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Cardiomyopathy (CM) is a disease of the heart muscle,
which can progressively worsen and ultimately lead to
chronic congestive heart failure (CHF). There are more than
800,000 new cases of CHF annually in the United States
and 1 in 9 deaths are attributed to this chronic illness.1 CM
is classified into either primary CM, which are confined to
the heart, or secondary CM, which is systemic in nature
and affects the myocardium in a multi-organ approach. 2
There exist many etiological factors that adversely affect the
physiological function of the myocardium leading to structural changes, which can lead to CHF and/or arrhythmias.
As such, CMs are typically treated with a standard CHF
pharmacological regimen in addition to mechanical circulatory support devices or orthotopic heart transplantation in
severe refractory cases. Fortunately, there are several reversible CMs that have been proven to show a return to normal
cardiac function with the appropriate management.

Arrhythmogenic (Tachycardia-Induced)
Cardiomyopathy

Long-standing tachycardia is a known cause of CM, and
return of cardiac function can be occur with the correction
of the tachyarrhythmia. Tachycardia-induced CM is classified
as a primary CM in which persistent tachycardia causes elevated ventricular filling pressures, severe biventricular systolic
dysfunction, reduced cardiac output, and elevated systemic
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vascular resistance. In animal studies, rapid atrial pacing has
been shown to decrease the left ventricular ejection fraction
(LVEF) by roughly 52%.3 Similarly, a 36% drop in cardiac
index and 34% increase in cardiac size have been shown to
occur with rapid right ventricular pacing.4
The pathogenesis behind such large rate-induced changes
has led to several theories and one proposed explanation
includes depletion of myocardial energy resources from persistent tachycardia. Moe et al demonstrated that canine tissue adenosine triphosphate levels were markedly decreased in
the right ventricular paced subjects compared to the controls;
2.79 µmol/g versus 4.77 µmol/g, respectively.5 Similar reduced
concentrations of energy reserves are also seen in myocardial ischemia, which is another suspected premise leading to
impaired cardiac function. Some studies have also suggested
impaired subendocardial flow and vasodilator reserve6,7 as
potential culprits. Abnormalities in intracellular calcium regulation8 and β-adrenergic receptors9 have also been proposed;
yet, further studies have to be performed to establish a mechanism. Oxidative stress and injury are possible mechanisms for
myocardial injury induced by a fast rhythm. Shite et al were
able to show that antioxidants contributed to a 20% reduction
in the left ventricular (LV) end-diastolic pressure (LVEDP)
in subjects receiving three antioxidants compared to the control group.10 There is growing interest in the genetic basis
of tachycardia-induced CM, as individuals with a specific
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angiotensin-converting enzyme gene polymorphism may be
more susceptible but further study is still required.11
Arrhythmias associated with this type of reversible CM
include atrial fibrillation (AF), atrial flutter, atrial tachycardia, reentrant supraventricular tachycardia, accessory pathway
tachycardia, frequent ectopic beats, and ventricular tachycardia. There is no data on a set rate above which there is an
increased risk of tachycardia-induced myopathy, but any sustained rate above 100 beats per minute may be an important
prognostic factor.12 Sinus tachycardia has also been reported
as a cause of CM.13,14
Management and restoration of cardiac function is
dependent on control of tachyarrhythmias. In cases of AF or
atrial flutter causing CM, rate control alone was thought to
be effective in normalizing LVEF. Grogan et al demonstrated
an improvement in the LVEF of their subjects by a median
of 108% with ventricular rate control.15 Recently, however,
new data show that rate control alone may not provide a complete cure and sinus control with ablation may be necessary.16
Ablation, therefore, remains a viable option for atrial arrhythmias, as well as all other arrhythmias in which sinus control
is warranted. There is evidence of premature ventricular contractions (PVCs) leading to CM, in which a patient with a
reduced LVEF with over 56,000 PVCs per day was successfully ablated and had normalization of LV systolic function.17
Though ablation offers effective results, there is concern that
it may not offer a permanent solution. In a study by Ling et al,
18 subjects with tachycardia-induced CM underwent successful radiofrequency ablation and subsequently had an increase
in LVEF within 3 months. However, at 5 years the same subjects were noted to have an incomplete recovery with diffuse
myocardial fibrosis leading to larger LV dimensions, decreased
LVEFs, and reduced myocardial strain and twist rates on cardiac imaging studies.18 As new data emerge, it seems evident
that tachycardia-induced CM is reversible, but more permanent management solutions are still required to help maintain
normalized cardiac function.

