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ABSTRACT

Cardiac amyloidosis (CA) is a life-threatening, infiltrative cardiomyopathy characterized by the
extracellular deposition of amyloid fibrils within myocardial tissue. This pathological process
results in progressive diastolic and, ultimately, systolic dysfunction, leading to heart failure and
associated morbidities. CA predominantly arises from two amyloid types: immunoglobulin light
chain (AL) amyloidosis and transthyretin amyloidosis (ATTR), which can be either hereditary
(ATTRv) or wild-type (ATTRwt). Given the heterogeneity of clinical manifestations, early
diagnosis remains challenging but critical for optimizing patient outcomes. Advanced imaging
modalities, including cardiac magnetic resonance (CMR) and bone scintigraphy, alongside tissue
biopsy and genetic testing, have revolutionized diagnostic accuracy. Recent advances in targeted
therapies, particularly transthyretin stabilizers and RNA-based therapies, are reshaping the clinical
landscape. This review aims to elucidate the complex pathophysiology of cardiac amyloidosis,
discuss the latest diagnostic criteria and techniques, and evaluate current and emerging therapeutic
approaches. Through a comprehensive analysis, this article underscores the importance of early
recognition and multidisciplinary management to improve prognosis and quality of life in affected
individuals.
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INTRODUCTION

Cardiac amyloidosis (CA) represents a complex, multifaceted
cardiomyopathy marked by the deposition of insoluble
amyloid fibrils in the myocardium, resulting in progressive
myocardial stiffening, restrictive hemodynamics, and heart
failure. The disease etiology primarily involves two amyloid
protein types: immunoglobulin light chains (AL amyloidosis)
and transthyretin (ATTR amyloidosis). ATTR amyloidosis
further divides into hereditary (ATTRv) and wild-type
(ATTRwt) forms. Although CA was once deemed a rare and
underdiagnosed condition, contemporary evidence reveals its
increasing recognition, particularly with advancements in
non-invasive imaging and heightened clinical awareness.1,2
The pathophysiological mechanisms underpinning CA
include amyloid fibril infiltration that disrupts normal

myocardial architecture, impairing diastolic and later systolic
function. The myocardial stiffness characteristic of
amyloidosis leads to increased filling pressures and heart
failure with preserved ejection fraction (HFpEF). AL
amyloidosis is often associated with systemic involvement,
impacting multiple organ systems beyond the heart, whereas
ATTR amyloidosis is more commonly restricted to cardiac
and peripheral manifestations. Accurate and timely
differentiation between these subtypes is crucial, as
therapeutic strategies vary significantly and influence patient
prognosis.1,2

The diagnosis of cardiac amyloidosis has evolved
significantly, incorporating advanced imaging techniques
such as cardiac magnetic resonance (CMR) and bone
scintigraphy. These methods, complemented by serological
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testing, genetic analysis, and endomyocardial biopsy when
indicated, facilitate the confirmation of amyloid deposition
and subtype differentiation. Despite these advances, the
insidious onset and overlapping symptoms with other cardiac
conditions, such as hypertrophic cardiomyopathy and
HFpEF, continue to delay diagnosis, underscoring the need
for increased clinician vigilance.1,2

In recent years, therapeutic options for cardiac amyloidosis
have expanded from supportive care to targeted disease-
modifying therapies. For AL amyloidosis, early and
aggressive treatment of the underlying plasma cell dyscrasia
is essential. In contrast, ATTR amyloidosis management
focuses on reducing amyloidogenic transthyretin production
and stabilizing the transthyretin protein. Pioneering therapies,
including transthyretin silencers and stabilizers, as well as
investigational gene-based approaches, have shown promise
in clinical trials, offering new hope for affected
individuals.1,2

This article provides a comprehensive overview of the
pathophysiological mechanisms, diagnostic approaches, and
therapeutic advancements in cardiac amyloidosis. By
addressing these facets, we aim to shed light on the critical
need for early diagnosis, personalized treatment strategies,
and the ongoing research that may pave the way for improved
patient outcomes.1,2

EPIDEMIOLOGY

Cardiac amyloidosis (CA), historically considered a rare and
underrecognized disease, is now increasingly diagnosed due
to advancements in imaging technologies and heightened
clinical awareness. The prevalence and incidence of CA vary
significantly ~ depending on  the  subtype—either
immunoglobulin  light chain (AL) amyloidosis or
transthyretin (ATTR) amyloidosis, which can be further
categorized into hereditary (ATTRv) and wild-type
(ATTRwt) forms. An accurate understanding of the
epidemiological landscape of cardiac amyloidosis is crucial
for both recognizing the burden of disease and directing
research and resource allocation.3,4

