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CONTEMPORARY REVIEW

Clinical Characteristics and Management
of Methamphetamine-Associated
Cardiomyopathy: State-of-the-Art Review
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ABSTRACT: Methamphetamine-associated cardiomyopathy (MACM) is an increasingly recognized disease entity in the context
of a rapidly spreading methamphetamine epidemic. MACM may afflict individuals with a wide range of ages and socioeco-
nomic backgrounds. Presentations can vary greatly and may involve several complications unique to the disease. Given the
public health significance of this disease, there is a relative dearth of consensus material to guide clinicians in understanding,
diagnosing, and managing MACM. This review therefore aims to: (1) describe pathologic mechanisms of methamphetamine
as they pertain to the development, progression, and prognosis of MACM, and the potential to recover cardiac function; (2)
summarize existing data from epidemiologic studies and case series in an effort to improve recognition and diagnosis of the
disease; (3) guide short- and long-term management of MACM with special attention to expected or potential sequelae of
the disease; and (4) highlight pivotal unanswered questions in need of urgent investigation from a public health perspective.
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1920s as a mimetic to the popular drug ephed-

rine.! The drugs were used mostly for nasal
decongestion, asthma, narcolepsy, depression, and
weight loss, and less commonly for heart block, myas-
thenia gravis, dysmenorrhea, and persistent hiccups.?
A patent on amphetamines in 1920s forced compet-
itors to synthesize methamphetamines,® which were
applied to many of the same indications as amphet-
amines. However, recognition of their severe addic-
tion potential led to manufacturing restrictions, but the
drugs found their way to the black market, thus begin-
ning the epidemic.

A consistent uptrend in the use of methamphet-
amines has been reported. In the United States, meth-
amphetamine use between 2015 and 2016 increased
dramatically from 0.5% to 0.8% of the total popula-
tion (1.6 versus 2.6 million users), possibly because of
greater availability, increasing potency, and reports of
the “dark net” using cryptocurrencies like bitcoin to fa-
cilitate transactions.*®

Amphetamines were first synthesized in the late

A 2016 Drug Enforcement Administration report
identified methamphetamines as the greatest drug
threat, second only to opioids. In 2005, the Rand
Corporation estimated annual costs of methamphet-
amine treatment, the excess healthcare use associated
with use and dependence, productivity losses, cost of
methamphetamine-associated crime, production of
methamphetamines, the intangible burden borne by
those addicted, and child endangerment at ~$23.4 bil-
lion.” Globally, premature death or disability attributable
to amphetamine use has significantly increased over
the past decade.?

PHYSIOLOGIC EFFECTS OF
METHAMPHETAMINES

Methamphetamine, a member of the phenethylamine
family, is a potent and highly addictive drug that often
entails frequent and long-term use. An addition of a
methyl group to its sister drug amphetamine ren-
ders methamphetamine more lipophilic, resulting in
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Nonstandard Abbreviations and Acronyms

BP blood pressure

CMR cardiac magnetic resonance imaging

EF ejection fraction

HR heart rate

Lv left ventricular

MACM methamphetamine-associated
cardiomyopathy

PAH pulmonary arterial hypertension

increased blood-brain barrier penetration, rapid onset
of action, and prolonged activity.®~'" Crystal meth is a
highly volatile form that can be easily smoked or in-
jected, resulting in an onset within minutes and rapid
peak concentrations, while remaining detectable in
plasma for >24 hours (half-life is 9 to 12 hours, inde-
pendent of the route of administration).'?

Methamphetamine increases postsynaptic cate-
cholamine concentrations via several mechanisms,
including: increasing cytosolic vesicular release of do-
pamine and norepinephrine at neuron terminals, de-
creasing the breakdown of catecholamines by blocking
monoamine oxidase inhibitor, preventing presynaptic
reuptake of catecholamines, and increasing diffu-
sion of catecholamines into the postsynaptic space.'™
Methamphetamine may also bind to other receptors
expressed in the cardiovascular system, including the
trace amino acid receptor, a-2 adrenergic receptor,
and ¢-1 receptor.'®

Although methamphetamine may affect several
organ systems, the most clinically relevant effects
are neurologic and cardiovascular. In the central ner-
vous system, methamphetamine elicits euphoria and
increased alertness. Increased concentration of do-
pamine at the nucleus accumbens may promote the
use-reward relationship responsible for addiction.!
Contrarily, long-term use leads to reduced dopamine
synthesis and receptor downregulation, causing defi-
cits in memory, attention, and decision-making func-
tions.!® Cardiovascular effects reflect a heightened
catecholaminergic state (ie, elevated heart rate [HR],
blood pressure [BP], and myocardial contractility), di-
rect vasoconstriction or vasospasm, and possibly
modulation of reactive oxygen species, inflammation,
and reduced NO-mediated vasodilation.'

