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Abstract
Background: Amiodarone is one of the most commonly used anti-arrhythmic agents. Amiodarone pulmonary toxicity is a potentially fatal adverse effect associated with amiodarone use. Previous studies on the epidemiology and risk
factors for amiodarone pulmonary toxicity showed diverse results.
Methods: A multicenter retrospective cohort study was conducted to identify clinic-epidemiologic markers associated with amiodarone pulmonary toxicity for development of a prediction rule. Patients taking amiodarone who were
managed in 3 centres in Hong Kong from 2005 to 2015 were included in this study. Penalized logistic regression was
used to model the outcome as it is rare.
Results: A total of 34 cases with amiodarone pulmonary toxicity were identified among 1786 patients taking amiodarone for at least 90 days from 2005 to 2015. The incidence of amiodarone pulmonary toxicity was estimated to
be 1.9%. The risk factors for amiodarone pulmonary toxicity included advanced age (OR 1.047, 95% CI 1.010–1.085,
p = 0.013), ventricular arrhythmia (OR 2.703, 95% CI 1.053–6.935, p = 0.039), underlying lung disease (OR 2.511, 95% CI
1.146–5.501, p = 0.021) and cumulative dose of amiodarone (OR 4.762, 95% CI 1.310–17.309 p = 0.018).
Conclusions: The incidence of amiodarone pulmonary toxicity in Chinese patients in Hong Kong is estimated to be
1.9% in this study. Age, underlying lung disease, ventricular arrhythmia and cumulative dose of amiodarone are associated with the development of amiodarone pulmonary toxicity. A prediction rule was developed to inform the risk of
developing amiodarone pulmonary toxicity.
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Introduction
Amiodarone is a commonly used anti-arrhythmic agent
that is lipophilic in nature with large volume of distribution with variable elimination half-life [1]. The prevalence
of the adverse side effects associated with amiodarone
use was as high as 15% in the first year and 50% with
long-term therapy [2]. The important adverse effects of
*Correspondence: jhocm@hku.hk
1
Department of Medicine, Queen Mary Hospital, The University of Hong
Kong, 4/F, Professorial Block, 102 Pokfulam Road, Hong Kong Special
Administrative Region, Pokfulam, China
Full list of author information is available at the end of the article

amiodarone include pulmonary toxicity, thyroid dysfunction and hepatotoxicity. According to clinical trials and
observational studies, the reported incidence of amiodarone pulmonary toxicity varies from 1 to 10% [3–7]. One
of the proposed pathogenic mechanisms for amiodarone
pulmonary toxicity is direct pulmonary toxicity from
reduced phospholipid degradation and its accumulation
which leads to lipid-laden macrophages formation, lipid
peroxidation, reactive oxygen radicals generation, disturbance of cellular calcium and prostaglandin metabolism,
and deposition of collagens resulting in lung injury [8,
9]. Interstitial pneumonitis is the most common clinical
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manifestation of amiodarone pulmonary toxicity [10, 11].
Other clinical patterns of amiodarone pulmonary toxicity
include eosinophilic pneumonia [12], organizing pneumonia [13], acute respiratory distress syndrome (ARDS)
[14], diffuse alveolar haemorrhage [15], lung nodules [16]
and pleural effusion [17].
Reported risk factors of amiodarone pulmonary toxicity include age above 60 years old, duration of amiodarone use of 6 to 12 months [18], pre-existing lung disease
especially chronic obstructive pulmonary disease (3, 19),
male gender, underlying renal disease [3] and elevated
plasma monodesethylamiodarone concentration (4).
Despite the fact that majority of amiodarone pulmonary
toxicity cases respond to cessation of amiodarone and
initiation of steroid treatment, deaths can occur. The
mortality was reported to be 10 to 23% in the literature
[20, 21]. While there are different patterns of amiodarone pulmonary toxicity, different subtypes correspond to
different prognosis. Acute respiratory distress syndrome
(ARDS) due to amiodarone pulmonary toxicity is associated with mortality up to 50% [14, 20]. On the contrary,
patients who presented with pulmonary nodules were
reported to have better prognosis [16].
The studies on amiodarone pulmonary toxicity have
significant heterogeneity with variable results on incidence and risk factors. As amiodarone pulmonary toxicity is a potentially fatal adverse effect from amiodarone
use, identifying the risk factors for amiodarone pulmonary toxicity would enable clinicians to identify at-risk
group and consider appropriate alternative anti-arrhythmic, and also timely arrange assessment imaging for
patients on long-term amiodarone.

