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Abstract

Cardiac amyloidosis, increasingly recognized for its significant im-
pact on global heart health and patient survival, demands a thorough
review to understand its complexity and the urgency of improved
management strategies. As a cause of cardiomyopathy and heart fail-
ure, particularly in patients with aortic stenosis and atrial fibrillation,
this condition also relates to higher incidences of dementia in the af-
fected populations. The objective of this review was to integrate and
discuss the latest advancements in diagnostics and therapeutics for
cardiac amyloidosis, emphasizing the implications for patient prog-
nosis. We evaluated the latest literature from major medical databases
such as PubMed and Scopus, focusing on research from 2020 to 2024,
to gather comprehensive insights into the current landscape of this
condition. Insights from our review highlight the complex patho-
physiology of cardiac amyloidosis and the diagnostic challenges it
presents. We detail the effectiveness of emerging treatments, nota-
bly gene silencing therapies like patisiran and vutrisiran, which offer
transformative potential by targeting the production of amyloidogenic
proteins. Additionally, the stabilization therapy acoramidis shows
promise in modifying disease progression and improving clinical out-
comes. This review underscores the critical need for updated clinical
guidelines and further research to expand access to groundbreaking
therapies and enhance disease management. Advocating for contin-
ued research and policy support, we emphasize the importance of ad-
vancing diagnostic precision and treatment effectiveness, which are
vital for improving patient outcomes and addressing this debilitating
disease globally.
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Introduction

Cardiac amyloidosis (CA), an increasingly recognized con-
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dition within the realm of cardiology, is characterized by the
extracellular deposition of amyloid fibrils in the heart, leading
to restrictive cardiomyopathy (RCM) and substantial global
health implications [1]. This condition primarily manifests
as transthyretin (amyloid transthyretin (ATTR)) or immuno-
globulin light chain (AL) amyloidosis, each posing unique
diagnostic challenges and necessitating distinct therapeutic
approaches [2].

CA is classified into several types, each with unique car-
diac and extracardiac manifestations [3]. The three primary
forms are AL amyloidosis and transthyretin amyloidosis,
which includes wild-type (wild-type transthyretin amyloidosis
(WtATTR)) and hereditary variants (hereditary transthyretin
amyloidosis (hATTR)) [4]. AL amyloidosis, associated with
plasma cell dyscrasias, is characterized by rapid progression
and severe cardiac involvement, leading to high morbidity and
mortality [5]. Transthyretin amyloidosis, on the other hand, of-
ten presents in an older population, manifesting predominantly
as heart failure with preserved ejection fraction (HFpEF) and
significant aortic stenosis [6].

wtATTR is frequently associated with aortic stenosis in
elderly patients. This association is primarily due to the age-
related accumulation of transthyretin amyloid deposits in the
myocardium and aortic valve. The accumulation of amyloid in
the aortic valve can contribute to the restriction of valve open-
ing, thereby exacerbating aortic stenosis. Studies have shown
that wtATTR is prevalent among patients undergoing tran-
scatheter aortic valve replacement (TAVR) for severe aortic
stenosis, suggesting a pathological link rather than a mere co-
incidence [7]. The amyloid deposits increase the stiffness of the
valve and myocardial tissue, leading to decreased compliance
and worsening of diastolic function, which further complicates
the clinical management of these patients [8]. Understanding
this relationship is crucial for early diagnosis and appropriate
management of wtATTR in patients with aortic stenosis. By
clearly elucidating the connection between wtATTR and aortic
stenosis, this review aims to provide a comprehensive under-
standing of the pathophysiology and clinical implications of
CA, thereby enhancing the management strategies for affected
patients.

AL amyloidosis requires specific attention due to its dis-
tinct pathophysiology and treatment strategies. The primary
treatment for AL amyloidosis involves chemotherapy regi-
mens that target the underlying plasma cell dyscrasia, such as
bortezomib, lenalidomide, and dexamethasone [7]. Autolo-
gous stem cell transplantation is also a treatment option for
eligible patients, offering potential remission and improved
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survival rates [8]. The management of cardiac involvement in
AL amyloidosis includes the use of heart failure medications,
though these must be carefully tailored due to the unique chal-
lenges posed by amyloid infiltration in the myocardium [9].

In contrast, the treatment of ATTR amyloidosis has seen
the advent of novel therapies like tafamidis, patisiran, and
vutrisiran, which target the production and stabilization of
transthyretin to prevent amyloid fibril formation and deposi-
tion [10]. These therapies offer a different mechanism of ac-
tion compared to those used for AL amyloidosis, highlighting
the need for distinct treatment pathways based on the type of
amyloidosis diagnosed.

Recent clinical experiences highlight the complexity of di-
agnosing and treating CA. For instance, patients often present
with nonspecific symptoms such as fatigue and edema, which
can lead to misdiagnosis or delayed diagnosis. Advanced im-
aging techniques, such as echocardiography with strain imag-
ing and cardiac magnetic resonance imaging (CMR), are piv-
otal in early detection and assessment of the extent of cardiac
involvement [7]. Additionally, novel diagnostic tools like bone
scintigraphy using 99mTc-pyrophosphate (99mTc-PYP) have
shown high sensitivity and specificity for detecting transthyre-
tin amyloidosis, further aiding in differentiating it from AL
amyloidosis [8].

