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ABSTRACT

Objectives: To present an index case and review the histologic
and electron microscopic findings in chloroquine (CQ) and
hydroxychloroquine ( HCQ ) myopathy, focusing primarily on
cardiomyopathy. CQ and HCQ are antimalarial drugs with
disease-modifying activity in rheumatic diseases (DMARD)
and now are among the most widely used DM ARD:s.
Although they are rare, severe adverse effects caused mainly
by deposition of intracellular metabolites in both cardiac and
skeletal muscle have been described. Currently, both CQ and
HCQ have been proposed to have efficacy for patients with
coronavirus disease 2019, and several large centers in the
United States and other countries have started clinical trials.

Methods: A case of HCQ cardiotoxicity diagnosed on
an endomyocardial biopsy is presented. A review of the
pathology archives was performed to identify additional
cases of CQ or HCQ myopathy, and histologic changes
were recorded. A brief literature review with an emphasis
on pathologic findings in myopathies was performed.

Results: Including the index case, 4 cases of CQ or HCQ
myopathy were identified. Light microscopic findings included
vacuolated myopathy, and electron microscopic findings
included myeloid bodies and curvilinear inclusion bodies.

Conclusion: CQ and HCQ myopathy can present
Jfollowing long-term administration of the drug. The
pathologic findings are nonspecific and overlap with other
vacuolated myopathies, necessitating careful correlation of
the histologic changes with the patient’s medical history.

© American Society for Clinical Pathology, 2020. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com

Key Points

e This review identified the common light and electron microscopic
findings in hydroxychloroquine and chloroquine cardiomyopathy.

e Light microscopic findings commonly include vacuolar myopathy, which
invokes a broad differential diagnosis.

e Accurate diagnosis can be achieved by careful correlation of light and
electron microscopic findings with clinical history.

Historically, chloroquine (CQ) and hydroxychloroquine
(HCQ) have been used for the treatment and prophylaxis
of malaria. The mechanism of action of CQ and HCQ
has not been completely elucidated; however, studies
show inhibition of both cellular functions and molecular
pathways involved in immune activation." CQ and HCQ
have also been shown to have utility as disease-modifying
antirheumatic drugs (DMARD) for the treatment of rheu-
matic diseases including rheumatoid arthritis, systemic
lupus erythematosus, antiphospholipid syndrome, and
primary Sjdgren syndrome, among others."” In addition to
the antimalarial and antirheumatologic properties, poten-
tial antiviral activity of CQ and HCQ has been identified.’
Several small clinical trials and uncontrolled case series are
emerging in the literature on CQ and HCQ use in patients
with coronavirus disease 2019 (COVID-19).**

CQ and HCQ are typically well tolerated, and
after several years in clinical use as antimalarial drugs
and DMARDs, their accumulated safety data are re-
assuring, but they are not without notable side effects.
The most common side effects are gastrointestinal, in-
cluding nausea and vomiting, whereas more serious ad-
verse effects include retinopathy, ventricular arrhythmias,
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cardiomyopathies, and skeletal muscle toxicity.”'" These
serious effects are thought to be cumulative but reversible
and occur after long-term use.*'> HCQ is a CQ derivative
with an additional hydroxyl group and is approximately
40% less toxic than CQ in animal models. CQ overdose in
adults has a mortality risk of about 20%, whereas HCQ is
2- or 3-fold less toxic.

Recently, we diagnosed chronic HCQ-induced
cardiotoxicity in a patient with heart failure and a his-
tory of long-term HCQ use who then underwent cardiac
transplantation. Given the recent rise in prominence of
both CQ and HCQ as potential therapy for the emerging
COVID-19 pandemic, we present this index case, a short
series of cases from the pathology archives, and a review
of the literature on pathologic changes observed in CQ-
or HCQ-induced myopathies. To the best of our know-
ledge, this report is only the third of a patient requiring
cardiac transplant because of CQ or HCQ toxicity."!*