Materials and methods
A multi-centre retrospective cohort study to identify the
key clinico-epidemiologic factors that predict development of amiodarone pulmonary toxicity was conducted.
List of patients on amiodarone from 1st January 2005 to
31st December 2015 was obtained from the Pharmacy
Departments in three major regional public hospitals in
Hong Kong (Queen Mary Hospital, Grantham Hospital
and Queen Elizabeth Hospital). Queen Mary Hospital
and Queen Elizabeth Hospital are two major regional
acute hospitals and tertiary cardiac referral centres in
Hong Kong, serving the Hong Kong West and Kowloon
Central clusters respectively. Grantham Hospital is the
only heart transplant centre in Hong Kong receiving cardiac referrals from the whole territory. There are 414, 630
and 282 medical beds (including coronary care units) in
Queen Mary Hospital, Queen Elizabeth Hospital and
Grantham Hospital respectively. All three hospitals provide in-patient and out-patient specialized cardiac services to patients with a variety of cardiac conditions.
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Chinese patients aged 18 years or above who had been
on amiodarone for at least 90 days were included in the
study in order to identify the development of chronic
amiodarone pulmonary toxicity. Patients who had underlying interstitial lung disease prior to amiodarone exposure were excluded from the study as the development
of amiodarone pulmonary toxicity among patients with
underlying interstitial lung disease would be difficult to
diagnose. The worsening of clinical and radiological features could be due to deterioration or exacerbation of
the underlying interstitial lung disease or amiodarone
pulmonary toxicity. In general, amiodarone would be
avoided in patients with amiodarone pulmonary toxicity
if possible.
Demographic data (age, gender, smoking status), relevant respiratory symptoms (cough, sputum, shortness
of breath) and clinical data/investigations (underlying
cardiac diagnosis, underlying arrhythmia, comorbidities, duration of amiodarone treatment, dose of amiodarone, complications during amiodarone treatment,
blood tests for organ functions) were collected through
clinical record review. The relevant chest X-ray and computed tomography (CT) films were reviewed to confirm
the radiological findings and diagnosis. Ever-smoker was
defined as one who had smoked at least one cigarette a
day, pipe, water pipes, cigars, and hand rolled cigarettes,
for one year or more. For patients who had received amiodarone treatment, the cumulative dose and duration of
exposure were retrieved from review of clinical records.
The renal function was assessed by estimated glomerular
filtration rate (eGFR) by the Modification of Diet in Renal
Disease (MDRD) Study equation.
This study was approved by the Institutional Review
Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster and Kowloon Central/East
Cluster (HKU/HA HKW IRB approval no.: UW16-353,
UW17-450; KCC/ KCC/KEC IRB approval no.: REC (KC/
KE)-17-0237/ER-1).
The primary outcome was the development of amiodarone lung toxicity. The diagnosis of amiodarone
lung toxicity was based upon all of the following criteria
including new onset of pulmonary symptoms and/or new
chest radiographic abnormalities without evidence supporting congestive heart failure, infectious processes or
malignancy. All cases of amiodarone pulmonary toxicity were reviewed by investigators (WC Kwok and JCM
Ho) to confirm the diagnosis. The final categorization of
patients exposed to amiodarone into those with or without amiodarone pulmonary toxicity was determined by a
consensus meeting of two investigators (WC Kwok and
JCM Ho). In the consensus meeting, the patient’s clinical history, relevant imaging, laboratory test results and
any treatment of amiodarone pulmonary toxicity were
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reviewed. Those who fulfilled the aforementioned criteria
were classified to have amiodarone pulmonary toxicity.
Statistical analysis

The demographic and clinical data are described in actual
frequency or mean +/- SD. Baseline demographic and
clinical data are compared between two outcome groups
(with or without amiodarone pulmonary toxicity) by two
sample proportion z test. Penalized logistic regression
was used in the statistical analysis as the outcome is rare,
providing bias-reduction for small sample size as well as
yielding finite and consistent estimates even in case of
separation [22, 23]. Multiple penalized logistic regression modeling is used to take into account of potential
confounders including age, gender and smoking history
of the subjects. Statistical significance is determined at
the level of p = 0.05. To develop a predictive rule, variables univariately associated (p < 0.05) with development
of amiodarone pulmonary toxicity were dichotomised
or categorised and retained for multivariate testing. Cutoff points were identified using the following hierarchy:
visual inspection of the receiver operator characteristic
(ROC) curve; a clinically relevant cut-off; or a median
split. Eligible variables were regressed against incidence
of amiodarone pulmonary toxicity using backward stepwise methodology. Goodness-of-fit was assessed by Hosmer–Lemeshow statistic [21] and analysis of studentised
residuals and leverage values identified and evaluated
outliers. All the statistical analyses are done using version
4.0.5 of R: The R Project for Statistical Computing.

