'," frontiers

in Cardiovascular Medicine

CASE REPORT
published: 28 February 2022
doi: 10.3389/fcvm.2022.839441

OPEN ACCESS

Edited by:
Gian Marco Rosa,
San Martino Hospital (IRCCS), Italy

Reviewed by:

Fausto Bogazzi,
University of Pisa, Italy
David Marti,

University of Alcala, Spain

*Correspondence:
Jae Hyun Yoon
zenmake14@gmail.com

Specialty section:

This article was submitted to
General Cardiovascular Medicine,

a section of the journal

Frontiers in Cardiovascular Medicine

Received: 20 December 2021
Accepted: 02 February 2022
Published: 28 February 2022

Citation:

You H-S, Yoon JH, Cho SB, Choi Y-D,
Kim YH, Choi W, Kang H-C and

Choi SK (2022) Amiodarone-Induced
Multi-Systemic Toxicity Involving the
Liver, Lungs, Thyroid, and Eyes: A
Case Report.

Front. Cardiovasc. Med. 9:839441.
doi: 10.3389/fcvm.2022.839441

Check for
updates

Amiodarone-Induced Multi-Systemic
Toxicity Involving the Liver, Lungs,
Thyroid, and Eyes: A Case Report

Hye-Su You', Jae Hyun Yoon ™, Sung Bum Cho?, Yoo-Duk Choi?®, Yung Hui Kim*,
Wonsuk Choi®, Ho-Cheol Kang® and Sung Kyu Choi’

" Department of Gastroenterology and Hepatology, Chonnam National University Hospital and Medical School, Gwangju,
South Korea, ? Department of Gastroenterology and Hepatology, Hwasun Chonnam National University Hospital and Medical
School, Hwasun, South Korea, ° Department of Pathology, Chonnam National University Hospital and Medical School,
Gwangju, South Korea, * Department of Ophthalmology, Chonnam National University Hospital and Medical School,
Gwangju, South Korea, ° Department of Endocrinology, Hwasun Chonnam National University Hospital and Medical School,
Hwasun, South Korea

Objectives: Amiodarone is widely used to treat arrhythmia. However, amiodarone
is known for its severe toxicity to the liver, lungs, and thyroid. Amiodarone causes
liver damage ranging from asymptomatic serum aminotransferase elevation to hepatic
failure requiring liver transplantation. Although amiodarone toxicity has been reported, its
simultaneous multi-organ toxicity is not well-known. Here, we introduce a novel case of
multi-systemic amiodarone toxicity involving the liver, lungs, thyroid, and eyes.

Case Presentation: A 61-year-old woman visited the emergency room due to
general weakness, nausea, visual disturbance, heat intolerance, and a non-productive
cough. The patient had been using clopidogrel and amiodarone due to underlying
atrial fibrillation. The total level of bilirubin was 0.71 mg/dL, aspartate aminotransferase
was 358 U/L, alanine aminotransferase was 177 U/L, and prothrombin time was
27.1s. Computed tomography showed diffuse increased liver intensity and scattered
hyperattenuated nodular consolidations in both lungs. Transthoracic needle lung biopsy
revealed fibrinoid interstitial inflammation with atypical change of type Il pneumocytes
and intra-alveolar foamy macrophages. In addition, the thyroid-stimulating hormone level
was <0.008 plU/mL, and free thyroxine was 4.67 ng/dL. The thyroid scan showed
diffuse homogenous intake of technetium-99 m pertechnetate in both thyroid lobes. The
ophthalmologic exam detected bilateral symmetrical corneal deposits in a vortex pattern.
With these findings, we could diagnose amiodarone-induced hepatic, pulmonary, thyroid,
and ophthalmologic toxicity. Liver function was restored after cessation of amiodarone,
and thyroid function was normalized with methimazole administration. However, due
to aggravated lung consolidations, systemic steroid treatment was administered, and
improvement was seen 1 week after, at the follow-up exam. As her symptoms improved,
she was discharged with a plan of steroid administration for 3 to 6 months.

