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Background/Aims: Amiodarone is one of the most widely used antiarrhythmic 
agents; however, amiodarone-induced pulmonary toxicity (APT) can be irrevers-
ible and sometimes fatal. The aim of this study was to evaluate the feasibility of 
chest computed tomography (CT) as a diagnostic tool for APT and to assess the 
utility of the CT APT score as an index for predicting the severity of APT.
Methods: Patients underwent amiodarone treatment for various reasons, most 
often atrial fibrillation, for more than 2 years, and those that received a cumula-
tive dose > 100 g were enrolled. A total of 34 patients who underwent chest CT be-
tween December 2011 and June 2012 were enrolled, whether or not they had clin-
ical symptoms. The APT CT score was defined as the number of involved regions 
in the lung, which was divided into 18 regions (right and left, upper, middle, and 
lower, and central, middle, and peripheral). The CT findings were evaluated ac-
cording to the total dose and duration of amiodarone treatment and the results of 
a pulmonary function test. Clinical symptoms and outcomes were also evaluated 
according to APT CT scores.
Results: Seven patients had positive APT CT scores (interstitial fibrosis in five, or-
ganizing pneumonia in one, and mixed interstitial fibrosis and organizing pneu-
monia in one), and these patients exhibited significantly lower diffusion capacity 
for carbon monoxide in the lungs compared with patients without an increased 
APT CT score (70.2% ± 6.9% vs. 89.7% ± 19.4%; p = 0.011). Three of the seven pa-
tients experienced overt APT that required hospital admission. 
Conclusions: Chest CT is a useful diagnostic tool for APT, and the APT CT score 
might be a useful index for assessing the severity of APT.

Keywords: Amiodarone; Pulmonary toxicity; Computed tomography; Cumulative 
dose

INTRODUCTION

Amiodarone is one of the most widely used antiarrhyth-
mic agents; however, amiodarone-induced pulmonary 
toxicity (APT) can be irreversible and sometimes fatal 
[1]. Furthermore, the long half-life and lipophilic nature 

of amiodarone, as well as its tendency to accumulate in 
various tissues, make it challenging to predict toxicity 
[1,2].

The intracellular accumulation of phospholipids 
and T cell-mediated hypersensitivity are potential 
mechanisms of APT [2-4]. Chest computed tomogra-
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phy (CT) findings related to amiodarone exposure are 
well defined and include lung parenchymal changes, 
septal thickening, interstitial fibrosis, high attenua-
tion pleuroparenchymal opacities, and interstitial or 
alveolar opacities [2,5-7]. These findings, unlike other 
drug-induced pulmonary changes, often present with 
asymmetric patterns, whether diffuse or patchy infiltra-
tion [6]. Although APT-related CT findings have been 
described, the relationship between the extent of these 
abnormal findings and the diagnosis or severity of APT 
remain unclear.

Several studies have assessed the effects of amiodarone 
cumulative total doses [8,9]. The long-term use of low 
maintenance doses of amiodarone can reach a high to-
tal cumulative dose as high as 101 to 151 g, which was as-
sociated with a significantly increased risk of APT (odds 
ratio [OR], 10.29); however, this risk reached a plateau at 
cumulative doses > 150 mg (OR, 9.5) [9].

The aim of the current study was to evaluate the util-
ity of chest CT as a diagnostic tool for APT in chronic 
amiodarone users, particularly in individuals pre-
scribed lower maintenance doses that result in a high 
total cumulative dose. In addition, we also assessed the 
usefulness of the CT APT score, a surrogate for the ex-
tent of APT, as an index for predicting the severity of 
APT.

METHODS

Study population
This was a cross-sectional cohort study with a 1-year 
prospective follow-up. Patient medical records were 
reviewed retrospectively, and 1-year outcomes were ob-
served prospectively after discontinuing amiodarone 
therapy. Patients who had been treated with amiodarone 
for > 2 years with a total cumulative dose > 100 g were 
enrolled based on information in the medical database 
between January 2000 to October 2011. A total of 65 pa-
tients were eligible for inclusion in the study. Patients 
who had no available medical records within the last 2 
years (due to transfer to another hospital or lack of fol-
low-up, n = 11), who could not discontinue amiodarone 
treatment (due to aggravation of underlying heart dis-
ease, n = 1), and who did not agree to inclusion in the 
study (n = 9) were excluded.

