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Abstract

Objectives—Amiodarone is a commonly used anti-arrhythmic drug. Hepatotoxicity following
chronic oral administration occurs in 1% to 3% of patients. Hepatotoxicity following intravenous
(V) administration is infrequent but may be associated with dramatic increases in serum
transaminases. We describe the incidence of liver toxicity among patients receiving IV
amiodarone during a 5-year period.

Methods—This was a single-center retrospective review of patients receiving 1V amiodarone for
any cause. The outcome measures were development of elevated serum transaminases and the
relation of transaminitis to all-cause 30-day mortality.

Results—A total of 1510 patients received amiodarone intravenously between 2005 and 2011,
77 (5%) developed elevated liver enzymes. Enzyme elevation was divided into mild (100-300
IU/L), moderate (300-1000 I1U/L), and severe (>1000 1U/L). The median alanine aminotransferase
was 189 (37-10,006) IU/L and aspartate aminotransferase was 253 (84-12,005) IU/L. The 30-day
mortality among those with transaminitis was 22%; however, no patient died of amiodarone-
related liver disease.

Conclusions—Amiodarone can cause severe elevation in liver enzymes. The incidence of
severe transaminitis is low; deaths following IV amiodarone are rarely caused by drug-induced
liver failure.
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Amiodarone is a class 111 antiarrhythmic drug used to treat atrial and ventricular
arrhythmias.12 Its adverse effects involve many organ systems and result in cessation of the
medication in 10% to 15% of patients. Common adverse effects of oral amiodarone include
thyroid dysfunction, corneal microdeposits, hepatic dysfunction, and pulmonary fibrosis,3
and asymptomatic elevations in liver enzymes are reported in 15% to 50% of long-term
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users.>6 Symptomatic liver injury is rare but potentially fatal, occurring in 1% to 3 % of
long-term users.”-10

Amiodarone often is given by intravenous (IV) bolus in the management of potentially life-
threatening arrhythmias. Adverse effects following IV amiodarone administration include
injection site reactions, diaphoresis, flushing, sinus bradycardia, atrioventricular block, and
hypotension.3# Acute amiodarone hepatotoxicity also may follow intravenous amiodarone.”
The presentation of acute hepatotoxicity varies from mild asymptomatic increases in serum
transaminases (transaminitis) to fulminant hepatic failure. The clinical presentations,
incidence, and outcomes are less well described. The aim of this study was to determine the
incidence, prevalence, and clinical manifestations of acute hepatitis following the IV
administration of amiodarone. We retrospectively reviewed the clinical data from patients
receiving IV amiodarone therapy at the Michael E. DeBakey Veterans Affairs Medical
Center between July 2005 and July 2011. We also assessed potentially important variables
possibly predicting the presence, severity, and outcome of acute hepatic injury.

This was a single-center, retrospective chart review of patients who received IV amiodarone
for the treatment or prevention of arrhythmia. Patients who received IV amiodarone between
July 2005 and July 2011 were identified using a pharmacy-generated computerized report;
only patients receiving loading amiodarone doses for arrhythmias were included. Exclusion
criteria included patients who had received oral amiodarone or IV amiodarone for up to 1
week before hospital admission, who received amiodarone as part of advanced cardiac life
support, who had elevated liver enzymes at baseline, who were younger than 18 years old,
and pregnant women. Clinical data and medication administration records for those who
received intravenous amiodarone were reviewed. The study was approved by the Baylor
institutional review board.

The primary objective was to determine the incidence of transaminitis in patients receiving
IV amiodarone. Transaminitis was defined as a serum alanine aminotransferase (ALT) >100
IU/L and/or aspartate aminotransferase (AST) >100 1U/L within 48 hours after receiving
intravenous amiodarone. An elevated total bilirubin was defined as >1.5 mg/dL and elevated
alkaline phosphatase as >150 IU/L. Secondary objectives included 30-day mortality, all-
cause mortality, and whether the presence of an impaired ejection fraction (<40%) or
chronic liver disease influenced the occurrence or severity of transaminitis.

Amiodarone Administration

Amiodarone was prepared for 1V infusion by diluting it in 100 mL of 5% dextrose. The
loading dose of 150 mg was infused for 10 minutes and the maintenance dose was continued
at 1 mg/min for 6 hours (360 mg) and then 0.5 mg/min for 18 hours (540 mg), giving a total
dose of 1050 mg for 24 hours.