Results
A total of 1786 patients on amiodarone from 2005 to
2015 that fulfilled the eligibility criteria were included
in the study, with 8 patients with underlying interstitial
lung diseases being excluded. Among the 1786 patients
included, with 62.0% being male, mean age of 73.6 +/14.0 years, and 28.8% current or ex-smokers. Ischaemic
heart disease was the most common (40.7%) underlying cardiac diagnosis, while supraventricular arrhythmia, especially atrial fibrillation, was the most common
(71.3%) indication for amiodarone. For those with underlying lung diseases, chronic obstructive pulmonary disease was the most common, occurring in 112 patients
(6.27% of the whole study population). There were
34 patients who had amiodarone pulmonary toxicity,
accounting for an incidence of 1.90%, while 267 (14.9%)
had amiodarone related thyroid dysfunction.
Among the 34 patients with amiodarone pulmonary
toxicity, the mean age was 78.6 years, 22 (64.7%) were
males and 15 (44.1%) were current or ex-smokers. Equal
number of patients was taking amiodarone for supraventricular arrhythmia and ventricular arrhythmias. For the
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underling cardiac diagnosis, 7 (20.6%) patients had atrial
fibrillation/supraventricular tachycardia alone, while 17
(50.0%), 1 (2.9%), and 6 (17.7%) had ischemic heart disease, chronic rheumatic heart disease and cardiomyopathy respectively. Eight (23.5%) patients had underlying
lung diseases, including 1 (2.9%), 1 (2.9%), and 6 (17.6%)
with asthma, bronchiectasis and COPD respectively. The
mean estimated glomerular filtration rate (eGFR) was
60.8 ml/min/1.73m2 by the MDRD Study equation. Seven
patients (20%) had amiodarone related thyroid dysfunction, with 2 (5.9%) thyrotoxicosis and 5 (14.7%) hypothyroidism. The demographics of the included patients are
summarized in Table 1. The median time to develop amiodarone pulmonary toxicity was 66.8 months (Interquartile range = 74.5).
Older age, ventricular arrhythmia, underlying lung
disease, longer duration of amiodarone use and higher
cumulative dose of amiodarone were identified risk factors for development of amiodarone pulmonary toxicity.
In univariate penalized logistic regression, the odds ratios
(ORs) for age, ventricular arrhythmia, cumulative dose
of amiodarone, duration of amiodarone use and underlying lung disease were 1.032 (95% confidence interval
CI 1.002–1.063; p = 0.039), 2.564 (95% CI 1.299–5.063;
p = 0.007), 4.556 (95% CI 1.781–11.653; p = 0.002), 1.010
(95% CI 1.004–1.016; p = 0.002), and 3.779 (95% CI
1.778–8.033; p = 0.001) respectively.
Multivariable penalized logistic regression was performed with toxicity adjusted for age, gender and smoking history. The OR was 1.047 (95% CI 1.010–1.085;
p = 0.013) for age, 2.511 (95% CI 1.146–5.501; p = 0.021)
for ventricular arrhythmia, 2.703 (95% CI 1.053–6.935;
p = 0.039) for underlying lung disease and 4.762 (95%
CI 1.310–17.309; p = 0.018) for cumulative dose of
amiodarone.
Details of the statistical analysis of risk factors for amiodarone pulmonary toxicity are shown in Table 2.
Further work was done to categorize patients into
risk groups, based on their risk of developing amiodarone pulmonary toxicity. Covariates with p < 0.05
(age with cut-off at 65 and 75, underlying arrhythmia,
underlying lung disease and cumulative dose of amiodarone at cut-off at 1000 g) were included in the multivariate model to build the scoring system. One or two
points were assigned to each risk factor and a five-point
risk factor score is developed. Patients with 3 points or
more were at increased risk of developing amiodarone
pulmonary toxicity. At receiver operating characteristic curve (ROC) analysis, this score that defined highrisk group had area under the curve (AUC) of 0.733
(95% CI 0.652–0.813, p value < 0.001) (Fig. 1). The final
prognostic score was the sum of individual scores,
which were assigned with reference to the regression
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Table 1 Baseline demographic and clinical characteristics of 1786 patients treated with amiodarone
Mean ± SD or number (%)
With amiodarone pulmonary
toxicity

p value
Without amiodarone pulmonary
toxicity

Gender, male

22 (64.7%)