AL amyloidosis, the more aggressive form of cardiac
amyloidosis, arises from a clonal plasma cell dyscrasia,
leading to the systemic deposition of misfolded
immunoglobulin light chains. The estimated annual incidence
of AL amyloidosis is approximately 8 to 12 cases per million
population, with cardiac involvement detected in up to 50-
70% of affected individuals. The disease primarily presents
in individuals aged 50 to 80 years, with a slight male
predominance. AL amyloidosis remains more common in
Caucasians compared to other ethnicities, although variations
in incidence have been underexplored in certain populations.
Prognosis in AL amyloidosis heavily depends on the extent
of cardiac infiltration and early intervention, making early
identification crucial to patient survival.3,4

ATTR amyloidosis, on the other hand, presents a unique
epidemiological profile. ATTRv amyloidosis, an autosomal

dominant hereditary form, is associated with pathogenic
mutations in the transthyretin (TTR) gene. The worldwide
prevalence of ATTRv varies geographically, with endemic
areas such as Portugal, Sweden, and Japan reporting higher
mutation frequencies. In endemic regions, the Val30Met
(p.Val50Met) mutation is prevalent, typically manifesting
with polyneuropathy and cardiomyopathy, while other
mutations, such as Thr60Ala (p.Thr80Ala) and Vall22lle
(p.Vall42lle), are associated with a predominant cardiac
phenotype. In non-endemic regions, the prevalence of
ATTRv amyloidosis is likely underestimated, with more
recent findings indicating that genetic screening could reveal
higher mutation rates than previously reported.3,4

ATTRwt amyloidosis, also referred to as senile systemic
amyloidosis, has emerged as a significant contributor to heart
failure in the aging population. Historically dismissed as a
rare cause of restrictive cardiomyopathy, ATTRwt
amyloidosis is now recognized with increasing frequency due
to improved diagnostic capabilities. It is most often diagnosed
in elderly males, generally over the age of 65, with an
estimated prevalence of up to 25% in autopsy studies of
individuals over 85 years old. The true prevalence in the
general population, however, remains uncertain, as many
cases are undiagnosed or misattributed to other forms of heart
failure. ATTRwt amyloidosis is characterized by cardiac-
predominant amyloid deposition without an associated
genetic mutation, contributing to heart failure with preserved
ejection fraction (HFpEF) and conduction system
abnormalities.3,4

Recent epidemiological studies suggest that cardiac
amyloidosis may be vastly underreported, with significant
diagnostic delays and a notable overlap in clinical
presentations with other cardiac conditions, such as
hypertrophic cardiomyopathy, aortic stenosis, and heart
failure. The advent of non-invasive diagnostic tools, such as
cardiac magnetic resonance imaging (CMR) and technetium-
99m-labeled bone scintigraphy, has significantly improved
detection rates, particularly for ATTR amyloidosis. In
addition, increased awareness among cardiologists and the
broader medical community has contributed to a growing
recognition of the disease spectrum.3,4

Gender differences in the epidemiology of cardiac
amyloidosis also merit consideration. Men are more
frequently diagnosed with ATTRwt amyloidosis, with a
male-to-female ratio of approximately 20:1. However, the
underlying reasons for this gender disparity remain poorly
understood. It is hypothesized that hormonal differences,
genetic factors, and variations in amyloid fibril formation and
deposition may contribute to this observed imbalance. For AL
amyloidosis, the male predominance is less pronounced, and
further research is needed to elucidate gender-related risk
factors and outcomes.4,5

In terms of racial and ethnic disparities, cardiac amyloidosis
shows an uneven distribution across different populations.
The Vall22lle (p.Vall42lle) mutation in the TTR gene is
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particularly noteworthy among individuals of African or
Afro-Caribbean descent, with a carrier prevalence of 3-4% in
African Americans. This mutation predominantly leads to a
cardiac phenotype, contributing to significant health
disparities and emphasizing the importance of targeted
screening and early intervention in at-risk populations.
Despite this, the overall recognition and diagnosis of CA in
diverse populations remain inadequate, underscoring the
need for more inclusive research and comprehensive
screening strategies.4,5