Immunological: Peripartum Cardiomyopathy

This primary CM primarily afflicts pregnant or recently pregnant women and can cause potentially life-altering cardiac
dysfunction. Peripartum cardiomyopathy (PPCM) is defined
by four criteria: (1) development of heart failure (HF) symptoms either during the last month of pregnancy or within the
first 5 months after delivery; (2) no other identifiable causes
of HF exist; (3) no evidence of heart disease prior to the last
month of pregnancy; and (4) LV systolic dysfunction (either
LVEF ,45% or reduced fractional shortening).19 Approximately 30–50% of patients have noted significant improvement in the cardiac function in the first 6 months after
presentation.20 The exact pathogenesis of PPCM is largely
unknown, but there are several promising theories. One of
the most promising etiological factors is myocarditis, with
several studies reporting various incidences of myocarditis
8
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in their study population. Midei et al reported a 76% incidence of myocarditis in their subjects with PPCM. 21 One
of the reported reasons that they had such a high incidence
was because patients were biopsied at the time of presentation. Other confounding factors leading to large variability
include inclusion criteria of subjects, geographical variability,
and effectiveness of biopsies to establish a diagnosis. Inflammatory cytokines have also been named as possible culprits for
PPCM. Plasma levels of cytokines, such as tumor necrosis factor
alpha (TNF-α) and interleukin-6 (IL-6), and Fas/APO-1,
a known apoptosis-signaling surface receptor, have been found
to be elevated in patients with PPCM. 22 Cytokines are further
postulated to lead to PPCM through initiation of an inflammatory cascade when they encounter chimeric fetal cells that
have escaped into the maternal circulation. These cells may
escape the maternal immune system initially due to either the
immunosuppressive state of pregnancy or a weakened immune
induction by the paternal haplotype of the chimeric fetal cells.
These cells are then able to settle in various organs, including cardiac tissue, leading to an autoimmune trigger when the
maternal immune system recovers postpartum.23 The hemodynamic stress associated with pregnancy, including increase
in preload and cardiac output and decrease in afterload, has
been show to lead to LV remodeling and hypertrophy. 24 The
reduction in LV systolic function brought on by the remodeling process is thought to be more exaggerated in PPCM,
though there exists no direct evidence to support this claim.
There are, however, animal studies that have supported the
role of prolactin in PPCM. Studies in mice have shown that
decreased levels of myocardial signal transduction and activator of transcription 3 (STAT3) lead to the catabolism of prolactin to an antiangiogenic and proapoptotic isoform, causing
PPCM.25 These results have been confirmed in patients with
PPCM, suggesting a more directed therapy. The final theory
of the pathogenesis of PPCM advocates a potential familial
link. In a search through the Familial Dilated Cardiomyopathy Research Project database consisting of over 4,000 women
from 520 pedigrees, there are 19 cases of PPCM available.
Of the 19 cases, 11 have a familial disease and 7 are apparently sporadic (1 subject did not have sufficient family data to
be categorized) suggesting a possible genetic link leading to
PPCM.26
Management of PPCM includes the standard CHF
regimen, but careful consideration must be made to avoid
all teratogenic drugs, including angiotensin-converting
enzyme inhibitors (ACE-Is) and angiotensin-receptor blockers (ARBs). Hydralazine and nitrates may be safely used as
alternative therapies. β-adrenoceptor blockers may also be
used during pregnancy, but β1–selective agents are generally
preferred as they do not interfere with uterine relaxation.
Patients who have biopsy-proven myocarditis and have
not improved with 2 weeks of the standard CHF regimen
could be given immunosuppressive therapy, as it may lead
to improved LV systolic function and prognosis. 27 Further
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study is still required, however, to determine the efficacy
of immunosuppressive agents in PPCM. Immunoglobulins have shown merit in treatment of PPCM as proven in
a study by Bozkurt et al, in which subjects with PPCM
given immune globulin therapy improved their mean LVEF
by 26 LVEF units, compared to the controls who improved
by 13 LVEF units. 28 Bromocriptine may also be a potential
treatment option in the future, as it is a known dopamine
receptor agonist and can suppress prolactin secretion. In
a small study conducted in South Africa, it was shown to
improve the LVEF by more than 100%. 29 Larger trials and
further studies are required to establish its efficacy, but initial data have shown promising results.

Inflammatory/Infectious Cardiomyopathy

Inflammatory cardiomyopathy (IC), classified as primary
CM, is defined as inflammatory disease of the myocardium
(myocarditis) in association with cardiac dysfunction. There
are both non-infectious and infectious causes of IC. Noninfectious origins include toxins, alcohol, cytotoxic chemotherapy, and metabolic abnormalities. Infectious causes of IC
are predominately viruses, of which the most common culprits
are Coxsackie viruses. Other viruses include various respiratory tract viruses, cytomegalovirus, parvovirus, mumps virus,
and hepatitis C virus. Other less commonly implicated pathogens include bacteria, mycobacteria, fungi, protozoa, rickettsiae, chlamydiae, and parasites.30
The pathogenesis of IC has been postulated to be attributed to an autoimmune response that was dependent on the
role of T-cells. As early as 1974, it was shown that mice treated
with antithymocyte serum had a reduction in myocardial
inflammation and injury when inoculated with Coxsackie virus
B3.31 It was not until about a decade later that a more defined
theory emerged explaining the pathogenesis of IC to include
the concept of molecular mimicry. In a study by Weller et al, it
was shown that monoclonal antibodies directed against receptors on the Coxsackie virus also recognized receptors on cardiomyocytes.32 Further study by Rose and Hill showed that
this cascade was dependent on the function of TNF-α and
interleukin-1 (IL-1).33 Another theory attributed IC to viral
infection directly causing cardiac injury through destruction
of dystrophin34 and/or activation of the mitogen-activated
protein kinase pathways leading to increased intracellular calcium and thus cell death.35
An important entity to discuss here is HIV-associated
CM. It is estimated that in the AIDS population the prevalence of CM could be as high as 1.6% per year. The etiology
appears to be direct infection of myocytes with HIV-1 virus
leading to a patchy form of myocarditis. Unlike other HIVassociated systemic manifestations, no evidence exists from
prospective trials to support a role for highly active antiretroviral therapy (HAART) in reversing this CM. However,
there have been reports on improvement in LVEF and wall
stress with the use of intravenous immunoglobulin (IVIG). 36

An endomyocardial biopsy based on the Dallas classification system37 is one of the prime methods of diagnosing IC.
However, there remains some controversy on the reliability of
a biopsy due to difference in expert opinion possibly secondary
to varying results obtained from different biopsy locations. 38
Once a diagnosis of IC is established, supportive care is usually
the first line of treatment as many cases of IC have been shown
to spontaneously resolve. Fulminant cases of IC typically
require a CHF regimen, but may progress to include inotropic
therapy and/or mechanical support. Due to the inflammatory
nature of IC, there has been more discussion into the use of
anti-inflammatory therapy as a possible treatment strategy. In
as early as 1989, Parrillo et al were able to show that patients
with biopsy-proven IC had an average 5.5% improvement in
their LVEF with the use of steroids. 39 These results were further collaborated in 2001 by Wojnicz et al, who conducted a
2-year study on the benefits of prednisone plus azathioprine in
patients with biopsy-proven IC and increased human leukocyte antigen (HLA) expression on tissue biopsy. Their study
revealed no difference in the morbidity and mortality of their
patient population at the 2-year mark, but showed significant
improvement in the LVEF of the test group compared to the
control group at 3 months and 2 years.40 Although there was
a significant improvement in LVEF, further studies are still
required to further determine the optimal pharmaceutical
therapy, including monotherapy versus combination therapy,
duration of treatment, and patient selection.
Sepsis-induced cardiomyopathy (SICM) is a very common
phenomenon that has been receiving increasing attention. Cardiac dysfunction during sepsis and septic shock occurs in up to
60% of patients41 and has been associated with increased mortality.42 It is mainly manifested as biventricular dilatation and
depressed LVEF.43 Nonetheless, LV stroke work index appears
to be a very sensitive indicator of myocardial depression in these
patients as it is present in 94%.44 Increased LVEDP is indicative
of diastolic dysfunction in sepsis patients.45 Contradictory to the
old belief that depressed LVEF is considered a poor prognostic factor, Charpentier et al found that higher brain natriuretic
peptide (BNP) levels might confer a worse outcome.46
The pathophysiology of SICM is very complex and
not entirely understood; nevertheless, it is agreed upon that
inflammatory cytokines (eg, TNF-α and IL-1)47 as well as
nitric oxide (NO)48 play a pivotal role in the process.
There are ongoing efforts to establish therapeutics that
directly target the cardiovascular process. However, targeting
the underlying infectious process with the appropriate antibiotics and providing hemodynamic support is still the therapeutic approach of choice.

