares linear regression analysis.

Results

Eight subjects were assigned to the "pneumonitis"
group based on a history of dyspnoea, cough and
radiological infiltrate for which no other cause was
evident. Five subjects who had no clinical or radio-

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.41.2.100 on 1 F

ebruary 1986. D
ow

nloaded from
 

http://thorax.bmj.com/


Table 2 Amiodarone dosage and serum aniodarone concentrations
Mean (SD)

All subjects Pnewnonitis (n = 8) Unaffected (n = 5)

Age (y) 58.9(13.6) 58.0(15.2) 60.4(12.1)
Average daily dose (mg) 405(77) 412(95) 394(40)
Average daily dose/kg body weight (mg) 5.66(1.63) 5.95 (1.97) 5.21(0.87)
Cumulative dose (g) 236(142) 184(67) 320(192)
Cumulative dose/Kg body weight (mg) 3.22(1.79) 2.44(1.03) 4.48(2.13)
Duration of treatment (m) 20.5(12.9) 16.5 (9.0) 26.8(16.5)
Serum amiodarone concentration (mg/l) 2.03(1.26) 2.10(1.49) 1.86(1.12)

logical evidence of pulmonary disease were assigned
to the "unaffected" category.

CHEST RADIOGRAPHIC APPEARANCES
The eight subjects in the pneumonitis group had
recently developed abnormalities on their chest radio-
graphs at the time of presentation. Five had inter-
stitial infiltration with a lower lung field distribution,
one had interstitial and alveolar infiltrates at the api-
ces, and two had diffuse interstitial infiltrates and
patchy parenchymal consolidation. Gallium 67 lung
scans were performed in four subjects in the "pneu-
monitis" group, yielding positive results in two. The
chest radiograph was normal in the remaining five
subjects.

Fig 1 Electron micrograph oflavaged alveolar macrophage
showing inclusion bodies.

DRUG DOSAGE AND TREATMENT DURATION
These results are shown in tables 1 and 2. The age,
average daily dose of amiodarone and average daily
dose per kilogram of body weight did not differ
between the pneumonitis and the unaffected group.
The mean duration of treatment and cumulative drug
dose were lower in the pneumonitis group. These
differences did not reach statistical significance. The
mean cumulative dose of drug per kilogram body
weight was significantly lower in the pneumonitis
group (2.44 (1.03) g) than in the unaffected patients
(4.48 (2.13) g; p< 0.03). The mean serum amiodarone
concentration was 2.10 (1.26) mg/l in the pneumonitis
group and 1.86 (1.12) mg/l among unaffected sub-
jects.

PULMONARY FUNCTION TESTS AND ARTERIAL
BLOOD GAS TENSIONS
The mean total lung capacity (TLC) was 87.4%
(24.7%) of the predicted value in the pneumonitis
group and 107.0% (18.0%) predicted in the
unaffected subjects. The mean forced vital capacity
(FVC) was 88.1% (32.8%) predicted in patients with
pneumonitis and 108.0% (18.6%) predicted in the
unaffected patients. Among the pneumonitis patients
the mean single breath diffusing capacity for carbon
monoxide was 81.9% (27.7%) predicted compared
with 91.0% (9.1%) predicted in the unaffected
patients. Mean arterial oxygen and carbon dioxide
tensions were not significantly different in the two
groups.

BRONCHOALVEOLAR LAVAGE FLUID
The percentage of bronchoalveolar lavage fluid lym-
phocytes (mean 8.6 (SD 6.9)) and of neutrophils (3.4
(3.3)) in the pneumonitis group did not differ
significantly from those of the unaffected subjects
(lymphocytes 8.1 (7.0); neutrophils 1.9 (1.0)), the bal-
ance of cells in each being alveolar macrophages.
Electron microscopic evaluation of alveolar macro-
phages obtained by bronchoalveolar lavage showed
lamellar, electron lucent, electron dense, or mnixed
types of membrane bound inclusion bodies inside
lysosomes (fig 1). Inclusion bodies were found in all
subjects regardless of clinical state. The mean number
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Fig 2 The mean number ofamiodarone bodies per lavaged
alveolar macrophage related to serum amiodarone
concentration. There is a significant correlation (r = 0.72,
p < 0.03). Open circles represent subjects without lung
disease and closed circles those who developed lung disease
(n = 11; in two patients electron microscopic evaluation was
technically unsatisfactory).