1085 (61.9%)

0.741

Age, years

78.6 ± 11.7

73.6 ± 14.1

0.110

Current or ex-smoker

15 (44.1%)

500 (28.5%)

0.047

7 (20.6%)

462 (26.4%)

0.308

Cardiac diagnosis

0.231

Arrhythmia alone
Ischemic heart disease

17 (50.0%)

710 (40.5%)

0.420

Chronic rheumatic heart disease

1 (2.9%)

249 (14.2%)

0.183

Cardiomyopathy

6 (17.6%)

247 (14.1%)

0.397

Miscellaneous

3 (8.8%)

84 (4.8%)

0.207

Underlying arrhythmia
Supraventricular arrhythmia

17 (50.0%)

1259 (71.9%)

0.005

Ventricular arrhythmia

17 (50.0%)

491 (28.1%)

0.009

1 (2.9%)

40 (2.3%)

0.683

Underlying lung disease
Asthma

0.071

Bronchiectasis

1 (2.9%)

23 (1.3%)

0.332

Chronic obstructive pulmonary disease

6 (17.6%)

106 (6.1%)

0.005

Miscellaneous

0 (0%)

3 (0.2%)

0.824

eGFR, ml/min/1.73m

2

Duration of amiodarone, months
Daily amiodarone dose, mg
Cumulative dose, gram

60.8 ± 24.7

64.4 ± 32.1

70.5 ± 43.1

46.1 ± 54.3

170.6 ± 52.4

165.3 ± 70.2

0.303
0.019
0.252

356 ± 246

217 ± 306

0.421

Thyrotoxicosis

2 (5.9%)

100 (5.7%)

0.326

Hypothyroidism

5 (14.7%)

160 (9.1%)

0.910

Amiodarone related thyroid dysfunction

0.535

Bold indicates factors that are statistically significant

Table 2 Penalized logistic regression model to predict amiodarone pulmonary toxicity
Variables

Univariate analysis
Odds ratios (95% CI)

p value

Gender, male

0.887 (0.436–1.805)

0.741

Age, years*

1.032 (1.002–1.063)

0.039

Current or ex-smoker

1.977 (0.997–3.921)

0.051

Underlying lung disease*

3.779 (1.778–8.033)

Ventricular arrhythmia*

2.564 (1.299–5.063)

eGFR

0.996 (0.985–1.008)

0507

Duration of amiodarone use

1.010 (1.004–1.016)

0.002

Daily amiodarone dose

1.001 (0.997–1.005)

0.662

Amiodarone-related thyroid dysfunction

1.481 (0.638–3.436)

0.360

Cumulative dose of amiodarone*

4.556 (1.781–11.653)

0.002

Bold indicates factors that are statistically significant
*Factors that are statistically significant after adjustment for age, gender and smoking history

Multivariable analysis
Odds ratios (95% CI)

p value

1.047 (1.010–1.085)

0.013

0.001

2.703 (1.053–6.935)

0.039

0.007

2.511 (1.146–5.501)

0.021

4.762 (1.310-17.309)

0.018
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coefficients of the model. The scoring system is listed
in Tables 3 and 4. The Kaplan-Meier curves for the four
risk factors were shown in Figs. 2, 3, 4 and 5.