Metabolic: Thyroid Disease–Induced
Cardiomyopathy

Metabolic CM is a secondary CM that results from disturbed
energy production leading to impaired cardiac function. It may
be caused by a myriad of endocrine disorders, familial storage
Clinical Medicine Insights: Cardiology 2015:9(S2)
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diseases, and/or nutritional deficiencies. We have chosen to
specifically focus on how the imbalance in thyroid hormones
might lead to reversible cardiac dysfunction.
Thyroid hormones have been shown to affect myocytes by
acting on various thyroid hormone receptors in the mycocardium,
including a-myosin heavy chain fusion, sarcoplasmic reticulum
calcium-activated ATPase (SERCA), the cellular membrane
Na+/K+ pump (Na+/K+ ATPase), β-adrenergic receptors, car
diac troponin I, and atrial natriuretic peptide (ANP).49 These
interactions help upregulate α-chains, but downregulate
β-chains in myocytes, which ultimately leads to faster myocardial fibril shortening.50 Thyroid hormones have also been shown
to affect the ion channels, including Na+/K+ ATPase, Na+ /Ca+2
exchanger, and various K+ channels by inducing positive inotropic effects, thereby prolonging activation of Na+ channels and
shortening action potential durations.51 In addition to affecting
the myocardium, thyroid hormones have been known to have
a vasodilatory effect on peripheral arteries.52 The combined
effort of these mechanisms can lead to systemic changes in
cardiac function due to reduced peripheral vascular resistance,
activation of the renin–angiotensin mechanism, increased LV
end-diastolic volume (LVEDV) and increased preload.53 The
increased preload and decreased peripheral vascular resistance
leads to a high cardiac output, even at rest, resulting in CM.
In contrast to hyperthyroidism, hypothyroidism causes a low
cardiac output CM via the same pathways mentioned above,
however, by downregulating the previously mentioned receptors/channels causing decreased myocardial excitation and contractility leading to a low-output CM.54
Management of CM induced by dysthyroidism (hyperor hypothyroidism) follows a similar algorithm to the CM
mentioned above, which includes the typical CHF regimen. Management also includes addressing the root etiology, whether it be excess or deficiency of thyroid hormones.
There is, however, promising data showing that the use of
β-adrenergic blockade may be beneficial in these patients. In
a small study by Biondi et al, hyperthyroid patients treated
with the selective β1-adrenoceptor antagonist bisoprolol experienced normalization of the LV mass index and LV systolic
function after 6 months of treatment.55 Similar results were
established in a case study published a year later in which the
use of β-adrenoceptor blockers showed clinical improvement
in a patient with dilated CM caused by hyperthyroidism.56
It is also worth mentioning the association between
hyperthyroidism and AF. One study estimated the prevalence
of AF in thyrotoxicosis to be 13%. This is very important as
uncontrolled AF is associated with a tachycardia-induced CM
as discussed above.15,16

Sympathoexcitation-Induced Takotsubo
Cardiomyopathy

Takotsubo cardiomyopathy (TCM) is also known as stress CM,
apical ballooning syndrome, or broken-heart syndrome. This
primary CM occurs, in its typical form, when the contractile
10
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function of the mid and apical segments of the LV are depressed
and there is hyperkinesis of the basal walls, producing a balloon-like appearance of the distal ventricle with systole. Reverse
Takotsubo,57 right ventricular Takotsubo,58,59 and global hypokinesis60 have also been described as atypical forms.
It often presents with signs and symptoms of an acute coro
nary syndrome (ACS), without any angiographic evidence of
spasm or stenoses and is most prevalent in older women.61 TCM
was first described in Japan in 1990 and has seen a surge in inci
ence, as evidenced by over 300 publications in the past 20 years.62
Symptoms are typically preceded by exposure to
emotional or physical stressors, leading to symptoms typical
of acute myocardial infarction (AMI), including chest pain
and dyspnea. There have been several proposed mechanisms
hypothesizing the pathophysiology leading to this reversible
CM, one of which suggests that the structural findings of
TCM may be secondary to coronary microvascular impairment. In a small study by Yoshida et al, test subjects were
shown to have severe metabolic abnormalities with slightly
reduced myocardial perfusion based on findings from18F-fluorodeoxyglucose myocardial positron emission tomography and
thallium-201 myocardial single-photon emission computed
tomography, respectively.63 These findings may help confirm
another postulated theory suggesting catecholamine cardiotoxicity as a potential etiology. Increased levels of circulating
catecholamines, especially epinephrine, have been shown to
increase the levels of intracellular concentration of calcium
leading to myocardial dysfunction.64 Elevated levels of circulating catecholamines were confirmed by Wittstein et al,
who showed that subjects with TCM had 2–3 times and 7–34
times the levels of catecholamines when compared to patients
with AMI and normal published values, respectively.65 However, the catecholamine excess theory was recently challenged
by the recent published findings of normal plasma epinephrine
and metanephrine levels in the majority of 33 TCM patients.
In that study, some patients had mild to moderate elevations
in plasma levels of studied catecholamines, which was attributed mainly to HF.66 Nevertheless, it is well documented that
increased catecholamines lead to increased SVR, systemic
blood pressure, and cardiac afterload. They also lead to hypercontraction and possible left ventricular outflow tract (LVOT)
obstruction, leading to increased stress in the LV apex. The LV
apex is more prone to the effects of catecholamines, in large
part due to a greater concentration of b-adrenoreceptors.67 The
catecholamine theory was further supported by a recent publication by Shao et al in the pathogenesis of inverted TCM.
They have suggested that a catecholamine-induced increase
in LV afterload produces changes in the LV similar to those
described in acute pulmonary embolism; that is, akinesis of
the RV mid-free wall with the apex retaining its systolic function (also known as McConnell’s sign).68
Additionally, there have been numerous reports linking
this entity to certain medications and toxins such as albuterol,69
high-dose intravenous cytarabin,70 5-fluorouracil,71 entacapone,72
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and allopurinol73 as well as the inhalation of hypochlorite gel
exhalations.74 Furthermore, a case has been reported on a possible link to cocaine abuse.75
Despite Guillian-Barre syndrome (GBS) being an infectious disease, we elected to mention it briefly here as a cause
of a reversible TCM-like CM as some case reports attributed
this phenomena to excess catecholamines secondary to autonomic dysfunction in these patients.76,77
In TCM, the LV function usually returns to normal within
a few weeks. On the cellular level, changes such as cytoskeletal
protein derangements, increased extracellular matrix proteins,
and intracellular glycogen accumulation were shown to also be
nearly completely reversible in correlation with the normalization of the LVEF.78 In the interim, symptoms can usually
be managed with β-adrenoceptor blockers, as well as ACE-Is
or ARBs. The use of β-adrenergic blockers in the acute management is still debated, given that it can lead to unopposed
stimulation at the α-adrenoceptor level. As such, it is generally
recommended to use agents with both α- and β-adrenoceptor
blocking ability.79 The prognosis is typically encouraging, yet
there remains an 11.4% rate of recurrence in 4 years.80