The changing epidemiological landscape of cardiac
amyloidosis is marked by an increasing burden of disease,
particularly in aging populations, and the growing importance
of genetic and environmental factors in disease development.
The prevalence of CA is likely to continue rising as
diagnostic modalities improve and awareness expands,
highlighting the urgent need for ongoing epidemiological
research and public health initiatives aimed at early diagnosis
and management.5,6

CLINICAL MANIFESTATIONS

Cardiac amyloidosis (CA) is a progressively debilitating
condition that manifests with a wide array of clinical signs
and symptoms, largely determined by the extent and pattern
of myocardial infiltration by amyloid fibrils. These infiltrates
disrupt the normal structure and function of the myocardium,
resulting in both diastolic and, eventually, systolic
dysfunction. The insidious onset and non-specific nature of
early clinical presentations often delay diagnosis, making an
understanding of the full spectrum of clinical manifestations
crucial for timely recognition and intervention.5,6

One of the hallmark features of cardiac amyloidosis is
restrictive cardiomyopathy. The amyloid deposits within the
myocardium lead to increased myocardial stiffness and
impaired ventricular relaxation, presenting clinically as heart
failure with preserved ejection fraction (HFpEF). Patients
commonly exhibit signs of congestive heart failure, including
dyspnea on exertion, orthopnea, paroxysmal nocturnal
dyspnea, and peripheral edema. As the disease progresses,
right-sided heart failure symptoms such as ascites,
hepatomegaly, and jugular venous distension become
increasingly prominent. These signs are often accompanied
by profound fatigue and exercise intolerance, severely
impacting quality of life.6,7

From a hemodynamic perspective, cardiac amyloidosis
typically results in a restrictive filling pattern with elevated
left ventricular (LV) filling pressures and a noncompliant
myocardium. This contributes to symptoms that mimic those
of advanced heart failure. The left ventricular ejection
fraction (LVEF) may initially remain normal or even appear
preserved on echocardiography, despite significant functional
impairment. However, as myocardial involvement advances,
a decline in LVEF may occur, indicating late-stage disease
with systolic dysfunction.6,7

A distinguishing feature of cardiac amyloidosis is the
presence of conduction system abnormalities and
arrhythmias. The amyloid deposits can infiltrate the sinoatrial
(SA) and atrioventricular (AV) nodes, as well as the
conduction pathways, leading to bradyarrhythmias and heart
block. Atrial fibrillation (AF) is particularly common, often
complicated by rapid ventricular rates and an increased risk
of thromboembolism due to impaired atrial contractility and
atrial amyloid infiltration. Ventricular arrhythmias are less
common but may occur, especially in advanced disease, and
contribute to sudden cardiac death. Permanent pacemaker
implantation may be necessary in cases with significant
conduction delays or complete heart block.6,7

The electrocardiogram (ECG) in cardiac amyloidosis often
reveals low voltage QRS complexes, particularly in the limb
leads, which are paradoxical findings given the hypertrophied
appearance of the ventricles on imaging studies. The
discrepancy arises because the amyloid infiltrate increases
myocardial mass while simultaneously reducing electrical
signal conduction. Other ECG abnormalities may include
poor R wave progression, pseudoinfarction patterns, and
nonspecific ST-T wave changes. In some patients, evidence
of left or right ventricular hypertrophy may be present, further
complicating the clinical picture.6,7

Cardiac involvement in amyloidosis is frequently
accompanied by extracardiac manifestations, which can
provide important diagnostic clues. In AL amyloidosis,
systemic involvement is common, and patients may present
with  nephrotic syndrome, hepatomegaly, peripheral
neuropathy, or macroglossia. Periorbital purpura and carpal
tunnel syndrome are also suggestive features that may
precede cardiac symptoms. The presence of such systemic
signs should prompt consideration of a systemic amyloidosis
workup, particularly when cardiac manifestations are
present.7

