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Abstract

Cardiac amyloidosis is a disease characterized by the deposition of misfolded
proteins in the myocardium, leading to restrictive cardiomyopathy. It com-
prises two subtypes: immunoglobulin light chain cardiac amyloidosis (AL)
and transthyretin cardiac amyloidosis (ATTR). ATTR is classified as wild-type
(WtATTR) and hereditary (hATTR), depending on the presence or absence of
a transthyretin (TTR) genetic mutation. The diagnosis of cardiac amyloidosis
is challenging due to nonspecific symptoms with other cardiac conditions, of-
ten resulting in misdiagnosis. This mini review provides an in-depth analysis
of cardiac amyloidosis, focusing on its subtypes, clinical manifestations, diag-
nostic multimodal imaging, and recent therapeutic advancements.
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1. Introduction

Cardiac amyloidosis (CA) is a disease characterized by the myocardial infiltration

of unregulated amyloid fibrils, which are a type of misfolded proteins deposited
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in the extracellular matrix in diverse tissues causing organ dysfunction. This mis-
folding results in the production of oligomers and aggregates of folded S-sheets
that upon deposition can lead to restrictive cardiomyopathy with heart failure [1].
CA has two subtypes, immunoglobulin light chain cardiac amyloidosis (AL) and
transthyretin cardiac amyloidosis (ATTR) [2]. Transthyretin (TTR) also known
as prealbumin, is a protein synthesized mainly by the liver, with some production
by the choroid plexus and retinal pigmented epithelial cells of the eye [3]. The
function of TTR is to transport thyroxine and holoretinol binding protein. How-
ever, when it misfolds, it can aggregate and contribute to the pathology of cardiac
amyloidosis [4].

CA has emerged in recent years as a more prevalent diagnosis, particularly
among elderly individuals presenting with heart failure with preserved ejection
fraction (HFpEF). The importance of early and precise detection cannot be over-
stated, given the markedly poor prognosis in untreated cases with survival rates
averaging less than six months for patients with AL amyloidosis, and approxi-
mately three to five years for those with ATTR forms, contingent upon the disease
stage at the time of diagnosis.

Advancements in imaging modalities have significantly transformed the setting
of ATTR diagnosis, leading to a substantial rise in case detection. These develop-
ments in non-invasive imaging techniques, including speckle-tracking echocardi-
ography, cardiac magnetic resonance imaging (CMR), and bone-avid radiotracer-
based nuclear scintigraphy, have substantially refined the diagnostic pathway [5].

The widespread adoption of techniques has enabled earlier identification of dis-
ease, a factor closely associated with improved and reduced mortality. These mo-
dalities facilitate early identification and enable accurate differentiation of CA
without necessitating endomyocardial biopsy, thereby expediting therapeutic de-
cision-making and potentially improving patient outcomes. Beyond enhancing
diagnostic precision, the integration of multimodal imaging has deepened our un-
derstanding of disease pathophysiology, refined risk stratification, and strength-
ened the ability to monitor therapeutic efficacy. Collectively, these innovations
represent a pivotal advancement in the clinical management of ATTR, offering
the potential to significantly improve patient outcomes in this progressive and
life-threatening condition, ultimately contributing to more favorable clinical out-

comes in individuals affected by this progressive condition [5] [6].

2. Subtypes

Immunoglobulin light chain amyloidosis (AL) is the most common subtype, in
more than half of the patients, it is distinguished by alterations in plasma cells
which causes an excessive production of a quantity of abnormal antibody proteins
[7]. It affects primarily men, with a mean age of 65 years at the moment of diag-
nosis, over 75% of the patients with this subtype will develop cardiac affection
[7] [8]. According to the genetic aspect, ATTR has two subtypes, a wild-type
(WtATTR) or hereditary (hATTR) depending on the absence or presence of the
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TTR genetic mutation. wtATTR was previously known as senile systemic amyloi-
dosis. wtATTR is more common in male patients with a mean age of 75 years
during diagnosis [8]. On the other hand, hATTR has a variable onset age and is
associated with more than 130 mutations in the ATTR gene, thus, it can have clin-
ical variability and can also cause a cardiomyopathic, neuropathic, or mixed phe-
notype. AL can impact the kidney in 30% of patients, peripheral and autonomic
fibers in 12% - 17%, the gastrointestinal tract in 1%, and infrequently the liver.
The Vall12Ile is the most frequent variant reported, with a prevalence of 3.4% in
the African American population [9] [10].

