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Heart failure is a major clinical problem in developed countries with about half of heart failure patients exhibiting decreased left
ventricular systolic function. The correct identification and prompt treatment of some specific etiologies can reverse heart failure,
and recognition of myocardial recovery may avoid long-term therapy. However, the echocardiographic patterns of patients with a
variety of etiologies of heart failure are similar, so the selective use of other imaging techniques is necessary for identification of
specific etiologies. The role of repeat imaging in monitoring the therapeutic response is controversial, as is the cessation of

medical therapy in patients demonstrating recovery.
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INTRODUCTION

Heart failure is one of the most important health problems
in both the developed and developing world.” In developed
countries, the incidence of heart failure is 1-2%,” and the
prevalence rises to > 10% among persons > 70 years of age.”
Hospital admissions for heart failure have markedly increased
with rising life span and prolonged survival of patients with
cardiac problems.” Identification of the underlying etiology is
important because the management of the underlying disease
differs. However, heart failure is a clinical diagnosis; chest ra-
diography and electrocardiography are insensitive in the de-
tection of left ventricular (LV) systolic dysfunction, and only
about 50% of heart failure patients show decreased LV ejec-
tion fraction.”? Imaging tools can give information about LV
systolic function, additional cardiac structural abnormalities,
hemodynamic status and sometimes the chance of reversibili-
ty. Moreover, repeated imaging studies can be used in the as-
sessment of therapeutic responses.

Although most patients with heart failure have a chronic,
progressive and eventually fatal disease, a subgroup has a po-
tentially reversible condition.” Failure to recognize this may
lead to patients not being given specific therapy, inappropriate

insertion of implantable devices or continuing on heart failure
therapy after resolution of the problem. As these patients with
reversible cardiomyopathy have similar echocardiographic
findings (dilatation of left, right or both ventricles with im-
paired systolic function), consideration of potential etiology
should be the second diagnostic step in patients with im-
paired LV systolic function. This review focuses on the echo-
cardiographic and cardiac magnetic resonance (CMR) imag-
ing patterns and clinical outcomes of heart failure etiologies
causing reversible LV systolic dysfunction (Table 1).

DIAGNOSTIC TOOLS FOR LV EVALUATION
IN HEART FAILURE

Because some etiologies that lead to LV systolic dysfunction
are potentially reversible, it is important to identify the un-
derlying condition responsible for the cardiac abnormalities.”

ECHOCARDIOGRAPHY

This is usually the initial and preferred diagnostic test in
the assessment of heart failure.” Its use to distinguish systolic
heart failure is critical in decision-making about drugs and de-

vices such as implantable devices or ventricular assist device.”
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Table 1. Possible causes of reversible cardiomyopathy

Etiology

Clues

Acute viral myocarditis and acute fulminant
myocarditis

Peripartum cardiomyopathy

Stress-induced cardiomyopathy

Endocrine disorders
Catecholamines and pheochromocytoma
Hyperthyroidism
Adrenal insufficiency
Growth hormone associated

Tachycardia-induced cardiomyopathy

Deficiencies (thiamine, phosphate, carnitine,
selenium, etc.)

Drugs and toxins (alcohol, carbon monoxide,

Usually have antecedent flulike symptoms

Acute myocarditis can show dilated four cardiac chambers with normal ventricular septum or
regional involvement

Acute fulminant myocarditis can reveal normal or near normal left ventricular cavity with
thickened ventricular septum

Occurs in the peripartum period (from 1 month before delivery to 5 months postpartum)

Association with intense emotional or physical stresses in patients without known coronary artery
disease

Regional wall motion abnormality extends beyond the distribution of any of one of single coronary
artery

Confirm diagnosis with hormonal assay and imaging studies
Usually be reversed by correction of underlying endocrine disorders

Symptoms of catecholamine excess (paroxysmal symptoms of palpitation, headaches and
diaphoresis) or hypertension

Symptoms of thyroid hormone excess (weight loss despite of good diet, palpitation and
nervousness)

Symptoms of adrenal insufficiency (worsening fatigue, weight loss with loss of appetite, darkening
of skin and orthostatic hypotension)

Both growth hormone excess and deficiency can associated with reversible cardiomyopathy

Prolonged tachycardia, atrial or ventricular arrhythmias, can be associated
Should suspect it with left ventricular systolic dysfunction with persistent tachycardia
(> 100 beats/min)