In ATTR amyloidosis, the clinical spectrum differs between
hereditary (ATTRv) and wild-type (ATTRwt) forms.
ATTRwt amyloidosis, often seen in older male patients,
predominantly affects the heart, manifesting with restrictive
cardiomyopathy and heart failure. Concomitant carpal tunnel
syndrome, lumbar spinal stenosis, and biceps tendon rupture
are frequently reported and may precede the onset of cardiac
symptoms by years. Hereditary ATTR amyloidosis,
depending on the specific mutation, may present with a
variable phenotype that includes peripheral neuropathy,
autonomic dysfunction, and significant cardiac involvement.
The Vall22lle (p.Vall42lle) mutation, common in
individuals of African descent, is associated with a
predominantly cardiac phenotype, whereas the Val30Met
(p-Val50Met) mutation, prevalent in endemic areas, often
presents with polyneuropathy before cardiac involvement.7,8
An underappreciated but critical manifestation of cardiac
amyloidosis is autonomic dysfunction, which can
significantly complicate management. Patients may
experience  orthostatic  hypotension,  gastrointestinal
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dysmotility, and bladder dysfunction, further impairing their
quality of life. Orthostatic hypotension, in particular, can be
difficult to manage and is often exacerbated by the diuretic
therapy required for heart failure symptoms.8,9

Advanced cardiac amyloidosis can also result in severe
valvular heart disease. Amyloid infiltration of the mitral and
aortic valves may lead to thickening and regurgitation,
although significant stenotic lesions are less common.
Pericardial involvement with amyloid deposits may manifest
as pericardial effusion, which is typically small and clinically
silent but may contribute to restrictive physiology in certain
cases.8,9

Cardiac amyloidosis often masquerades as other cardiac
conditions, making differential diagnosis challenging. The
overlapping features with hypertrophic cardiomyopathy,
HFpEF, or aortic stenosis necessitate a high index of
suspicion, particularly in patients with unexplained heart
failure, arrhythmias, or low voltage on ECG. Early
recognition and appropriate referral for specialized testing are
imperative, as disease-modifying therapies are now available
that can significantly alter the natural course of the disease if
initiated early.8,9

DIAGNOSTIC METHODS
The diagnosis of cardiac amyloidosis (CA) involves a
multidisciplinary approach integrating clinical evaluation,
advanced imaging techniques, serological testing, and, in
some cases, histological confirmation. Accurate and timely
diagnosis is paramount, as it significantly influences
therapeutic decision-making and patient outcomes. The
diagnostic process for CA has evolved considerably with
advancements in non-invasive modalities, which facilitate
early recognition and allow for differentiation between
various amyloid subtypes.10,11

1. Clinical Evaluation and Red Flags
The diagnostic journey typically begins with a thorough
clinical evaluation. Clinicians must maintain a high index of
suspicion for cardiac amyloidosis in patients presenting with
heart failure symptoms, particularly heart failure with
preserved ejection fraction (HFpEF) that does not respond
well to conventional treatment. Clinical “red flags” include
unexplained biventricular hypertrophy on imaging, low
voltage on electrocardiogram (ECG), and a history of
systemic features such as nephrotic syndrome, peripheral
neuropathy, or autonomic dysfunction. Additionally, the
presence of certain coexisting conditions, such as bilateral
carpal tunnel syndrome, Ilumbar spinal stenosis, or
unexplained hepatomegaly, should raise suspicion for
underlying amyloidosis.11
Electrocardiography (ECG)
ECG is often the first-line diagnostic test performed in
patients suspected of having cardiac amyloidosis. One of the
classic findings in CA is low voltage QRS complexes in the
limb leads, despite the presence of ventricular wall thickening
on imaging studies. This paradox is a hallmark of myocardial

amyloid infiltration, which increases the mass of the
myocardium  while electrically insulating it. The
pseudoinfarction pattern, characterized by pathologic Q
waves in the absence of coronary artery disease, is another
common finding. Atrial fibrillation (AF) is prevalent in CA
and is often associated with a high thromboembolic risk due
to atrial amyloid involvement. Advanced conduction
abnormalities, such as first-degree heart block, bundle branch
block, or complete heart block, are frequently observed and
may necessitate pacemaker placement.11