From a therapeutic perspective, the management of CA
has evolved significantly. Therapies such as tafamidis, pati-
siran, and vutrisiran have shown promising results in clinical
trials, offering hope for improved patient outcomes. However,
these treatments come with challenges, including high costs
and limited availability, which can impact their accessibility
and overall effectiveness in real-world settings [9]. Clinicians
must navigate these challenges while considering each pa-
tient’s unique clinical presentation and disease progression to
optimize treatment strategies.

Through this review, we aim to provide a comprehensive
and clinically relevant discussion on the pathophysiology, di-
agnosis, and management of CA. Our goal is to offer insights
that can guide healthcare professionals in making informed
decisions, ultimately improving patient care and outcomes in
this challenging field.

The pathogenesis of CA involves the misfolding of pro-
tein precursors, leading to fibril formation and deposition in
cardiac tissues [7]. This deposition disrupts myocardial struc-
ture and function, culminating in heart failure and arrhythmic
complications [8]. Recent epidemiological data highlight a
notable underdiagnosis of this condition, particularly among
older adults presenting with HFpEF, where systematic screen-
ings have revealed a prevalence as high as 16% in certain co-
horts [9].

Despite the severity of the condition, recent years have
witnessed significant advancements in the therapeutic land-
scape of CA [10]. Gene silencing therapies, such as patisiran
and vutrisiran, target the RNA transcripts of amyloidogenic
proteins, reducing their production and potentially altering the
course of the disease [11]. Additionally, stabilizing agents like
tafamidis have shown promise in managing 77R variants by
preventing protein misfolding and deposition [12].

The increasing recognition of CA has not only improved
our understanding of its clinical presentation but also high-
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lighted the variability in outcomes and discrepancies in the
availability of treatment options across different regions and
populations [13]. This review seeks to consolidate current
knowledge on the diagnosis, management, and outcomes of
CA, with an emphasis on elucidating the pathophysiological
mechanisms, optimizing therapeutic strategies, and addressing
gaps in current research paradigms.

Thus, the objectives of this review are twofold: to provide
a comprehensive overview of the contemporary diagnostic
and management approaches in CA and to set a direction for
future research that could potentially lead to groundbreaking
advancements in the care of patients suffering from this de-
bilitating condition. Through this exploration, we aim to foster
a deeper understanding of CA, from its molecular underpin-
nings to its clinical implications, thereby improving patient
outcomes and contributing to the global efforts in combating
this intricate disease.

Epidemiology

CA, a form of cardiomyopathy primarily driven by the ac-
cumulation of amyloid proteins within the heart, manifests
predominantly through transthyretin or immunoglobulin light
chains [3]. The three major forms of CA identified are wtAT-
TR, hATTR, and AL amyloidosis [4].

Recent epidemiological data suggest a notable underdiag-
nosis of wtATTR, particularly among older adults presenting
with HFpEF and severe aortic stenosis [ 14]. Systematic screen-
ings in such cohorts reveal a prevalence of approximately 6%
in individuals over 60 years of age with HFpEF, compared to
a mere 1% detected without dedicated screening [15]. Similar
studies conducted in hospital settings on patients with HFpEF
indicate a prevalence of 13%, and among those undergoing
transcatheter aortic valve implantation for aortic stenosis, the
detection rate of wtATTR amyloidosis climbs to 16% [16].

The epidemiology of hATTR (or ATTR variant (ATTRv))
remains less clear due to its association with over 120 patho-
genic gene variants, each exhibiting varying geographical and
ethnic prevalence [17]. Common mutations such as Val122Ile
and Val30Met suggest a distinct genetic predisposition linked
to specific populations, influencing the regional distribution of
this amyloidosis type [18].

AL amyloidosis, although rare with an incidence of ap-
proximately one per 100,000 annually in the United States, is
associated with plasma cell dyscrasias [19]. This form presents
a critical need for enhanced diagnostic awareness due to its
severe prognostic implications if left unidentified [20].

Demographically, recent insights indicate an increase in
the prevalence and incidence of CA globally, with particular
emphasis on the elderly and male populations [21]. This is cor-
roborated by findings from autopsies and clinical screenings
which suggest that CA, particularly transthyretin amyloid car-
diomyopathy (ATTR-CM), may be significantly more preva-
lent than previously recognized in the aging population [22].
Ethnic and racial disparities also emerge in the manifestation
and progression of the disease, with non-Hispanic Blacks and
Hispanics exhibiting more aggressive disease phenotypes and
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higher hospitalization rates compared to Whites [23].

Understanding these epidemiological trends is essential
for framing public health strategies and clinical approaches,
aiming to enhance screening and early diagnosis, especially
in high-risk groups. This is critical not only for improving
outcomes through timely interventions but also for addressing
disparities in the detection and management of CA across dif-
ferent demographic groups.

Pathophysiology

CA is characterized by the extracellular deposition of misfold-
ed proteins in the myocardium, which results in RCM and pro-
gressive heart failure [24]. The pathophysiology of this discase
involves complex molecular and biochemical mechanisms
centered around the misfolding and aggregation of specific
proteins, primarily transthyretin in ATTR and immunoglobulin
light chains in AL [25].