Usually associated with malnutrition, intoxication or misuse of illegal drugs
Can show symptoms of deficiency with heart failure

Usually associated with specific use or exposure before developing heart failure

cocaine, and some medications)

Cardiac sarcoidosis

Should consider cardiac sarcoidosis in patients diagnosed with extracardiac sarcoidosis

If cardiac sarcoidosis coexist with pulmonary sarcoidosis, hilar lymphadenopathy and/or pulmonary
parenchymal change may exist with cardiomegaly

Decreased LV ejection fraction has been associated with poor
prognosis.” In addition to assessment of ventricular size and
systolic function, echocardiography can provide information
about diastolic, valvular function and hemodynamic status.” Se-
quential echocardiography is widely used for monitoring the
evolution of the condition and response to therapy. While this
latter application is considered appropriate especially in patients
with a change in clinical status (appropriateness score 9),” the
large (> 10%) confidence intervals of ejection fraction mea-
sured with 2-dimensional echocardiography suggest this may
not be a useful tool for identification of subtle changes.”

Some echocardiographic features can provide clues to the
causative etiology of heart failure, although tissue character-
ization with other imaging such as CMR is often required to
clarify the differential diagnosis. For example, specific patterns
of regional wall motion abnormalities suggest coronary artery
disease. Distinction of this from the regional heterogeneity of
dilated cardiomyopathy may be supported by ischemic or via-
ble responses to either exercise or pharmacologic stress echo-
cardiography,” as well as coronary imaging with CT and scar
imaging with CMR. Likewise, ambiguity about the cause of LV
thickening in hypertensive heart failure may be elucidated by
techniques characterizing myocardial infiltration. Finally, while

apical ballooning or mid to basal ballooning can be a clue of
stress-induced cardiomyopathy (SCMP),'”'" other testing may
be needed to exclude acute myocardial infarction (AMI).

ROLE OF CMR

Although echocardiography is extremely versatile and read-
ily accessible, image quality is often limited, and geometric
assumptions are required to quantify LV systolic function.
Furthermore, it lacks the ability to provide more detailed tis-
sue characterization, which can be extremely important in de-
fining the etiology of heart failure. CMR is currently consid-
ered the gold standard for the assessment of LV mass, systolic
function, and assessment of myocardial fibrosis. CMR has the
ability to image in any three dimensional plane, offering the
ability to produce extremely accurate and reproducible assess-
ment of LV and right ventricular (RV) volumes, ejection frac-
tion, and mass, without relying on geometric assumptions
that can result in significant miscalculations particularly in di-
lated ventricles.'?*?

In addition, CMR offers the ability to assess myocardial per-
fusion as well as implementing other imaging techniques {de-
layed hyperenhancement (DHE) imaging, T1-weighted, T2-
weighted, and fat suppression imaging techniques} to assess
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for myocardial fibrosis as well as myocardial edema. DHE im-
aging allows for the identification of myocardial fibrosis with
high resolution and offers the ability to differentiate between
types of cardiomyopathies, based on patterns of fibrosis (Fig.
1).19 DHE-CMR can identify significant coronary artery
disease and decrease the need of conventional coronary angiog-
raphy in patients presenting with heart failure of uncertain
etiology.'® T1- or T2-weighted image sequences provide the
ability to differentiate between fat, muscle, and areas of in-
flammation, based on the different proton relaxation proper-
ties of these tissues. Tissue edema appears bright on T2-
weighted images in both acute coronary syndromes as well as
inflammartory processes such as cardiac sarcoidosis or myocar-
ditis.'”"® Myocardial edema may occur in isolation, but is of-
ten accompanied by characteristic patterns of myocardial fi-
brosis, which has the ability to elucidate the etiology of
decreased ventricular function. The standard T2-weighted
image sequences use turbo spin-echo sequences, and have
been limited by artifacts (e.g., posterior wall signal loss caused
by through-plane motion or bright rim artifacts caused by
stagnant blood along the endocardial surface).”” However, re-
cent advances in T2-weighted methods have been developed
which have demonstrated increased diagnostic accuracy and
may improve the reliability of CMR edema imaging.'®"”

