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ABSTRACT

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

HISTORY OF PRESENTATION

An 85-year-old women with transthyretin cardiac amyloidosis presented with generalized weakness, elevated liver
function test levels, and creatinine kinase consistent with rhabdomyolysis 1 week after starting tafamidis. She was already
taking atorvastatin and amiodarone, raising the possibility of a drug-drug interaction inhibiting the breakdown and
excretion of atorvastatin, causing drug-induced rhabdomyolysis. (Level of Difficulty: Intermediate.)

(J Am Coll Cardiol Case Rep 2020;2:2372-5) © 2020 The Authors. Published by Elsevier on behalf of the
American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

MEDICAL HISTORY

An 85-year-old woman presented to the emergency
department after a fall; she had generalized weakness
and difficulty walking, which had preceded her fall by
at least 1 day. Her physical examination was unre-
markable apart from an unsteady gait, and she had no
overt evidence of fluid overload.

LEARNING OBJECTIVES

e To understand the potential role of tafamidis
in the development of rhabdomyolysis.

e To understand the complexities in manage-
ment of older people with cardiac amyloid-
osis, with multiple comorbidities and
polypharmacy.

The patient had a history of coronary artery disease
with prior revascularization, atrial flutter, a perma-
nent pacemaker insertion for sick sinus syndrome,
diet-controlled diabetes mellitus, and chronic kid-
ney disease. She had had multiple hospitalizations
for decompensated heart failure over a 12-month
period, leading to a diagnosis of transthyretin
amyloidosis (ATTR) cardiomyopathy due to the
V1221 mutation. Her medications included atorvas-
tatin 80 mg once daily and amiodarone 200 mg
once daily (the former she been taking for 5 years,
the later for 4 months); apixaban 2.5 mg twice
daily; and torsemide 20 mg once daily. Tafamidis
61 mg daily was started as an outpatient 1 week
before presentation.
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Tafamidis is known to inhibit breast cancer resistance protein
(BCPR or ABCG2), an efflux transporter active in the hepato-
cyte, intestinal enterocyte, and kidney proximal tubule, which
may increase exposure of substrates of this transporter. Sta-
tins are substrates of this transporter; they are also metab-
olized by cytochrome P450 3A4 (CYP3A4), which is inhibited
by amiodarone. A synergistic effect between BCRP and CYP3A4
has been postulated; this is based on the synergy between P-
glycoprotein (also known as multidrug resistance-1 [MDR1])
and BCRP, and substrates these transporters share with
CYP3A4. It may be that the combination of a weak CYP3A4
inhibitor (amiodarone) with a BCRP inhibitor (tafamidis)
increased atorvastatin exposure in this high-risk patient,
resulting in statin-induced rhabdomyolysis.

DIFFERENTIAL DIAGNOSIS

Given the history of ATTR cardiomyopathy with
frequent heart failure admissions and longstanding
poor mobility, the patient’s presentation was attrib-
uted to disease progression. The priority was to
exclude a cerebrovascular event.

INVESTIGATIONS

Laboratory studies revealed liver function test (LFT)
results elevated from baseline: alanine aminotrans-
ferase (ALT) 264 U/] (reference range 10 to 50 U/I)
and aspartate aminotransferase (AST) 590 U/l
(reference range 10 to 50 U/l). LFTs from 1 year
prior varied between ALT 72 to 138 U/l and AST 90
to 220 U/l, largely dependent on volume status.
After starting amiodarone, in addition to atorvasta-
tin, ALT was 85 U/l and AST was 113 U/l. Creatinine
kinase (CK) levels were not measured.

The patient underwent magnetic resonance imag-
ing of her brain and magnetic resonance imaging
angiography of her brain and neck, which were
normal. Her LFT abnormalities were attributed to
hepatic congestion in the setting of amyloid cardio-
myopathy. She was discharged to rehabilitation,
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where she continued to report generalized
weakness and fatigue.