Case Presentation

The patient, a 60-year-old woman, was referred to an
academic medical center for evaluation for possible car-
diac transplant. The patient had a history of connective
tissue disease, originally diagnosed as scleroderma ap-
proximately 20 years before admission. She was treated
by HCQ 200 mg twice daily and nonsteroidal anti-in-
flammatory drugs, with adequate symptomatic control.
Two years before admission, the patient presented with
myocardial infarction (MI) and was found to have com-
plete occlusion of the distal left anterior descending coro-
nary artery. Cardiac magnetic resonance imaging showed
limited infarct and overall normal left ventricle systolic
function, and the patient was medically managed. A sub-
sequent angiogram showed restoration of flow. She was
discharged with no wall motion abnormality on an ech-
ocardiogram. Two months after her MI, she continued
to have shortness of breath and peripheral edema and
was diagnosed with heart failure with preserved ejection
fraction.

Before her admission, it was discovered that the pa-
tient had new-onset complete heart block following a syn-
copal event, and a pacemaker was placed. Echocardiogram
showed massive tricuspid valve regurgitation, diastolic
left ventricular dysfunction, systolic and diastolic right
ventricular dysfunction, and restrictive cardiomyopathy.
99m-Tc pyrophosphate echocardiogram showed findings
suspicious for transthyretin-associated familial cardiac
amyloidosis with abnormal localization of activity within
the left ventricular myocardium. By the time of the cur-
rent admission, the patient had developed cardiogenic
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shock and a balloon pump was placed. A diagnostic
endomyocardial biopsy was performed, and 14 days after
admission she underwent cardiac transplant.

Light and Electron Microscopic Findings in
Endomyocardial Biopsy From the Index Case

H&E sections revealed myocyte vacuolization, mild
myocyte hypertrophy, and focal interstitial fibrosis llmage
1AL. No necrosis or myofiber inflammation was identi-
fied. Electron microscopy showed extensive lysosomal
inclusions with partly whorled lamellar (myeloid) bodies,
amorphous cytoplasmic debris, and curvilinear inclusions
Blmage 1BI and BImage 1CI. Amyloid deposition was not
identified by light microscopy utilizing Congo red stain,
nor was it identified on electron microscopy.

Gross and Light Microscopic Findings in
Explanted Heart From the Index Case

The explanted heart weighed 338 g and exhibited a
smooth serosal surface with a mild to moderate amount
of epicardial fibroadipose tissue. The coronary arteries
were patent, with only minimal calcific atherosclerosis
(maximum stenosis of 20% in the right main coronary
artery). A 4-chamber cut did not reveal obvious dila-
tion of the chambers Blmage 2AM. A 1.0-cm fibrotic area
was identified at the apex, consistent with healed infarct.
The right ventricular wall thickness was 0.6 cm, and the
left ventricular wall thickness was 1.4 cm. Histologic ex-
amination revealed diffuse transmural vacuolar change,
moderate myocyte hypertrophy, and mild to moderate in-
terstitial fibrosis limage 2BN. Repeated Congo red stain for
amyloid was negative. Trichrome stain highlighted inter-
stitial fibrosis, and periodic acid Schiff (PAS) stain with
diastase revealed a few PAS-positive vacuoles lmage 2CIH
and Ilmage 2DI.

Pathology Archive Review

After diagnosis of the index case, a search of the pa-
thology archives at the University of Chicago was per-
formed. The aim was to find other cases of CQ or HCQ
myopathy in either heart or skeletal muscle. The queried
years were from 1990 to 2020, and a total of 4 poten-
tial additional cases were identified. One other case of
cardiac CQ or HCQ toxicity was found and was char-
acterized by rimmed vacuolar myopathy and curvilinear
bodies. Three unequivocal cases of HCQ or CQ toxicity
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in skeletal muscle were found. The findings in skeletal
muscle were similar to those seen in heart biopsies: fiber
vacuolation, basophilic stippling, and myocyte hyper-
trophy. A full description of the archived cases can be
found in ETable 10.