Although DHE sequences on CMR is widely utilized for
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assessing regional myocardial fibrosis/scarring this relies on
the relative difference in signal intensity between scarred and
the presumed normal adjacent myocardium to generate image
contrast. Scar formation in infarcted myocardium is due to re-
placement of the myocardium with collagen. Such areas of
dense fibrosis have a much slower washout rate of gadolinium-
based contrast than healthy myocardium, thus resulting in
markedly increased signal intensity on T1-weighted imaging
within the infarcted myocardium. A key shortcoming to de-
layed contrast-enhanced CMR is that it relies on the assump-
tion that the surrounding and remote myocardium is truly
normal and that there is a distinct difference in gadolinium
washout kinetics. Because collagen deposition in nonischemic
cardiomyopathy is commonly diffuse, the technique of de-
layed contrast enhancement often shows no regional scarring.
However, T1 mapping allows for the calculation of the re-
laxation time of each pixel within a parametric image, which
can detect subtle differences in regional tissue characteristics.
Therefore, contrast resolution not dependent on relative dif-
ferences in signal intensity as it is with DHE scar imaging.
Therefore, this newer CMR technique may prove to be useful
in evaluating various reversible cardiomyopathies. Several
techniques for measuring myocardial T1 to identify myocar-
dial fibrosis with T1 mapping have been described in the lit-

erature. 92020
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Fig. 1. The patterns of delayed hyperenhancement of the heart. HCM: hypertrophic cardiomyopathy, RV: right ventricle, DCM:

dilated cardiomyopathy.
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REVERSIBLE CARDIOMYOPATHIES

ACUTE MYOCARDITIS

Myocarditis, immune and viral mediated cardiac damage, is
about 15% of the patients with a new onset dilated cardiomy-
opathy or heart failure.”” Despite up to 50% of patients have
no identifiable etiology with a full and complete evaluation,
the determination of the etiology is important in the treat-

ment and prediction of the prognosis.””

ACUTE VIRAL MYOCARDITIS

Acute viral myocarditis is a common cause of acute myocat-
ditis and Coxsackie B virus is the most common cardiotropic
virus. Although the clinical presentations are variable, the ma-
jority of patients have antecedent flulike symptoms.

Echocardiographic examination is helpful in the detection
of heart failure. All cardiac chambers can be dilated in the se-
vere and diffuse myocarditis. LV dysfunction with segmental
involvement reflects the focal involvement of myocarditis.
Echocardiography can detect other structural abnormalities
including intracardiac thrombi, valvular regurgitation, and
pericardial involvement. Endomyocardial biopsy showed
myocardial inflammation and edema. CMR is a good diagnos-
tic modality in the detection of acute myocarditis. T2-weight-
ed imaging can detect tissue edema sensitively with the long
T2 of water-bound protons as the contrast-generating mecha-
nism. Edematous portion in the myocardium show in a high
signal intensity.””

ACUTE FULMINANT MYOCARDITIS

Acute fulminant myocarditis is defined on the basis of clini-
cal pathological criteria. Patients with acute fulminant myo-
carditis have a history of an acute viral syndrome within 2
weeks of presentation.”” They usually present with profound
heart failure with severe hemodynamic compromise, often re-
quiring inotropic agents, intra-aortic balloon pump or ven-
tricular assist device.”” Echocardiographic findings in these
patients include decreased LV systolic function with near nor-
mal LV cavity dimensions and increased septal thickness,
while those of acute myocarditis include increased LV cavity
size and normal septal thickness.”

Patients with fulminant myocarditis die or recover spontane-
ously within 2 weeks. They have better 5-year survival com-
pared with those with acute myocarditis.*”

PERIPARTUM CARDIOMYOPATHY

Peripartum cardiomyopathy is a rare cardiomyopathy of un-
known etiology that occurs in the peripartum period (from 1
month before delivery to 5 months postparcum).® The diag-
nosis requires both the absence of an identifiable cause for the
heart failure and recognizable heart diseases prior to the last
month of pregnancy. Because there are no available popula-
tion-based studies and symptoms of early heart failure are

similar to symptoms experienced by many women in the last
month of a normal pregnancy, the incidence of peripartum
cardiomyopathy is unknown. Risk factors include multiparity,
advanced maternal age, multifetal pregnancy, preeclampsia,
gestational hypertension, and African-American race.”® Be-
cause the multifetal pregnancy rate has risen rapidly over the
last decades, the incidence of peripartum cardiomyopathy may
have increased.””