In ATTR, genetic mutations such as Val122lIle, Thr60Ala,
and Glu89GIn destabilize TTR tetramers, facilitating their
dissociation into monomeric forms that are prone to misfold
[26]. These misfolded proteins then aggregate into amyloid
fibrils, which deposit in the cardiac extracellular matrix [27].
Similarly, in AL amyloidosis, abnormal immunoglobulin light
chains produced by clonal plasma cells fold improperly and
form amyloid fibrils [28].

Once deposited, these amyloid fibrils disrupt the structural
integrity and functional capacity of the heart [29]. They inter-
fere with the alignment and organization of cardiac muscle fib-
ers, increase myocardial stiffness, and reduce elasticity [30].
This mechanical disruption leads to diastolic dysfunction as
the heart becomes less compliant and unable to fill effectively
during diastole [31]. Additionally, amyloid fibrils bind to cel-
lular components such as receptors and enzymes, impairing
intracellular signaling and metabolic processes, and disrupting
ionic homeostasis [7]. The presence of amyloid also triggers
an inflammatory response in the heart, marked by activation
of cardiac fibroblasts and infiltration of inflammatory cells,
contributing to further myocardial damage and fibrosis [32].

These pathophysiological changes culminate in progres-
sive heart failure with symptoms such as dyspnea, fatigue, and
edema [13]. Moreover, amyloid infiltration into the cardiac
conduction system can lead to various arrhythmias, including
atrial fibrillation (AF) and conduction blocks, further reduc-
ing cardiac output and increasing the risk of thromboembolic
events [33].

Understanding these pathophysiological processes is cru-
cial for the clinical management of CA and guides the develop-
ment of therapeutic strategies [7]. One such strategy includes
gene silencing therapies like patisiran, which target the pro-
duction of amyloidogenic proteins at the transcriptional level
[34]. By reducing the amount of mutant and wild-type TTR,
these therapies aim to lessen the substrate available for amy-
loid formation [35]. The pathophysiological insights into how
amyloid fibrils affect cardiac function support the use of such
therapies, which, although they do not remove existing depos-
its, can prevent the formation of new amyloid accumulations
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and potentially ameliorate symptoms and disease progression
[7].

Thus, the molecular and cellular mechanisms underlying
the deposition of amyloid fibrils and their impact on cardiac
tissues are fundamental to diagnosing and developing inter-
ventions for CA [36]. Further research into these mechanisms
is essential for creating therapies that not only alleviate symp-
toms but also modify the underlying disease dynamics.

Clinical Manifestations

CA manifests through a spectrum of symptoms that vary de-
pending on the type of amyloid protein involved and the extent
of cardiac infiltration [37]. This condition, characterized by the
deposition of amyloid proteins in the heart, leads to significant
clinical challenges due to its diverse presentations and the pro-
gressive nature of the disease [38].

Patients with ATTR amyloidosis, whether hereditary or
wild type, typically present in the later decades of life, with
symptoms emerging predominantly after the age of 60 [39].
The clinical phenotype includes features of RCM such as
dyspnea on exertion, fatigue, and lower extremity edema, re-
flecting the underlying heart failure caused by impaired ven-
tricular filling and reduced diastolic function of the heart [13].
These symptoms are often more pronounced in patients with
wild-type ATTR amyloidosis and certain hereditary variants,
where cardiac involvement is the dominant clinical feature [5].

In contrast, AL amyloidosis affects patients usually begin-
ning at age 40, with a wider range of organ involvement [40].
In addition to cardiac symptoms, patients may exhibit mani-
festations related to renal, neurological, and gastrointestinal
involvement [3]. Cardiac-specific symptoms in AL amyloido-
sis tend to be severe due to the toxic effects of amyloidogenic
light chains on myocardial cells, which can exacerbate cardiac
dysfunction [13].

Common cardiac manifestations in all forms of amyloido-
sis include increased jugular venous pressure, hepatic conges-
tion, and ascites associated with right ventricular failure [14].
Advanced disease stages are characterized by features of low
cardiac output such as diminished pulse pressure and delayed
capillary refill, indicating severe cardiac compromise [41].

Arrhythmias are a prevalent complication, with patients
frequently presenting with syncope or presyncope [42]. These
episodes are typically caused by bradyarrhythmias or advanced
atrioventricular block, though ventricular arrhythmias can also
occur [43]. The need for pacemaker implantation is common,
especially in patients with ATTR amyloidosis due to progres-
sive conduction system disease [44].

Electrocardiographic findings in CA often reveal a low
voltage in the limb leads and a pseudoinfarct pattern in the
precordial leads, despite echocardiographic evidence of in-
creased left ventricular wall thickness [45]. This discordance
is a notable diagnostic clue but varies in sensitivity depending
on the amyloid type [20]. Echocardiography typically shows
increased wall thickness, biatrial enlargement, and signs of di-
astolic dysfunction [46]. These imaging findings are crucial
for assessing the severity and extent of myocardial involve-
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ment [47].