Fig. 1 Receiver Operating Curve (ROC) for the proposed prediction
rule for amiodarone pulmonary toxicity

Table 3 Prediction score for development of amiodarone
pulmonary toxicity
Risk factors

Score

Age (years)
< 65

0

65–74

1

≥ 75

2

Supra-ventricular arrhythmia

0

Ventricular arrhythmia

1

Underlying arrhythmia

Underlying lung disease
No

0

Yes

1

Cumulative dose of amiodarone (g)
< 1000

0

≥ 1000

1

Table 4 Probability of developing amiodarone pulmonary
toxicity by the prediction rule
Score

Probability
(%)

0

0.3

1

0.6

2

1.5

3

5.0

≥4

6.3

Discussion
To our best knowledge, the current study is one of the
largest scale studies on amiodarone pulmonary toxicity in an Asian population. A total of 34 cases with amiodarone pulmonary toxicity were identified among 1786
patients taking amiodarone from 2005 to 2015, accounting for an estimated incidence of 1.9%. The following
factors were also identified to be significantly associated
with amiodarone pulmonary toxicity, namely age, ventricular arrhythmia, cumulative dose of amiodarone and
underlying lung disease. Apart from identifying the risk
factors of amiodarone pulmonary toxicity, we also developed a five-point prediction rule based on the findings
from multivariable penalized logistic regression. From
the prediction rule, patients with 3 or more points are at
increased risk of developing amiodarone pulmonary toxicity. Those with 3 and 4 points had 5.0% and 6.3% risk of
developing amiodarone pulmonary toxicity respectively.
This easy to use prediction rule may help clinicians to
identify patients at risk of developing amiodarone pulmonary toxicity and consider early switch to an alternative anti-arrhythmic when appropriate.
Age has been shown to be associated with amiodarone
pulmonary toxicity in the literature, with hazard ratio of
1.01 per year for patients above the age of 60 years [24].
Elderly patients are likely to have more co-morbidities
and lower pulmonary reserve, which predispose them
to the development of clinically evident amiodarone
pulmonary toxicity. The relationship between underlying arrhythmia and amiodarone pulmonary toxicity can
be related to the indication of amiodarone. In this study,
ventricular arrhythmia is found to be significantly associated with amiodarone pulmonary toxicity, which is
still valid in multivariable penalized logistic regression
after adjusting for age, gender and smoking history. Ventricular arrhythmia is in general more dangerous than
supraventricular arrhythmia with limited choice of antiarrhythmic. We examined the characteristics of patients
with supraventricular and ventricular arrhythmia. The
age, daily amiodarone dose, duration of amiodarone
and cumulative amiodarone dose were similar in both
groups. This suggests that the observed association cannot be explained by the dose or duration of amiodarone
exposure. The exact reason for this observation remains
elusive.
The issue on dose of amiodarone and its toxicity has
been assessed in prior studies. Cumulative dose of amiodarone has been shown to be associated with toxicity and this is again demonstrated in the current study.
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Fig. 2 Kaplan–Meier curve for developing amiodarone pulmonary toxicity by age group

Fig. 3 Kaplan–Meier curve for developing amiodarone pulmonary toxicity by underlying lung disease

The development of amiodarone pulmonary toxicity
long after exposure (months to years) is also consistent with cumulative toxic effects. In our study, lower
dose amiodarone (less than 200 mg daily) can also lead
to amiodarone pulmonary toxicity, suggesting that the
cumulative effect with prolonged exposure is the key risk
factor.

Underlying lung disease has been reported to be
associated with amiodarone pulmonary toxicity and is
also shown in the current study, though there is conflicting evidence in the literature. In the Atrial Fibrillation Follow-up Investigation of Rhythm Management
(AFFIRM) study, preexisting pulmonary disease was
shown to be associated with a higher risk of diagnosed
amiodarone pulmonary toxicity [25]. Nonetheless, use
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Fig. 4 Kaplan–Meier curve for developing amiodarone pulmonary toxicity by underlying arrhythmia

Fig. 5 Kaplan–Meier curve for developing amiodarone pulmonary toxicity by cumulative dose of amidarone

of amiodarone in the presence of preexisting pulmonary disease did not increase pulmonary death and allcause mortality rate. On the contrary, the Congestive
Heart Failure-Survival Trial of Antiarrhythmic Therapy
(CHF-STAT) study demonstrated no accelerated loss
of diffusing capacity for carbon monoxide (DLCO)
among patients with COPD who received amiodarone,