The possible mechanisms for this cardiomyopathy include
myocarditis, abnormal immune responses to pregnancy, ab-
normal hemodynamic response to increased blood volume in
pregnancy, and prolonged use of tocolytics.>”

Symptoms and signs that may suggest heart failure include
paroxysmal nocturnal dyspnea, chest pain, cough, jugular ve-
nous distension, new onset cardiac murmurs and pulmonary
crackles. As there are no specific criteria for differentiating the
subtle symptoms of heart failure from symptoms of normal
late pregnancy, the diagnosis of peripartum cardiomyopathy is
usually based on the echocardiographic demonstration of new
onset LV systolic dysfunction. Echo-cardiographic patterns in-
clude diffuse hypokinesia with increased LV diastolic dimen-
sions.” Patients with initial severe LV systolic dysfunction
and larger IV dimensions seem unlikely to regain normal LV
function on follow-up.?®*”

Myocardial inflammation and fibrosis can be detected by
CMR in the acute stages. Several case studies and one case se-
ries demonstrated that patients with DHE had worse out-
comes than those who did not.*”*" Furthermore, myocardial
inflammation seen in the acute phases on T2-weighted images
was transient in most cases, and DHE may regress in some pa-
tients.*”

In addition to the use of standard therapy for heart failure (di-
uretics, vasodilators and digoxin), prolactin inhibition®”
provide potential benefit to patients with peripartum cardio-
myopathy. Careful attention must be paid to select drugs rela-
tively safe for mother and fetus and to exclude those that can
evoke fetal abnormalities. The duration of treatment is still
unknown. Though the majority of peripartum cardiomyopa-
thy patients recover partially or are completely improved with
treatment, the reported mortality rates lie between 18% and
56% .29 Moreover, subsequent pregnancy in these patients
can be associated with a recurrence of peripartum cardiomy-
opathy and can result in death.”

may

STRESS-INDUCED CARDIOMYOPATHY

SCMP is a syndrome of reversible LV systolic dysfunction
with characteristic apical ballooning in patients without sig-
nificant epicardial coronary artery stenosis.'”*? This syndrome,
also known as Takotsubo cardiomyopathy, is believed to be as-
sociated with various clinical scenarios, especially with intense
mental or emotional stress.’”
cause this kind of cardiomyopathy. Park et al.’® reported their

data of patients admitted to the medical intensive care unit.

However, physical stress can
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They reported 28% of patients showed apical ballooning and
they were usually associated with hypotension, sepsis, cardio-
megaly and use of inotropic agents.

SCMP occurs usually in women over SO years of age, and
the typical features include profound mental stress immedi-
ately preceding and triggering the cardiac events, acute
retrosternal chest pain with ST-segment change and/or T-
wave inversion, absence of significant coronary artery stenosis
by coronary angiography, and LV systolic dysfunction with
abnormal wall motion of apex (apical ballooning).'” There is
a variant of apical ballooning syndrome. Transient mid- and
basal-ventricular ballooning is a new variant of the transient
LV apical ballooning syndrome. The involvement of the LV’s
mid- and basal-ventricle with sparing of the apical segment
is the unique finding of this variant.”® Because the guideline
excludes the presence of pheochromocytoma in the diagnosis
of SCMP, the presence of a specific pattern with pheochromo-
cytoma should be classified as catecholamine-induced cardio-
myopathy.>”

Echocardiography is a useful method to diagnose this type
of cardiomyopathy. Transthoracic echocardiography usually
demonstrates LV systolic dysfunction with typical apical bal-
looning and/or midventricular hypokinesia, and the wall-mo-
tion abnormality extends beyond the distribution of any of
one single coronary artery.'”'" Transient LV hypokinesia can
be restricted to the midventricular segment and/or basal seg-
ment without involvement of the apical segment in a minor
population.*® The involvement of RV can be observed in 26%
of patients, and seems to be associated with the presence of
more severe LV systolic dysfunction and pleural effusion.’®

CMR can be useful in the assessment of SCMP. The distinc-
tion between an ischemic process vs. SCMP can be difficult at
times. Patients who have the left anterior descending coronary
artery thrombus which then recannulated can appear to have
no significant disease on coronary angiogram, and may mis-
takenly be diagnosed with SCMP. Furthermore, patients with
microvascular obstruction may have normal appearing epicar-
dial vessels on coronary angiography. CMR can differentiate
between ischemic etiologies and SCMP with perfusion imag-
ing, T2-weighted imaging and DHE. Patients with SCMP
typically have characteristic wall motion defects similar to
that seen in anteroapical infarction. Patients with SCMP may
have small areas of subtle DHE in a pattern that is distinctly
different from DHE seen in patients with myocardial fibro-
sis.””” Myocardial edema may also be present in these seg-
ments on T2-weighted images."”"" Furthermore, a recent
multicenter study using CMR demonstrated that SCMP may
also present in other patterns of myocardial dysfunction, such
as biventricular dysfunction, mid-ventricular dysfunction, and
basal dysfunction. Patients in this study who had no DHE
demonstrated complete recovery of the LV function on follow-
up CMR.