A total of 44 patients provided oral informed con-
sent and were recruited into the study. They under-
went chest CT between December 2011 and June 2012, 
whether they were symptomatic or asymptomatic. 
Patients with a medical history of chronic obstructive 
lung disease (COPD), interstitial lung disease, preex-
isting lung disease, or those with no known medical 
history of bronchiectasis but in whom lesions were 
evident on chest X-ray were excluded. The total cu-
mulative amiodarone doses were calculated from the 
medical records. Seven of the 44 patients were excluded 
because their actual cumulative dose or the period of 
amiodarone treatment did not satisfy the enrollment 
criteria, and three patients were excluded due to pre-
existing lung disease (bronchiectasis, emphysema, and 
chronic bronchitis, respectively). Therefore, a total 34 
patients were entered into the final analysis. All indi-
viduals discontinued amiodarone within 1 week of the 
chest CT and had been followed up for 1 year without 
taking amiodarone. This study was approved by the In-
stitutional Review Board of Ewha Medical Center (IRB 
No. ECT 12-17A-22). Patients were enrolled after provid-

Table 1. Baseline characteristics of the study population (n = 34)

Characteristic Value

Age, yr 67.3 ± 10.5

Female sex, %  22 (64.2)

Diabetes mellitus, %   6 (17.6)

Hypertension, %  18 (52.9)

Body mass index, kg/m2 25.0 ± 3.28

BSA, m2 1.68 ± 0.15

Clinical diagnosis, %  11 (32.4)

Dyspnea   9 (26.5)

Fever 2 (5.9)

Cough   5 (14.7)

DLCO, mL/mmHg/min  15.98 ± 4.68

Predicted DLCO, %  87.13 ± 18.32

Amiodarone dose

Initial dose, mg/day 314.7 ± 135.1

Total dose, g 408.4 ± 221.2

Total dose/BSA, g/m2  241.6 ± 126.4

Duration of therapy, day  2,143.4 ± 1,136.1

Values are presented as mean ± SD or number (%).
BSA, body surface area; DLCO, diffusion capacity for carbon 
monoxide of the lungs.

www.kjim.org
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ing oral informed consent.

Computed tomography
All CT scans were assessed for the presence of APT, and 
an experienced radiologist (YK, 17 years of experience 
in chest CT) analyzed the CT patterns of APT. The CT 
findings were pulmonary lesions defined as follows: (1) 
pulmonary interstitial fibrosis besides bronchiectasis, 
pleural thickening, stable pulmonary tuberculosis, and 
linear atelectasis related to other lung problems; (2) 
pulmonary consolidation or ground-glass opacity that 
was not related to any etiology other than a medical 
history of amiodarone use; (3) pulmonary lesions with 
a high CT-attenuation not related to the calcification of 
another pulmonary disease.

The APT CT score was calculated for each patient by 
counting the number of involved regions in the lung, 
which was divided into 18 regions (right and left, upper, 
middle, and lower, and central, middle, and peripher-
al). Both lungs were divided into three regions in the 
craniocaudal direction: upper, above the carina; middle, 
between the carina and the inferior pulmonary vein; 
lower, below the inferior pulmonary vein. Each region 

was then divided into central, middle, and peripheral 
thirds. Therefore, the maximum APT CT score was 
18, and the minimum APT CT score was 0. When dif-
ferent types of pulmonary lesions existed in the same 
region, that region was counted as “1,” regardless of the 
number of types of pulmonary lesions (more detailed 
examples are presented in Figs. 1 and 2). For example, 
the presence of both pulmonary interstitial fibrosis and 
pulmonary consolidation in the right middle central 
region would be counted as 1.

Overt APT was defined when the individuals had a 
positive APT CT score and required hospital treatment 
due to clinical symptoms and/or respiratory failure re-
lated to amiodarone use. Clinical symptoms included 
cough, dyspnea, and/or fever.

Statistical analysis
The baseline characteristics of the subjects were com-
pared using chi-square tests for categorical variables 
and Student t tests for continuous variables. Continu-
ous variables were expressed as means ± SD. Spearman’s 
correlation analyses were performed to assess the cor-
relation between variables. In addition, a forward step-
wise logistic regression model was applied to identify 

Figure 1. A 74-year-old female with amiodarone pulmonary 
toxicity (APT) exhibiting a pulmonary interstitial fibrosis 
pattern. Computed tomography (CT) scans obtained at 
the level of both lower lobes revealed intralobular and 
interlobular septal thickenings in the peripheral regions 
of both lower lobes (arrowheads), and interlobular septal 
thickenings in the central and middle regions of the right 
lower lobe (arrows). The APT CT score was 4 on this CT 
section; the involved regions included the central, middle, 
and peripheral regions.