Conclusions: This case implies the possibility of multi-systemic amiodarone toxicity.
Thus, the toxicity of amiodarone to multiple organs must be monitored. Prompt cessation
of the drug should be considered upon diagnosis.
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INTRODUCTION

Amiodarone is an iodine-containing benzofuran derivative
classified as a class III antiarrhythmic drug. It is clinically used
for the treatment of tachyarrhythmias, including atrial fibrillation
and reentrant tachyarrhythmias (1), which is one of the most
prevalent types of arrhythmia (2). However, with the increasing
use of amiodarone, there have been reports of side effects to
various organs, including the lungs, liver, heart, thyroid gland,
eyes, skin, and the nervous system (3).

Overall incidence of adverse effects can range from 30 to 90%,
and serious side effects can take place in 10 to 26% of patients
(1). Pulmonary toxicity is one of the fatal adverse effects of
amiodarone, with mortality estimated between 1 and 33% and
incidence of approximately 10% shown in previous studies (4).
Patients with amiodarone-induced pulmonary toxicity usually
present with dyspnea, non-productive cough, malaise, fever,
and pleuritic chest pain (5). The most fatal manifestation of
pulmonary toxicity is a rapidly progressing diffuse pneumonitis
with acute respiratory distress requiring mechanical ventilation
with mortality as high as 50 to 100% (6).

About 24% of patients taking amiodarone showed
asymptomatic elevations of serum aminotransferase levels
(7). Less than 1% of patients in various studies reported
developing significant drug-induced liver injury ranging from
symptomatic hepatitis and micronodular liver cirrhosis to
hepatic failure requiring liver transplantation (8-14).

In addition, about 14-18% of patients taking amiodarone
for a long period showed thyroid dysfunction, including
hypothyroidism and thyrotoxicosis (15). However, a third
of Korean patients developed thyroid dysfunction, and most
cases involved hypothyroidism (16). Patients with amiodarone-
induced hypothyroidism usually present with fatigue, cold
intolerance, and dry skin, similar to symptoms of classic
hypothyroidism (17).

The most typical symptom of amiodarone-induced ocular
toxicity is corneal microdeposits, 98% of which are found after
2 months of treatment (18). Asymptomatic corneal changes are
observed in 50-60% of patients, and visual disturbance is rarely
reported (19).

Although much is known about amiodarone toxicity, cases
of simultaneous toxicity in various organs have rarely been
reported. Here, we present a novel case of multi-systemic
amiodarone toxicity, involving the liver, lungs, thyroid, and eyes.

CASE REPORT

A 6l-year-old woman visited the emergency room due to
general weakness, nausea, visual disturbance, heat intolerance,
and a non-productive cough with dyspnea, which had persisted
between 3 and 6 months. The patient had underlying ischemic
heart disease and paroxysmal atrial fibrillation, for which
she was being treated with clopidogrel, pitavastatin, valsartan,
rivaroxaban, nicorandil, diltiazem, furosemide, and amiodarone.
More specifically, amiodarone was prescribed for 34 months
at an initial dose of 200 mg/day for 11 months, and then
due to intermittent chest discomfort with palpitation, her

cardiologist increased the maintenance dose to 400 mg/day for
the next 23 months. The patient was not taking any other
medications, including herbal agents, and did not have a history
of alcohol consumption.

The laboratory workup showed that the level of the
total bilirubin was 0.71 mg/dL (reference range, 0.22-1.3),
the aspartate aminotransferase level was 358 U/L (reference
range, 10-37), the alanine aminotransferase level was 177
U/L (reference range, 10-37), and the prothrombin time
was 1.90 International Normalized Ratio (INR) (reference
range, 0.8-1.2). Enhanced computed tomography (CT) showed
diffusely increased liver intensity and scattered hyper attenuated
nodular consolidations in the subpleural areas of both lungs
(Figures 1A,B). To evaluate the possibility of malignancy,
positron emission tomography-CT (PET-CT) was performed,
and multiple hypermetabolic lesions (maximal standardized
uptake values 7.3, Figure 1C) were examined. To confirm the
diagnosis of the lung lesions, transthoracic needle biopsy was
performed, and the pathologic examination showed fibrinoid
interstitial inflammation with atypical change of type II
pneumocytes and intra-alveolar foamy macrophages (Figure 2).
Using both the CT and biopsy findings, we could diagnose the
amiodarone-induced hepatic and pulmonary toxicity.