However, SCMP can be misdiagnosed as AMI, and AMI
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can be misdiagnosed as SCMP.™® The recent guidelines for the
diagnosis of SCMP?” define this entity on the basis of acute
LV apical ballooning, after exclusion of AMI. Although there
is lack of agreement on the necessity of coronary angiography,
either this or coronary CT is usually performed to exclude cor-
onary occlusion. DHE-CMR may be used in the identification
of the presence of a significant coronary artery disease and de-
crease the need of conventional coronary angiography.'®

The treatment of SCMP is similar to that of ischemic LV
dysfunction. However, the prognosis of SCMP is good, with
rapid recovery within a week.'"*” For this reason, not only is
appropriate imaging an important step to confirm the diagno-
sis, but follow-up imagine is often performed to confirm reso-
lution.

ENDOCRINE ETIOLOGIES

CATECHOLAMINE-INDUCED CARDIOMYOPATHY AND
PHEOCHROMOCYTOMA

Both endogenous and exogenous catecholamines have direct
effects on the myocardium, including myocarditis and endocar-
dial and myocardial hemorrhage.” Subcutaneous injection of
catecholamines and high dosage of some of sympathomimetic
drugs, for example, methamphetamine, can cause catechol-
amine-induced cardiomyopathy.*”" Pheochromocytoma is a
well-known cause of catecholamine-induced cardiomyopathy.*

The exact incidence of pheochromocytoma is unknown, but
with the recent, widespread use of CT in routine screening, its
incidence as an incidental finding is increasing, and the inci-
dence of LV dysfunction associated with pheochromocytoma
remains low."”

Echocardiographic examinations of patients with pheochro-
mocytoma have shown both dilated and hypertrophic cardio-
myopathies, as well as obstruction of the LV outflow tract.®®
However, variable types of SCMP can be associated with
pheochromocytomas and iatrogenic catecholamine excess.*”

Elevated levels of circulating catecholamines may cause di-
rect myocardial injury. CMR can be useful in identifying such
injury resulting from adrenergic myocarditis. Myocardial ede-
ma on T2-weighted imaging and diffuse and patchy DHE
can be seen. Increased myocardial wall thickness and areas of
hypokinesis can also be seen in areas of edema and myocardial
fibrosis.™

The treatment of these patients includes normalization of
circulating catecholamine levels, decreasing sympathetic re-
sponse with alpha- and beta-blockers and conventional treat-
ment of heart failure. LV function normalizes rapidly with
decrease of circulating catecholamine levels.*® The prognosis
of LV systolic dysfunction associated with pheochromocyto-
ma is good.

HYPERTHYROIDISM
Thyroid hormone excess has cardiovascular manifestations
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that include cardiomegaly, heart failure, or atrial fibrillation,
both as de novo cardiac disease as well as aggravating pre-ex-
isting cardiac problems.’”

The mechanisms of LV systolic dysfunction include circula-
tory and cardiac factors. The circulatory changes include in-
creased total blood volume, decreased systemic vascular resis-
tance, and shortened circulation time. These changes decrease
afterload and increase preload of the LV. Cardiac factors in-
clude increased cardiac output, increased heart rate and direct
effects of thyroid hormones on cardiac muscles. Also, thyroid
hormones can potentiate actions of catecholamines.’” In-
creased cardiac work, reduced cardiac contractile reserve, and
sustained tachycardia can result in LV systolic dysfunction.””

About 6% of patients with thyrotoxicosis show symptoms
of heart failure, although the incidence of LV systolic dysfunc-
tion is < 19.°? In these patients, echocardiography shows LV
enlargement, diffuse LV hypokinesia or IV systolic dysfunc-
tion with apical ballooning.” RV dysfunction and tricuspid
regurgitation may occur. Patients with hyperthyroidism have
not been shown to exhibit any myocardial edema, increased
wall thickness, or DHE on CMR >

Management of thyrotoxicosis related LV systolic dysfunc-
tion includes identification of the underlying disease and the
rapid reversal of adrenergic tone with use of beta-blocking
agents. Other treatments are similar to the conventional treat-
ment of heart failure.