Figure 2. A 62-year-old female with amiodarone pulmonary 
toxicity (APT) exhibiting an organizing pneumonia pattern. 
A computed tomography (CT) scan obtained at the level of 
both upper lobes revealed bilateral patchy consolidations 
and ground-glass opacities. Also noted were small bilateral 
pleural effusions. The APT CT score was 6, and the involved 
regions included the right and left upper lungs in the 
central, middle, and peripheral regions.

www.kjim.org
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variables related to the APT CT score. A value of p < 0.05 
was used to define statistical significance, and all statis-
tical analyses were performed using SPSS version 19.0 
(IBM Co., Armonk, NY, USA).

RESULTS

The most common reason for amiodarone treatment 
in the study population was atrial fibrillation (AF): (1) AF 
alone (n = 21); (2) AF with valvular heart disease (n = 10); 
(3) AF and a medical history of aborted sudden cardiac 
death related to acute myocardial infarction (n = 2); (4) 
AF with ischemic heart disease (n = 1); and (5) supraven-
tricular tachycardia with ischemic heart disease (n = 1). 
The mean age of the 34 subjects was 67.3 ± 10.5 years, 
and 64.2% were female. The mean starting dose of 
amiodarone was 314.7 ± 135.1 mg, and the mean total cu-
mulative dose was 408.4 ± 221.1 g over ~5.87 years (Table 
1). Eleven patients (32.4%) had clinical symptoms such 
as cough (14.7%), fever (5.9%), and dyspnea (26.5%), and 
11.8% of patients had more than two symptoms.

Seven patients had positive APT findings on CT 
scans. The CT pattern was a pulmonary interstitial fi-
brosis pattern of interlobular and intralobular septal 
thickenings predominantly involving the lower lungs 
in five patients (Fig. 1), an organizing pneumonia pat-
tern of consolidation and ground-glass opacity in one 
patient (Fig. 2), and a mixed pattern of pulmonary in-
terstitial fibrosis and organizing pneumonia in one 
patient (Fig. 3).

The APT CT scores, clinical manifestations, chest 
radiographical, and CT findings of all patients are 
summarized in Table 2. Cases 1 to 3 had APT CT scores 
< 5, no symptoms, and no overt APT during the 1-year 
follow-up period. Case 3 had suspected APT, both on 
a chest X-ray and chest CT, but had no symptoms and 
did not experience APT. These patients were treated for 
septic shock that was unrelated to amiodarone. An APT 
CT score of 9 to 16 was observed in four patients, three 
of whom were admitted to the hospital for treatment 
of overt APT. Cases six (Fig. 3) and seven (Fig. 2), who 
showed an organizing pneumonia pattern, experienced 
acute respiratory failure that required ventilator care. 
Two of the three patients recovered completely after the 
discontinuation of amiodarone and medical treatment, 
but one patient died.

Overt APT was not evident in patients with negative 
APT CT scores. During follow-up, three minor events 
of supraventricular tachycardia, one morbidity of 
nonwitnessed outside hospital sudden cardiovascular 
collapse, and one unrelated minor event of communi-
ty-acquired pneumonia occurred in the patients with 
negative APT CT scores. After the discontinuation of 
amiodarone, there were no newly developed instances 
of APT or APT relapse in any of the 34 patients during 
the 1-year follow-up.

The subjects were further divided into two groups 
according to positive and negative APT CT scores (PCT 
and NCT, respectively). There were no differences in 
age, gender, and medical history between the groups. 
Amiodarone-related variables, such as initial dose, total 

Figure 3. A 65-year-old male with amiodarone pulmonary toxicity (APT) exhibiting a mixed organizing pneumonia and 
interstitial fibrosis pattern. (A) A computed tomography (CT) scan obtained without intravenous contrast injection revealed 
consolidation in the posterior segment of the right upper lobe, which exhibited high CT-attenuation compared with the 
muscles of the thorax. (B) A CT scan at the level of both lower lobes showed interlobular septal thickenings in both lower lobes 
(arrowheads) and small subpleural consolidations in the left lower lobe (arrows). (C) In the upper abdomen, the liver showed a 
diffuse high attenuation, which is a characteristic CT finding of APT caused by iodine accumulation in the liver.