Further, to assess the possibility of amiodarone-induced
thyroid dysfunction, we examined thyroid function tests.
The thyroid-stimulating hormone level was less than 0.008
ulU/mL (reference range, 0.55-4.78), free thyroxine was
4.67 ng/dL (reference range, 0.89-1.76), triiodothyronine was
1.27 ng/mL (reference range, 0.6-1.81), thyroid binding inhibitor
immunoglobulin (TBII) was 18.3 IU/L (reference range, 0-1.5),
anti-microsome antibody was 139.0 U/mL (reference range, 0-
60), and anti-thyroglobulin antibody was 125 U/L (reference
range, 0-60). The PET-CT scan of the thyroid showed no
metabolic lesion (Figure 3A). The thyroid scan (technetium-
99 m pertechnetate scintigraphy) showed diffuse homogenous
intake of technetium-99 m pertechnetate in both thyroid lobes
(Figure 3B). Anti-microsomal antibody and anti-thyroglobulin
antibody may be detected in Graves disease (anti-microsomal
antibody: 69.2%, anti-thyroglobulin antibody: 23-30%) (20);
furthermore, with the results of TBII and the thyroid scan results,
we diagnosed our patient as having type 1 amiodarone-induced
thyrotoxicosis, a form of iodine-induced hyperthyroidism caused
by excessive, uncontrolled biosynthesis of thyroid hormone by
autonomously functioning thyroid tissue in response to iodine
load, which typically develops in underlying latent Graves’ disease
(21). After consultation with the endocrinology department,
methimazole (20 mg for 17 days followed by 5 mg/d) was used
as treatment to manage excessive thyroid hormone synthesis.

The patient persistently complained of blurred vision, and
the ophthalmologic exam detected bilateral symmetrical corneal
deposits in a vortex pattern (Figure 3C), which was compatible
with amiodarone-induced vortex keratopathy.

As amiodarone toxicity was considered as the possible cause
of disease, amiodarone was discontinued from the first day of
admission. As there was neither extensive lung involvement
nor hypoxemia, steroid treatment was not immediately initiated.
However, serial follow-up chest CT scans showed aggravation
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FIGURE 1 | Radiologic findings of the abdominal cavity and the chest. (A,B) Initial computed tomography scan of the abdominal cavity and the chest. This scan
shows diffuse increased liver intensity [(A), orange circle] and scattered hyperattenuation nodular consolidations in the subpleural areas of both lungs [(B), orange line].
(C) Fluorodeoxyglucose positron emission tomography-computed tomography scan of the whole body showing about 4.8 cm hypermetabolic lesion in the left lung

field (maximal standardized uptake, 7.3).

FIGURE 2 | Pathologic examination of the lung via trans-thoracic needle biopsy showing amiodarone-induced lung toxicity. (A) Chronic interstitial pneumonitis and
interstitial fibrosis and focal fibrinoid necrosis. (B) Accumulation of foamy macrophages within alveolar spaces.

of previous lung lesions. After exclusion of lung malignancy
via transthoracic needle biopsy, we decided on treatment
with a systemic steroid regimen (methylprednisolone 40 mg)
for pulmonary toxicity from day 29 of hospitalization. After
1 week of steroid medication, a follow-up CT showed an
overall decreased extent of high attenuated subpleural mass-
like consolidations and small nodules in both upper lung
fields and the right middle lobe, suggesting an improved
state of R/O amiodarone-induced pulmonary toxicity. After 4
months of steroid medication, a follow-up CT showed resolution
of previous lung consolidations (Figure 4A). The laboratory
examination showed that both aspartate aminotransferase and
alanine aminotransferase levels were within the normal range

after cessation of amiodarone for 1 month without any treatment
(Figure 4B). Free thyroxine and thyroid-stimulating hormone
were within the normal range after 6 weeks of methimazole
medication (Figure 4C). The patient recovered from her general
weakness, cough, and hand tremor 1 month after amiodarone
cessation and was discharged after most of the symptoms
were resolved.