AF is another common finding, especially in patients with
wtATTR amyloidosis, and is associated with an increased risk
of thromboembolic events [33]. The deposition of amyloid
proteins not only in the ventricles but also in the atrial walls
can lead to atrial electromechanical dissociation during sinus
rhythm, which further complicates the clinical picture [44].

In summary, the clinical manifestations of CA are com-
plex and varied, often involving a combination of heart failure
symptoms, arrhythmias, and conduction system abnormalities.
The diagnosis is challenging due to the nonspecific nature of
early symptoms and the multifaceted presentations that depend
heavily on the type and extent of amyloid deposition within
the heart. Early recognition and detailed cardiovascular evalu-
ation are critical to managing this intricate and progressively
debilitating disease.

Complications

CA presents significant challenges in clinical management due
to its diverse array of complications, which predominantly af-
fect the heart’s electrical system and mechanical function [48].
This disease process leads to substantial morbidity and mortal-
ity, primarily from AF, conduction system disease, heart fail-
ure, and sudden cardiac death (SCD) [49].

AF is notably prevalent in patients with ATTR-CA, oc-
curring in up to 73% of cases. This high incidence is linked
with older age, advanced disease stage, and increased left atrial
volume index. The management of AF in this group is com-
plicated by the high risk of thromboembolic events and the
poor tolerance of rate control medications, often necessitating
early adoption of rhythm control strategies [50]. Although an-
ticoagulation therapy is crucial for preventing strokes in these
patients, recent studies indicate that novel oral anticoagulants
(NOAC:s) are associated with a lower risk of major bleeding
compared to warfarin, while both options effectively reduce
the incidence of thromboembolic events [50]. Furthermore,
AF ablation appears to reduce mortality and hospitalization for
heart failure when performed early, emphasizing the need for
prompt and tailored treatment interventions [51].

Conduction system disease also emerges as a frequent
complication due to amyloid fibril deposition within the myo-
cardium. This deposition can lead to bundle branch blocks,
atrioventricular block, or sick sinus syndrome. Management
often requires the implantation of pacemakers, especially in
patients exhibiting advanced conduction disorders [52]. How-
ever, the timing for such interventions is critical and demands
careful clinical judgment to balance the benefits against po-
tential risks. Moreover, standard arrhythmic drugs like beta-
blockers and calcium-channel blockers are typically poorly
tolerated in this patient population, complicating traditional
therapeutic approaches [25].

Heart failure in CA is predominantly driven by RCM due
to amyloid infiltration in the myocardial extracellular space.
This condition leads to both diastolic and, eventually, systolic
dysfunction as the disease progresses [24]. The management
of heart failure in these patients is intricate, requiring a com-

214 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

bination of standard heart failure therapies and novel disease-
modifying treatments that aim to slow or halt the progression
of amyloid deposition. Challenges include the systemic nature
of the disease and the need for a multidisciplinary approach to
address the complex clinical presentation [53].

SCD is a grave risk for patients with CA, with ventricular
arrhythmias and electromechanical dissociation being primary
contributors. While implantable cardioverter-defibrillators
(ICDs) have been used for the prevention of SCD, their ef-
fectiveness in improving overall survival in this group remains
uncertain [54]. This uncertainty is partly due to the high mor-
tality rate observed despite ICD therapy and the complex in-
terplay of risk factors including ventricular tachyarrhythmias,
which may not be adequately managed by ICDs alone. Nonin-
vasive measures of myocardial energy metabolism have been
explored as potential tools for predicting SCD risk, suggesting
that metabolic imaging could play a role in risk stratification
[55].

In conclusion, the complications associated with CA ne-
cessitate a nuanced understanding of its pathophysiological
impact on cardiac function and a comprehensive approach to
management that integrates both symptomatic treatment and
strategies aimed at modifying the underlying disease process.
The intricate interplay of electrical and mechanical dysfunc-
tion requires targeted interventions to mitigate the high risk of
morbidity and mortality in this patient population.

Diagnostic Criteria and Challenges

CA is a complex condition characterized by the deposition of
amyloid proteins in the myocardium, leading to varied and of-
ten nonspecific clinical presentations that can challenge timely
and accurate diagnosis. This section outlines the diagnostic
criteria and challenges associated with identifying CA, em-
phasizing the systematic approaches required to confirm this
condition [24].

The suspicion of CA should be raised in several clinical
settings, particularly in patients presenting with unexplained
left ventricular hypertrophy (LVH), whether they exhibit heart
failure symptoms or not. Such cases necessitate a detailed
clinical evaluation including a thorough history to note any
presence of bilateral carpal tunnel syndrome before the on-
set of heart failure, which is suggestive of ATTR amyloidosis
[56]. Other scenarios warranting suspicion include instances
of low-flow, low-gradient aortic stenosis coupled with echo-
cardiographic signs of impaired longitudinal strain and condi-
tions like systemic AL amyloidosis or ATTR-related peripheral
neuropathy, where cardiac involvement may often be second-
ary [57].