compared with those who received placebo [26]. However the CHF-STAT study only had 519 subjects and
269 of them were taking amiodarone. With the low incidence of amiodarone pulmonary toxicity (as low as 1%
in some studies), the relatively small sample size in the
CHF-STAT study did not provide sufficient statistical
power in identifying this association. There is also some
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criticism that patients with limited pulmonary reserve
become symptomatic earlier in their course than other
individuals, which makes underlying lung disease apparently a risk factor of amiodarone pulmonary toxicity.
There are also discrepancies from the literature regarding other risk factors of amiodarone pulmonary toxicity.
In this study, gender was not found to be significantly
associated with amiodarone pulmonary toxicity. Jackevicius et al. reported that male gender was associated with
amiodarone pulmonary toxicity [3]. But male patients are
more likely to have underlying COPD and the relationship
between gender and amiodarone pulmonary toxicity may
partly be explained and confounded by underlying COPD
in the male patients. Male patients may also have ischemic
heart disease with subsequent ventricular arrhythmia. The
association between amiodarone pulmonary toxicity and
gender may be medicated by the co-morbidities instead of
gender itself. Regarding the association between underlying renal disease and amiodarone pulmonary toxicity,
it was shown to have a hazard ratio of 1.26 according to
Jackevicius’s study [3]. But it is known that amiodarone
is metabolized by the liver and excreted via hepatobiliary
route. There is minimal elimination of both amiodarone
and monodesethylamiodarone by the kidneys due to
large volume of distribution and extensive protein binding. Thus dose adjustment is not necessary for patients
with renal function impairment or even those receiving
renal replacement therapy. Theoretically, underlying renal
impairment does not affect the serum level of both amiodarone and monodesethylamiodarone, hence minimal
impact on risk of amiodarone pulmonary toxicity. This is
in line with the finding from the current study.
Although amiodarone is well-known to cause pulmonary toxicity and thyroid dysfunction, it remains one of
the most commonly used anti-arrhythmics as it is available in both oral and parenteral route, with a wide range
of indications. Other pharmacological and interventional
treatment options are also available for supraventricular and ventricular arrhythmia, with different risks of
adverse events.
There are several limitations of this study. First of all,
only 34 patients with amiodarone pulmonary toxicity can
be identified. The relatively small number of cases with
amiodarone pulmonary toxicity limits the statistical analysis on potential risk factors, especially in performing subgroup analysis with even smaller sample size. Penalized
logistic regression was therefore used to correct the bias of
estimation due to rare occurrence of amiodarone pulmonary toxicity. Nonetheless, our study is one of the largest
scale in Asia, which included 1786 patients with amiodarone exposure. A population-based study with much bigger
sample size is needed to confirm our findings and validate the prediction rule for development of amiodarone
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pulmonary toxicity. The prediction rule that we developed
may have the problem of overfitting as cross-validation
was not conducted. While a prediction rule was developed, ideally using an independent cohort to validate the
results could help to assess the performance of the rule.
Internal validation techniques could be applied to correct
for overfitting and optimism but the accuracy would still
be substantially lower than using an independent cohort.
It was proposed that when overfitting could not be adequately prevented or adjusted during development of the
rule, all regression coefficients could be adjusted with a
single correction factor estimated from the data of new
patients in the validation set [27]. Recruiting an independent cohort to validate the prediction rule that we proposed
would solve this problem. As a study that aim to examine
the risks development of amiodarone pulmonary toxicity,
the patients were identified by their record of amiodarone prescription. Patients taking some other drugs that
can potentially cause pulmonary toxicity together with
amiodarone were excluded in this study in order to avoid
diagnostic uncertainty in these cases Serum monodesethylamiodarone level was not measured in this study given
the retrospective design. The test is unavailable as a standard routine in the biochemistry laboratory in Hong Kong.
Serum monodesethylamiodarone level has been shown to
be associated with amiodarone pulmonary toxicity and is
worth assessing in a prospective study setting. The cumulative dose of amiodarone which has been investigated
in this study may serve as a surrogate when the serum
monodesethylamiodarone level is not available, though the
serum monodesethylamiodarone level can be affected by
liver function impairment and CYP3A4 genetic polymorphism apart from the cumulative dose of amiodarone.

Conclusions
The incidence of amiodarone pulmonary toxicity among
Chinese patients in Hong Kong is estimated to be 1.9%
in this study. Age, underlying lung disease, ventricular
arrhythmia and cumulative dose of amiodarone are associated with the development of amiodarone pulmonary
toxicity. A simple prediction rule is developed to risk
stratify patients with amiodarone exposure.
.
Acknowledgements
We would like to acknowledge the team members in the Cardiology and
Respiratory division of Queen Mary Hospital, Queen Elizabeth Hospital and
Grantham Hospital in managing the patients. We would also like to acknowledge the support from Hong Kong College of Physicians in supporting this
clinical study.
We would like to acknowledge the team members in the Cardiology and
Respiratory division of Queen Mary Hospital, Queen Elizabeth Hospital and
Grantham Hospital in managing the patients. We would also like to acknowledge the support from Hong Kong College of Physicians in supporting this
clinical study.