DISCUSSION

To the best of our knowledge, this is the first report
demonstrating  multi-systemic  toxicity, involving four
vital organs, induced by amiodarone. Amiodarone
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emission tomography—computed tomography.

FIGURE 3 | FDG PET-CT, Thyroid scan and ophthalmologic exam. (A) FDG PET-CT scans of the whole body (A—1) and the thyroid (A—2) showing multiple
hypermetabolic lesion in both lungs and no metabolic lesion in other organ including the thyroid. (B) Thyroid scan (technetium-99 m pertechnetate scintigraphy)
presenting diffuse homogenous intake of technetium-99 m pertechnetate in both thyroid lobes. (C) Slit-lamp biomicroscopy showing numerous dense gray granular
lines forming vortex patterns radiating from a median point at the junction of the middle and lower thirds of the cornea. FDG, fluorodeoxyglucose; PET-CT, positron

marker->

ANT(Pin hole)
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is a widely prescribed antiarrhythmic drug wused to
treat tachyarrhythmias, including atrial fibrillation and
reentrant tachyarrhythmias of the accessory pathways.

Amiodarone principally acts through multiple mechanisms,
such as depressing the sinus and atrioventricular nodes
and prolonging repolarization and refractoriness in
the myocardium.

Amiodarone is a lipophilic drug, which accumulates mainly
in adipose tissue and organs with high blood perfusion,
such as the liver, lungs, and skin. Its long-term use leads
to numerous adverse reactions, including photosensitivity,
hypothyroidism, hyperthyroidism, hepatic dysfunction, bone
marrow suppression, corneal microdeposits, and neuromotor
defects (3). Due to its long biological half-life ranging up to 100
days, the drug activity may last more than 3 to 4 months after
discontinuation (1).

Hepatotoxicity is a relatively uncommon adverse reaction to
amiodarone. Amiodarone induces histological findings similar
to alcohol-induced steatohepatitis, so differential diagnosis
from alcoholic liver disease should be considered. Pathologic
findings include macro- and microvesicular steatosis, Mallory
bodies, polymorphonuclear leukocyte infiltration, ballooning
degeneration of hepatocytes and phospholipidosis (22). The
possible reason for hepatotoxicity is amiodarone, as its
principal metabolite, desethylamidoarone induces production
of reactive oxygen species and leads to hepatic triglyceride
accumulation and microvesicular steatosis in hepatocytes (23).
Pulmonary toxicity, an uncommon but serious adverse effect
of amiodarone, reveals various patterns of lung involvement,
including chronic interstitial pneumonia, bronchiolitis with
or without organizing pneumonia, acute respiratory distress
syndrome, diffuse alveolar hemorrhage, pleural effusion, and
pulmonary nodules or masses. Especially, pulmonary mass and
pulmonary nodules can mimic lung malignancy (24). The
mechanism underlying the development of nodular pulmonary
disease may be the inflammatory response to the accumulation
of phospholipids in alveolar cells induced by the drug (25).
Corticosteroid therapy should be considered in patients showing
extensive lung involvement in imaging or those that develop

hypoxemia, with a starting dose of 40 to 60 mg/day of
prednisolone (26, 27). Due to the structural similarity between
amiodarone and thyroid hormones, amiodarone causes thyroid
dysfunction due to excessive iodine overload or due to its
direct cytotoxicity to the thyroid gland (28). Amiodarone
can induce both hypothyroidism and hyperthyroidism. The
incidence of amiodarone-induced thyrotoxicosis is 2 to 10%,
and it more commonly develops in areas of the world
where iodine deficiency is common (29). The type of thyroid
dysfunction caused by amiodarone treatment may depend on
the presence of underlying thyroid disease or dietary iodine
content (30). Moreover, amiodarone leads to drug-induced
lipidosis, which leads to typical side-effects in the eyes, such as
vortex keratopathy (31). Although the most common findings
are corneal and lens opacities, optic neuropathy has also been
reported (32). There have been reports of amiodarone toxicity
to one or two vital organs. Cho et al. (33) reported a case
of a 65-year-old man with amiodarone-induced hepatitis and
hypothyroidism. Turk et al. (34) also reported a case of a 54-
year-old female with amiodarone toxicity to the skin, thyroid,
and eyes.