Patterns of methamphetamine use may influence
the degree of cardiovascular effect. Although the eu-
phoric effect often begins to recede by 4 hours, in-
creases in HR and BP may persist for >24 hours.!'?
Therefore, repetitive dosing can lead to “stacking” of
the cardiovascular effects. “Binge” use, defined as use
for several days after which a period of abstinence
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ensues, has been associated with sensitization to the
HR and BP effects in animals, resulting in cardiac in-
flammation and necrosis.'®"”

The effects of methamphetamine on the cardiovas-
cular system may be enhanced by the concomitant
use of other drugs, mainly alcohol, cocaine, and opi-
0ids.'®2% The combination of methamphetamine and
alcohol increases rate-pressure product compared
with methamphetamine alone, possibly because of
increased methamphetamine absorption and dis-
tribution, coupled with decreased metabolism.?'-24
Concomitant methamphetamine and cocaine is also
associated with additive effects on vasoconstriction
and myocardial oxygen consumption, causing greater
cardiomyocyte damage in a rat model.?® Opioids,
which reduce oxygenation via their respiratory depres-
sant effects, may dysregulate the myocardial oxygen
supply and demand balance when used in conjunction
with methamphetamines.®

PATHOPHYSIOLOGIC MECHANISMS
OF METHAMPHETAMINE-
ASSOCIATED CARDIOMYOPATHY

The pathophysiologic mechanisms of methamphetamine-
associated cardiomyopathy (MACM) are thought to be
multifactorial, involving processes linked to both di-
rect and indirect myocardial damage (Figure 1). The
drug may cause direct myocardial injury through
several pathways, including: augmented free radi-
cal production promoting oxidative stress, apoptosis
via increased p53 activity, mitochondrial dysfunction,
altered gene expression, and defects in intracellular
calcium hemostasis.?® These processes contribute
to contractile dysfunction via detrimental effects on
electrical-mechanical coupling and calcium signaling
and by increasing inflammation. Chronically, inflam-
mation and loss of myocytes with replacement fibrosis
lead to dilated cardiac chambers with impaired sys-
tolic function (clinically denoted as dilated cardiomyo-
pathy and heart failure with reduced ejection fraction
[EF]).'8272° These direct effects of methamphetamines
on the myocardium are likely in addition to and com-
pounded by the indirect pathologic effects of short-
term and prolonged states of heightened sympathetic
activity. However, as a testament to the degree of ef-
fect from direct myocardial toxicity, He®® demonstrated
that methamphetamine-induced histopathological
changes in rat myocardium still occurred despite con-
trolling for sympathetic-related elevations in HR and BP
by use of a 3 blocker.

Methamphetamines may cause acute myocardial
ischemia through vasospasm of epicardial coronary
arteries and the microvasculature.’®3=33 In the long-
term setting, methamphetamines may cause ischemic
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associated cardiomyopathy.
Dysfx indicates dysfunction.

disease by accelerating the development of atheroscle-
rosis, as seen in both animal and human studies.'®19:84:85
However, most case reports of MACM documented
relatively normal coronary arteries.36%" Repeated or
prolonged episodes of hypertension, tachycardia, or
both may also summate to a chronic dilated cardio-
myopathy with reduced EF. Catecholaminergic surges
may also be responsible for the Takotsubo or “reverse
Takotsubo” pattern previously reported.s8
Histologically, methamphetamine use is asso-
ciated with myocytolysis and vacuolization, spotty
fibrosis, contraction band necrosis, atrophied and
hypertrophied myocytes, edema, and disrupted mi-
tochondria in rat models.?”813940 These findings are
corroborated by a human autopsy study, demon-
strating extensive myocardial remodeling with peri-
vascular and interstitial fibrosis, cellular vacuolization,
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Proposed pathophysiologic mechanisms for the development of methamphetamine-

and ongoing myocyte destruction with proliferation
of fibromyocytes in the interstitium.?® In a series of
100 cases of methamphetamine-related deaths, car-
diovascular pathological characteristics were found
in 68% of the cases, including microscopic hemor-
rhages, fiber hypertrophy, focal necrosis, and peri-
vascular fibrosis.®*