ACUTE ADRENAL INSUFFICIENCY

Acute adrenal insufficiency can be associated with reversible
cardiomyopathy without regional wall motion abnormalities
(diffuse hypokinesia).” It can result from two hemodynamic
profiles: shock with high cardiac output and low systemic vas-
cular resistance. Massive intravenous fluid therapy may trans-
form a patient in hypovolemic shock with myocardial incompe-
tence into one with shock with high cardiac output.’® CMR
can identify patients who have had coronary vasospasm or se-
vere epicardial artery disease resulting in myocardial infarction
with DHE imaging. T2-weighted imaging can also provide
assessment of the area at risk. LV systolic dysfunction usually
recovers rapidly with glucocorticoid therapy.

ACROMEGALY DUE TO PITUITARY ADENOMA

There is a case report with severe dilated LV systolic dys-
function associated with acromegaly.’” In this case, LV systolic
function improved with the removal of the pituitary adeno-
ma. It has also shown to be associated with increased T2 val-
ues on CMR, which may represent myocardial edema. In ad-
dition, patients with acromegaly have significantly increased
LV mass on CMR.*®

ACUTE GROWTH HORMONE DEFICIENCY
Reversible LV systolic dysfunction has been reported in acute
growth hormone deficiency due to Sheehan’s syndrome.”

TACHYCARDIA-INDUCED CARDIOMYOPATHY

Prolonged tachycardia can cause reversible cardiomyopa-
thy.” Sustained rapid atrial or ventricular pacing for about 24
hours can cause severe biventricular systolic and diastolic dys-
function in animal models.®” In a human series, various at-
rhythmias caused tachycardia-induced cardiomyopathy in-
cluding atrial fibrillation, atrial tachycardia, accessory pathway
associated tachycardias, atrioventricular node reentry tachycar-
dia and ventricular tachycardia associated with LV systolic
dysfunction. Frequent ventricular premature complexes can
be associated with transient LV systolic dysfunction.®”

The precise mechanisms responsible for developing cardio-
myopathy are unknown. The proposed mechanisms include
myocardial energy depletion and impaired utilization of ener-
gy, myocardial ischemia, abnormal regulation of cardiac calci-
um metabolism, and remodeling of cardiomyocytes and extra-
cellular matrix.*”

Tachycardia-induced cardiomyopathy can occur in any age
group. Although the ventricular rate that causes tachycardia-
induced cardiomyopathy has not been determined in humans,
clinicians should suspect it when LV systolic dysfunction ac-
companies persistent tachycardia (> 100 beats/minute).”” The
main differential diagnosis is increased sympathetic activity
and tachycardia due to reduced stroke volume.

Echocardiography usually shows left and right ventricular
dilatation and decreased systolic function, but this can occur
in association with other forms of heart disease.*” CMR can
provide precise assessment of LV and RV function and vol-
umes. Tachycardia-induced cardiomyopathy should not result
in DHE. The presence of DHE and the pattern of this finding
should raise the suspicion of an alternative etiology for LV
dysfunction, based on the pattern of fibrosis.

This type of LV systolic dysfunction can improve rapidly
(often within 4 weeks) with intervention or correction of the
underlying cause of their tachycardia,” but complete reverse
remodeling may be slow (6 months or more). Recognition of
this entity allows institution of heart rate control, although
this may be ineffective, especially in atrial fibrillation, perhaps
reflecting a role of variation in RR interval as well as tachycar-
dia.®® Therapies include medications lowering heart rate, car-
dioversion or radiofrequency ablation of arrhythmias, and an-
tiarrhythmic surgery.®” Even though LV function normalizes
rapidly with treatment, recurrent tachycardia can cause rapid
decline in LV function, development of heart failure and sud-
den cardiac death.®”

DEFICIENCIES

Deficiencies of nutrients, electrolytes or trace elements can
cause LV systolic dysfunction. Sometimes these patients ex-
hibit other symptoms of deficiencies, i.e., patients with hypo-
phosphatemia show skeletal muscle weakness.” These defi-
ciencies are usually associated with malnutrition, intoxication
or misuse of illegal drugs. Correction of these deficiencies can
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improve LV systolic function with time.