In this study, we observed multi-systemic amiodarone toxicity
involving the liver, lungs, thyroid, and eyes. The main mechanism
of amiodarone-induced toxicity is known as direct cytotoxicity
and immunologic reaction. Patients who have received a daily
dose of 400 mg or more for more than 2 months or a lower
dose for more than 2 years are considered at high risk (26). Our
patient can be considered as high-risk, as she was on 400 mg/day
amiodarone for nearly 2 years. The long duration and high
dosage of amiodarone were combined with treatment that may
interact pharmacologically with amiodarone metabolism. First of
all, she had been taking a statin concurrently with amiodarone
for 3 years. Many studies have reported an interaction between
statins and amiodarone as the potential cause of hepatotoxicity
due to inhibition of the mitochondrial enzyme CYP3A4, which
metabolizes statins, by amiodarone (35-38). Additionally, the
patient in this study took diltiazem, a recognized CYP3A4
inhibitor that may have jeopardized amiodarone metabolism.
Furthermore, our patient showed significant improvement of
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FIGURE 4 | Hospital course of the patient. (A) Timeline of chest CT scans and resolution of lung lesions with systemic steroid therapy. (B) Course of AST, ALT, and
PT. (C) Course of free T4 and T3. AST, aspartate aminotransferase; ALT, alanine aminotransferase; HD, hospital day; INR, international normalized ratio; PT,
prothrombin time; TSH, thyroid-stimulating hormone; T4, thyroxine; T3, triiodothyronine.

lung lesions with the use of systemic steroid therapy, suggesting ~ vital organs is not clearly verified. Lastly, the drug

the usefulness of corticosteroids in extensive lung involvement,
as reported in previous studies (26, 27).

Our study has some limitations. First, although our
report indicates multi-systemic amiodarone toxicity, the
number of cases examined was very small. Second, the
precise mechanism of amiodarone toxicity to multiple

interactions  associated ~ with amiodarone  metabolism,
which may be the cause of amiodarone toxicity in our
patient, had not been thoroughly examined. Further
studies are warranted to elucidate the mechanism of multi-
organ toxicity and classify high-risk patients to prevent
amiodarone-induced toxicity.
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In conclusion, this case indicates that multi-systemic
amiodarone organ toxicity is a cause of concern in high-risk
patients. Amiodarone toxicity should be considered in patients
receiving amiodarone with any new symptoms, because this may
involve various organs. A multisystem approach to amiodarone
toxicity is important, because adverse events may occur in
various organs simultaneously. Guidelines for monitoring
adverse events in patients taking amiodarone for a long time
must be established. Once diagnosis is determined, amiodarone
must be discontinued promptly, and the use of systemic steroids
needs to be assessed.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

REFERENCES

1. Mason JW. Amiodarone. N Engl
66. doi: 10.1056/NEJM198702193160807

2. Doyle JE, Ho KM. Benefits and risks of long-term amiodarone therapy for
persistent atrial fibrillation: a meta-analysis. Mayo Clin Proc. (2009) 84,
234-42. doi: 10.4065/84.3.234

3. Park HS, Kim YN. Adverse effects of long-term amiodarone therapy. Korean
J Intern Med. (2014) 29:571. doi: 10.3904/kjim.2014.29.5.571

4. 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 ] Cardiol. (2011) 108:705-
10. doi: 10.1016/j.amjcard.2011.04.024

5. Dusman RE, Stanton MS, Miles WM, Klein LS, Zipes DP, Fineberg NS, et
al. Clinical features of amiodarone-induced pulmonary toxicity. Circulation.
(1990) 82:51-9. doi: 10.1161/01.CIR.82.1.51