CHARACTERISTICS OF MACM

Epidemiological Characteristics and Risk
Factors

MACM is an increasingly recognized disease entity
in the midst of a growing methamphetamine epi-
demic.*=43 The percentage of MACM among new car-
diomyopathy cases in southern California has steadily
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increased from 1.8% in 2009 to 5.6% in 2014.43 An
Australian autopsy study of all methamphetamine-
related deaths found cardiomyopathy, mostly dilated,
in 5.5% of all cases.'®

Patients with MACM tend to be of younger age
compared with patients with cardiomyopathy attrib-
utable to other causes.®®4'43 A preponderance of
cases among men (60%—93%)?36-38.4243 a5 well as
ethnic vulnerability to developing MACM have been
described.? 4143 However, these trends may repre-
sent the respective populations being studied. Genetic
predisposition to development of cardiomyopathy in
methamphetamine users may exist via the CYP2D6
enzyme, the initial and rate-limiting step during metab-
olism of methamphetamine.** A single study involving
56 patients showed a trend toward increased dilated
cardiomyopathy among extensive metabolizers after
adjusting for age and sex.*®

Patterns of methamphetamine use may play
an important role in the development of MACM
as the pathologic effects of the drug have been
shown to be dose dependent and amplified by re-
petitive use, binge pattern use, and concomitant
use of other substances (see Physiologic Effects of
Methamphetamines). However, in an autopsy study
of methamphetamine-related deaths, route of ad-
ministration did not influence rates of cardiomeg-
aly, left ventricular (LV) hypertrophy, coronary artery
disease, cardiomyopathy, or replacement fibrosis.'®
Reported duration of use before onset of symptoms
appears highly variable, ranging from <7 months up
to 15 years.?9:8246-48 Jse of multiple illicit drugs has
been shown to be common among patients with
MACM,'82943 and a higher rate of alcohol abuse has
been reported in patients with MACM compared
with methamphetamine users without cardiomyop-
athy.*® Comorbid conditions commonly described in
HF populations, including diabetes mellitus, hyper-
tension, and obstructive coronary disease, are less
frequent among MACM patients, perhaps because
of young age at disease onset,29:36:41:50

Presentation

Patients with  MACM generally present with se-
vere heart failure with reduced EF (New York Heart
Association class Il to IV symptoms),?®3¢ while cardio-
genic shock has also been cited.?%485" Chest pain is
also a common complaint in both short- and long-term
settings.?2:%2%3 Although nonspecific, significant tachy-
cardia has been reported, which may reflect compen-
satory response to low cardiac output, hypotension,
hypoxia, and hyperthermia, but may also be an inde-
pendent effect from catecholamine excess attribut-
able to methamphetamines.’>324854 BP may be high
but can be low once cases progress to cardiogenic
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shock. MACM patients are at significantly greater odds
of multiple readmissions (>3 admissions in <6 months)
compared with patients with cardiomyopathy attribut-
able to other causes.*! Patients may show evidence
of other methamphetamine-related, noncardiac find-
ings, including cachexia, diaphoresis, track marks or
excoriations, excessive talking, dry mouth with tooth
decay (“meth mouth”), clenched jaw, hyperthermia,
and mydriasis.®®

Electrocardiogram

One study comparing the ECG findings of patients with
history of methamphetamine use with age- and sex-
matched controls found that tachyarrhythmia, right
axis deviation, lateral T-wave inversion, P pulmonale,
LV hypertrophy, QT prolongation, and inferior Q waves
were all significantly more prevalent.5®

Biomarkers

The utility of biomarkers in diagnosis of MACM is likely
similar to that of the general HF population. In a recent
retrospective study of 714 emergency department pa-
tients who tested positive for methamphetamine and
were screened for HF, 63% had elevated brain natriu-
retic peptide (>100 pg/mL; mean value, 1256+1209 pg/
mL), of whom 72% had LV dysfunction (mean EF,
34+18%) and 50% had severely reduced LV function.
Among methamphetamine-positive patients with el-
evated brain natriuretic peptide, creatinine was signifi-
cantly higher but not troponin 1.7