of electron microscopic inclusion bodies per alveolar
macrophage transection in the pneumonitis group
(40.3 (11.9)) was not significantly different from the
mean for the unaffected group (44.7 (10.0)). The mean
number of electron microscopic inclusion bodies per
alveolar macrophage transection was, however, cor-
related with the average daily dose (r = 0.65, p <
0.03) and with the serum amiodarone concentration

FVC
(% pred)
140i 0

(r = 0.72, p < 0.03) when all patients were consid-
ered together (fig 2).

Six months after discontinuation of amiodarone
treatment repeat bronchoalveolar lavage in one sub-
ject showed no change in the number of inclusion
bodies per macrophage transection, despite a reduc-
tion in the serum amiodarone concentration to
undetectable values.

There was no correlation between indices of pul-
monary function (total lung capacity (TLC), FVC,
FEV1, FEVJ/FVC) and the percentage of lavage fluid
lymphocytes, percentage of lavage fluid neutrophils,
serum amiodarone concentration, average daily dose,
cumulative drug dose, duration of drug treatment, or
the number of inclusion bodies per macrophage.
Among the pneumonitis group, however, cumulative
drug dose per kilogram of body weight (mean 2.44
(1.03) g) and duration of drug treatment (mean 16.5
(9.0) months) were significantly related to the degree
of lung restriction as measured by TLC (r = -0.91,
p < 0.01; and r = -0.96, p < 0.001 respectively) and
by FVC (r = -0.90, p < 0.01; and r = -0.85, p <
0.01 respectively) (fig3).

SUBSEQUENT COURSE OF AMIODARONE
RELATED LUNG DISEASE
Chest radiographic abnormalities and symptoms
resolved in subjects 2 and 4 after amiodarone had
been discontinued and prednisone treatment insti-
tuted. Subject 3 died of an unrelated cause two weeks
after the drug had been discontinued. Subjects 1, 6, 7,
and 8 showed complete resolution of radiographic
abnormalities and symptoms after the dose had been
decreased from an average of 4 g to 2 g per week. In
subject 5 symptoms and radiographic abnormalities
progressed slowly despite a decrease in drug dosage
from 2.8 g to 2.0 g per week.

1201-

1001

80

601-

Discussion
SS1

.

0

40

frHE 1 2 3 4 5 6
Cumulative amiodarone dose (kg body weight)

Fig 3 Forced vital capacity (FVC) ofeight subjects who
developed lung disease (closed circles), expressed as
percentage ofpredicted normal, and cumulative amiodarone
dose per kilogram ofbody weight (r = 0.90, p < 0.01). Five
subjects without lung disease (open circles) are shownfor
comparison and are not included in the correlation.

Since the initial report suggesting an association
between administration of amiodarone and adverse
pulmonary consequences, at least 40 such cases have
been reported. The syndrome ranges from a reversible
pulmonary infiltrate on the chest radiograph to severe
impairment of lung function with a potentially fatal
outcome.5 7 More recent reports suggest that physio-
logical abnormalities may occur in the absence of
symptoms of dyspnoea, cough, fever, weight loss, or
pleuritic chest pain.'3