Cardiomyopathy of Chronic Diseases: Cirrhosis,
Obesity, and Uremia

In the intricate balance of the human body, chronic disease in
other organ systems can have direct deleterious effects on the
heart leading to a secondary CM. Three such chronic diseases
that can result in reversible CM are cirrhosis, obesity, and kidney
failure leading to uremia. Cirrhotic CM is defined as an increase
in the baseline cardiac output with systolic and/or diastolic dysfunction, but without evidence of HF at rest, and a possible
increased QTC interval.81 Obesity-associated CM, also known
as lipotoxic CM, results from hemodynamic changes associated
from excess adipose accumulation.82 Uremic CM is manifested
by LV hypertrophy due to chronic kidney disease or end-stage
renal disease secondary to a persistent uremic state.83
Cirrhotic CM is caused by an interplay of several different pathophysiological mechanisms brought on by the
hyperdynamic circulation in cirrhosis. One such mechanism
is an impairment of stimulatory β-adrenergic receptor signaling pathways. Ma et al were able to show that rats with
induced cirrhosis had multiple adrenergic signaling defects
due to increased cholesterol composition in their cardiomyocyte plasma membranes. The increased cholesterol to protein ratio leads to decreased membrane fluidity and thereby
protein receptor dysfunction.84 Cardiomyocyte contractile
impairment is also hindered by the overproduction of negative
inotropic agents, including NO and carbon monoxide. Both
agents are known to stimulate an increase in cGMP, which
works to inhibit calcium release from the sarcoplasmic reticulum and therefore reduce contractility.85,86 Endocannabinoid
production, a known negative inotropic agent in humans, is
also shown to be increased in cirrhotic CM, possibly due to
increased hemodynamic requirements.87

Hyperdynamic circulation is also present in obesity CM
and is brought about by a metabolic surge due to increased adipose tissue metabolism. Increased blood volume and cardiac
output lead to structural changes, including LV hypertrophy
and dilatation.88 Obesity is also directly linked to a state of
insulin resistance and thus hyperglycemia. Hyperglycemia has
been shown to cause glucotoxicity by inducing cardiomyocyte
apoptosis via creation of advanced glycation end-products and
post-translational extracellular protein, which can alter the
function and expression of intramyocellular calcium channels.89 The state of chronic inflammation induced by obesity is
also a culprit for the pathophysiological changes seen in this
CM. The Multi-Ethnic Study of Atherosclerosis showed the
association between obesity and HF through an inflammatory
pathway, with IL-6 showing a higher correlation with HF.90
The specific role of adipokines in obesity CM still remains
unclear, but new research has brought forth some new insight.
Adiponectin has been shown to modulate anti-inflammatory
and prosurvival reactions by inhibiting cardiac remodeling,
while leptin stimulates cardiac hypertrophy and has negative
inotropic effects via stimulation of NO.91 It is speculated that
an imbalance in the adiponectin-leptin ratio may play a role in
CM, but further research is warranted before conclusive statements can be made. Cardiac lipotoxicity or cardiac steatosis
also plays a role in obesity CM by increasing the oxidative
stress of cardiomyocytes. Fatty acids, especially saturated longchain fatty acids, are common culprits and are increased due
to the excess adipose tissue, as well as due to increased insulin
levels secondary to insulin resistance. Excess fatty acids are
shunted to the non-oxidative pathways, which can ultimately
cause defective intracellular signaling, promote inflammation,
induce intracellular dysfunction, and cause apoptosis.92
Uremic CM occurs due to a state of increased pressure
and volume, in addition to uremic overload. Increased pressure and volume initially lead to LV hypertrophy, but with
continued stress cause dilatation and ultimately lead to LV
systolic dysfunction. Myocardial fibrosis may also occur,
which contributes to diastolic dysfunction. A uremic state can
causes cardiac dysfunction, as proven by McMahon et al who
noticed LV hypertrophy in rats who underwent nephrectomy.93
Hypertrophy in the uremic state is theorized to be the result of
accumulation of hypertrophic substances, such as cardiotonic
steroids. These endogenous cardiotonic steroids are inducted
into a signal cascade that is capable of producing reactive oxygen species (ROS) molecules, as well as the other mentioned
pathophysiological changes. Further research is still warranted
as the mechanism is still not well differentiated.94
CMs of chronic disease, not unlike the other CMs mentioned above, can be addressed with a standard CHF regimen
of diuretics, β-adrenoceptor blockers, and ACE-Is/ARBs.
This specific group of CMs, however, can be reversed with
a surgical approach correcting the organ inducing the CM.
Torregrosa et al were able to show reversal of cardiac alterations after
orthotopic liver transplantation for patients with cirrhotic CM.
Clinical Medicine Insights: Cardiology 2015:9(S2)
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Table 1. Summary of common reversible cardiomyopathies and proposed mechanisms.
Cardiomyopathy Type

Subtypes examples

Key Speculated Mechanism(s)

Tachyarrythmia-induced

Sinus tachycardia
Rapid AF/Aflutter
Ventricular tachycardia
Reentrant tachycardia

1) Tissue adenosine triphosphate depletion due to sustained tachycardia
2) Impaired subendocardial flow and vasodilatory reserve