Discussion

Multiple mechanisms of actions for quinine drugs
have been proposed; regardless of mechanism, the final
problem lies with the accumulation of metabolites in the
cytosol, which leads to several deleterious downstream ef-
fects. The first and most accepted mechanism is the dis-
ruption of the lysosomal autophagy pathway. CQ/HCQ
is lysosomotropic and accumulates in lysosomes causing
an increase in pH, which inhibits lysosomal enzymes, like
hydroxylases.'"* This impairs macroautophagy, a process
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IImage 10 A, Endomyocardial biopsy showing vacuolated
cardiomyocytes, mild myocyte hypertrophy, and interstitial
fibrosis (H&E, x200). B, At low power, the performed ultra-
structural studies show extensive lysosomal-type vacuoles
and debris as correlates of the vacuolated changes seen on
the formalin-fix, paraffin-embedded sections (x8,000). C, At
higher power the ultrastructural studies show that the lyso-
somal vacuoles and debris are associated with myelinoid
debris and curvilinear bodies (arrow, x12,000).

by which cellular organelles and proteins are degraded
by lysosomal enzymes."” CQ and HCQ inhibit lysosome-
autophagosome fusion and prevent endosomal acidifi-
cation, which consequently leads to the accumulation
of metabolic products in the cytosol.'® Autophagy also
has secondary deleterious effects on mitochondrial func-
tion including a decrease in oxidative phosphorylation
and increased mitochondrial DNA damage.'” Inhibition
of autophagy results in increased apoptosis, leading to
myofiber necrosis—a feature seen in both cardiac and
skeletal muscle biopsies.'® The other proposed mechanism
of HCQ toxicity is direct binding of the hydrophobic re-
gion of the HCQ molecule membrane phospholipids,
causing neutralization of phosphate groups and displace-
ment of calcium. This pathway also leads to myofiber ne-
crosis through alterations in the cell membrane."'”"
HCQ cardiotoxicity can happen in both acute and
chronic settings ETable 20. Although chronic toxicity is a
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Blmage 20 A, Explanted heart gross image of a 4-chamber cut showing a mild amount of epicardial fibroadipose tissue and
no obvious dilation of the atria or ventricles. B, Explanted heart showing diffuse vacuolization of the cardiac myocytes (H&E,
x200). C, Explanted heart with moderate interstitial fibrosis (blue; trichrome, x200). D, Explanted heart showing periodic acid
Schiff-diastase resistant bodies (arrow) within the vacuolated spaces (x200).

well-recognized side effect of the drug, the acute toxicity
can be just as devastating, if not more so, but the number
of studies is limited.** In acute settings, side effects are
caused primarily by HCQ acting as a Vaughan Williams
class la antiarrhythmic with “quinidine-like” effect. HCQ
causes the blockage of sodium, calcium, and potas-
sium channels of the cardiac myocyte.” Sodium channel
blockade leads to a widened QRS-interval and increases
the risk of developing tachyarrhythmias. Potassium
channel blockade delays ventricular repolarization and
prolongs the QT interval, increasing the risk of ventric-
ular arrhythmias, including Torsade de pointes. The risk
of acute toxicity is highest shortly after drug use, given
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high circulating drug levels, before its distribution to the
tissue. Recently, in a double-blinded, randomized, phase
2b clinical trial for COVID-19 patients, the high CQ dose
arm—in which the patients were given a total of 12 g CQ
over a period of 10 days—had to be halted because of
acute cardiotoxicity from arrhythmias and QTc prolon-
gation compared with the baseline electrocardiogram.”
Treatment with CQ or HCQ should be reconsidered in
cases of previously known myocardial disease.