Echocardiography

Typical findings reported have included severe LV
dilatation and reduced systolic function, left atrial
enlargement, right ventricular dilatation, and dys-
function. Significant mitral and tricuspid valvular
regurgitation were common as well as pulmonary
hypertension, pericardial and pleural effusions,
and ascites.®6-3842 Global LV hypokinesis has been
most commonly cited, while Takotsubo or “reverse”
Takotsubo (hyperkinetic apex with hypokinetic base)
appearance has also been described.*®4"%8 |n com-
parison to echocardiographic findings of young
adults with other dilated cardiomyopathies, patients
with MACM had significantly larger left atrial and left
and right ventricular size, lower LVEF, and higher rate
of mitral regurgitation.®® Patients with MACM may be
especially prone to developing intracardiac thrombi,
with a reported prevalence as high as 33% for LV
thrombus and 3.3% for right ventricular thrombus.2%5°
This is likely a reflection of both severe cardiac dys-
functions and the heightened neurohormonal activa-
tion and prothrombotic state seen in MACM.2®
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Other Cardiovascular Manifestations

In addition to cardiomyopathy, methamphetamine
use is associated with other acute and chronic car-
diac complications. Acute myocardial infarction has
been documented in several case reports, often
being the result of vasospasm or coronary throm-
bosis in the absence of underlying coronary artery
disease.®?3360-62  Ajthough symptomatic coronary
artery disease is not common among patients pre-
senting with MACM,3® accelerated atherosclerosis
has been demonstrated in rat models and described
at autopsy in methamphetamine-related deaths with
plaque burden greater than expected for age.®> An
epidemiological cross-sectional study found a sig-
nificant association between methamphetamine use
and acute myocardial infarction while controlling for
other risk factors, including cocaine, alcohol, and to-
bacco use.®*

Acute aortic dissection, induced by hypertensive
crisis secondary to methamphetamines, has been re-
ported, perhaps suggesting that routine screening for
methamphetamines is useful among patients present-
ing with aortic dissection.®%®

Arrhythmias are not uncommon among patients
using methamphetamines. One study of amphetamine
and methamphetamine users found that among 230
cases, 3.5% presented with cardiac arrhythmias, in-
cluding ventricular tachycardia, premature atrial beats,
paroxysmal supraventricular tachycardia, and prema-
ture ventricular beats, and 34.3% had sinus tachy-
cardia with long QT.%” Sudden cardiac death has also
been associated with methamphetamine use, as might
be expected in the setting of increased rates of fibrosis
and heightened catecholaminergic state.?86°

Pulmonary arterial hypertension (PAH) has been
associated with methamphetamine use and may be
found in conjunction with cardiomyopathy, although
concomitance has not been clearly established. In a
retrospective study of patients with PAH, those with
idiopathic PAH were 10-fold more likely to have used
methamphetamines compared with patients with sec-
ondary PAH.”0 A recent study also described patients
with  methamphetamine-associated PAH as having
more severe clinical presentations and a more rapidly
progressive form of the disease compared with pa-
tients with idiopathic PAH.™

Outcomes and Recovery of Cardiac
Function

Given the general severity of presentation, prognosis
is often poor for patients with MACM. However, an im-
portant feature of MACM is the potential for recovery of
cardiac function with abstinence from methampheta-
mines. In rat models, cardiac lesions induced by long-
term methamphetamine exposure have been shown
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to be reversible after withdrawal of the drug.3®7? In a
case series of 19 patients with MACM presenting with
severe LV dysfunction (EF, 20+11%) and hemodynamic
instability, 6 demonstrated recovery of LV function at
6 weeks. Smaller LV and left atrial size, shorter duration
of methamphetamine use, reverse Takotsubo pattern,
and no evidence of myocardial fibrosis appeared to
predict early recovery.*® Schirer et al, using endomyo-
cardial biopsy, showed that in patients with MACM who
became abstinent, fibrotic burden was an independent
predictor of cardiac recovery (Figure 2).2° Several case
reports using cardiac magnetic resonance imaging
(CMR) to identify fibrosis also describe recovery of car-
diac function in patients with MACM without evidence
of late gadolinium enhancement.”