Once clinical suspicion is established, a structured diag-
nostic approach is vital. The initial evaluation should integrate
a comprehensive clinical examination, detailed family and
medical history, routine laboratory tests, and an electrocar-
diogram to identify cardiac and extracardiac symptoms and
signs indicative of amyloidosis [58]. Subsequently, echocar-
diography serves as the principal noninvasive imaging modal-
ity, offering crucial insights such as the presence of a granular
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“sparkling” texture of the myocardium, biatrial enlargement,
and thickening of the valves and interatrial septum. Notably,
the echocardiographic finding of relative apical sparing of lon-
gitudinal strain is highly suggestive of CA and can aid in dif-
ferentiating it from other causes of LVH [59].

Apical sparing refers to the preservation of myocardial
strain in the apical segments of the heart while the basal and
mid segments show reduced strain. This pattern is thought to
result from the predilection of amyloid deposits to affect the
basal and mid segments more extensively than the apex. The
exact mechanisms are not fully understood, but it is hypoth-
esized that variations in myocardial blood flow, amyloid depo-
sition patterns, and differences in myocardial fiber orientation
contribute to this phenomenon [60]. By highlighting these
echocardiographic features and explaining their underlying
mechanisms, this review aims to enhance the diagnostic ac-
curacy and clinical understanding of CA, thereby improving
patient management and outcomes.

Further imaging assessments may include cardiovascular
magnetic resonance (CMR), which provides detailed myo-
cardial tissue characterization. CMR is particularly useful in
visualizing the diffuse subendocardial or transmural late gado-
linium enhancement typical of CA. Additionally, T1 mapping
during CMR can provide quantitative measures that correlate
strongly with the extent of amyloid infiltration, thus support-
ing the diagnosis even in early stages [60].

Bone tracer cardiac scintigraphy using radiotracers like
99mTc-PYP plays a critical role in diagnosing ATTR CA. A
significant uptake in these scans, especially in the absence
of a monoclonal protein indicative of plasma cell dyscrasia,
can confirm ATTR without the need for tissue biopsy [61].
However, when the presence of monoclonal proteins is de-
tected, further hematological evaluation and possibly a bone
marrow biopsy are necessary to differentiate AL from ATTR
amyloidosis or other forms such as amyloid A (AA) amyloi-
dosis [13].

In cases where the noninvasive diagnostic modalities are
inconclusive, or clinical suspicion remains high despite nega-
tive findings, tissue biopsy remains the gold standard. This
invasive procedure, typically involving an endomyocardial
biopsy, allows for direct visualization and typing of amyloid
deposits using Congo red staining, which exhibits apple-green
birefringence under polarized light, and further confirmation
through immunohistochemical or mass spectrometric methods
to determine the precise type of amyloid protein involved [40].

In conclusion, diagnosing CA requires a high index of
clinical suspicion prompted by specific clinical and labora-
tory indicators, followed by a systematic approach utilizing
echocardiography, CMR, and bone scintigraphy to identify the
disease. In ambiguous cases, tissue biopsy confirms the diag-
nosis, allowing for appropriate management and therapeutic
interventions tailored to the type of amyloidosis identified.

Differential Diagnosis

The differential diagnosis of CA involves a detailed exami-
nation to distinguish it from conditions with similar clinical
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presentations, such as hypertrophic cardiomyopathy (HCM),
constrictive pericarditis, and other forms of RCM, including
sarcoidosis and light chain deposition disease [62]. Each of
these conditions presents unique diagnostic challenges and
requires specific investigative approaches to ensure accurate
diagnosis and appropriate management [63].

HCM often presents with asymmetric septal hypertrophy,
predominantly affecting the interventricular septum, and may
involve genetic markers and family history elements absent
in amyloidosis. Echocardiographic examination in CA typi-
cally reveals symmetrical left ventricular wall thickening with
a granular sparkling appearance, distinguishing it from the
asymmetrical thickening observed in HCM. Advanced imag-
ing techniques, such as strain imaging, can further enhance dif-
ferentiation, showing a relative apical sparing of longitudinal
strain in CA, a pattern rarely observed in HCM [62].

Constrictive pericarditis, characterized by a thickened,
calcified pericardium on imaging modalities such as comput-
ed tomography (CT) or magnetic resonance imaging (MRI),
shows distinct hemodynamic features from CA. These include
ventricular interdependence and a dip-and-plateau filling pat-
tern of the ventricles, identifiable through echocardiography
and CMR. In contrast, CA does not exhibit these pericardial
abnormalities but may show biatrial enlargement and ventricu-
lar thickening consistent with infiltrative processes [64].

RCM other than amyloidosis, such as endomyocardial fi-
brosis or Loeffler’s syndrome, presents with fibrosis and eo-
sinophilic infiltration distinct from the amyloid fibrils seen in
CA. Histological findings from biopsies in RCM reveal spe-
cific patterns of fibrosis without the characteristic apple-green
birefringence under polarized light, which is indicative of am-
yloid deposits in CA [65].

Sarcoidosis involves non-caseating granulomas identifi-
able on myocardial biopsy, which are absent in CA. Diagnos-
tic criteria for cardiac sarcoidosis include advanced imaging
findings such as positron emission tomography (PET) scans,
which detect inflammatory activity not present in amyloidosis,
aiding in their differentiation [66].