THIAMINE DEFICIENCY

Thiamine is a coenzyme that assists in macronutrient oxida-
tion and the production of cellular adenosine triphosphate.*®
Because thiamine is a water soluble B-complex vitamin, thia-
mine deficiency is usually caused by malnutrition and/or ex-
cess diuretic use.®®® One study reported thiamine deficiency
in about one-third of patients with congestive heart failure.*”
Thiamine deficiency is characterized by peripheral vasodilata-
tion,*” and in addition to LV dilatation and dysfunction, these
patients may have RV dysfunction with severe pulmonary hy-
pertension.”” The presence of skeletal muscle edema in pa-
tients with thiamine deficiency induced myopathy can be
identified with T2-weighted imaging on magnetic resonance
imaging,”” suggesting the same process may be used to iden-
tify myocardial edema in patients with thiamine deficiency
and LV dysfunction. With thiamine replacement, the im-
provement is dramatic and rapid.®"

HYPOPHOSPHATEMIA

Transient LV systolic dysfunction can occur as a consequence
of chronic ingestion of large quantities of a phosphate, for exam-
ple as antacid.”” Hypophosphatemia may cause diffuse LV dila-
tation and dysfunction as well as profound skeletal muscle
weakness. After restoration of the serum phosphorus level, LV
systolic dysfunction usually normalizes within 2 to 5 weeks.®”

HYPOCALCEMIA AND HYPOPARATHYROIDISM

Reversible LV systolic dysfunction can be associated with
hypocalcemia and hypoparathyroidism.”? The resultant hypo-
calcemia and hypomagnesemia are possible mechanisms of LV

systolic dysfunction.”®

CARNITINE DEFICIENCY

A small percentage of dilated cardiomyopathy and hyper-
trophic cardiomyopathy cases result from carnitine deficien-
cy,”” and dietary supplement of L-carnitine improves mortali-
ty, especially in children.”®

SELENIUM DEFICIENCY

Selenium, an essential trace element, is a component of glu-
tathione peroxidase and may prevent oxidative damage to
cells. Selenium deficiency has been noted to cause dilated car-

diomyopathy, especially in children with poor nutrition.”

CARDIOMYOPATHIES DUE TO DRUGS AND TOXINS

Some patients with hypertensive and alcoholic cardiomyopa-
thy recover with treatment. Also, some patients with myocardi-
al infiltrative diseases like hemochromatosis™® and light chain
deposition disease’” can be normalized with treatment. Though
anthracycline-induced cardiomyopathy is largely irreversible
and cumulative, some patients show a reversible course.”
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ALCOHOLIC CARDIOMYOPATHY

Excessive ethanol use is associated with heart failure (alco-
holic cardiomyopathy).”” Careful questioning for a history of
alcohol use is an important part of the evaluation. Because of
greater frequency of alcoholism in men, it is most common in
young males. Direct toxic effect of ethanol to myocardium, co-
existing nutritional deficiencies, heavy metal contamination and
other comorbidities are proposed mechanisms of the alcoholic
cardiomyopathy. Echocardiographic findings are similar to
those of dilated cardiomyopathy including dilatation of four
chambers, globally decreased ventricular function and mitral or
tricuspid regurgitation. Abstinence of alcohol can lead to a
dramatic improvement in ventricular function.®”

CARDIAC SARCOIDOSIS

Cardiac sarcoidosis is caused by the cardiac involvement of
sarcoidosis, a multi-systemic granulomatous disease of un-
known cause. With autopsy data, cardiac involvement can be
found in about 20-50% of patients with sarcoidosis.**? How-
ever, the symptoms of cardiac sarcoidosis are in about 2-5% of
patients with sarcoidosis.®"*?
variable including conduction abnormalities, heart failure, and

sudden cardiac death.®® Heart failure can be resulted from di-

The clinical presentations are

rect involvement of myocardium, valvular regurgitation, and/
or RV dysfunction secondary to pulmonary disease and it is
relatively common in patients with cardiac sarcoidosis (10-
30%).5989 Because of variable clinical presentations and po-
tential benefit of treatment, antemortem diagnosis of cardiac
sarcoidosis is challenging. All patients diagnosed with sar-
coidosis should be screened for cardiac involvement. Echocar-
diography is an initial screening method and it can show re-
gional wall motion abnormalities, ventricular aneurysm, LV
systolic or diastolic dysfunction, valvular regurgitation, abnor-
mal septal wall thickness and pericardial effusion.”%
er, these finding are not specific to cardiac sarcoidosis. If with
these findings, other imaging study like CMR or coronary an-
giography may be needed to exclude other etiologies.