LFTs were rechecked, and serum trans-
aminase levels had increased from 1 week
prior: ALT 473 U/l and AST 762 U/l. CK levels
were 18,569 U/1 (reference range 26 to 192 U/
1), consistent with rhabdomyolysis. N-termi-

4619 pg/ml (reference range <1,800 pg/ml),
similar to the patient’s baseline value. Fifth- protein
generation high-sensitivity troponin T levels
were elevated to 285 ng/l from her baseline
level of 135 ng/l (reference range 0 to 9 ng/l).
She had no leukocytosis or significant ane-
mia. Creatinine levels at baseline were 1.4 mg/dl
(reference range 0.5 to 1.2 mg/dl).

The patient had had no recent trauma/injuries,
no excessive exercise or seizures, no signs of an
infection, and no alcohol or drug use that may have

caused rhabdomyolysis; results of thyroid studies
were normal. Physical examination was largely un-
changed from 1 week prior; the most notable finding
was difficulty mobilizing without assistance. There
were no physical examination findings consistent
with an inflammatory myopathy. An electrocardio-
gram showed sinus rhythm with first-degree
atrioventricular block at a ventricular rate of 60
beats/min.

MANAGEMENT

Tafamidis, amiodarone, and atorvastatin were held.
Over the course of her admission, the patient was
given intravenous fluid, which was discontinued
when CK levels were <10,000 U/l; CK and AST/ALT
levels decreased, and creatinine remained at baseline
levels. Amiodarone was reintroduced with no change
in CK or AST/ALT levels.

DISCUSSION

Transthyretin (ATTR) cardiac amyloidosis is caused
by amyloid fibrils depositing in the myocardium,
which can be wild type or variant; the latter is asso-
ciated with >100 pathologic mutations in the trans-
thyretin gene (1). The most common mutation in the
United States is valine-to-isoleucine at amino acid
position 122 (V122I), found in 3.4% of individuals of
African descent (2,3). Patients who develop ATTR
cardiomyopathy have progressive congestive heart
failure, often complicated by atrial arrhythmias.
Choice of antiarrhythmic therapy in this group is
limited, and amiodarone is probably the most
commonly used.

ALT = alanine
aminotransferase

AST = aspartate
aminotransferase

ATTR = transthyretin
nal pro-B-type natriuretic peptide levels were amyloidosis

CK = creatinine kinase

LFT = liver function test
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TABLE 1 Pharmacological Properties of Tafamidis, Atorvastatin, Amiodarone, and Apixaban

Tafamidis Atorvastatin Amiodarone Apixaban
Bioavailability NA 14% 50% 50%
Trmaxe D 1.75-4 1-2 3-7 3-4
t/ 49 h 14 h 40-55 days 12h
Major CYP enzyme NA CYP3A4 CYP3A and CYP2C8 CYP3A4
Induces CYP2B6 and CYP3A4 Inhibits CYP3A4
Protein binding >99% >98% 96% 87%
Renal elimination 22% <2% Negligible 27%
Efflux transporter NA P-glycoprotein NA P-glycoprotein, BCRP
Inhibits BCRP BCRP Inhibits P-glycoprotein

to maximum plasma concentration.

P-glycoprotein is also known as multidrug resistance protein 1. Source: Lexicomp Online, Lexi-Drugs Online, Hudson, Ohio: UpToDate, Inc., 2020; May 6, 2020.
BCRP = breast cancer receptor protein; CYP = cytochrome P-450; NA = not applicable; t/, = time from maximum concentration to half maximum concentration; T, = time

Based on the positive outcome of the ATTR-ACT
(Tafamidis in Transthyretin Cardiomyopathy Clinical
Trial), the TTR stabilizer tafamidis was approved for
use in the United States and Europe in early 2019 to
treat wild-type ATTR and variant ATTR cardiomyop-
athy (4). Tafamidis was associated with decreases in
all-cause mortality and cardiovascular-related hospi-
talizations, and it reduced the decline in functional
capacity and quality of life. Notably, the safety profile
for tafamidis was excellent, with adverse events no
greater than those with placebo.

To the best of our knowledge, this case is the first
reported of rhabdomyolysis in a patient receiving
tafamidis therapy. Drug-induced rhabdomyolysis is
the most likely explanation, in the absence of other
etiologic explanations for the sudden development of
rhabdomyolysis and the recent initiation of tafamidis.
Amiodarone alone may rarely cause this effect, but
reintroduction did not cause recurrence. An
amiodarone-statin interaction may have been a
cause, although the patient had tolerated the 2 drugs
without problems for several months and had devel-
oped symptoms shortly after starting tafamidis; this
scenario suggests that this agent was the culprit or
the precipitant of rhabdomyolysis, in the setting of a
high-dose statin and amiodarone use.