Kwok et al. BMC Pulmonary Medicine

(2022) 22:128

Page 9 of 9

Authors’ contributions
WCK is involved with study concept and design; acquisition of data; drafting of
manuscript; and approval of the final version of the manuscript. TFM and HHP
were involved in the analysis and interpretation of data, revision of manuscript
and approval of final version of the manuscript. JWMC was involved in critical
revision of the manuscript for important intellectual content; and approval of
the final version of the manuscript. JCMH was involved in the study concept
and design; drafting of manuscript; critical revision of the manuscript for
important intellectual content; study supervision; and approval of the final
version of the manuscript. All authors read and approved the final manscript.

5.

Funding
Not applicable.

10.

Data availability
All data generated or analysed during this study are included in this published
article.
Availability of data and materials
All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

6.
7.
8.
9.

11.
12.
13.

Declarations

14.

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of the University of
Hong Kong/Hospital Authority Hong Kong West Cluster and Kowloon Central/
East Cluster (HKU/HA HKW IRB approval no.: UW16-353, UW17-450; KCC/ KCC/
KEC IRB approval no.: REC (KC/KE)-17-0237/ER-1). The study is conducted
according to the Declaration of Helsinki. Consent to participate is not applicable in this retrospective study and is waived by the Institutional Review Board
of the University of Hong Kong/Hospital Authority Hong Kong West Cluster
and Kowloon Central/East Cluster.

15.

Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Medicine, Queen Mary Hospital, The University of Hong Kong,
4/F, Professorial Block, 102 Pokfulam Road, Hong Kong Special Administrative
Region, Pokfulam, China. 2 Department of Statistics, University of Wisconsin,
Madison, WI, USA. 3 Department of Medicine, Queen Elizabeth Hospital, 30
Gascoigne Road, Yau Ma Tei, Hong Kong Special Administrative Region, China.
4
Li Ka Shing Faculty of Medicine, School of Public Health, The University
of Hong Kong, 7 Sassoon Road, Pokfulam, Hong Kong Special Administrative Region, China. 5 Department of Biostatistics and Bioinformatics, School
of Medicine, Duke University, Durham, NC, USA.

16.
17.
18.
19.
20.

21.
22.
23.
24.

Received: 22 October 2021 Accepted: 31 March 2022
25.
References
1. Connolly SJ. Evidence-based analysis of amiodarone efficacy and safety.
Circulation. 1999;100(19):2025–34.
2. Goldschlager N, Epstein AE, Naccarelli G, Olshansky B, Singh B. Practical
guidelines for clinicians who treat patients with amiodarone. Practice
Guidelines Subcommittee, North American Society of Pacing and Electrophysiology. Arch Intern Med. 2000;160(12):1741–8.
3. Jackevicius CA, Tom A, Essebag V, Eisenberg MJ, Rahme E, Tu JV, et al.
Population-level incidence and risk factors for pulmonary toxicity associated with amiodarone. Am J Cardiol. 2011;108(5):705–10.
4. Yamada Y, Shiga T, Matsuda N, Hagiwara N, Kasanuki H. Incidence and
predictors of pulmonary toxicity in Japanese patients receiving low-dose
amiodarone. Circ J. 2007;71(10):1610–6.

26.

27.