Autoimmune mediated

Peripartum

Cytokine/autoimmune mediated myocarditis

Inflammatory/Infectious

HIV cardiomyopathy
Viral Myocarditis
Sepsis/Septic shock induced

1) T-cell autoimmune-dependent response
2) Direct destruction of dystrophin
3) Activation of the mitogen-activated protein kinases (MAPKs) pathway
→↑Ca +2 influx → cellular death

Sympathoexcitation

Takotsubo
Autonomic dysfunction
Medication-induced

1) Myocardium microvascular impairment
2) Catecholamines Excess →↑intracellular Ca+2 → myocardial dysfunction
3) Chronic stimulation of myocardial β-adrenoreceptors from an exogenous
source

Metabolic

 yperthyroidism
H
(high cardiac output CM)

*Interaction with the following:
(↑interaction with Hyperthyroidism/ ↓interaction with Hypothyroidism)

 ypothyroidism
H
(Low cardiac output CM)

1) α-myosin heavy chain fusion (α-MHC),
2) Sarcoplasmic Reticulum Calcium-activated ATPase (SERCA),
3) Cellular membrane Na + /K+ pump (Na + /K+ ATPase),
4) β-adrenergic receptor

Cirrhosis

1) ↑
 Cholesterol:protein ratio→ ↓membrane fluidity→protein receptor
dysfunction (adrenergic receptors)
2) ↑ negative-inotropic agents (Endocannabinoid, CO, NO)→
↑cGMP→↓sarcoplasmic Ca +2 release →↓ contractility

Obesity

1) Insulin resistance→Glucotoxicity→Cardiomyocyte apoptosis
2) Chronic inflammatory state(IL-6) → Apoptosis via (Ca +2 influx)
3) Cardiac steatosis

Uremia

1) Cardiac hypertrophy caused by→Accumulation of cardiotonic steroids
→ Sustained ↑ volume and pressure
2) Cardiac fibrosis

Chronic Diseases

Two-dimensional echocardiography images taken 6–12 months
post-transplant showed an improvement in the LVEF from
73 ± 5% to 67 ± 5%, LV end-diastolic diameter (LVEDD)
from 49 ± 6 to 47 ± 5 mm, and LV posterior wall thickness
from 10.2 ± 1.3 to 9.5 ± 1.2 mm; all with P , 0.05. Stress
test findings also showed similar improvements during physical exertion.95 In patients with obesity CM, weight loss has
been shown to be the most effective approach to manage
these patients. A common and effective method has been
through bariatric surgery, which has shown favorable results.
McCloskey et al were able to show a 50.4% reduction in weight
for patients with obesity CM after 6 months post-procedure
with an improvement in the LVEF from 23 ± 2% to 32 ± 4%
(P , 0.05).96 Bariatric surgery is also effective in reducing LV
mass, LV cavity size, oxygen consumption rate, and LV diastolic function.97 Similarly, kidney transplantation appears to
be the most effective solution for uremic CM, as seen by an
improvement in the LVEF from 31.6 ± 6.7% pre-transplant to
52.2 ± 12.0% 12 months post-transplant.98

Conclusion

We have discussed various reversible CMs here (summarized in Table 1), as well as mentioned the most appropriate
therapeutic approaches. Reversible CMs have been shown to
have a transient impact on the heart if correctly diagnosed
12
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and treated, with improvement in both the functional and
structural cardiac regulation. Further research is still warranted, however, as there is much to be learned about these
CMs, as well as others, to ensure the most efficient management strategies for patients afflicted with these morbid
conditions.

Author Contributions

Conceived and designed the experiments: TJV. Analyzed
the data: TJV. Wrote the first draft of the manuscript: HP
and TJV. Contributed to the writing of the manuscript: RM,
SKV, CEK. Agree with manuscript results and conclusions:
HP, RM, SKV, CEK, TJV. Jointly developed the structure
and arguments for the paper: TJV. Made critical revisions
and approved final version: TJV. All authors reviewed and
approved of the final manuscript.
References

1. Go AS, Mozaffarian D, Roger VL et al. Heart Disease and Stroke Statistics–
2014 Update A Report From the American Heart Association. Circulation.
2014;129(3):e28–92.
2. Maron BJ, Towbin JA, Thiene G et al. Contemporary definitions and classification of the cardiomyopathies an American heart association scientific statement
from the council on clinical cardiology, heart failure and transplantation committee; quality of care and outcomes research and functional genomics and translational biology interdisciplinary working groups; and council on epidemiology
and prevention. Circulation. 2006;113(14):1807–16.