Statistical Analysis

Descriptive statistics were used to analyze baseline characteristics and study outcomes. Data
are expressed as ranges, medians, and means.
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A total of 1510 patients received IV amiodarone in the 6-year period between July 2005 and
July 2011; 77 (5%) developed transaminitis. Baseline characteristics are shown in Table 1.
The median postamiodarone levels of serum transaminase were ALT 189 IU/L (range 37—
10,006) and AST 253 IU/L (range 82-12,005). Elevations in transaminases were mild (100-
300 U/L) in 39 (50.6%) patients, moderate (301-1000 U/L) in 26 (33.7%), and severe
(>1000 U/L) in 12 (15.5%) patients. The median alkaline phosphatase was 79 IU/L (range
20-411) and total bilirubin was 1.65 mg/dL (0.5-20.5).

Comorbidities such as congestive heart failure, chronic kidney disease, diabetes mellitus,
coronary artery disease, and/or underlying hepatitis were common in patients who
developed elevated transaminases after receiving IV amiodarone. Hepatitis C antibody or
hepatitis B surface antigen was present in 27 (35%) patients, congestive heart failure with an
ejection fraction of <35% in 29 (37.6%), chronic kidney disease (glomerular filtration rate
<60 mL/min) in 17 (22%), diabetes mellitus in 34 (44.1%), and coronary artery disease in 32
(41.5%). Each was categorized in relation to mild, moderate, or severe elevation in liver
enzymes (Table 2).

The 30-day, all-cause mortality among the 77 patients with transaminitis was 22% (17
patients). The 30-day mortality among the patients with severe transaminitis (AST/ALT
>1000 IU/L) was 9% (7 patients). The 30-day mortality in mild and moderate transaminitis
was 10.2% and 2.5%, respectively; however, no patient died of amiodarone-induced liver
disease.

Discussion

Acute hepatotoxicity following IV amiodarone administration is rare, occurring annually in
approximately 1% of those receiving amiodarone intravenously, but it may be associated
with a fatal outcome. In addition to the 12 patients described here with severe transaminitis
(ALT/AST >1000 IU/L) after IV amiodarone administration, our literature review found 34
case reports.”811-16 Huang et al reported their experience with 802 patients receiving 1V
amiodarone, in which hepatotoxicity occurred in 12.6% (101/802); most cases were mild.10
They reported severe transaminitis in only 1.1% (n = 9), which was 8.9% of those with
transaminitis.19 In our series with 17 patients, the overall mortality was 22% (all were acute
in the hospital). All of the patients in the study had undergone a cardiothoracic surgical
procedure and therefore differ considerably from our patient population, which had different
indications for amiodarone infusion.

Amiodarone is an iodine-containing benzofuran derivative widely used to treat both atrial
and ventricular arrhythmias. Its advantages include the lack of negative inotropic effects and
high efficacy in resistant arrhythmias and is believed to be more efficacious than class |
antiarrhythmics.2 It also has advantages of having a long half-life and the ability of being
given either orally or intravenously.16-20 Acute liver injury following IV administration,
however, is not believed to be caused by amiodarone; rather the hepatotoxicity is believed to
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be related to the diluent polysorbate 80 and to be secondary to hepatic ischemia
accompanying the hypotensive episode.%2!

Amiodarone is metabolized to mono-N-desethylamiodarone (DEA) by cytochrome P-450
enzymes (CYP3A4 and 2C8). This active metabolite possesses antiarrhythmic properties.
Left ventricular dysfunction prolongs the half-life of DEA. Both amiodarone and DEA
accumulate in fatty tissues, including the liver. Both compounds are directly toxic to HepG2
cells at high concentrations and are believed to be responsible for hepatotoxicity associated
with chronic amiodarone administration.2

In contrast, amiodarone is not stable?2 in aqueous solutions and therefore must be dissolved
in a solvent. The solvent used is a mixture of polysorbate 80 (polyoxenethylated sorbitan
ester) and benzyl alcohol.22 Rhodes et al were the first to link polysorbate 80 to amiodarone-
associated hepatotoxicity.? Polysorbate 80 was previously implicated in E-ferol syndrome
and the cause of hepatic toxicity in infants.® E-ferol is an IV preparation of vitamin E that
contained both polysorbate 80 and polysorbate 20.%12 E-ferol syndrome is characterized by
hepatomegaly, cholestatic jaundice, splenomegaly, renal failure, and thromobocytopenia.
Liver histology shows Kupffer cell exfoliation, centrilobular accumulation of cellular debris,
and central panlobular congestion. These histologic features are similar to the liver injury
caused by amiodarone and suggest that the acute toxicity was related to the diluent rather
than the drug itself. If polysorbate 80 is the cause of the acute hepatotoxicity, it would seem
prudent for the pharmaceutical industry to find a more suitable diluent.9:23-26