Accurate distinction between AL amyloidosis and ATTR amyloidosis is essen-
tial, given their divergent therapeutic approaches and prognostic implications.
Both clinical presentation and imaging characteristics are fundamental in facili-
tating the differentiation between these two forms of the disease [11].

Clinically, AL amyloidosis often presents with more rapid progression and severe
symptoms, typically involves multiple organ systems, presenting with unexplained
heart failure, nephrotic syndrome, peripheral neuropathy, and hepatomegaly. Con-
versely, ATTR follows a more indolent course, predominantly affecting elderly male
patients, and typically manifests as HFpEF of unknown etiology. Clinical signs often
reflect features of restrictive cardiomyopathy, such as exertional dyspnea, peripheral
edema and a distinct absence of ischemic symptoms. Additionally, several extracar-
diac clinical indicators may raise suspicion for amyloidosis, including autonomic or
peripheral neuropathy, bilateral carpal tunnel syndrome, lumbar spinal stenosis,
and spontaneous rupture of the biceps tendon [11] [12].

CMR facilitates comprehensive myocardial tissue characterization, playing a
critical role in the precise differentiation of amyloidosis subtypes. Furthermore,
the incorporation of advanced imaging modalities provides incremental diagnos-
tic value, offering supplementary parameters that enhance the specificity and ac-
curacy of subtype distinction [13] [14].

Tc-99m bone scintigraphy represents a highly informative diagnostic modality
in the identification of ATTR amyloidosis. In cases where monoclonal protein
studies yield negative results, the observation of marked myocardial radiotracer
uptake on Tc-99m imaging, in conjunction with the exclusion of an underlying
monoclonal gammopathy, serves as a robust indicator in favor of an ATTR-re-
lated etiology [11] [15].

A comprehensive diagnostic strategy encompassing CMR, Tc-99m bone scin-
tigraphy, clinical evaluation, and laboratory testing for monoclonal proteins is in-
dispensable for the accurate differentiation of amyloidosis subtypes. Collectively,
these modalities not only enhance diagnostic precision but also play a critical role

in guiding the selection of the most appropriate therapeutic interventions [16].

3. Pathophysiology

The understanding of the pathophysiology of the disease is fundamental for the

development of novel directed treatment. Transthyretin or prealbumin, is a liver-
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synthesized tetrameric protein that transports thyroid hormone and retinol. Ag-
ing or destabilizing mutations can cause the tetramer to break down into smaller
units, which may misfold and aggregate into amyloid fibrils. In AL-CA, excess
monoclonal immunoglobulin light chains from bone marrow plasma cells un-
dergo misfolding and infiltrate the myocardium [9]. The myocardial deposition
of insoluble amyloid occurs in a transmural pattern leading to concentric remod-
eling and thickening of the ventricles, resulting in wall hypertrophy [8]. As such,
ventricles will present stiffness, noncompliance and elevated diastolic filling pres-
sures. However, the ejection fraction is initially preserved, showing a significant
decrease as the disease progresses. Atrial amyloid deposition occurs simultane-
ously, leading to impairment of the conduction system causing atrioventricular
(AV) blocks or increased risk of arrhythmias such as atrial fibrillation [8].