Reversible cardiomyopathies
3. Morgan DE, Tomlinson CW, Qayumi AK, Toleikis PM, McConville B,
Jamieson WR. Evaluation of ventricular contractility indexes in the dog with left
ventricular dysfunction induced by rapid atrial pacing. Journal of the American
College of Cardiology. 1989;14(2):489–95.
4. Armstrong PW, Stopps TP, Ford SE, de Bold AJ. Rapid ventricular pacing in the
dog: pathophysiologic studies of heart failure. Circulation. 1986;74(5):1075–84.
5. Moe GW, Montgomery C, Howard RJ, Grima EA, Armstrong PW. Left ventricular myocardial blood flow, metabolism, and effects of treatment with enalapril:
further insights into the mechanisms of canine experimental pacing-induced
heart failure. Journal of Laboratory and Clinical Medicine. 1993;121(2):294–301.
6. Shannon RP, Komamura K, Shen YT, Bishop SP, Vatner SF. Impaired regional
subendocardial coronary flow reserve in conscious dogs with pacing-induced
heart failure. American Journal of Physiology-Heart and Circulatory Physiology.
1993;265(3);H801–9.
7. Spinale FG1, Tanaka R, Crawford FA, Zile MR. Changes in myocardial blood
flow during development of and recovery from tachycardia-induced cardiomyopathy. Circulation. 1992;85(2):717–29.
8. Perreault CL1, Shannon RP, Komamura K, Vatner SF, Morgan JP. Abnormalities in intracellular calcium regulation and contractile function in myocardium
from dogs with pacing-induced heart failure. Journal of Clinical Investigation.
1992;89(3):932–8.
9. Marzo KP, Frey MJ, Wilson JR et al. Beta-adrenergic receptor-G protein-adenylate cyclase complex in experimental canine congestive heart failure produced
by rapid ventricular pacing. Circulation research. 1991;69(6):1546–56.
10. Shite J, Qin F, Mao W, Kawai H, Stevens SY, Liang C. Antioxidant vitamins
attenuate oxidative stress and cardiac dysfunction in tachycardia-induced cardiomyopathy. Journal of the American College of Cardiology.. 2001;38(6):1734–40.
11. Deshmukh PM, Krishnamani R, Romanyshyn M, Johnson AK, Noti JD. Association of angiotensin converting enzyme gene polymorphism with tachycardia
cardiomyopathy. International journal of molecular medicine 2004;13(3):455–8.
12. Umana E, Solares CA, Alpert MA. Tachycardia-induced cardiomyopathy. The
American journal of medicine. 2003;114(1):51–5.
13. Kavanaugh M, McDivitt J, Philip A et al. Cardiomyopathy induced by sinus
tachycardia in combat wounded: a case study. Mil Med. 2014;179(9):e1062–4.
14. Grant SC, Bennett DH. Cardiomyopathy secondary to sinus tachycardia. Int J
Cardiol. 1993;40(2):173–5.
15. Grogan M, Smith HC, Gersh BJ, Wood DL. Left ventricular dysfunction due to
atrial fibrillation in patients initially believed to have idiopathic dilated cardiomyopathy. The American journal of cardiology. 1992;69(19):1570–3.
16. Sairaku A, Nakano Y, Oda N, Uchimura Y et al. Incomplete Cure of Tachycardia‐Induced Cardiomyopathy Secondary to Rapid Atrial Fibrillation by
Heart Rate Control Without Sinus Conversion. J Cardiovasc Electrophysiol.
2014;25(10):1037–43.
17. Chugh SS, Shen WK, Luria DM, Smith HC. First Evidence of Premature
Ventricular Complex‐Induced Cardiomyopathy: A Potentially Reversible
Cause of Heart Failure. Journal of cardiovascular electrophysiology. 2000;11(3):
328–9.
18. Ling LH, Kalman JM, Ellims AH et al. Diffuse ventricular fibrosis is a late
outcome of tachycardia-mediated cardiomyopathy after successful ablation. Circulation: Arrhythmia and Electrophysiology. 2013;6(4):697–704.
19. Hibbard JU, Marshall L, Roberto ML. A modified definition for peripartum
cardiomyopathy and prognosis based on echocardiography. Obstetrics & Gynecology. 1999;94(2):311–6.
20. Demakis JG, Rahimtoola SH, Sutton GC et al. Natural course of peripartum
cardiomyopathy. Circulation. 1971;44(6):1053–61.
21. Midei MG, DeMent SH, Feldman AM, Hutchins GM, Baughman KL. Peripartum myocarditis and cardiomyopathy. Circulation. 1990;81(3):922–8.
22. Sliwa K, Skudicky D, Bergemann A, Candy G, Puren A, Sareli P. Peripartum
cardiomyopathy: analysis of clinical outcome, left ventricular function, plasma
levels of cytokines and Fas/APO−1. Journal of the American College of Cardiology
2000;35(3):701–5.
23. Pearson GD, Veille JC, Rahimtoola S et al. Peripartum cardiomyopathy: national
heart, lung, and blood institute and office of rare diseases (national institutes of
health) workshop recommendations and review. Jama. 2000;283(9):1183–8.
24. Geva T, Mauer MB, Striker L, Kirshon B, Pivarnik JM. Effects of physiologic
load of pregnancy on left ventricular contractility and remodeling. American heart
journal. 1997;133(1):53–9.
25. Hilfiker-Kleiner D1, Kaminski K, Podewski E et al. A cathepsin D-cleaved 16 kDa
form of prolactin mediates postpartum cardiomyopathy. Cell. 2007;128(3):589–600.
26. Morales A1, Painter T, Li R et al. Rare variant mutations in pregnancy-associated or peripartum cardiomyopathy. Circulation. 2010;121(20):2176–82.
27. Midei, Mark G et al. Peripartum myocarditis and cardiomyopathy. Circulation.
1990;81(3):922–8.
28. Bozkurt, Biykem, et al. Intravenous immune globulin in the therapy of peripartum
cardiomyopathy. Journal of the American College of Cardiology. 1999;34(1):177–80.
29. Sliwa K, Blauwet L, Tibazarwa K et al. Evaluation of Bromocriptine in the
Treatment of Acute Severe Peripartum Cardiomyopathy A Proof-of-Concept
Pilot Study. Circulation. 2010;121(13):1465–73.