2. Echocardiography
Echocardiography is a pivotal tool in the initial assessment of
suspected cardiac amyloidosis and provides valuable insights
into cardiac morphology and function. The typical
echocardiographic features of CA include increased left and
right ventricular wall thickness with a “granular sparkling”
myocardial appearance, a finding considered characteristic
but not pathognomonic of amyloid infiltration. Diastolic
dysfunction is a prominent and early manifestation, with a
restrictive filling pattern often observed. The left atrium is
usually dilated, reflecting chronically elevated filling
pressures. In advanced stages, systolic dysfunction may
become apparent. Other key echocardiographic findings
include thickened valves, pericardial effusion, and impaired
global longitudinal strain (GLS) with relative apical sparing,
which can be visualized through speckle-tracking
echocardiography and is highly suggestive of CA.11
4. Cardiac Magnetic Resonance Imaging (CMR)
CMR has emerged as a gold standard in the non-invasive
diagnosis of cardiac amyloidosis. It provides superior tissue
characterization and can detect myocardial infiltration even
in early stages. The hallmark CMR finding in CA is diffuse
subendocardial late gadolinium enhancement (LGE) with a
non-vascular distribution pattern, reflecting amyloid
deposition. This pattern may evolve to include transmural
LGE as the disease progresses. CMR also reveals abnormal
myocardial nulling on inversion recovery sequences, which
is indicative of extensive amyloid infiltration. In addition to
LGE, T1 mapping and extracellular volume (ECV)
quantification have become crucial tools for assessing the
extent of myocardial amyloid burden. Increased native T1
and ECV values are highly suggestive of amyloid deposition
and correlate with disease severity and prognosis. CMR is
particularly useful in differentiating cardiac amyloidosis from
other causes of left ventricular hypertrophy, such as
hypertrophic cardiomyopathy.11
5. Bone Scintigraphy
Technetium-99m-labeled bone scintigraphy, particularly
with agents such as technetium-99m pyrophosphate (99mTc-
PYP), is a highly specific and non-invasive diagnostic
method for transthyretin amyloidosis (ATTR). The
sensitivity and specificity of 99mTc-PYP scintigraphy are
exceedingly high in distinguishing ATTR from AL
amyloidosis when combined with appropriate serological
testing. A positive bone scintigraphy scan showing
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myocardial uptake equal to or greater than bone uptake
(Perugini grade 2 or 3) in the absence of monoclonal protein
in the blood or urine strongly indicates ATTR amyloidosis.
This imaging modality has become a cornerstone in
diagnosing ATTR amyloidosis and can obviate the need for a
biopsy in many cases.11

6. Laboratory Testing and Biomarkers

Serological testing is essential for differentiating between AL
and ATTR amyloidosis, given the vastly different therapeutic
approaches. Serum and urine protein electrophoresis with
immunofixation and serum free light chain (sFLC) assay are
performed to detect the presence of a monoclonal
gammopathy, which is indicative of AL amyloidosis. The
absence of monoclonal proteins supports the diagnosis of
ATTR amyloidosis. Cardiac biomarkers, including N-
terminal pro—B-type natriuretic peptide (NT-proBNP) and
troponins, are often elevated in CA and correlate with the
degree of cardiac involvement and prognosis. These
biomarkers are particularly useful for monitoring disease
progression and treatment response.12

7. Genetic Testing

In cases of suspected ATTR amyloidosis, genetic testing is
performed to distinguish between hereditary (ATTRv) and
wild-type (ATTRwt) forms. Identifying specific TTR gene
mutations is crucial for family screening and management.
Certain mutations, such as Val30Met (p.Val50Met) or
Vall22lle (p.Vall42lle), are associated with particular
phenotypic manifestations and influence therapeutic
decisions.12

8. Endomyocardial Biopsy

While non-invasive methods have revolutionized the
diagnosis of cardiac amyloidosis, endomyocardial biopsy
remains the definitive test for confirming amyloid deposition
in ambiguous cases. Biopsy specimens are typically stained
with Congo red, which reveals apple-green birefringence
under polarized light microscopy, confirming the presence of
amyloid. Further characterization using
immunohistochemistry, mass spectrometry, or proteomics is
performed to determine the amyloid subtype.
Endomyocardial biopsy is particularly useful when non-
invasive tests are inconclusive or when there is a need to rule
out other infiltrative cardiomyopathies.12

9. Emerging Diagnostic Tools and Techniques

Recent advances in diagnostic modalities have focused on
molecular imaging and amyloid-specific tracers, such as
positron emission tomography (PET) with amyloid-binding
radiotracers, which show promise in detecting and
quantifying myocardial amyloid burden. These novel
imaging techniques may enhance the diagnostic precision and
provide insights into the pathophysiological mechanisms of
cardiac amyloidosis. Additionally, machine learning
algorithms are being explored for analyzing imaging and
biomarker data to improve early diagnosis and risk
stratification.12