4. Clinical Presentation

The clinical phenotype will depend on the underlying TTR variant, nevertheless
clinical presentation of most of the patients with CA will be nonspecific presenting
as diverse clinical syndromes. AL amyloidosis has a rapid and progressive clinical
course. Certain characteristics of the light chain variable region genes increase the
risk of affecting specific organs [1]. The involved organs determine the classifica-
tion and severity of amyloidosis, as certain forms of amyloidosis are localized
while others are systemic [7].

In the initial stages of amyloidosis, clinical presentation is frequently character-
ized by nonspecific and subtle symptoms, including fatigue, unintentional weight
loss, and peripheral edema. These generalized manifestations often contribute to
diagnostic delays, as they lack specificity and overlap with a broad range of differ-
ential diagnoses. Subsequently, more organ-specific signs emerge, facilitating the
clinical suspicion of systemic amyloidosis [17].

Cardiac symptoms are decompensated heart failure, with classical findings such
as dyspnea on exertion, peripheral edema and jugular venous distension. Cardiac
infiltration often remains undetected because the patient’s ejection fraction is
within normal limits [18]. However, amyloid deposition can cause extracardiac
manifestations that occur simultaneously or precede cardiac amyloidosis. Gene
IGLV1-44 has been identified as a higher risk of cardiac affection.

Liver involvement leads to cholestasis and hepatomegaly. In cases where the
liver is affected, hyperbilirubinemia may develop as a final stage. The IGKV1-33
germline mutation affects the liver [1]. Amyloid deposition in the kidney can af-
fect renal interstitial or vascular cells can cause nephrotic-range proteinuria, hy-
poalbuminemia, hyperlipidemia and edema. The IGLV6-57 gene has been linked
to an increased occurrence of renal manifestations [1].

Deposition in the flexor retinaculum causes nerve entrapment of the median
nerve, manifesting as carpal tunnel syndrome. This syndrome occurs in half the
patients with wtATTR and is often the earliest presenting symptom, usually pre-

ceding cardiac manifestations by several years [3]. Deposition in the ligamentum
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flavum can cause spinal stenosis, usually in wtATTR. Also, one third of the pa-
tients with wtATTR present spontaneous rupture of the distal biceps tendon.

In contrast, hATTR manifests in various ways, usually at a younger age and pre-
sent cardiomyopathy, peripheral or autonomic neuropathy, and vitreous opacities.
Autonomic neuropathy can cause postural hypotension, erectile dysfunction and
altered bowel movements (diarrhea or constipation), dry eyes, early satiety, neuro-
genic bladder [19]. Additionally, ATTR affects the heart’s electrical system and can
lead to arrhythmias such as atrial fibrillation, flutter, or AV blocks (Figure 1).

Carpal Tunnel Syndrome
Glossomegaly Paresthesia / Neuropathy Biceps Tendon rupture
Purpura Autonomic Dysfunction Trigger Finger

Easy Bruising Pseudoclaudication

Spinal Stenosis

AL ATTR

Figure 1. Clinical Presentation. Signs and symptoms associated with AL and ATTR
Cardiac Amyloidosis.

A considerable degree of phenotypic overlap exists between AL and transthy-
retin ATTR amyloidosis, particularly in their clinical, radiological, and electrocar-
diographic profiles. Nonetheless, distinct extracardiac findings aid in subtype dif-
ferentiation. AL amyloidosis is commonly associated with pathognomonic fea-
tures such as periorbital purpura, a consequence of increased capillary fragility
acquired factor X deficiency, and macroglossia or submandibular gland enlarge-
ment secondary to amyloid deposition in soft tissues [17].

Conversely, ATTR amyloidosis is more frequently linked to musculoskeletal in-
volvement, manifesting as spontaneous rupture of the biceps tendon, lumbar spi-
nal stenosis, and carpal tunnel syndrome, the latter often preceding cardiac man-
ifestations by several years [17].