6. Iskandar SB, Abi-Saleh B, Keith RL, Byrd RP Jr
Amiodarone-induced alveolar hemorrhage. South Med J.
99:383-8. doi: 10.1097/01.smj.0000208971.43461.bb

7. Lewis JH, Ranard RC, Caruso A, Jackson LK, Mullick E
Ishak KG, et al hepatotoxicity:  prevalence and
clinicopathologic correlations among 104 patients. Hepatology. (1989)
9:679-85. doi: 10.1002/hep.1840090504

8. Harris L, McKenna W], Rowland E, Krikler DM. Side effects and
possible contraindications of amiodarone use. Am Heart J. (1983) 106:916-
23. doi: 10.1016/0002-8703(83)90016-9

9. Greene HL, Graham EL, Werner JA, Sears GK, Gross BW,
Gorham JP, et al. Toxic and therapeutic effects of amiodarone in
the treatment of cardiac arrhythmias. J Am Coll Cardiol. (1983)
2:1114-28. doi: 10.1016/S0735-1097(83)80338-6

10. Raeder EA, Podrid PJ, Lown B. Side effects and complications of amiodarone
therapy. Am Heart J. (1985) 109:975-83. doi: 10.1016/0002-8703(85)90238-8

11. Smith WM, Lubbe WE Whitlock RM, Mercer J, Rutherford JD, Roche AH.
Long-term tolerance of amiodarone treatment for cardiac arrhythmias. Am J
Cardiol. (1986) 57:1288-93. doi: 10.1016/0002-9149(86)90206-7

12. Heger JJ, Prystowsky EN, Jackman WM, Naccarelli GV, Warfel
KA, Rinkenberger RL, et al efficacy and
electrophysiology during long-term therapy for recurrent ventricular
tachycardia or ventricular fibrillation. N Engl ] Med. (1981)
305:539-45. doi: 10.1056/NEJM198109033051002

13. Morady E Sauve MJ, Malone P, Shen EN, Schwartz AB, Bhandari A, et
al. Long-term efficacy and toxicity of high-dose amiodarone therapy for

]  Med. (1987) 316:455-

Roy TM.
(2006)

Amiodarone

Amiodarone: clinical

AUTHOR CONTRIBUTIONS

H-SY and JY conceived and designed the study, reviewed
the literature, and contributed to manuscript drafting. SBC
and SKC contributed to manuscript drafting. JY reviewed
the case and edited the manuscript. Y-DC reviewed the
pathologic findings. YK reviewed the ophthalmologic
findings. WC and H-CK contributed to interpretation
of data and reviewed of the case regarding amiodarone-
induced thyrotoxicosis. All authors approved the final
version to be submitted and approved the publication of
the manuscript.

FUNDING

This study was supported by a grant from the Chonnam
National University Hospital Biomedical Research Institute
(BCRI21069) and National Research Foundation of
Korea (2021R1F1A1061719).

ventricular tachycardia or ventricular fibrillation. Am ] Cardiol. (1983)
52:975-9. doi: 10.1016/0002-9149(83)90515-5

14. McGovern B, Garan H, Kelly E, Ruskin JN. Adverse reactions during
treatment with amiodarone hydrochloride. Br Med . (1983) 287:175-
80. doi: 10.1136/bm;.287.6386.175

15. Tsang W, Houlden RL. Amiodarone-induced thyrotoxicosis: a review. Can |
Cardiol. (2009) 25:421-4. doi: 10.1016/S0828-282X(09)70512-4

16. Jin SW, Yoon HJ, Lee JM, Oh YS, Lee MY, Rho TH, et al. Incidence
of amiodarone-induced thyroid dysfunction in Korean. Korean ] Med.
(2003) 64:664-9.