DIAGNOSTIC APPROACH

No consensus on diagnostic criteria for MACM
currently exists. In the literature, the presumptive
diagnosis of MACM has been based on recent meth-
amphetamine use or positive urine toxicological find-
ings, and exclusion of other common causes of HF.
We recommend obtaining a detailed history on drug
use, including duration and frequency (Table). Physical
examination may uncover signs of methamphetamine
use. Urine toxicological findings are helpful to detect
recent use, as methamphetamine may be present
in the urine for up to 2 and 4 days with short- and
long-term use, respectively. Caution is advised as high
false-positive rates are possible with medications,
such as pseudoephedrine, ephedrine, phenylephrine,
bupropion, trazadone, promethazine, and ranitidine.™
An echocardiogram is useful in detecting findings of
severe LV dysfunction or biventricular failure with global
hypokinesis and Takotsubo or reversed Takotsubo-
like appearance. Contrast echocardiography may be
needed to confirm the presence of intracardiac throm-
bus.” Ischemic evaluation is often warranted, espe-
cially in patients presenting with chest pain, troponin
elevation, and wall motion abnormalities. CMR may be
useful for assessment of the presence and degree of
myocardial fibrosis, a strong predictor of reversibility
of cardiac function, and the presence of intracardiac
thrombus.”®77

MANAGEMENT

Short-Term Management

Guidelines for the treatment of MACM have not been
established, and management should be inferred
from other forms of acute HF. In cases of cardiogenic
shock, choice of intravenous vasoactive therapies,
such as inotropes and vasopressors, should take
into account potential sequelae or complications of
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damage (magnification >200). Reprinted from Schiirer et al®® with permission. Copyright ©2017, Elsevier.

LV-EF indicates left ventricular ejection fraction.

methamphetamine (Figure 3). Tachycardia is often
present because of methamphetamine-mediated
sympathetic hyperactivity. Benzodiazepines, such
as midazolam, may be used to attenuate agitation
and sympathetic stimulation.*®”® Despite evidence
of B-blocker safety in the setting of amphetamine-
induced tachycardia and hypertension, initiation of
lower doses and careful dose titration are advised
in patients with significant cardiac dysfunction.”8°
Drugs with a mixed a-1 and [-adrenergic receptor
antagonist, like labetalol and carvedilol, provide more
complete adrenergic blockade.®' The use of intrave-
nous esmolol may be a prudent choice in patients
with  methamphetamine-induced tachycardia and
hemodynamic instability. Ivabradine may also reduce
HR without lowering BP significantly.®? Inotropic or
vasopressor support may be required to maintain
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peripheral perfusion in patients with severe HF and
cardiogenic shock but may be limited by worsening
tachycardia and vasoconstriction.3 To overcome the
limitations of these drugs, mechanical circulatory
support may be useful for hemodynamic stabilization
and as a bridge to recovery,?9:4851

Hyperthermia can be seen in patients using
methamphetamines, and cooling measures may
be considered to prevent neurologic damage, im-
prove tachycardia, and decrease the risk of arrhyth-
mias.8485 Hyperthermia is peripherally mediated,
involving excessive muscle activity. Because the
hypothalamic set point is not altered, antipyretics
may not be effective. In refractory cases, benzodiaz-
epines or paralysis with nondepolarizing neuromus-
cular blocking agents (ie, rocuronium or vecuronium)
can be considered.
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Table. Diagnostic Evaluation of Patients With Suspected MACM

Element of Presentation

Description

History of present illness

Methamphetamine use patterns (dose and frequency, duration of use,
binge use pattern, concomitant other drug or alcohol abuse)

Helps determine if methamphetamine is a factor in developing
cardiomyopathy as well as suggest potential for cardiac recovery

Symptoms

Chest pain

May be attributable to pulmonary congestion, acute coronary syndrome,
or aortic dissection

Shortness of breath, orthopnea, PND

Volume overload, informs need for diuresis

Physical examination

Vital signs: tachycardia, hypertension, and hyperthermia

Typical with active methamphetamine use

Poor dentition, cachexia

Provides evidence of methamphetamine use in patient not forthcoming;
also corroborates urine toxicological results

Displaced PMI, parasternal heave, S3, systolic murmur

Consistent with dilated cardiomyopathy

Elevated JVD, crackles, leg edema, ascites

Volume overload, informs need for diuresis

Cold extremities, low BP, decreased urine output, altered mental status

Poor perfusion attributable to cardiogenic shock

Laboratory findings

Urine toxicological findings

Positive for methamphetamine only if recent use; false positives occur
because of cross-reactivity with commonly used drugs/substances