A systematic review of the literature showed that
the cumulative duration of HCQ causing chronic
cardiotoxicity is about 7 years.” Arrhythmias are the
most common acute cardiac side effect, likely secondary

© American Society for Clinical Pathology



AJCP |/ RevViEW ARTICLE

ITable 10
Pathologic Findings Identified in Archived CQ- or HCQ-Induced Myopathies
CQ/HCQ Light Microscopic
Case Use Specimen Findings Special Stains Electron Microscopic Findings
1 (index HCQ, >20y Cardiac Vacuolar myopathy Congo red, negative Myeloid and curvilinear bodies
case) biopsy
2 HCQ, 9-11y Cardiac Vacuolar myopathy Congo red, negative Abnormal lysosomal debris with
biopsy Mild to moderate whorled lamellar structure
myocyte hypertrophy (myeloid body), debris is also
and minimal interstitial associated with cytoplasmic
fibrosis glycogen
Curvilinear inclusions
Hypercontraction changes
Lipofuscin deposits
3 HCQ, Right thigh Vacuolar myopathy None performed Lysosomal membranous debris
duration muscle Membrane-bound glycogen
unknown biopsy
4 HCQ, Quadriceps Vacuolar myopathy Trichrome: Increased Myeloid bodies
duration biopsy granular staining
unknown Diffusely increased
acid phosphatase
reactivity
5 HCQ, 6y Left vastus Vacuolar myopathy Not performed Myeloid and curvilinear bodies
lateralis Focal perimysial mononu-
Left deltoid clear inflammatory cell

infiltrates

CQ, chloroquine; HCQ, hydroxychloroquine.

to quinidine-like effects. In comparison, chronic rhythm
abnormalities are caused by direct damage of the conduc-
tion system. The mechanism of damage includes intracel-
lular deposition of metabolites, disruption of autophagy,
myofiber necrosis, and mitochondrial damage in the con-
duction system. Patients with rheumatoid arthritis who
used HCQ for longer than 14 years had a more than
3-fold increase in the risk of developing chronic heart
failure compared with the general population.” Left ven-
tricular hypertrophy or biventricular or biatrial dilatation
with concentric hypertrophy with a restrictive filling pat-
tern can be seen with long-term CQ or HCQ use.” Other
cardiopulmonary adverse effects include hypokinesia
(9.4%), pulmonary arterial hypertension (3.9%), and val-
vular dysfunction (7.1%). Typically, the damage is pro-
posed to depend on both cumulative dosage and the time
over which the dosage is received.’

The histomorphology of the tissue damage caused by
CQ or HCQ NTable 31 is identical in all striated muscles,
whether cardiac or skeletal.”” Vacuolated myopathy is the
most consistent morphologic feature on H&E.” The vacu-
oles in CQ and HCQ toxicity are clear with a rim (have
granular basophilic material around the vacuole). These
autophagic vacuoles are membrane-bound vacuoles that
contain cytoplasmic degradation products and exhibit acid
phosphatase activity (can be highlighted by acid phospha-
tase enzymatic stain) indicative of lysosomal dysfunction.
More common histochemical techniques may be useful in
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establishing a diagnosis of CQ or HCQ toxicity, including
PAS stain.” The rim of these vacuoles can also be empha-
sized by either LC3 or p62 immunohistochemistry (not
done in our patient).”** Neither LC3 nor p62 positivity is
pathognomonic for CQ or HCQ toxicity and serves only
as a marker for autophagy. Vacuolation may yield an ap-
pearance of myocyte hypertrophy and may lead to disor-
ganization of the myofibrillar architecture.

Another ubiquitous feature of vacuolated myopathies
is an increase in the number of inclusion bodies and vacu-
oles as seen on ultrastructural examination (Table 3).” The
rimmed vacuoles are not truly empty; rather, they consist
of 15- to 18-nm tubulofilaments and are surrounded by
a rim composed of autophagic material, as confirmed by
the punctate staining pattern of LC3 and p62 immunohis-
tochemistry.”*’ Ultrastructural examination by electron
microscopy demonstrates the accumulation of lamellar
lysosomal inclusions (also known as myeloid bodies),
curvilinear bodies, abundant secondary lysosomes, and
megamitochondria in CQ and HCQ toxicity.”