CMR is useful not only in the assessment of LV function
but also in the determining the presence of cardiac sarcoidosis.
Because tissue edema appears bright on T2-weighted images,
inflammatory lesions in cardiac sarcoidosis can be identified
with bright lesion.!”'® Late gadolinium enhancement-CMR
can detect regional wall motion abnormalities and areas of
wall thickening precisely.*” In their study, basal and lateral IV
segments are most commonly involved areas.

The treatment of cardiac sarcoidosis is similar to that of oth-
er heart failure including diuretics, angiotensin converting en-
zyme inhibitors or angiotensin-receptor blockers and beta-
blockers. Using corticosteroid is mainstay of therapy to de-
crease the inflammatory process. Though there are no ran-
domized trial, high dose corticosteroid therapy seemed to be
effective in patients with LV ejection fraction was between 30
to 55%.% Corticosteroid use was associated with improve-

Howev-
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ment in about 87% of patients.*”

CARBON MONOXIDE INTOXICATION

Transient LV systolic dysfunction occurs in about 50% of
patients with carbon monoxide poisoning,”” probably due to
tissue hypoxia caused by left-ward shift of the oxygen-hemo-
globin dissociation curve as well as an inflammatory reac-
tion.”” In addition to diffuse hypokinesia and LV systolic dys-
function with regional wall motion abnormalities, an apical
ballooning pattern of LV systolic dysfunction can occur. LV
systolic dysfunction is and generally normalizes with conven-
tional treatment within 3 days.”” Carbon monoxide poisoning
can also result in myocardial fibrosis (detectable with DHE by
CMR). This finding can occur even in the setting of normal
LV function.”®

COCAINE INTOXICATION

Cocaine intoxication can cause an acute, reversible cardiomy-
opathy,”” predominantly through production of a profoundly
enhanced sympathomimetic state similar to catecholamine-in-
duced cardiomyopathy. Mid-wall DHE has also been de-
scribed, due to myocardial infarction secondary to cocaine re-
lated vasoconstriction of the coronary arterioles or cocaine-

induced myocarditis.””

SCORPION ENVENOMATION

Scorpion venom can cause diffuse LV hypokinesia and re-
duction of LV systolic function.” The proposed mechanisms
of LV systolic dysfunction are massive release of catechol-
amines and/or direct toxic effect to the cardiomyocytes. Usual-
ly, the laboratory and echocardiographic features were normal-
ized within 1 week and the clinical course is satisfactory.

INTERFERON

Interferon can cause diffuse LV systolic dysfunction by an
unknown mechanism. Possible mechanisms include stimula-
tion of an autoimmune or inflammatory reaction, increased
demand for oxygen as a result of tissue reaction, or interferon-
induced coronary spasm.”®

OTHERS

Reversible cardiomyopathy and ventricular tachycardia can
be associated with chronic inhalation of marijuana,” high dose
interleukin-2 treatment,” and some psychotropic drugs includ-
ing tricyclic antidepressants, phenothiazine and lithium.

CONCLUSION

Clinicians should use imaging tools to decide if there is a
chance of reversibility when they face with heart failure pa-
tients. Imaging tools can give specific diagnosis and guide the
treatment. Echocardiography is the most effective noninvasive
screening tool to identify patients with LV dysfunction. It can
measure LV systolic function along with detection of subse-

quent valvular and pericardial pathologies. Moreover, it can
give hemodynamic information with using Doppler technolo-
gy. Echocardiography is an excellent imaging modality to
measure the LV function repeatedly when heart failure pa-

tients with changes in their symptoms, occurring a new clini-

5)99)

cal events, or evaluation of treatment effects.”” Repeated im-

aging can avoid inappropriate use of aggressive medications or
implantable devices. CMR is a good noninvasive modality
that can give information about LV systolic function, valvular
and pericardial pathologies and tissue characterizations. CMR
can give important clues to identify the presence of reversible
cardiomyopathy. Additional evidence is needed to understand
how the detection of improvement at repeat imaging should
be used to monitor the responsiveness to therapy and the im-
plications this has for the duration of therapy.
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