Troponin

Mostly attributable to heart failure but may also suggest acute coronary
syndrome

Brain natriuretic peptide

Typically elevated in patients with MACM

Lactate

Elevated levels indicate hypoperfusion and possible cardiogenic shock

BUN/creatinine

Acute kidney injury may be secondary to cardiorenal syndrome, but
could also be attributable to rhabdomyolysis

Creatine kinase

Should be checked in all patients to assess presence of rhabdomyolysis

Imaging

Echocardiography: dilated atria and ventricles, Takotsubo or reverse
Takotsubo, mitral and tricuspid

regurgitation, pulmonary hypertension, pleural effusion, intracardiac
thrombus

Smaller ventricles and Takotsubo appearance may be more likely
to recovery of cardiac function; special attention should be given to
identifying intracardiac thrombus (contrast echocardiography and MRI)

Right heart catherization: elevated right and left ventricular filling
pressures, pulmonary hypertension

Methamphetamine often causes biventricular dysfunction with or without
PH

Coronary angiogram: nonobstructive CAD and vasospasm

Methamphetamine accelerates atherosclerosis; however, most patients
with myocardial infarction demonstrate nonobstructive CAD; if suspicion
is high for vasospasm but it is not seen, consider provocative measures

Prognostication

Cardiac MRI/endomyocardial biopsy

Fibrotic burden may predict cardiac recovery if abstinence is achieved

BP indicates blood pressure; BUN, blood urea nitrogen; CAD, coronary artery disease; JVD, jugular venous distention; MACM, methamphetamine-associated
cardiomyopathy; MRI, magnetic resonance imaging; PH, pulmonary hypertension; PMI, point of maximal impulse; and PND, paroxysmal nocturnal dyspnea.

Proactive screening for intracardiac thrombi in pa-
tients presenting with MACM is advised given the el-
evated risk.?® Contrast echocardiography and CMR
will provide a higher sensitivity for the detection of in-
tracardiac thrombi.”>7"88 Prophylactic anticoagulation
is indicated in the hospitalized patient, and long-term
anticoagulation should be considered in those with se-
vere LV dysfunction.®’

In patients presenting with MACM complicated
by acute coronary syndrome, coronary vasospasm
must be considered as a cause.®>32 Diagnostic cor-
onary angiography should be used according to
guidelines and, if vasospasm is suspected, vasodila-
tory medications should be considered. If 3 blockade
is initiated, a 3 blocker with a-1 receptor antagonist
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activity (ie, carvedilol and labetalol) may be better
tolerated.

Rhabdomyolysis is a common and challenging
complication of methamphetamine use and often
leads to acute kidney injury.®® Electrolyte distur-
bances and acidosis may contribute to proarrhyth-
mic risk and negative inotropy. Usual management
of rhabdomyolysis requires rapid administration
of isotonic fluid that may be prohibitive in a patient
presenting in acute HF. Active surveillance for rhab-
domyolysis by checking creatinine kinase and urine
studies early on may be prudent. If rhabdomyolysis is
suspected, hemodialysis with ultrafiltration should be
considered early to prevent imminent, severe renal
damage.



Reddy et al

Methamphetamine-Associated Cardiomyopathy

Hypoxia = supplemental
oxygen, NPPV or intubation

Excessive tachycardia >
consider BDZ, beta blockade*,
ivabradine

Hypertensive emergency >
consider BDZ and vasodilators

o
c
()
S
(%]
(%]
[}
(%]
(%]

<<

©

B

=

Hypotension/hypoperfusion
(cardiogenic shock) >
Inotrope/vasopressor support,
RHC, MCS

Expected Complications

V-

Volume Overload = Diuresis
and venodilators

Rhabdomyolysis = IVF +
diuresis, dialysis

Hyperthermia - cooling
measures

Coronary or Peripheral
Vasospasm —> nitroglycerin,
calcium channel blockade*

Abstinence - multi-disciplinary
approach involving psychiatry
and social work

Intracardiac Thrombus - long
term anticoagulation

GDMT - general heart failure
therapies are appropriate.
Caution with beta blocker if
active MA use

Chronic Management

End stage HF - consider
durable VAD and transplant if
abstinent

Figure 3. Management of acute and chronic methamphetamine (MA)-associated cardiomyopathy presentations.
*Caution is advised if patient is actively using MAs. BDZ indicates benzodiazepines; GDMT, guideline-directed medical therapy; HF,
heart failure; IVF, intravenous fluid; MCS, mechanical circulatory support; NPPV, noninvasive positive pressure ventilation; RHC, right

heart catheterization; and VAD, ventricular assist device.