Light chain deposition disease differs from CA in that the
light chain deposits do not form fibrils and, thus, do not exhibit
the Congo red positivity seen in CA. Immunofluorescence or
immunohistochemistry typically shows positivity for specific
light chains in structures like the glomerular basement mem-
brane, contrasting with the diffuse and extensive deposition in
CA[67, 68].

HFpEF and CA can both present with diastolic dysfunction
and similar echocardiographic findings. However, distinguish-
ing these conditions may rely on clinical context, biomarker
profiles, and response to treatment, where specific markers
like N-terminal pro-B-type natriuretic peptide (NT-proBNP)
and echocardiographic indices such as strain patterns may help
in differentiation [69].

A comprehensive diagnostic approach, integrating clini-
cal evaluation, detailed imaging studies, and histopathological
analysis, is essential to accurately differentiate CA from other
mimicking conditions [70]. This systematic approach ensures
that CA is appropriately diagnosed and managed, taking into
consideration the complex interplay of clinical presentations
and the specific characteristics of each condition.
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Management and Treatment

The management of CA encompasses a broad spectrum of
strategies, from pharmacological interventions and gene si-
lencing therapies to supportive care and advanced treatment
options like heart transplantation. This comprehensive ap-
proach is essential due to the complex nature of CA, which in-
volves the deposition of amyloid proteins in the heart, leading
to RCM and heart failure [71].

Ongoing surveillance of disease progression in CA is
critical. This is typically achieved through a combination of
biomarker assessments, including natriuretic peptides and
troponins, which provide prognostic information. Cardiac im-
aging plays a pivotal role, with techniques such as echocar-
diography and CMR being integral for assessing myocardial
structure and function. Advanced imaging modalities, includ-
ing technetium-labeled bone scintigraphy, are increasingly uti-
lized not only for diagnosis but also for monitoring response
to therapy [72].

The pharmacological management of CA must be ap-
proached with caution. Traditional heart failure medications
often pose risks due to patients’ sensitivity to volume changes
and reduced cardiac output. In AL CA, common medications
such as beta-blockers and calcium channel blockers may ex-
acerbate heart failure symptoms or lead to adverse events due
to their hemodynamic effects. Consequently, these agents are
generally avoided or used with stringent monitoring [44].

Tafamidis has emerged as a cornerstone in the manage-
ment of ATTR amyloidosis, stabilizing the transthyretin pro-
tein and preventing its misfolding and deposition as amyloid
fibrils. Recent advancements have introduced gene silencing
therapies that target the production of transthyretin at the RNA
level, offering new hope for directly addressing the underlying
pathophysiology of ATTR [73].

Acoramidis, a novel therapeutic agent, is garnering atten-
tion in the landscape of ATTR-CM management, particularly
for its potential to effectively stabilize TTR tetramers. Un-
like tafamidis, which shares a similar mechanism, acoramidis
has demonstrated promising results in recent clinical trials. It
significantly lowers hospitalization rates and offers some im-
provement in exercise capacity and quality of life for patients
with ATTR CA. Although mortality rates did not differ signifi-
cantly from those observed with placebo, the nuanced benefits
in managing symptoms and potentially delaying progression
provide a meaningful therapeutic option. Importantly, the
robust in vitro evidence supporting acoramidis’s capacity to
achieve near-complete TTR stabilization suggests its superior
effectiveness over tafamidis, particularly across various genet-
ic forms of the disease. This broad efficacy implies that acora-
midis could offer a substantial clinical advantage, contributing
to the evolving therapeutic strategies aimed at mitigating the
burdensome effects of ATTR [74].

Among the most promising advancements in the treatment
of CA are gene silencing therapies such as patisiran and vutri-
siran. These therapies utilize mechanisms of RNA interference
to reduce the hepatic synthesis of transthyretin, thereby dimin-
ishing the amyloid burden in the myocardium. Recent clinical
trials have shown that patisiran can significantly improve car-
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diac markers and quality of life, although its impact on mortal-
ity and hospitalization requires further investigation [75, 76].

For patients with refractory CA, options such as heart
transplantation may be considered, though the feasibility de-
pends on the patient’s overall health and the specific type of
amyloidosis. Mechanical circulatory support devices are less
commonly used due to technical challenges related to the myo-
cardial infiltration by amyloid [77].

Management also includes non-pharmacological strate-
gies such as dietary modifications, fluid management, and
avoidance of alcohol and tobacco. In selected cases, surgical
interventions may be necessary to address specific complica-
tions arising from amyloid deposition in the heart [78].

The timing of interventions in CA management signifi-
cantly affects patient outcomes. Early intervention with thera-
pies like tafamidis, patisiran, or vutrisiran, when cardiac func-
tion is less compromised, can slow disease progression and
improve prognosis. Conversely, advanced-stage interventions
may focus more on symptom management and supportive care.
This underscores the importance of early diagnosis and timely
therapeutic intervention to optimize patient outcomes [79].

The landscape of CA management is evolving rapidly,
with gene silencing therapies at the forefront of this transfor-
mation. These treatments offer a mechanism-based approach
to reduce the production of amyloidogenic proteins and po-
tentially reverse some of the cardiac damage [79]. As research
progresses, the integration of these new therapies with tradi-
tional approaches promises to enhance outcomes for patients
suffering from this challenging and often fatal condition.