Both subtypes frequently involve multiple organ systems, with cardiac dysfunc-
tion, peripheral and autonomic neuropathy, and gastrointestinal manifestations
representing common clinical features. Notably, ATTR tends to follow a protracted
and indolent course, contrasting with the often-rapid progression observed in AL.

This slow evolution of ATTR frequently contributes to its under-recognition, par-
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ticularly in older adults, underscoring the necessity of heightened clinical vigilance
and the implementation of non-invasive diagnostic algorithms [17].

5. Diagnosis

Clinical diagnosis remains challenging in ATTR as it is frequently misdiagnosed
with entities that share similar signs or symptoms such as, hypertensive cardio-
myopathy, hypertrophic cardiomyopathy, ischaemic heart disease, HFpEF and
aortic stenosis. About 13% of patients initially diagnosed with diastolic heart fail-
ure, had cardiac amyloidosis. Therefore, maintaining a high clinical suspicion for
CA is essential to prevent delays in diagnosis. A patient with heart failure (HF)
that has a history of carpal tunnel syndrome, lumbar spinal stenosis, spontaneous
biceps tendon rupture, sensorimotor neuropathy should raise suspicion of cardiac

amyloidosis and require further assessment [20].

5.1. Biopsy

The gold-standard for the diagnosis is an endomyocardial biopsy, where multiple
sites specimens are collected and visualized with Congo red staining with apple-
green birefringence under polarized light [21]. Fat and bone marrow biopsies can
also be performed to identify amyloid deposits. Fat deposits are positive in 70 to
75% of patients, nevertheless their absence does not exclude illness [7]. However,

this is an invasive study.

5.2. Electrocardiogram

An electrocardiogram with a low voltage QRS (less than 5 mm in limb leads and
less than 10 mm in precordial leads) should raise suspicion of cardiac amyloidosis
[7]. However, the prevalence of low voltage QRS in ATTR is about 27%, therefore,
in the absence of low voltage QRS, cardiac amyloidosis cannot be excluded [3].
Other features that can be seen in this study are pseudo-infarct pattern with Q
waves in precordial limb leads, poor R wave progression and atrial arrhythmias
such as atrial fibrillation [22] (Figure 2).

1 avR Vi V4
| | | |
I | | |
I avL V2 V5
| | | I
| | | |
i aVvF V3 V6

Figure 2. Electrocardiogram. Electrocardiogram in sinus rhythm, with right heart rotation,
Q waves in the inferior and septal walls and low voltage QRS complexes.
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5.3. Echocardiography

Echocardiography plays an important role in the initial assessment of ATTR due to
its accessibility and cost-effectiveness. Characteristic findings include restrictive car-
diomyopathy with left ventricular wall thickening, usually more than 12 mm, small
left ventricle cavity, speckled appearance of the myocardium, often reported as “gran-

ular sparkling”, also pericardial effusion can be present [23] (Video 1, Video 2).

Global Long. Strain (Avg) = -14%

Distance 1.56 cm
Time 419 ms
= Slope 3.73 cm/s

Figure 3. 2D and 3D transthoracic echocardiography. 2D and 3D transthoracic echocardi-
ography. A) Parasternal long axis view revealing increased thickening of LV wall > 12 mm
(*interventricular septum). B) Apical 4-chamber view with type III diastolic dysfunction.
C) Four chamber view showing increased thickening of the LV walls with sparkling ap-
pearance of the interventricular septum. D) Peak systolic strain (speckle tracking) with a
decreased global longitudinal strain and “apical sparing”. E) 3D four chamber view demon-
strating increased thickening of the atrioventricular valve leaflets and interatrial septum.
F) RV systolic dysfunction with decreased displacement of the systolic plane of the tricus-
pid annulus (TAPSE). Abbreviations: Left ventricle (LV); Right ventricle; Systolic plane of
the tricuspid annulus (TAPSE).
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Enlargement of the left atrium, reduced mitral annular plane systolic excursion,
valve, and septal thickening are also findings, along with simultaneous decreases
in cardiac output and blood pressure [9] (Table 1, Video 3, Video 4).