Vacuolated myopathies have been extensively de-
scribed in a multitude of diseases in which autophagic
impairment is the key cause.” They have the same his-
tologic features (fiber vacuolation, basophilic stippling)
and an increase in the number of LC3- and p62-positive
puncta.” The common differential diagnosis of CQ or
HCQ toxicity in the heart includes storage disorders like
Fabry disease and adult-onset Pompe disease (acid maltase
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deficiency), drug-induced myopathy (amiodarone, cobalt,
and perhexiline maleate), genetic diseases (Danon disease
and other mitochondrial disorders), and ischemic heart di-
sease.”*> The differential diagnosis for skeletal muscle biop-
sies is similar but also includes adult-onset Pompe disease,
autophagic myopathies, and inclusion body myositis.”**
On electron microscopy, the presence of myeloid and
zebra bodies in CQ and HCQ toxicity confounds the dif-
ferential with other diseases. In the setting of Fabry di-
sease, myeloid and zebra bodies are inclusions consisting
of whorled layers of alternating dense and pale material
composed of accumulated glycolipids and glycoproteins
due to inhibition of intralysosomal a-galactosidase A ac-
tivity. Although these inclusions are highly characteristic
of Fabry disease, they are nonspecific and may be seen

ITable 20

Cardiac Complications Caused by Chloroquine or
Hydroxychloroquine (Adapted From Chatre et al’)

Measure Change
Electrocar- Atrioventricular block (first, second, or third degree)
diogram Sick sinus syndrome
Right and/or left bundle-branch block
Ischemic changes or myocardial infarction
Quinidine-like effect
Echocardi- Valvular regurgitation (mitral, aortic, or tricuspid)
ogram Right heart failure or pulmonary artery wall hyper-
trophy
Left ventricular hypertrophy, biventricular hyper
trophy, restrictive cardiomyopathy
Ventricular hypokinesia
Diastolic dysfunction
Decreased left ventricular ejection fraction
Valvular regurgitation (mitral, aortic, or tricuspid)
ITable 30

in other metabolic disorders and the majority of patients
with CQ or HCQ toxicity. Cases of combined Fabry di-
sease and connective tissue diseases, including systemic
lupus erythematosus, have been described, leading to
misdiagnosis of Fabry disease as a rheumatologic di-
sease.**** This misdiagnosis has resulted in some cases of
Fabry disease being treated as a rheumatologic disorder
with HCQ or CQ therapy.”® Because of the clinical sim-
ilarity between the 2 conditions, Fabry disease must be
precluded by screening, especially if there is family his-
tory, neurologic or kidney involvement, or the presence
of only myeloid bodies and no curvilinear bodies on bi-
opsy. However, like most storage disorders, biochemical
tests and genotyping are needed for a definite diagnosis
of Fabry disease, and biopsy plays only a supportive role.

Also observed on electron microscopy in cases of
HCQ and CQ toxicity are curvilinear inclusion bodies,
which are “comma-shaped” structures.” The differential
diagnosis of curvilinear inclusion bodies includes neu-
ronal ceroid lipofuscinosis, a rare group of hereditary
neurodegenerative lysosomal storage disecases that result
from excessive accumulation of lipopigments (lipofuscin)
in the body’s tissues.’”** Although not necessarily true for
all types of neuronal ceroid lipofuscinosis or HCQ
or CQ toxicity, in CLN3 disease (the most frequent
neuronal ceroid lipofuscinosis), curvilinear inclusion
bodies are structurally composed of autophagolysosomes
with poorly digested intralysosomal accumulations of
subunit C of mitochondrial ATP synthase.® The presence
of curvilinear inclusion bodies is helpful because they
have not been described in Fabry diseases.”* It should be
borne in mind that these bodies are somewhat challenging

Histologic and Ultrastructural Findings, Pathophysiology, and Differential Diagnosis in CQ/HCQ Cardiotoxicity

Histology Pathophysiology

Differential Diagnosis

Light microscopy

Myocyte vacuolization (100%) Lysosomal storage of

glycolipids (PAS positive)