17. Han T, Williams G, Vanderpump M. Benzofuran derivatives and the thyroid.
Clin Endocrinol. (2009) 70:2-13. doi: 10.1111/j.1365-2265.2008.03350.x

18. Ingram D, Jaggarao N, Chamberlain D. Ocular changes resulting
from therapy with amiodarone. Br ] Ophthalmol. (1982) 66:676-
9. doi: 10.1136/bj0.66.10.676

19. Mintyjarvi M, Tuppurainen K,
effects  of  amiodarone.  Surv
6. doi: 10.1016/S0039-6257(97)00118-5

20. Dham S, Anand A, Dhananjayan G, Shetty K. Microsomal and thyroglobulin
antibodies in thyroid disorders. Med ] Armed Forces India. (1995) 51:247-
50. doi: 10.1016/S0377-1237(17)30984-X

21. Bartalena L, Bogazzi F, Chiovato L, Hubalewska-Dydejczyk A, Links TP,
Vanderpump M. 2018 European thyroid association (ETA) guidelines for the
management of amiodarone-associated thyroid dysfunction. Eur Thyroid J.
(2018) 7:55-66. doi: 10.1159/000486957

22. Raja K, Thung SN, Fiel MI, Chang C. Drug-induced steatohepatitis leading
to cirrhosis: long-term toxicity of amiodarone use, seminars in liver
disease. Semin Liver Dis Case Rep. (2009) 29:423-8. doi: 10.1055/s-0029-12
40011

23. Fromenty B, Fisch C, Labbe G, Degott C, Deschamps D, Berson A, et al.
Amiodarone inhibits the mitochondrial beta-oxidation of fatty acids and
produces microvesicular steatosis of the liver in mice. ] Pharmacol Exp Ther.
(1990) 255:1371-6.

24. Rodriguez-Garcia JL, Garcia-Nieto JC, Ballesta F, Prieto E, Villanueva
MA, Gallardo J. Pulmonary mass and multiple lung nodules mimicking
a lung neoplasm as amiodarone-induced pulmonary toxicity.
Eur ] Intern Med. (2001) 12:372-6. doi: 10.1016/S0953-6205(01)0
0127-3

25. Piccione Jr W, Faber LP, Rosenberg MS. Amiodarone-induced pulmonary
mass. Ann Thorac Surg. (1989) 47:918-9. doi: 10.1016/0003-4975(89)90037-4

26. Wolkove N, Baltzan M. Amiodarone pulmonary toxicity. Can Respir J. (2009)
16:43-8. doi: 10.1155/2009/282540

Tkiheimo K. Ocular side
Ophthalmol. ~ (1998)  42:360-

Frontiers in Cardiovascular Medicine | www.frontiersin.org

February 2022 | Volume 9 | Article 839441


https://doi.org/10.1056/NEJM198702193160807
https://doi.org/10.4065/84.3.234
https://doi.org/10.3904/kjim.2014.29.5.571
https://doi.org/10.1016/j.amjcard.2011.04.024
https://doi.org/10.1161/01.CIR.82.1.51
https://doi.org/10.1097/01.smj.0000208971.43461.bb
https://doi.org/10.1002/hep.1840090504
https://doi.org/10.1016/0002-8703(83)90016-9
https://doi.org/10.1016/S0735-1097(83)80338-6
https://doi.org/10.1016/0002-8703(85)90238-8
https://doi.org/10.1016/0002-9149(86)90206-7
https://doi.org/10.1056/NEJM198109033051002
https://doi.org/10.1016/0002-9149(83)90515-5
https://doi.org/10.1136/bmj.287.6386.175
https://doi.org/10.1016/S0828-282X(09)70512-4
https://doi.org/10.1111/j.1365-2265.2008.03350.x
https://doi.org/10.1136/bjo.66.10.676
https://doi.org/10.1016/S0039-6257(97)00118-5
https://doi.org/10.1016/S0377-1237(17)30984-X
https://doi.org/10.1159/000486957
https://doi.org/10.1055/s-0029-1240011
https://doi.org/10.1016/S0953-6205(01)00127-3
https://doi.org/10.1016/0003-4975(89)90037-4
https://doi.org/10.1155/2009/282540
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

You et al. Amiodarone-Induced Multi-Systemic Toxicity

27. Schwaiblmair M, Berghaus T, Haeckel T, Wagner T, von 36. Roten L, Schoenenberger RA, Krihenbiihl S, Schlienger RG. Rhabdomyolysis
Scheidt W. Amiodarone-induced pulmonary toxicity: an under- in association with simvastatin and amiodarone. Ann Pharmacother. (2004)
recognized and severe adverse effect? Clin Res Cardiol. (2010) 38:978-81. doi: 10.1345/aph.1D498

28.