Strain has emerged as a useful tool to assess ATTR amyloidosis, as cardiac am-
yloidosis affects longitudinal function in anticipation of radial function, signifi-
cantly a left ventricular ejection fraction-to-strain ratio greater than 4 and a re-
duction in the apical-to-basal strain ratio of more than 2.1, in conjunction with
clinical findings, increases the suspicion of this disease [24]. In comparison to
ATTR-CA, AL-CA shows higher strain values for a specific wall thickness [5] [18].
Therefore, ejection fraction can be preserved until late stages of this disease, sys-
tolic and diastolic dysfunction can also be present, identified by steep deceleration
time, reduced tissue Doppler velocity at the mitral annulus or E1 < 8 cm/s, and an
elevated E/el ratio > 14 [9] [23]. Speckle tracking imaging can help differentiate

between causes of myocardium wall thickening (hypertension and hypertrophic

Table 1. Imaging findings in ATTR cardiac amyloidosis.

Echocardiography

Increased LV wall thickness (>12 mm) and increased relative wall thickness (>0.42)

Speckled appearance of the myocardium or “granular sparkling”
Parasternal long P ] pp. . Y & P J
o Thickened mitral and aortic valve
axis view .
Hyperechogenicity of septum

Atrial enlargement
Parasternal short

L Abnormal movement of the mid-segment and base with preserved apex function
axis view

Subcostal view ~ Presence of pericardial effusion

Reduced tissue Doppler s', ', and a’ velocities (all <5 cm/s)

Ti Doppl
issue Loppret Low MAPSE values less than 10 mm indicating loss of longitudinal function
Strain (Speckle Decreased global longitudinal LV strain (absolute value less than 16%)
tracki )p “Cherry-on-the-top” sign on STE longitudinal strain bull’s eye map (preservation of apical longitudinal strain
racking

with severely abnormal basal and mid-LV longitudinal strain)

Cardiac Magnetic Resonance

Increased LV wall thickness: > laboratory ULN for sex on SSFP cine CMR and increased relative wall thickness >0.42 cm
LV stroke volume index (<35 mL/m?)

Abnormal LGE pattern

* Diffuse LGE

* Subendocardial LGE

* Patchy LGE

* Difficulty in achieving myocardial nulling over a range of inversion times
* Dark blood pool signal

Radionuclide Imaging (99mTc-PYP/99mTc-DPD/99mTc-HMDP

Diffuse myocardial uptake of 99mTc-PYP/99mTc-DPD/99mTc-HMDP visually confirmed, a semiquantitative visual grade of 2 or 3.

Imaging findings in ATTR cardiac amyloidosis Cardiac magnetic resonance (CMR); Late gadolinium enhancement (LGE); Left
ventricle (LV); Mitral Annular Plane Systolic Excursion. (MAPSE); Speckle-tracking echocardiography (STE); Steady-state free-
precession (SSFP); Upper limit of normal (ULN).
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cardiomyopathy) revealing involvement of the basal and mid-segment causing a
diminished global longitudinal strain, however there is a characteristic “apical
sparing” pattern, resembling a cherry on top in the bull’s eye mapping [25] (Fig-
ure 1). Also, in atrial amyloid infiltration, atrial strain can be affected in its 3

phases: reservoir, conduct and contraction (Figure 3).

5.4. Cardiac Magnetic Resonance

Another non-invasive imaging method that can accurately diagnose cardiac am-
yloidosis is CMR, which provides detailed findings such as cardiac anatomy;, it can
also help to determine the presence of wall thickness which is directly related to
cardiac fiber infiltration, initially amyloid deposition is limited to sub-endocar-
dium and small cardiac segments which becomes diffuse with the progression of
the disease [18] [26]. Late gadolinium enhancement of the left ventricle and atria
is a characteristic of CA, often detectable before changes are seen on echocardiog-
raphy. CMR can also detect extracellular volume (ECV) which is increased in CA
and is valuable for predicting survival outcomes [9] [27]. CMR parameters of T1,
T2, and T2* produce signals that can distinguish the structural characteristics of
the myocardium and provide tissue details, including myocyte and extracellular
volume. T1 mapping is a useful technique when gadolinium is not recommended,
high native T1 values are present in CA. In contrast, T2 mapping is used to detect
edema [5] [22] (Figure 4).