Myofiber necrosis
Myocyte hypertrophy
Interstitial fibrosis
Electron microscopy
Lamellar structures (myeloid
bodies/zebra bodies) (83%)
Curvilinear body (68%)

Not known
Not known

Secondary to autophagic function

Accumulated glycolipids and glycoproteins

Accumulated autophagolysosomes with

Storage disorders (Fabry, Pompe)

Ischemic heart disease

Drug toxicity (amiodarone, cobalt, perhexiline
maleate)

Danon disease

Mitochondrial disorders

Ischemic heart disease

Storage disorders

Amyloid

Fabry disease

Neuronal ceroid lipofuscinosis

poorly digested intralysosomal contents

Mitochondrial abnormalities

Abundant secondary lysosomes

Damage of mitochondrion secondary
to autophagic dysfunction
Ineffective lysosomal machinery

Mitochondrial myopathies

Autophagic myopathies

CQ, chloroquine; HCQ, hydroxychloroquine.
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ITable 41
Risk Factors for Increased Hydroxychloroquine Toxicity

Female sex

Age >60y

Renal dysfunction

Lupus nephritis

Underlying cardiac disease

Prolonged use

High dose

Decreased exercise

Systemic inflammation

COX inhibition (nonsteroidal anti-inflammatory drug use)

to identify because they require higher magnification
(>%30,000) on electron microscopy and a pathologist
who is familiar with these structures.” These inclusion
bodies have also been described in the retina,” in periph-
eral nerve ganglia, and in skeletal muscle.”” However, the
presence of curvilinear bodies is not a uniform finding in
cases of HCQ-induced toxicity (present in only 68% of
patients).” When present, they serve as an important diag-
nostic clue for CQ and HCQ toxicity because they are not
seen in Fabry disease and other toxic cardiomyopathies.™
Another disease that can affect both cardiac and skel-
etal muscle is adult-onset Pompe disease, a glycogenosis
due to deficiency of lysosomal acid a-glucosidase, causing
glycogen storage disease type 2 (acid maltase deficiency).
Biopsies show a PAS-positive vacuolopathy.* Again, the
pathologist’s role is key to suggest this differential diag-
nosis, as the disease is rare, but clinical findings are vague
and nonspecific. A description of a patient with HCQ
or CQ toxicity incorrectly diagnosed as acid maltase de-
ficiency and treated with enzyme replacement has been
published.* The diagnosis of acid maltase deficiency can
be confirmed using an acid a-glucosidase activity enzyme
activity assay and the specific mutation identified by
sequencing. Because enzyme replacement therapy is now
approved by the US Food and Drug Administration for
this disease, it is vital to render the correct diagnosis.
Neuromyotoxicity due to HCQ toxicity was first re-
ported in 1965 and is thought to be rare. One prospective
study estimated the incidence of HCQ myopathy to be 1.9
per 1,000 patient years.” Patients with preexisting renal
or hepatic disease or advanced age or those receiving
chronic drug therapy are more susceptible to developing
myopathy and neuropathy secondary to both CQ and
HCQ use. HCQ myopathy presents with proximal muscle
weakness and normal to mildly elevated creatine kinase
levels. Neuromuscular drug toxicity leading to ventila-
tory failure has also been described.”* Clinically, this
drug toxicity may be underrecognized given similarity be-
tween the symptoms of the disease and drug toxicity. One
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study suggests the use of lactate dehydrogenase levels as
a surrogate marker to detect muscle damage.** Although
electromyography is not sensitive for the diagnosis of
CQ or HCQ toxicity, it is nonetheless suitable for moni-
toring disease evolution from a subclinical to a clinical
stage in patients with antimalarial myopathy. The gold
standard to confirm the diagnosis of antimalarial myop-
athy is muscle biopsy. Histologic features, albeit nonspe-
cific, include vacuolar myopathy, predominantly in type
1 myofibers.**" It should be noted that the vacuoles arise
at least 6 months after the onset of muscle symptoms, so
early biopsy may not be diagnostic. Electron microscopy
shows curvilinear bodies in the cytoplasm. These can be
associated with glycogen, lipofuscin, lysosomes, and my-
elin figures similar to the findings in the cardiac muscle.
The curvilinear bodies are located between myofibrils
and at perinuclear zones. Fibers contain large amounts
of glycogen, and myelin figures are abundant.