29.

30.

31.

32.

33.

34.

35.

99:693-700. doi: 10.1007/s00392-010-0181-3

Martino E, Bartalena L, Bogazzi F, Braverman LE. The effects of amiodarone
on the thyroid. Endocr Rev. (2001) 22:240-54. doi: 10.1210/edrv.22.2.0427
Bogazzi F, Bartalena L, Tomisti L, Rossi G, Brogioni S, Martino
E. Continuation of amiodarone delays restoration of euthyroidism in
patients with type 2 amiodarone-induced thyrotoxicosis treated with
prednisone: a pilot study. J Clin Endocrinol Metab. (2011) 96:3374-
80. doi: 10.1210/j¢.2011-1678

Danzi S, Klein I. Amiodarone-induced thyroid dysfunction. J Intensive Care
Med. (2015) 30:179-85. doi: 10.1177/0885066613503278

D’Amico DJ, Kenyon KR, Ruskin JN. Amiodarone keratopathy:
drug-induced  lipid storage disease. Arch  Ophthalmol. ~ (1981)
99:257-61. doi: 10.1001/archopht.1981.03930010259007

Flach AJ, Dolan BJ, Sudduth B, Weddell 7J.
induced lens opacities. ~Arch  Ophthalmol.  (1983)
6. doi: 10.1001/archopht.1983.01040020556010

Cho YS, Han JH, Chae HB, Kim JS, Kang KM, Park SM, et al. A case of
simultaneously occurred amiodarone-induced hepatitis and hypothyroidism.
Korean ] Gastroenterol. (2013) 62:59-63. doi: 10.4166/kjg.2013.62.1.59

Turk U, Turk BG, Yilmaz SG, Tuncer E, Alioglu E, Dereli T. Amiodarone-
induced multiorgan toxicity with ocular findings on confocal microscopy.
Middle East Afr ] Ophthalmol. (2015) 22:258. doi: 10.4103/0974-9233.154411
McKelvie PA, Dennett X. Myopathy associated with HMG-CoA reductase
inhibitors (statins): a series of 10 patients and review of the literature. J Clin
Neuromuscul Dis. (2002) 3:143-8. doi: 10.1097/00131402-200206000-00002

Amiodarone-
101:1554-

37. Wratchford P, Ponte CD. High-dose simvastatin and rhabdomyolysis.
Am ] Health Syst Pharm. (2003) 60:698-700. doi: 10.1093/ajhp/6

0.7.698
38. Denus SD, Spinler SA. Amiodarone’s role in simvastatin-
associated  rhabdomyolysis. Am ] Health Syst Pharm. (2003)

60:1791-2. doi: 10.1093/ajhp/60.17.1791

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 You, Yoon, Cho, Choi, Kim, Choi, Kang and Choi. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

February 2022 | Volume 9 | Article 839441


https://doi.org/10.1007/s00392-010-0181-3
https://doi.org/10.1210/edrv.22.2.0427
https://doi.org/10.1210/jc.2011-1678
https://doi.org/10.1177/0885066613503278
https://doi.org/10.1001/archopht.1981.03930010259007
https://doi.org/10.1001/archopht.1983.01040020556010
https://doi.org/10.4166/kjg.2013.62.1.59
https://doi.org/10.4103/0974-9233.154411
https://doi.org/10.1097/00131402-200206000-00002
https://doi.org/10.1345/aph.1D498
https://doi.org/10.1093/ajhp/60.7.698
https://doi.org/10.1093/ajhp/60.17.1791
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Amiodarone-Induced Multi-Systemic Toxicity Involving the Liver, Lungs, Thyroid, and Eyes: A Case Report
	Introduction
	Case Report
	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	References