30. Calabrese F, and Thiene G. Myocarditis and inflammatory cardiomyopathy:
microbiological and molecular biological aspects. Cardiovascular research.
2003;60(1):11–25.
31. Woodruff JF, Woodruff JJ. Involvement of T lymphocytes in the pathogenesis of
coxsackie virus B3 heart disease. The Journal of Immunology. 1974;113(6):1726–34.
32. Weller AH, Simpson K, Herzum M, Van Houten N, Huber SA. Coxsackievirus-B3-induced myocarditis: virus receptor antibodies modulate myocarditis. The
Journal of Immunology. 1989;143(6):1843–50.
33. Rose NR, Hill SL. The pathogenesis of postinfectious myocarditis. Clinical
immunology and immunopathology. 1996;80(3):S92–9.
34. Badorff C, Lee GH, Lamphear BJ et al. Enteroviral protease 2A cleaves dystrophin: evidence of cytoskeletal disruption in an acquired cardiomyopathy. Nature
medicine. 1999;5(3):320–6.
35. Opavsky MA, Martino T, Rabinovitch M et al. Enhanced ERK-1/2 activation
in mice susceptible to coxsackievirus-induced myocarditis. The Journal of clinical
investigation. 2002;109(12):1561–9.
36. Barbaro G. Cardiovascular manifestations of HIV infection. Circulation. September 10, 2002;106(11):1420–5.
37. Thomas AH. Myocarditis: the Dallas criteria. Human pathology. 1987;18(6):619–24.
38. Hauck AJ, Kearney DL, Edwards WD. Evaluation of postmortem endomyocardial biopsy specimens from 38 patients with lymphocytic myocarditis:
implications for role of sampling error. Mayo Clin Proc. Oct 1989;64(10):
1235–45.
39. Parrillo JE, Cunnion RE, Epstein SE et al. A prospective, randomized, controlled trial of prednisone for dilated cardiomyopathy. New England Journal of
Medicine. 1989;321(16):1061–8.
40. Wojnicz R, Nowalany-Kozielska E, Wojciechowska C et al. Randomized, placebo-controlled study for immunosuppressive treatment of inflammatory dilated
cardiomyopathy two-year follow-up results. Circulation. 2001;104(1):39–45.
41. Vieillard-Baron A, Caille V, Charron C, Belliard G, Page B, Jardin F. Actual
incidence of global left ventricular hypokinesia in adult septic shock. Crit Care
Med. 2008;36:1701–6.
42. Blanco J, Muriel-Bombin A, Sagredo V, et al. Incidence, organ dysfunction
and mortality in severe sepsis: A Spanish multicentre study. Crit Care Med.
2008;12:R158.
43. Hoesel LM, Niederbichler AD, Ward PA. Complement mediated molecular
events in sepsis leading to heart failure. Mol Immunol. Jan 2007;44(1–3):95–102
44. Ellrodt AG, Riedinger MS, Kimchi A et al. Left ventricular performance
in septic shock: reversible segmental and global abnormalities. Am Heart J.
1985;110(2):402–9.
45. Pirracchio R, Cholley B, De Hert S, Solal AC, Mebazaa A. Diastolic heart failure in anaesthesia and critical care. Br J Anaesth. Jun 2007;98(6):707–21. Epub
April 28, 2007.
46. Charpentier J, Luyt CE, Fulla Y et al. Brain natriuretic peptide: A marker of
myocardial dysfunction and prognosis during severe sepsis. Crit Care Med. Mar
2004 ;32(3):660–5.
47. Kumar A, Thota V, Dee L, Olson J, Uretz E, Parrillo JE. Tumor necrosis factor
alpha and interleukin 1beta are responsible for in vitro myocardial cell depression
induced by human septic shock serum. J Exp Med. Mar. 1996;183(3):949–58.
48. Pacher P, Beckman JS, Liaudet L. Nitric oxide and peroxynitrite in health and
disease. Physiol Rev. Jan. 2007;87(1):315–424.
49. Ertek S, Cicero AF. Hyperthyroidism and cardiovascular complications: a narrative review on the basis of pathophysiology. Archives of medical science: AMS.
2013;9(5):944–52.
50. Ojamaa K, Klemperer JD, MacGilvray SS, Klein I, Samarel A. Thyroid hormone
and hemodynamic regulation of beta-myosin heavy chain promoter in the heart.
Endocrinology. 1996;137(3):802–8.
51. Walker JD, Crawford FA Jr, Mukherjee R, Spinale FG. The direct effects of
3,5,3′-triiodo-L-thyronine (T3) on myocyte contractile processes: Insights
into mechanisms of action. The Journal of thoracic and cardiovascular surgery.
1995;110(5):1369–80.
52. Park KW, Dai HB, Ojamaa K, Lowenstein E, Klein I, Sellke FW. The direct
vasomotor effect of thyroid hormones on rat skeletal muscle resistance arteries.
Anesthesia & Analgesia. 1997;85(4):734–8.
53. Fadel BM, Ellahham S, Ringel MD, Lindsay J Jr, Wartofsky L, Burman KD.
Hyperthyroid heart disease. Clinical cardiology. 2000;23(6):402–8.
54. Klein I, Danzi S. Thyroid disease and the heart. Circulation. October 9,
2007;116(15):1725–35.
55. Biondi B, Fazio S, Carella C et al. Control of adrenergic overactivity by betablockade improves the quality of life in patients receiving long term suppressive
therapy with levothyroxine. The Journal of Clinical Endocrinology & Metabolism.
1994;78(5):1028–33.
56. Watanabe E, Ohsawa H, Noike H et al. Dilated cardiomyopathy associated with
hyperthyroidism. Internal medicine (Tokyo, Japan). 1995;34(8):762–7.
57. Ramaraj R, Movahed MR. Reverse or inverted takotsubo cardiomyopathy
(reverse left ventricular apical ballooning syndrome) presents at a younger age
compared with the mid or apical variant and is always associated with triggering
stress. Congest Heart Fail. Nov–Dec 2010;16(6):284–6.

Clinical Medicine Insights: Cardiology 2015:9(S2)

13

Patel et al
58. Mrdovic I, Kostic J, Perunicic J, Asanin M, Vasiljevic Z, Ostojic M. Right
ventricular takotsubo cardiomyopathy. J Am Coll Cardiol. 2010;55:1751.
59. Shao Y, Redfors B, Lyon AR, Rosengren A, Swedberg K, Omerovic E. Trends in
publications on stress-induced cardiomyopathy. Int J Cardiol. 2012;157(3):435–6.
60. Win CM, Pathak A, Guglin M. Not takotsubo: A different form of stressinduced cardiomyopathy: A case series. Congest Heart Fail. 2011; 17:38–41.
61. Sharkey SW, Windenburg DC, Lesser JR et al. Natural history and expansive clinical profile of stress (tako-tsubo) cardiomyopathy. J Am Coll Cardiol.
2010;55:333–41.
62. Sharkey SW, Lesser JR, Maron BJ. Takotsubo (stress) cardiomyopathy. Circulation. 2011;124(18):e460–2.
63. Yoshida T, Hibino T, Kako N et al. A pathophysiologic study of tako-tsubo
cardiomyopathy with F-18 fluorodeoxyglucose positron emission tomography.
Eur Heart J. Nov. 2007;28(21):2598–604.
64. Frustaci A, Loperfido F, Gentiloni N, Caldarulo M, Morgante E, Russo
MA. Catecholamine-induced cardiomyopathy in multiple endocrine neoplasia. A histologic, ultrastructural, and biochemical study. CHEST Journal.
1991;99(2):382–5.
65. Wittstein IS, Thiemann DR, Lima JA et al. Neurohumoral features of myocardial stunning due to sudden emotional stress. New England Journal of Medicine.
2005;352(6):539–48.
66. Y-Hassan S, Henareh L. Plasma catecholamine levels in patients with takotsubo syndrome: Implications for the pathogenesis of the disease. Int J Cardiol.
November 26, 2014;181C:35–8.
67. Mori H, Ishikawa S, Kojima S et al. Increased responsiveness of left ventricular apical myocardium to adrenergic stimuli. Cardiovascular research.
1993:27(2)192–8.
68. Shao Y et al. McConnell’s sign–An insight into the pathogenesis of Takotsubo
syndrome? Int J Cardiol. October 23, 2014;178C:40–3.
69. Patel B, Assad D, Wiemann C, Zughaib M. Repeated use of albuterol inhaler
as a potential cause of Takotsubo cardiomyopathy. The American journal of case
reports. 2014;15:221.
70. Baumann S, Huseynov A, Goranova D et al. Takotsubo cardiomyopathy after
systemic consolidation therapy with high-dose intravenous cytarabine in a
patient with acute myeloid leukemia. Oncol Res Treat. 2014;37(9):487–90.
71. Knott K, Starling N, Rasheed S et al. A case of Takotsubo syndrome following
5-fluorouracil chemotherapy. Int J Cardiol. December 15, 2014;177(2):e65–7.
72. Baldacci F, Vergallo A, Del Dotto P et al. Occurrence of Takotsubo syndrome
in a patient with Parkinson’s disease after entacapone add-on. Parkinsonism Relat
Disord. Nov 2014;20(11):1313–4.
73. Madias JE. Late presentation of allopurinol-induced Takotsubo syndrome. Int J
Cardiol. October 22, 2014;178C:212.
74. De Gennaro L, Brunetti ND, Buquicchio F et al. Takotsubo cardiomyopathy
induced by acute inhalation of hypochlorite drain gel exhalations. Int J Cardiol.
November 26, 2014;180C:216–7.
75. Butterfield M, Riguzzi C, Frenkel O, Nagdev A. Stimulant-related Takotsubo
cardiomyopathy. Am J Emerg Med. Sep 6. pii 2014;6:S0735–6757(14)00614–7.
76. Finkelstein JS, Melek BH Guillain-Barré Syndrome as a Cause of Reversible
Cardiomyopathy. Tex Heart Inst J. 2006;33(1):57–9.
77. Iga K, Himura Y, Izumi C et al. Reversible left ventricular dysfunction associated with Guillain-Barre syndrome–an expression of catecholamine cardiotoxicity? Jpn Circ J. 1995;59:236–40.
78. Nef HM, Möllmann H, Kostin S et al. Tako-Tsubo cardiomyopathy: intraindividual structural analysis in the acute phase and after functional recovery. Eur
Heart J. Oct. 2007;28(20):2456–64.