Hepatic ischemia caused by hemodynamic instability from tachyarrhythmias and poor
cardiac output also can be confused with amiodarone hepatotoxicity or may actually play a
role in amiodarone-induced hepatotoxicity.16:27 For example, Gluck et al reported
similarities in histologic features of liver ischemia and amiodarone liver injury.28 In our
study, 38% (29 patients) with elevations in transaminases demonstrated systolic dysfunction,
with 13.7% (4 of 29 patients) having severe elevations, suggestive of drug hepatotoxicity
rather than ischemic injury. We attempted to assess whether comorbidities such as chronic
kidney disease and congestive heart failure played a role in developing severe elevation of
liver enzymes, but no comorbidity was present in more than approximately 20% of patients
in any category.

The retrospective nature of our study and inconsistencies in laboratory monitoring following
amiodarone administration precluded an accurate assessment of the duration of
transaminitis. The available literature, however, is consistent with the view that amiodarone
can be safely administered orally, even in patients who develop hepatitis following IV
loading.10.13

The limitations of our study include our inability to determine the precise indication for
amiodarone administration and to determine the average duration of transaminitis before
resolution. Our population also was entirely men, which reflects the male predominance of
the population served by the Veterans Affairs Medical Centers.
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Conclusions

Amiodarone is a commonly used antiarrhythmic with many known adverse effects. Our
study shows an incidence of transaminitis similar to other studies published in the literature.
Severe elevations in liver enzymes are seen, but no fulminant hepatic failure was
documented. Although amiodarone infusion is associated with an alarming increase in liver

en

zymes, it rarely causes fatal hepatic injury.
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Key Points

e Approximately 5% of patients receiving intravenous amiodarone developed
elevated serum transaminases.

»  Transaminase elevations exceeded 1000 in approximately 15% of patients with
elevated transaminases.

e The 30-day mortality among the patients with severe transaminitis (aspartate
aminotransferase/alanine aminotransferase >1000 1U/L) was 9% versus 10.2%
with mild and 2.5% with moderate transaminitis.

e No patient died of liver failure.
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Table 1

Characteristics, n (%0) n=77
Median age (range) 63 (26 —99)
Male sex (%) 77 (100)
Race (%)
White 59 (76)
Black 15 (19)
White Hispanic 3(4)
Medical history (%)
Ejection fraction <40% 29 (37.6)
Chronic kidney disease 17 (22)
Diabetes mellitus 34 (44)
Coronary artery disease 32 (41)
Hypertension 63 (81)
Hyperlipidemia 44 (57)
Mental health diseases 20 (26)
Chronic obstructive pulmonary disease 12 (15)
Cerebrovascular accident 8 (10)
Autoimmune disorders 1(1)
Malignancy 12 (15)
Cirrhosis 8 (10)
Chronic hepatitis 27 (35)
Baseline medications (%)
ACE inhibitor 29 (37)
Acetaminophen 54 (70)
Allopurinol 2(3)
Angiotensin receptor blocker 3(4)
Antipsychotic medications 15 (19)
Antiseizure medications 4 (5)
Aspirin/NSAIDs 53 (68)
Buproprion 1(1)
Calcium channel blockers 12 (15)
Corticosteroids 7(09)
SSRIs 5 (6)
Statins 32 (41)
Tricyclic antidepressants 1(1)

ACE, angiotensin-converting enzyme; NSAIDs, nonsteroidal anti-inflammatory drugs; SSRIs, selective serotonin reuptake inhibitors.
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Comorbidities among patients receiving intravenous amiodarone

Transaminitis n (%)*

Comorbidity Mild Moderate | Severe
EF <40% (n =

29) 15(51.7) | 10(34.4) | 4(13.7)
CKD (n=

17) 8 (47) 5(29.4) 4(23.5)
DM (n = 34) 17 (50) 10 (29.4) | 7(20.5)
CAD (n=

32) 12 (37.5) | 13(40.6) | 7(21.8)
Hepatitis (B

or C) 15 (55.5) 9(33.3) 3(11.1)

CAD, coronary artery disease; CKD, chronic kidney disease; DM, diabetes mellitus; EF, ejection fraction.

*
Percentage of group (eg, of those with mild transaminitis).
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