Long-Term Management

Currently, no studies have evaluated medical thera-
pies specifically in patients with MACM. However, until
further data are available, patients with MACM should
be treated with guideline-directed medical therapy for
heart failure with reduced EF (Figure 3).%° Abstinence
from methamphetamines may allow significant recov-
ery of cardiac function; therefore, resources should
be dedicated to that end. Because of the high risk for
intracardiac thrombi, long-term anticoagulation should
be considered.

Consideration for primary prevention implantable
cardioverter-defibrillator implantation should follow
the usual criteria for heart failure with reduced EF. As
some patients with MACM may recover cardiac func-
tion, patients should be reassessed after a period of
abstinence from methamphetamines. CMR can help
to predict cardiac recovery in MACM patients.”76 A
wearable cardioverter-defibrillator may be appropriate
as a bridge to recovery or decision. More important,
high defibrillation thresholds have been reported in
patients with MACM, making defibrillation threshold
testing and empiric consideration of high-output de-
vices mandatory.8 Given the tendency to have se-
verely reduced EF, many patients with MACM will be
indicated for an implantable cardioverter-defibrillator.
However, one recent study found that only 14% of
these patients actually received a device.*® This is
presumably because of social factors that make pro-
viders apprehensive about offering implantation of an
intracardiac device. Because of the intense addiction
nature of the drug and perhaps other concomitant
psychiatric illness, methamphetamine users often lack
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insight into the severity of their own disease, therefore
limiting their ability to follow up after device implanta-
tion. Homelessness, which is common among meth-
amphetamine users, can also make attending clinic
appointments difficult. Without proper device surveil-
lance, complications, such as pocket infection, lead
fracture, or battery drain, may go unaddressed for ex-
tended periods. Increased prevalence of intravenous
drug use also predisposes patients with MACM to de-
veloping infectious endocarditis with a possible com-
plication being lead infection requiring device explant.

Patients with severely impaired cardiac function
who are refractory to medical therapy should be
considered for mechanical circulatory support as
destination therapy or as a bridge to transplantation;
however, similar social limitations to those mentioned
above apply here as well. Furthermore, even with
established abstinence from methamphetamines,
patients with a previous history of substance abuse
may demonstrate poor compliance after receiving
mechanical circulatory support or transplantation,
thus leading to poor outcomes.®0-92

Promotion of Abstinence From
Methamphetamines

The importance of abstinence from methampheta-
mines cannot be overstated from a public health per-
spective. Although the specifics of cessation efforts
are beyond the scope of this review, we advise that
clinicians seek a multipronged approach with the help
of primary care providers, psychiatry, social work,
and substance abuse counselors. Psychosocial in-
terventions, including securing housing, establishing
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a support network, and receiving cognitive therapy,
are important factors. Medical interventions should
be considered with the aid of an addiction medicine
specialist. Patients may also benefit from admission to
dedicated rehabilitation centers.

FUTURE CONSIDERATIONS

MACM is increasingly recognized as a severe form
of cardiomyopathy, poised to become more preva-
lent in the midst of a growing methamphetamine
epidemic worldwide. There should be a sense of ur-
gency and commitment from the medical commu-
nity to further characterize this disease so that we
may be better equipped to care for this population.
Risk factors for developing MACM should be iden-
tified through careful epidemiologic studies in con-
junction with basic science investigation. Prospective
studies are needed to determine the natural history
of the disease, determine expected complications,
and evaluate how therapies may improve longitudi-
nal outcomes. Prognostic factors must be explored
further, especially those related to predicting cardiac
recovery, as this determination will most significantly
impact management. CMR in this regard appears
particularly promising. Finally, medical and govern-
mental resources should be appropriately dedicated
to methamphetamine cessation and rehabilitation,
not only from a public health perspective but to re-
duce overall healthcare cost burden as well.
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