14

Clinical Medicine Insights: Cardiology 2015:9(S2)

79. Akashi YJ, Goldstein DS, Barbaro G, Ueyama T. Takotsubo cardiomyopathy a
new form of acute, reversible heart failure. Circulation. 2008;118(25):2754–62.
80. Elesber AA, Prasad A, Lennon RJ, Wright RS, Lerman A, Rihal CS. Four-year
recurrence rate and prognosis of the apical ballooning syndrome. Journal of the
American College of Cardiology. 2007;50(5):448–52.
81. Baik SK, Fouad TR, Lee SS. Cirrhotic cardiomyopathy. Orphanet J Rare Dis.
March 27, 2007;2:15.
82. Alpert MA. Obesity Cardiomyopathy: Pathophysiology and Evolution of the
Clinical Syndrome. The American journal of the medical sciences, 2001;321(4):
225–36.
83. Mark PB, Johnston N, Groenning BA. Redefinition of uremic cardiomyopathy
by contrast-enhanced cardiac magnetic resonance imaging. Kidney international.
2006;69(10):1839–45.
84. Ma Z, Miyamoto A, Lee SS. Role of altered beta-adrenoceptor signal transduction in the pathogenesis of cirrhotic cardiomyopathy in rats. Gastroenterology.
1996;110(4):1191–8.
85. Liu H, Ma Z, Lee SS. Contribution of nitric oxide to the pathogenesis of cirrhotic
cardiomyopathy in bile duct–ligated rats. Gastroenterology. 2000;118(5):937–44.
86. Liu H1, Song D, Lee SS. Role of heme oxygenase-carbon monoxide pathway
in pathogenesis of cirrhotic cardiomyopathy in the rat. American Journal of
Physiology-Gastrointestinal and Liver Physiology. 2001;280(1):G68–74.
87. Bonz A, Laser M, Küllmer S et al. Cannabinoids acting on CB1 receptors
decrease contractile performance in human atrial muscle. Journal of cardiovascular
pharmacology. 2003;41(4):657–64.
88. Ebong IA, Goff DC Jr, Rodriguez CJ, Chen H, Bertoni AG. Mechanisms of
heart failure in obesity. Obes Res Clin Pract. November–December 2014;8(6):
e540–8.
89. Turer AT, Hill JA, Elmquist JK, Scherer PE. Adipose Tissue Biology and Cardiomyopathy Translational Implications. Circulation research.
2012;111(12):1565–77.
90. Bahrami H, Bluemke DA, Kronmal R et al. Novel Metabolic Risk Factors
for Incident Heart Failure and Their Relationship With ObesityThe MESA
(Multi-Ethnic Study of Atherosclerosis) Study. Journal of the American College of
Cardiology. 2008;51(18):1775–83.
91. Karmazyn M, Purdham DM, Rajapurohitam V, Zeidan A. Signalling mechanisms underlying the metabolic and other effects of adipokines on the heart.
Cardiovasc Res. July 15 2008;79(2):279–86.
92. Wende AR, Abel ED. Lipotoxicity in the heart. Biochimica et Biophysica Acta
(BBA)-Molecular and Cell Biology of Lipids 2010;1801(3):311–9.
93. McMahon AC, Greenwald SE, Dodd SM, Hurst MJ, Raine AE. Prolonged
calcium transients and myocardial remodelling in early experimental uraemia.
Nephrology Dialysis Transplantation. 2002;17(5):759–64.
94. Kennedy DJ, Malhotra D, Shapiro JI. Molecular insights into uremic cardiomyopathy: cardiotonic steroids and Na/K ATPase signaling. Cell Mol Biol (Noisy-legrand). December 30, 2006;52(8):3–14.
95. Torregrosa M, Aguadé S, Dos L, et al. Cardiac alterations in cirrhosis: reversibility after liver transplantation. Journal of hepatology. 2005;42(1):68–74.
96. McCloskey CA, Ramani GV, Mathier MA et al. Bariatric surgery improves cardiac function in morbidly obese patients with severe cardiomyopathy. Surgery for
Obesity and Related Diseases. 2007;3(5):503–7.
97. Alpert MA. Management of obesity cardiomyopathy. The American journal of the
medical sciences. 2001;321(4):237–241.
98. Wali RK, Wang GS, Gottlieb SS, et al. Effect of kidney transplantation on left ventricular systolic dysfunction and congestive heart failure in patients with end-stage
renal disease. Journal of the American College of Cardiology. 2005;45(7):1051–60.