Tafamidis is known to inhibit breast cancer resis-
tance protein (BCPR or ABCG2), an efflux transporter,
which may increase exposure of substrates of this
transporter; a potential interaction with rosuvastatin
is listed in the package insert (Figure 1) (5). Statin-
induced rhabdomyolysis is a relatively rare phenom-
enon, which more readily occurs as a dose-related
side effect in the presence of a drug interaction
(Table 1). Pharmacologic studies have shown that
breast cancer receptor protein (BCRP) inhibition or
BCRP polymorphisms can increase blood levels of
several statins, including atorvastatin (6). There have

been case reports of rhabdomyolysis after concomi-
tant use of cyclosporine, another BCRP inhibitor, and
simvastatin (7). Apixaban is also a substrate of BCRP;
although it is not a likely culprit in the drug-drug
interaction, its pharmacokinetic profile may also be
altered (8).

Advanced age, female sex, and multisystem dis-
ease are all risk factors for statin-induced myopathy,
as is polypharmacy. It may be that the combination of
a weak cytochrome P-450 3A4 pathway (CYP3A4) in-
hibitor (amiodarone) with a BCRP inhibitor (tafami-
dis) increased atorvastatin exposure in this high-risk
patient, resulting in statin-induced rhabdomyolysis.
A synergistic effect between BCRP and CYP3A4 has
been postulated; this is based on the synergy between
P-glycoprotein and BCRP, and substrates these
transporters share with CYP3A4 (9).

The patient’s predominant symptom was gener-
alized weakness, common in ATTR and often
attributed to progression of the disease. Given the
nonspecific symptoms that patients with rhabdo-
myolysis may present with, it is essential not to
attribute these symptoms to the patient’s heart
failure and amyloidosis without further investiga-
tion. This patient faced a dangerous delay in diag-
nosis because her elevated serum transaminase
levels were initially attributed to hepatic conges-
tion. With increasing diagnosis of ATTR cardiomy-
opathy and use of tafamidis, this case suggests that
caution needs to be used in this cohort of patients
in whom statins are commonly co-administered, and
in whom amiodarone may have been used to control
the atrial arrhythmias frequently occurring in ATTR.
We believe that this was likely a dose-related side
effect related to the amiodarone-statin interaction,
in which the addition of tafamidis altered the
excretory pathway of the statin, resulting in a
further increase in statin levels. This may warrant a
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statin dose reduction before initiation of a TTR
stabilizer.

FOLLOW-UP

With physical therapy, the patient’s strength and gait
improved during hospitalization. CK levels at
discharge were 905 U/l with ALT/AST levels of 177/160
U/l. Three weeks’ post-discharge, a follow-up CK
level was 235 U/l and ALT/AST was 39/47 U/l. She
declined reintroduction of tafamidis or atorvastatin.
Of the 108 patients currently prescribed tafamidis at
our academic medical center, a majority (53.7%) are
on statin therapy of any intensity, 21.2% are on high-
intensity statin therapy, and 27.8% are on amiodar-
one. Of this cohort, 19.4% are concurrently on statin
therapy, amiodarone, and tafamidis, with 5.6% on
high-intensity statin therapy, amiodarone, and tafa-
midis. No other patients have developed this serious
adverse event thus far; the main reported adverse
event is fatigue.

CONCLUSIONS

This case highlights the complexities often encoun-
tered in the management of patients with ATTR; they
are elderly with multiple co-morbidities, on multiple
medications. Although we cannot be certain this was
simply not an interaction between amiodarone and
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atorvastatin, the known inhibitory effect of atorvas-
tatin on BCRP likely increased the statin levels
further, in addition to the rapidity of symptom
development with starting tafamidis. We still have
more to learn about novel transthyretin therapies and
their potential drug-drug interactions and resultant
side effects as they are prescribed in larger numbers.
Our experience underscores the importance of a
thorough evaluation of new symptoms and laboratory
abnormalities in such patients, with a heightened
awareness for potential drug-drug interaction in this
high-risk cohort.
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