To provide a comprehensive overview, we have included
Table 1 [73-76], summarizing recent therapies introduced in
clinical trials, detailing the number of participants, outcomes
related to survival and stabilization, and primary trial findings.

One very major problem with the new therapies is the cost,
which should be considered in light of their limited effect on
survival. The cost of therapies such as tafamidis, patisiran, and
vutrisiran can be substantial, potentially limiting their accessi-
bility. Tafamidis, for example, is known to be priced at around
$225,000 per year, making it one of the most expensive cardio-
vascular drugs on the market. Patisiran and vutrisiran, while
promising, also come with high costs due to their novel RNA
interference technology.

An economic analysis reveals that while these therapies can
significantly improve the quality of life and reduce hospitaliza-
tions, their cost-effectiveness is still under debate. For instance,
tafamidis has been shown to reduce cardiovascular-related
hospitalizations, but its impact on overall mortality is less pro-
nounced. This brings into question the overall cost-benefit ratio,
particularly for healthcare systems with limited resources.

In the context of a cost-benefit analysis, the primary ben-
efits of these therapies include improved cardiac biomarkers,
reduced symptoms, and better quality of life, which must be
weighed against their financial burden. Policymakers and
healthcare providers need to consider these factors when mak-
ing decisions about the allocation of resources for the treat-
ment of CA.

Addressing the high costs and ensuring broader access to
these therapies will be crucial for maximizing their impact on
patient outcomes. Future research should also focus on devel-
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Table 1. Recent Therapies in Clinical Trials for Cardiac Amyloidosis

Number of

Therapy participants

Outcome (survival/stabilization)

Primary trial findings

Tafamidis [73] 441 Improved survival and reduced

cardiovascular-related hospitalizations

Acoramidis [74] 632
Patisiran [75] 148

Vutrisiran [76] 122 Improved cardiac biomarkers

and functional capacity

Improved exercise capacity and quality of life

Improved cardiac markers and quality of life

Effective in stabilizing transthyretin
protein, slowing disease progression

Superior stabilization of TTR tetramers, effective
across various genetic forms of ATTR

Significant reduction in amyloid burden, though impact
on mortality and hospitalization still under study

Promising results in reducing amyloid
production and improving cardiac health

TTR: transthyretin; ATTR: amyloid transthyretin.

oping more cost-effective treatments and strategies to manage
CA, which could provide significant benefits in terms of both
health outcomes and economic sustainability.

Prognosis

The prognosis of CA varies significantly based on the type of
amyloidosis, the stage at diagnosis, and the response to treat-
ment. In AL amyloidosis with cardiac involvement, the median
survival is approximately 5.5 years with contemporary man-
agement. Staging methods, such as the Mayo Clinic staging
system, which incorporate biomarkers like NT-proBNP and
cardiac troponin T, provide a robust framework for predict-
ing survival. These systems demonstrate that higher biomarker
levels correlate with more advanced disease and poorer out-
comes [80].

In ATTR amyloidosis, both wild-type (ATTRwt) and vari-
ant (ATTRv), staging also relies heavily on NT-proBNP and
troponin levels, but includes renal function as measured by es-
timated glomerular filtration rate (¢GFR). Patients with ATTR
amyloidosis show a median survival that varies significantly
across stages; those in the earliest stage have a substantially
longer survival compared to those in the most advanced stage.
The staging system specifically for ATTRwt or ATTRv pre-
dicts median survival times of 69.2 months, 46.7 months, and
24.1 months for stages I, 11, and III, respectively. This demon-
strates a clear gradient of risk based on biomarker and renal
function profiles [81].

The predictive factors influencing prognosis in CA are
multifaceted. In AL amyloidosis, the Mayo staging system, he-
matologic response, and cardiac response are significant pre-
dictors of survival. Advanced disease stages and lack of early
cardiac response, particularly in stage IIIb cardiac AL amyloi-
dosis, are associated with shortened survival. Conversely, pa-
tients who achieve an early cardiac response often experience
a prolonged survival, underscoring the importance of timely
and effective treatment [82].

Imaging and biomarker studies are indispensable tools
for prognostic assessment in CA. CMR, including techniques
like late gadolinium enhancement and T1 mapping, provides
critical information on myocardial involvement and fibrosis.
Additionally, molecular imaging with PET and single-photon

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

emission computed tomography (SPECT) facilitates early as-
sessment of amyloid burden and disease progression [83-85].

Overall, the prognosis of CA depends on a complex in-
terplay of disease subtype, stage at diagnosis, and therapeutic
response. Advanced staging systems, coupled with the latest
imaging and biomarker technologies, play a crucial role in en-
hancing prognostic accuracy, thereby guiding therapeutic deci-
sions and improving patient management.

Gaps in the Literature

Despite significant advances in the diagnosis and management
of CA, critical gaps in the literature persist, affecting our abil-
ity to effectively understand and treat this complex condition.
These gaps span across early diagnosis, long-term treatment
effects, and the integration of new diagnostic and therapeutic
modalities [86].