A B C
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cumulative dose, and the duration of administration, 
were also comparable between groups (Table 3). The 
PCT group had a lower diffusion capacity for carbon 
monoxide in the lungs (DLCO) and less body surface 
area (BSA) than did the NCT group. In addition, the 
APT CT score was correlated negatively with BSA ac-
cording to a forward stepwise logistic regression model 
(95% confidence interval, −2.075 to −0.263; p = 0.013).

DISCUSSION

The prevalence of APT is ~5% [6,10], with an annual in-
cidence of ~2% [11]. The current study showed that the 
incidence of overt APT was 8.8%; however, this might 
be exaggerated due to the excluded patients. A Japanese 
study reported that the 1-, 3-, and 5-year cumulative 
incidences of APT in amiodarone users on a 141-mg 
maintenance dose were 4.2%, 7.8%, and 10.6%, respec-
tively [12]. This is consistent with the current observa-
tions.

APT is diagnosed by exclusion, and diagnoses may be 
based on existing findings or clinical symptoms (cough 
or dyspnea), particularly by the presence of local or 
diffuse opacities on chest CT and a decrease in DLCO 
from baseline [1]. However, there is no consensus on 
whether APT can be diagnosed only using symptoms, 
pulmonary function tests (PFT), chest CT, or pathology. 
Therefore, there are no pathognomonic findings regard-
ing chest CT and APT.

The general guidelines for APT recommend perform-
ing baseline and surveillance of PFT, as well as chest 
X-rays [6,11]. However, these recommendations are not 
always followed in real-world practice. The results of 
a cross-sectional retrospective study in a large tertia-
ry-care hospital revealed that only 52% of patients un-
derwent baseline PFT, and 60% underwent both chest 
X-ray and PFT surveillance [11]. The current results 
showed that PCT subjects also had a decreased DLCO 
compared with NCT subjects, although baseline DLCO 
data were not available.

Chest CT could be useful for differential diagnosis 
when no baseline data for PFT and/or chest X-ray are 
available, or in the presence of underlying pulmonary 
diseases such as COPD. The clinical symptoms for APT 
are nonspecific [7,10]. Our data also revealed no differ-
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ence in clinical symptoms between the two groups (p = 
0.66, data not shown), and clinical symptoms present-
ed regardless of APT. However, all three patients who 
were diagnosed with overt APT had clinical symptoms. 
Therefore, a positive APT CT score and the presence of 
clinical symptoms might be helpful for the diagnosis 
of APT in long-term amiodarone users. In particular, 
a high APT CT score such as ≥ 9 could be related to 
severe APT that requires hospital admission. Other pa-
tients with positive ATP CT scores but no symptoms or 
clinical events were not diagnosed with APT; therefore, 
no treatment was considered.

There are two major hypotheses regarding APT: im-
mune-mediated hypersensitivity and the direct cytotox-
icity of drug-induced phospholipidosis [6,13]. Moreover, 
amiodarone has several pharmacological properties that 
contribute to its toxicities [2,14], including the presence 
of two iodine atoms that result in the release of 7 mg 
iodine per 200 mg amiodarone (normal iodine intake, 
150 to 200 µg/day), its lipophilic nature and high affinity 
for tissue accumulation, long half-life, and a large dis-
tribution volume. Consequently, amiodarone accumu-

lates in fatty tissue, the liver, and lungs in chronic users, 
which leads to drug-induced direct organ toxicities. 
Iodine is highly attenuated on CT; therefore, the high 
attenuation of these organs on nonenhanced CT might 
represent iodine accumulation in the lungs and/or liver 
of chronic amiodarone users [6]. Increased lung attenu-
ation seems to present in more advanced APT cases [7]. 
Case six in the current study showed characteristic high 
attenuation on nonenhanced CT in both the liver and 
lungs, which suggested iodine accumulation related to 
chronic amiodarone use (Fig. 3A and 3C).

When a long-term amiodarone user with a cumula-
tive dose > 100 g presents with newly developed symp-
toms, it is necessary to evaluate not only chest X-ray and 
PFT, but also chest CT. Cases six and seven experienced 
acute respiratory failure that required ventilator sup-
port. Both patients exhibited organized pneumonia 
patterns on chest CT, and their APT CT scores were 12 
and 16, respectively. If the APT CT score is ≥ 9, the pa-
tient should be assessed and managed according to the 
possibility of severe APT and respiratory failure.