In summary, the diagnostic approach to cardiac amyloidosis
has evolved significantly, incorporating a combination of
clinical, serological, imaging, and histopathological methods.
Early and accurate differentiation between AL and ATTR
amyloidosis is critical, as it informs prognosis and guides
therapy. Ongoing research into advanced imaging techniques
and molecular diagnostics continues to expand the arsenal of
tools available to clinicians, paving the way for more
personalized and effective management of this challenging
condition.12

Current Treatments for Cardiac Amyloidosis

The therapeutic landscape for cardiac amyloidosis (CA) has
evolved significantly in recent years, driven by a growing
understanding of the molecular and pathophysiological
mechanisms underlying the disease. Management strategies
for CA are tailored based on the amyloid subtype—either
light-chain (AL) amyloidosis or transthyretin (ATTR)
amyloidosis—and focus on both alleviating heart failure
symptoms and targeting the amyloid-forming process.
Comprehensive  treatment plans often involve a
multidisciplinary team, including cardiologists,
hematologists, and specialists in amyloidosis, given the
systemic nature of the disease.12

1. General Management of Cardiac Symptoms

The treatment of heart failure in cardiac amyloidosis poses
unique challenges, as conventional heart failure therapies
may not be as effective and can even be detrimental in certain
scenarios. Diuretics are the mainstay for symptom relief in
cardiac amyloidosis and are used to manage fluid overload,
but they must be administered with caution to avoid
exacerbating hypotension, which is often compounded by
autonomic dysfunction. Loop diuretics, such as furosemide or
bumetanide, are typically used in combination with
aldosterone antagonists like spironolactone or eplerenone to
optimize fluid management.12

Beta-blockers, angiotensin-converting enzyme (ACE)
inhibitors, and angiotensin receptor blockers (ARBs) are
generally avoided in cardiac amyloidosis due to the high risk
of worsening hypotension and their limited benefit in this
patient population. Calcium channel blockers, such as
verapamil and diltiazem, are contraindicated because of their
negative inotropic effects and the potential to exacerbate
myocardial dysfunction. The use of digoxin should also be
approached with caution, as it binds avidly to amyloid fibrils
and can precipitate digoxin toxicity.

For patients with cardiac amyloidosis and atrial fibrillation
(AF), rate and rhythm control are crucial but challenging.
Anticoagulation is strongly recommended, even in the
presence of a normal CHA2DS2-VASc score, due to the high
risk of thromboembolism associated with atrial amyloid
infiltration. Direct oral anticoagulants (DOACS) or warfarin
may be wused, but careful monitoring is required.
Cardioversion and atrial ablation are considered in refractory
cases, although their long-term efficacy may be limited.12
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2. AL Amyloidosis: Targeted Therapy
AL amyloidosis is driven by a clonal plasma cell dyscrasia,
making treatment strategies analogous to those used in
multiple myeloma. The primary goal is to rapidly suppress
the production of amyloidogenic light chains and achieve a
durable hematologic response.13

a. Chemotherapy-Based Regimens:
Combination chemotherapy, often centered around
bortezomib (a proteasome inhibitor), is the backbone of
therapy for AL amyloidosis. Bortezomib is highly effective
in reducing light chain production and is usually combined
with dexamethasone and an alkylating agent such as
cyclophosphamide or melphalan. Lenalidomide or
pomalidomide, immunomodulatory drugs (IMiDs), may be
used in refractory or relapsed cases, but their use requires
careful monitoring for cardiac toxicity. Dexamethasone, a
potent glucocorticoid, provides rapid reduction of light chain
production and symptom relief but must be used cautiously
in patients with fragile cardiovascular status.14
b. Autologous Stem Cell Transplantation (ASCT):
ASCT remains a potentially curative option for carefully
selected patients with AL amyloidosis who have adequate
organ function and limited cardiac involvement. This
approach involves high-dose melphalan followed by the
reinfusion of autologous hematopoietic stem cells. Pre-
transplant cardiac assessment is critical to minimize
periprocedural risks, as patients with significant cardiac
involvement are at higher risk of treatment-related mortality.
The decision to pursue ASCT is individualized and based on
factors such as age, performance status, and the degree of
end-organ damage.14
C. Novel Therapies and Clinical Trials:
Emerging therapies for AL amyloidosis include monoclonal
antibodies like daratumumab, which targets CD38 on plasma
cells, and isatuximab, another anti-CD38 agent under
investigation. Venetoclax, a BCL-2 inhibitor, has shown
promise in patients with specific genetic profiles, such as
t(11;14). Chimeric antigen receptor (CAR) T-cell therapy,
while still experimental, represents a potential breakthrough
for refractory AL amyloidosis.14
3. ATTR Amyloidosis: Targeted Therapy
ATTR amyloidosis is categorized into hereditary (ATTRvV)
and wild-type (ATTRwt) forms, both driven by the
misfolding of transthyretin (TTR) protein. Current treatments
aim to stabilize TTR tetramers, reduce TTR production, or
promote amyloid clearance.15
a. TTR Stabilizers:
Tafamidis is a TTR stabilizer that has been shown to improve
survival and reduce hospitalizations in patients with ATTR
cardiomyopathy. It binds to the TTR tetramer, preventing its
dissociation into monomers and subsequent amyloid fibril
formation. Tafamidis is currently the only FDA-approved
medication for ATTR cardiomyopathy and has become a
cornerstone of treatment. Diflunisal, a nonsteroidal anti-
inflammatory drug (NSAID) with TTR-stabilizing properties,