CMR allows detailed assessment of heart tissue to differentiate between amy-
loidosis subtypes. AL amyloidosis typically shows diffuse subendocardial late gad-
olinium enhancement (LGE), while ATTR is associated with widespread trans-
mural LGE and increased left ventricular mass. Advanced techniques like T1 and
T2 mapping aid this distinction, with T2 mapping showing elevated values in AL
amyloidosis. Additionally, extracellular volume (ECV) assessment reveals that AL
usually has higher ECV measurements than ATTR, making it a valuable parame-
ter for differentiation [13] [14].

5.5. Nuclear Scintigraphy

Similarly, another useful image technique is nuclear scintigraphy with the use of
bone-avid radiotracers. There are three main phosphonate tracers labeled with
99mTc that are routinely used for CA evaluation: 3,3-diphosphonol, 2-propanod-
icarboxylic acid (DPD), hydroxymethylene diphosphonate (HMDP), and pyro-
phosphate (PYP) [28] [29]. These radiotracers have a higher sensitivity and spec-
ificity for ATTR amyloidosis [30]. If there’s a positive radiotracer scan with an
immunoglobulin abnormality, tissue must be obtained for mass spectroscopic
analysis, this is currently considered as the most effective, with a sensitivity of 88%
and a specificity of 96% [1] [18].

Tc-99m bone scintigraphy proves particularly valuable for identifying ATTR.
When monoclonal proteins are absent, and there is marked myocardial radio-

tracer accumulation, the likelihood of ATTR is high. Although low-grade uptake
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can sporadically occur in AL amyloidosis, it tends to be less intense and diagnos-
tically nonspecific. Therefore, the presence of significant myocardial uptake on
Tc-99m imaging, coupled with the exclusion of monoclonal gammopathy, reliably
favors a diagnosis of ATTR [11] [15] (Table 2).

5.6. Biomarkers

The evaluation of cardiac biomarkers constitutes an essential component in the
diagnostic framework of CA, particularly during the initial stages of clinical as-

sessment. In the setting of ATTR, serum concentrations of biomarkers tend to be

Mid-segmental Apical

Cine

LGE

T2 Mapping

Figure 4. Cardiac magnetic resonance findings of cardiac amyloidosis. Cardiac magnetic
resonance (CMR) findings of cardiac amyloidosis. Cine, late gadolinium enhancement
(LGE), and T2 mapping in basal/mid-segmental/apical segments. Cine-Short axes view
demonstrating LV concentric hypertrophy with an anteroseptal diameter of 15 mm. Late
gadolinium enhancement (LGE)—images showing diffuse transmural nonischemic late
enhancement patterns in LV and RV free wall (white arrows). T2 mapping—with increased
relaxation time and reactive edema suggestive of amyloid infiltration. Abbreviations: Car-
diac magnetic resonance (CMR); late gadolinium enhancement (LGE); left ventricle (LV);
right ventricle (RV).
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Table 2. Comparative table of imaging modalities summarizing their key features.

Imaging Modalities

Cardiac Magnetic Resonance (CMR)

Late gadolinium enhancement (LGE) is highlighted as a critical diagnostic marker CMR
imaging.

For cardiac AL amyloidosis, diffuse septal subendocardial LGE demonstrates: Sensitiv-
ity of 88% and Specificity of 100%.

Non-invasive imaging modality.

Allows for precise quantification and localization of myocardial infiltration.