There are several known risk factors for APT, includ-

Table 3. Comparisons according to the computed tomography score

Variable PCT (n = 7) NCT (n = 27) p value

Age, yr 67.9 ± 11.1   67.1 ± 10.5 0.87

Female sex, %     6 (85.7)      16 (59.3) 0.20

Diabetes mellitus, %     1 (14.3)       5 (18.5) 0.64

Hypertension, %      2 (28.6)      16 (59.3) 0.15

Body mass index, kg/m2   25.2 ± 2.9 24.2 ± 4.6 0.47

Body surface area, m2  1.56 ± 0.13    1.71 ± 0.14 0.01

Pulmonary function test

FVC  2.26 ± 0.52      3.1 ± 0.85 0.36

FEV1  1.81 ± 0.52    2.33 ± 0.68 0.87

FEV1/FVC  79.17 ± 7.20 76.25 ± 9.77 0.50

DLCO, mL/mmHg/min 11.53 ± 1.40 17.09 ± 4.56  < 0.01

Amiodarone dose

Initial dose, mg/day  285.7 ± 106.9   322.2 ± 142.3 0.53

Total dose, g 449.6 ± 191.4   398.7 ± 230.3 0.59

Total dose/BSA, g/m2  288.7 ± 122.2   229.4 ± 126.8 0.28

Duration of therapy, day  2,206.7 ± 1,207.4   2,127.0 ± 1,140.4 0.87

Values are presented as mean ± SD or number (%).
PCT, positive amiodarone-induced pulmonary toxicity (APT) computed tomography (CT) score; NCT, negative APT CT score;  
BSA, body surface area; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; DLCO, diffusion capacity for 
carbon monoxide in the lungs.
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ing old age, duration of amiodarone therapy and a high 
cumulative dose, pre-existing lung disease, and high 
oxygen therapy [6,15,16]. In the current study, the two 
groups were similar in age, which might be due to the 
small number of patients, or age might not be a signif-
icant risk factor in long-term amiodarone users who 
have reached a high cumulative dose. However, there 
are no published data available regarding this specific 
situation.

In addition, the current study showed no significant 
differences according to the duration of treatment and 
cumulative dose between the two groups. This might 
be because our study population included only patients 
with a cumulative dose > 100 g and total treatment pe-
riods > 2 years. The total cumulative doses in the PCT 
and NCT groups were 449.6 and 398.7 g, respectively; the 
mean dose was higher in the PCT group, but not sig-
nificantly (p = 0.59). BSA showed an inverse relationship 
with a positive APT CT score (p = 0.013), and patients in 
the PCT group had a higher total dose/BSA compared 
with the NCT group (288.7 g/m2 vs. 229.4 g/m2), but not 
significantly. Therefore, this should be investigated 
further. In addition, a previous report [9] suggested that 
the risk of APT might plateau at very high cumulative 
doses > 150 g. However, another study revealed a signifi-
cantly increased risk of ATP when the cumulative dose 
reached 140 to 230 g [8].

All patients had discontinued amiodarone ~1 week 
before the chest CT, and some were prescribed other 
antiarrhythmic agents as a substitute. All subjects were 
followed for at least 1 year after discontinuation of 
amiodarone. Some studies reported that the recurrence 
of APT after discontinuing amiodarone was related to 
the rapid tapering of steroids [6]. Nevertheless, our data 
did not reveal newly developed or recurrent APT. Two 
patients who received hospital treatment due to overt 
APT also did not show recurrent APT or additional 
lung problems during the follow-up period.

There are some limitations to our study. It had a 
small subject number and was a single-center study. 
Therefore, the results cannot be generalized. In ad-
dition, baseline PFT data were not available. We per-
formed 1-year follow-up by prospective observation, and 
chest CTs were not repeated routinely. Therefore, we 
could not evaluate the reversibility of chest CT lesions 
in patients with positive APT CT scores without overt 

APT after discontinuing amiodarone. Consequently, the 
meaning of APT CT scores < 5 not associated with overt 
APT could not be assessed.

In conclusion, the APT CT score might be helpful 
for the assessment and management of APT in symp-
tomatic long-term amiodarone users. Chest CT has 
value for differential diagnosis, and a high APT CT 
score might be related to pulmonary insufficiency and 
rapid progression of respiratory failure. There was little 
evidence to suggest new development or recurrence of 
APT after discontinuing amiodarone.
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