In an attempt to identify patients with adverse pul-
monary reactions to amiodarone early in the course
of their disease, other investigators have studied pul-
monary function in symptom free patients. In a pro-
spective study of 35 patients who received ami-
odarone for a mean of 19.3 months, Rakita et al'4
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found no relationship between cumulative drug dose
and FEV1/FVC, TLC, or TLCO. Serial pulmonary
function studies appear to be of no value for the pre-
diction of pulmonary toxicity. Other investigators
have shown small decreases in TLC and FVC over a
period ranging from six to nine months in asymp-
tomatic patients receiving 400 to 413mg of ami-
odarone daily.13 15 Kudenchuk et al16 suggested that
adverse pulmonary complications were more com-
mon among patients with abnormal TLC and TLCO
and an abnormal chest radiograph before the start of
treatment. Five of our patients had no clinical, radio-
logical, or pulmonary function evidence of lung dis-
ease. We believe that this group is representative of
the population of otherwise unaffected patients
taking amiodarone, and we found no evidence of
alveolitis in these patients.
We found that in patients with pneumonitis-that

is, those with radiological infiltrates for which no
other cause was apparent-total lung capacity was
reduced by a mean of 19.6% and vital capacity by
19.9% at the time of presentation. Moreover, cumu-
lative drug dose per kilogram of body weight and the
duration of drug treatment were significantly cor-
related with the degree of lung restriction as reflected
by TLC (r = -0.91 and -0.96) and FVC (r =
-0.90 and -0.85). The severity of the lung
restriction induced by amiodarone appears to be
related to the cumulative drug dose and duration of
treatment among patients who develop the adverse
drug reaction.
The presence of intra-alveolar foamy macrophages

with hypertrophy of type 2 pneumocytes and alveolar
septal widening with or without evidence of fibrosis
have been reported in specimens obtained by either
transbronchial biopsy17 or open lung biopsy7 9 from
patients developing amiodarone induced pneu-
monitis. Electron microscopic examination of open
lung biopsy specimens showed numerous membrane
bound cytoplasmic inclusions composed of granular
osmophilic material or concentric layers of mem-
branous material in alveolar macrophages, interstitial
cells, endothelial cells, and type 2 pneumocytes.9 18
The present study shows that amiodarone bodies
were present in all subjects regardless of clinical state.
Moreover, we have found highly significant
relationships between the number of amiodarone
bodies in alveolar macrophage transections, average
daily dose (r = 0.65) and serum amiodarone concen-
tration (r = 0.72) in our subjects.
The pathogenesis of amiodarone induced pneu-

monitis remains unresolved. Schwartz etal reported
an increase in percentage of polymorphonuclear cells
in bronchoalveolar lavage fluid (mean 24.7%, range
6-79%) in eight patients.17 Akoun et al suggested a
process of cell mediated hypersensitivity in one
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patient, who had positive reactions in skin and baso-
phil degranulation tests, an increase in percentage of
lymphocytes (31% lymphocytes), an inverted ratio of
helper to suppressor T lymphocytes in bron-
choalveolar lavage fluid, secretion of leucocyte
inhibition factor, and a positive result in the lympho-
blastic transformation test after exposure to ami-
odarone.'9 Our previous work and that of March-
linski et al920 suggested that the accumulation of
amiodarone in body tissue may affect lipid metabo-
lism and turnover of lysosomal membranes, thus
including pulmonary toxicity through a metabolic
pathway. No patients in the present study had pro-
portional differential cell counts in their lavage fluid
suggestive of active alveolitis. Furthermore, ami-
odarone bodies were present in alveolar macrophages
in all patients exposed to amiodarone. The presence
of amiodarone bodies in lavaged alveolar macro-
phages therefore serves as an index of previous drug
exposure rather than as a marker of the presence or
severity of disease. We conclude that, while the sever-
ity of the restrictive lung disease in patients devel-
oping amiodarone toxicity is related to cumulative
drug dose corrected for body weight and duration of
drug treatment, the development of lung toxicity is to
some extent an idiosyncratic process.

We are indebted to Dr M Waxman, Dr D Cameron,
and Dr S Lenkei for referring patients and to Dr D
Chamberlain for performing differential cell counts
on the lavage fluid. We thank MT Berk for secretarial
assistance.
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