Fung RC, Chan WK, Chu CM, Yue CS. Low dose amiodarone-induced lung
injury. Int J Cardiol. 2006;113(1):144–5.
Dusman RE, Stanton MS, Miles WM, Klein LS, Zipes DP, Fineberg NS, et al.
Clinical features of amiodarone-induced pulmonary toxicity. Circulation.
1990;82(1):51–9.
Vorperian VR, Havighurst TC, Miller S, January CT. Adverse effects of low
dose amiodarone: a meta-analysis. J Am Coll Cardiol. 1997;30(3):791–8.
Martin WJ, 2nd, Rosenow EC, 3rd. Amiodarone pulmonary toxicity. Recognition and pathogenesis (Part 2). Chest. 1988;93(6):1242–8.
Martin WJ, 2nd, Rosenow EC, 3rd. Amiodarone pulmonary toxicity. Recognition and pathogenesis (Part I). Chest. 1988;93(5):1067–75.
Nacca N, Bhamidipati CM, Yuhico LS, Pinnamaneni S, Szombathy T. Severe
amiodarone induced pulmonary toxicity. J Thorac Dis. 2012;4(6):667–70.
Massey TE, Leeder RG, Rafeiro E, Brien JF. Mechanisms in the pathogenesis
of amiodarone-induced pulmonary toxicity. Can J Physiol Pharmacol.
1995;73(12):1675–85.
Larsen BT, Vaszar LT, Colby TV, Tazelaar HD. Lymphoid hyperplasia and
eosinophilic pneumonia as histologic manifestations of amiodaroneinduced lung toxicity. Am J Surg Pathol. 2012;36(4):509–16.
Valle JM, Alvarez D, Antunez J, Valdes L. Bronchiolitis obliterans organizing
pneumonia secondary to amiodarone: a rare aetiology. Eur Respir J.
1995;8(3):470–1.
Greenspon AJ, Kidwell GA, Hurley W, Mannion J. Amiodarone-related
postoperative adult respiratory distress syndrome. Circulation. 1991;84(5
Suppl):III407-15.
Saeed J, Waqas QA, Khan UI, Abdullah HMA. Amiodarone-induced diffuse
alveolar haemorrhage: a rare but potentially life-threatening complication of a commonly prescribed medication. BMJ Case Rep. 2019;12(10).
Azzam I, Tov N, Elias N, Naschitz JE. Amiodarone toxicity presenting as
pulmonary mass and peripheral neuropathy: the continuing diagnostic
challenge. Postgrad Med J. 2006;82(963):73–5.
Gonzalez-Rothi RJ, Hannan SE, Hood CI, Franzini DA. Amiodarone pulmonary toxicity presenting as bilateral exudative pleural effusions. Chest.
1987;92(1):179–82.
Ernawati DK, Stafford L, Hughes JD. Amiodarone-induced pulmonary
toxicity. Br J Clin Pharmacol. 2008;66(1):82–7.
Olshansky B, Sami M, Rubin A, Kostis J, Shorofsky S, Slee A, et al. Use of
amiodarone for atrial fibrillation in patients with preexisting pulmonary
disease in the AFFIRM study. Am J Cardiol. 2005;95(3):404–5.
Wood DL, Osborn MJ, Rooke J, Holmes DR Jr. Amiodarone pulmonary
toxicity: report of two cases associated with rapidly progressive fatal
adult respiratory distress syndrome after pulmonary angiography. Mayo
Clin Proc. 1985;60(9):601–3.
Tanawuttiwat T, Harindhanavudhi T, Hanif S, Sahloul MZ. Amiodaroneinduced alveolar haemorrhage: a rare complication of a common
medication. Heart Lung Circ. 2010;19(7):435–7.
Bias DF. Reduction of maximum likelihood estimates. Biometrika.
1993;80(1):27–38.
Heinze G, Schemper M. A solution to the problem of separation in logistic
regression. Stat Med. 2002;21(16):2409–19.
Morady F, Sauve MJ, Malone P, Shen EN, Schwartz AB, Bhandari A, et al.
Long-term efficacy and toxicity of high-dose amiodarone therapy
for ventricular tachycardia or ventricular fibrillation. Am J Cardiol.
1983;52(8):975–9.
Sunderji R, Kanji Z, Gin K. Pulmonary effects of low dose amiodarone: a
review of the risks and recommendations for surveillance. Can J Cardiol.
2000;16(11):1435–40.
Singh SN, Fisher SG, Deedwania PC, Rohatgi P, Singh BN, Fletcher RD.
Pulmonary effect of amiodarone in patients with heart failure. The Congestive Heart Failure-Survival Trial of Antiarrhythmic Therapy (CHF-STAT)
Investigators (Veterans Affairs Cooperative Study No. 320). J Am Coll
Cardiol. 1997;30(2):514–7.
Toll DB, Janssen KJ, Vergouwe Y, Moons KG. Validation, updating
and impact of clinical prediction rules: a review. J Clin Epidemiol.
2008;61(11):1085–94.

Publisher’s note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