has shown some efficacy in small studies, but its use is limited
by potential renal and gastrointestinal side effects.15

b. Gene Silencing Therapies:

Patisiran and inotersen are RNA-based therapies that reduce
the hepatic production of TTR. Patisiran is a small interfering
RNA (siRNA) encapsulated in a lipid nanoparticle that
specifically degrades TTR mRNA in the liver, leading to a
reduction in circulating TTR levels. Inotersen is an antisense
oligonucleatide that also targets TTR mRNA. Both agents are
approved for hereditary ATTR amyloidosis with
polyneuropathy but have shown potential benefits in cardiac
amyloidosis, prompting ongoing research into their efficacy
for cardiac involvement. Monitoring for adverse effects, such
as thrombocytopenia and glomerulonephritis with inotersen,
is essential.15

c. CRISPR-Cas9 and Emerging Gene Editing:
Recent advancements in gene editing have led to the
exploration of CRISPR-Cas9 technology to permanently
knock out the TTR gene. Early-phase clinical trials have
demonstrated promising results, offering the potential for a
one-time curative intervention. However, long-term data on
safety and efficacy are still awaited.15

d. Amyloid Fibril Disruptors:
While not yet widely available, amyloid fibril disruptors are
a novel class of drugs designed to break down existing
amyloid deposits. Doxycycline and tauroursodeoxycholic
acid (TUDCA) have shown amyloidolytic activity in
preclinical studies and are being evaluated in clinical trials.
Monoclonal antibodies that target amyloid deposits, such as
PRX004, are under investigation and represent a promising
approach to clearing myocardial amyloid deposits.15

4. Supportive Care and Multidisciplinary Management
In addition to specific therapies for AL or ATTR amyloidosis,
comprehensive supportive care is essential for optimizing
outcomes. Management of heart failure symptoms,
nutritional support, and early involvement of palliative care
services are integral components of patient care. Cardiac
amyloidosis often leads to significant morbidity,
necessitating regular follow-up with cardiology, nephrology,
and other relevant specialties.15

Cardiac devices, such as pacemakers or implantable
cardioverter-defibrillators (ICDs), may be necessary for
patients with significant conduction disease or at risk of
sudden cardiac death. However, the benefit of ICDs in
preventing sudden death in CA is not well established and
must be considered on a case-by-case basis. Orthopedic
management may be required for patients with severe carpal
tunnel syndrome or lumbar spinal stenosis secondary to
amyloid deposition.16

5. Future Directions and Research

Ongoing research continues to transform the therapeutic
landscape of cardiac amyloidosis. The development of
precision medicine approaches, based on individual genetic
and molecular profiles, holds the promise of personalized
therapy. Advances in molecular imaging and biomarkers are
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also improving the ability to monitor disease progression and
response to therapy, paving the way for more effective and
targeted treatment strategies.16

In summary, the treatment of cardiac amyloidosis requires a
nuanced and individualized approach, incorporating both
disease-modifying therapies and comprehensive supportive
care. The emergence of novel agents targeting the
amyloidogenic pathway has revolutionized management and
offers hope for improved survival and quality of life in
patients with this challenging disease. Continued
collaboration between researchers and clinicians is essential
to further refine and expand therapeutic options for cardiac
amyloidosis.16

CONCLUSIONS

Cardiac amyloidosis (CA) represents a complex and
increasingly recognized clinical entity characterized by the
pathological deposition of misfolded amyloid fibrils within
the myocardial extracellular matrix. This deposition results in
progressive myocardial dysfunction, leading to heart failure,
arrhythmias, and an array of systemic complications. Despite
its historically poor prognosis and the challenges associated
with early recognition, recent advancements in diagnostic
techniques and therapeutic strategies have significantly
transformed the landscape of CA management, offering new
hope for affected patients.