In this regard, early diagnostic indicators for CA remain
inadequately defined despite the known benefits of early de-
tection in improving patient outcomes. While CMR with late
gadolinium enhancement and advanced echocardiography
techniques such as speckle tracking have shown promise, the
sensitivity and specificity of these methods need further vali-
dation. Additionally, a comprehensive set of early “red flags”
including clinical, biohumoral, and imaging features has been
suggested to facilitate earlier diagnosis, yet a standardized di-
agnostic pathway incorporating these indicators has not been
fully established [87].

Conversely, there are considerable gaps in understand-
ing the long-term effects of treatments for CA. Although new
medications like tafamidis have emerged, comprehensive data
on their long-term effectiveness and safety are lacking. The
literature calls for novel, non-toxic, and effective treatments
for patients with advanced cardiac dysfunction due to amyloi-
dosis, as current therapies are often associated with high rates
of early mortality [88].

Furthermore, while the evolution of epidemiology and
natural history of ATTR CA suggests some improvements
in short-term outcomes such as the 2-year survival rate with
contemporary diagnosis and treatment, comprehensive studies
tracking long-term survival and quality of life are still lack-
ing. This highlights the importance of early diagnosis and the
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timely initiation of disease-modifying treatments to potentially
improve overall survival and patient outcomes [13].

Moreover, the literature indicates that while established
biomarkers such as NT-proBNP and high-sensitivity troponin
are valuable for the diagnosis of CA, there is a pressing need for
the development and validation of novel biomarkers. Emerg-
ing technologies and biomarkers could potentially improve the
early detection of CA, but gaps remain in their standardization
and application in clinical practice [89].

In terms of imaging, although various noninvasive modal-
ities like MRI, PET, and bone scintigraphy are instrumental in
diagnosing CA, comparative studies to delineate their specific
roles and improve diagnostic algorithms are needed. In partic-
ular, differentiation between the amyloidosis subtypes ATTR
and AL remains challenging with current imaging techniques,
underscoring the need for advances in this area [90].

In addition, the integration of genetic testing and personal-
ized medicine into the management of CA represents another
critical gap. While genetic testing has facilitated the diagnosis
and management of ATTR-CM, comparative trials to clarify
treatment options and understand the impact of genetic varia-
tions on treatment outcomes are deficient [91].

To address these gaps, future research should focus on de-
veloping standardized, sensitive, and specific diagnostic crite-
ria that incorporate new biomarkers and imaging techniques.
Additionally, longitudinal studies are necessary to evaluate
the long-term efficacy and safety of new treatments. Finally,
improving our understanding of the genetic aspects of amyloi-
dosis will be critical to advancing personalized medicine ap-
proaches that could significantly impact treatment outcomes.

Future Directions

Future research and management of CA should focus on enhanc-
ing diagnosis, treatment, and patient outcomes. The emphasis is
on developing noninvasive diagnostic methods, refining thera-
peutic options, and implementing comprehensive management
strategies tailored to the disease’s complexities [92].

Advancements in imaging techniques and biomarkers are
essential for early detection and accurate diagnosis of CA. Ef-
forts should improve the specificity and sensitivity of CMR and
bone scintigraphy to distinguish between ATTR and AL types
without invasive biopsies. Additionally, integrating novel bio-
markers into clinical practice could provide a better understand-
ing of disease progression. These biomarkers should be vali-
dated through clinical trials to establish their roles in enhancing
diagnostic accuracy and predicting treatment responses [93].

In the therapeutic domain, there is a need for treatments
that slow amyloid deposition and potentially reverse cardiac
tissue damage. Research should focus on refining existing
therapies like tafamidis and exploring new drug classes, such
as gene silencers and kinetic stabilizers. Combination therapy
strategies could address the multifaceted nature of amyloidosis
more effectively than monotherapy [94].

Clinical trials should evaluate the long-term efficacy and
safety of emerging treatments, incorporating a range of clinical
endpoints to provide a comprehensive assessment of therapeu-
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tic benefits. This will facilitate developing personalized treat-
ment regimens considering individual patients’ genetic and
biochemical makeup [95].

Enhancing patient management strategies is also crucial,
including optimizing supportive care for heart failure symp-
toms and refining strategies for managing comorbidities such
as AF and thromboembolic disease. Multidisciplinary teams
are fundamental in providing comprehensive care that address-
es patients’ diverse needs from diagnosis to advanced disease
stages [96].

Collectively, these efforts in research and clinical practice
aim to improve outcomes for patients suffering from CA.

Conclusions

CA, a condition marked by the extracellular deposition of amy-
loid fibrils in the heart, has garnered increasing attention due to
its significant impact on global health and its complex manage-
ment challenges. This review has synthesized key insights into
the pathophysiology, epidemiology, and clinical management of
the disease, particularly highlighting the underdiagnosed nature
of transthyretin amyloidosis among elderly patients with heart
failure. Recent advancements in gene silencing therapies offer
a promising avenue for targeting the underlying mechanisms of
amyloid production, potentially revolutionizing treatment para-
digms. However, significant gaps remain in early diagnosis and
long-term treatment efficacy. Given these challenges, there is a
critical need for continued research and enhanced policy support
to refine diagnostic strategies and develop effective treatments,
ensuring better management and outcomes for patients suffering
from this debilitating condition.
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