Numerous patients are treated with CQ and HCQ
every year; it is unclear why only some patients experience
these severe adverse events.*” The presentation of patients
with CQ- or HCQ-induced cardiomyopathy is varied and
diverse.”* Possible risk factors NTable 41 might include
long-term exposure, higher doses, and the use of CQ in-
stead of HCQ; however, a review by Ténnesmann et al*’
showed that cumulative dose and the duration of treat-
ment (6-12 years) were not particularly high in the 2 pa-
tients who required transplantation. These findings make
it difficult to predict which patients are at higher risk of
developing toxicity. If cardiomyopathy does develop, it
is impossible to foretell which patient will respond to the
withdrawal of the drug. Given the variability in clinical
presentations, it is postulated that genetic polymorphisms
may make some patients more susceptible to CQ and
HCQ toxicity.* A case of hypertrophic cardiomyop-
athy due to MYBPC3 mutation and HCQ toxicity on
endomyocardial biopsy has been described.* The predic-
tive factors of drug response in different cases are most
probably genetic but have not been elucidated.

CQ- or HCQ-induced cardiomyopathy can be fatal
unless it is diagnosed at an early stage.” If there are mul-
tiple confounders in the clinical history, endomyocardial
biopsy with an ultrastructural electron microscopy exam-
ination is indicated.”** Although endomyocardial biopsy
is invasive, it remains the gold standard for the diagnosis
of CQ and HCQ cardiomyopathy. In addition, the biopsy
can be useful for excluding other causes of unexplained
cardiomyopathies, such as the cardiac manifestations
of connective tissue diseases or adult-onset storage dis-
orders.”* Following diagnosis, the drug should be discon-
tinued immediately and replaced with a noncardiotoxic
DMARD.* If the drug is withdrawn quickly enough,
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complete or at least partial reversal of cardiomyopathy is
the most likely outcome.***> However, the possibility that
a patient with congestive heart failure will recover from
New York Heart Association class 4 to class 1 without
transplantation has not yet been described in the litera-
ture. In patients in whom presentation is confounding and
the diagnosis is delayed, severe morbidity such as place-
ment of a pacemaker or even transplantation can be the
outcome, >+

Even though there is tissue deposition of the drug, anti-
malarial myopathy is reversible. Monitoring of HCQ tissue
levels after drug withdrawal showed that all tissue levels fell
rapidly, by approximately 80% in the first 8 days and by
another 50% in the next 7 days, so there was a decrease of
approximately 90% in 15 days.”® Treatment cessation in pa-
tients with moderate to severe clinical myopathy tended to
normalize muscle weakness, muscle enzyme disturbances,
and electromyographic changes at 6-month follow-up.* An
observation by Eadie and Ferrier suggests that, overall, pa-
tients on higher doses seemed to develop myopathic symp-
toms more slowly than those on lower doses.”’ This could
be interpreted as suggesting that individual susceptibility
was a more important factor than cumulative toxicity. An
animal model showed that CQ-induced myopathy can be
treated not only by halting drug use but also by decreasing
the autophagy or glycogen synthesis, as glycogen synthase
is suggested to play a direct role in regulating autophagy.™

In conclusion, this article presented a case of HCQ
cardiotoxicity necessitating transplant and found sim-
ilar changes identifiable in archival tissue. HCQ and CQ
toxicity in both the cardiac and skeletal muscle shows
striking light and electron microscopic findings, but the
differential diagnosis is broad, and accurate diagnosis
requires careful pathologic examination and clinical
correlation.

Corresponding author: Jefree J. Schulte, MDD, Jschulte2@wisc. edu.
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