The heterogeneity of cardiac amyloidosis, which primarily
encompasses light-chain (AL) amyloidosis and transthyretin
(ATTR) amyloidosis, necessitates a subtype-specific
approach to diagnosis and treatment. The advent of non-
invasive imaging modalities, such as cardiac magnetic
resonance imaging (CMR) and technetium-99m-labeled bone
scintigraphy, has improved our ability to diagnose CA
accurately and early. Furthermore, serological testing has
become essential in differentiating AL from ATTR
amyloidosis, a distinction that is critical given the divergent
therapeutic pathways.

AL amyloidosis, caused by the overproduction of misfolded
immunoglobulin light chains by clonal plasma cells, remains
an aggressive and life-threatening condition. The primary
therapeutic goal is rapid and effective suppression of light
chain production. Treatments have evolved from traditional
alkylating agents and steroids to include proteasome
inhibitors like bortezomib, immunomodulatory drugs, and,
for select patients, high-dose chemotherapy followed by
autologous stem cell transplantation (ASCT). Emerging
therapies, such as monoclonal antibodies and novel targeted
agents, offer promise for patients with refractory or relapsed
disease, although challenges in managing advanced cardiac
involvement persist.

In contrast, ATTR amyloidosis, which encompasses both
hereditary (ATTRv) and wild-type (ATTRwt) forms, has
seen significant therapeutic advancements with the
development of TTR stabilizers, gene-silencing therapies,
and novel experimental approaches. Tafamidis, a TTR

stabilizer, has emerged as a cornerstone of therapy for ATTR
cardiomyopathy, demonstrating significant benefits in
reducing mortality and heart failure hospitalizations.
Meanwhile, RNA-based therapies, such as patisiran and
inotersen, have shown efficacy in reducing TTR production,
particularly in patients with hereditary ATTR amyloidosis.
The advent of gene-editing technologies, including CRISPR-
Cas9, holds the potential for transformative, once-in-a-
lifetime treatments, although long-term data are awaited.
Despite these advances, significant challenges remain in the
management of cardiac amyloidosis. The insidious onset of
symptoms and the often-overlapping clinical features with
other forms of heart failure contribute to delayed diagnosis.
Additionally, many patients present with advanced disease at
the time of diagnosis, limiting therapeutic options and
complicating management. There remains a need for greater
awareness and clinical suspicion among healthcare providers,
as well as continued education on the characteristic “red
flags” of CA, such as unexplained left ventricular
hypertrophy with low ECG voltage and resistant heart failure
symptoms.

Moreover, while current therapies have improved outcomes
for many patients, there is still no cure for CA, and treatment
goals remain focused on slowing disease progression and
managing symptoms. Ongoing research into amyloid fibril
disruptors, novel imaging biomarkers, and machine learning
algorithms for early detection holds promise for the future.
Furthermore, the integration of precision medicine
approaches, which take into account genetic, proteomic, and
metabolomic data, is likely to further personalize treatment
and improve prognostic stratification.

Cardiac amyloidosis also underscores the importance of
multidisciplinary care, given the systemic nature of the
disease. Collaboration among cardiologists, hematologists,
nephrologists, neurologists, and palliative care specialists is
essential to address the diverse manifestations and
complications of CA. Holistic management that encompasses
not only medical treatment but also supportive care,
psychosocial support, and patient education can significantly
enhance quality of life.

In conclusion, cardiac amyloidosis remains a formidable
clinical challenge, but the future is hopeful. The remarkable
strides in understanding the molecular basis of amyloid
diseases have paved the way for innovative therapies that
extend survival and improve the quality of life. Continued
advancements in research, combined with an emphasis on
early diagnosis and comprehensive care, are key to
transforming outcomes for patients with cardiac amyloidosis.
Future efforts should focus on optimizing current therapies,
developing curative treatments, and increasing global
awareness of this underrecognized but devastating disease.
With a growing arsenal of diagnostic and therapeutic tools,
the once grim outlook for cardiac amyloidosis patients is
gradually evolving, offering a new era of promise and
progress in the fight against this debilitating condition.
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