Effective in assessing the extent of cardiac involvement in amyloidosis.

Reduced capacity to differentiate between amyloidosis subtypes (AL vs. ATTR).
Higher cost and limited availability in certain clinical settings, which may restrict wide-
spread use compared to other imaging techniques.

(39]

Single Photon Emission Computed
Tomography (SPECT)

Positron Emission Tomography
(PET)

Echocardiography

Particularly when combined with bone-avid technetium-labeled radiotracers, is highly
effective in the evaluation of ATTR. (With Tc-HMDP sensitivity reaches up to 99%, and
Tc-PYP specificity can be as high as 95%).

SPECT imaging has significantly advanced the non-invasive diagnosis of ATTR.
Currently considered a standard and validated component of the diagnostic algorithm
for ATTR-CA.

Limited diagnostic utility for AL amyloidosis, as bone-seeking tracers do not typically
accumulate in AL-related deposits.

Dependence on availability of specific radiotracers, which may limit its accessibility in
certain healthcare settings.

[40] [41]

Imaging with amyloid-specific radiotracers demonstrates sensitivity of 95% and speci-
ficity of 98%.

Capable of detecting both ATTR and AL.

Provides quantitative evaluation of myocardial amyloid burden.

Useful for monitoring disease progression and response to therapy in research settings.
Not yet broadly approved for routine clinical use in the diagnosis of cardiac amyloido-
sis.

High cost and limited access restrict its widespread implementation in standard diag-
nostic workflows.

[42]

Identifies structural changes associated with amyloid infiltration.

Non-invasive and widely accessible, making it suitable for initial evaluation and offers
real-time assessment of cardiac anatomy and function.

Speckle-tracking echocardiography (STE) enhances diagnostic precision by measuring
longitudinal systolic strain and detecting early myocardial dysfunction.

Limited specificity due to overlap with other conditions such as hypertrophic cardio-
myopathy or hypertensive heart disease.

May fail to detect subtle or early-stage amyloid infiltration.

o Reported diagnostic metrics vary: Sensitivity approximately 74.6% and Specificity ap-
proximately 62.5% [43]-[46].

Comparative table of imaging modalities summarizing their key features in advantages, disadvantages, sensitivity, specificity and

limitations of imaging.

markedly elevated in wATTR compared to variant forms. This disparity is pri-

marily attributed to the advanced age and frequent renal impairment observed
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among patients with the wild-type phenotype [31].

Natriuretic peptides and troponin levels have been extensively studied in pa-
tients with CA. High levels of Troponin, brain natriuretic peptide (BNP), and N-
terminal pro-B-type natriuretic peptide (NT-proBNP) are associated with a worse
prognosis [32]. In the context of CA, measurement in serum and urine of serum-
free light chains (FLC) and detection of monoclonal proteins through immuno-
fixation and electrophoresis have high sensitivity reaching 99% for identifying
AL-CA. Natriuretic peptides are disproportionately elevated relative to left ven-
tricular systolic function. Specifically, NT-proBNP levels tend to be higher in pa-
tients with AL-CA compared to those with ATTR. NT-proBNP serves not only as
a marker for cardiac involvement but also as a prognostic indicator in AL-CA.
Furthermore, both troponin T and troponin I serve as a specific marker of cardiac
injury, elevated levels in AL have been associated with poor survival outcomes
[22].

In contrast, among individuals with hATTR, biomarker levels may exhibit con-
siderable heterogeneity, influenced by both the specific genotypic mutation and
the degree of cardiac infiltration. Of clinical relevance, the presence of low circu-
lating biomarker levels in this subgroup has been proposed as a negative predic-
tive marker, potentially allowing for the safe exclusion of significant cardiac in-
volvement and thus avoiding unnecessary invasive or high-cost diagnostic proce-
dures [31].

Accurate subtype differentiation is crucial in diagnosing cardiac amyloidosis
(CA), as approximately 95% of cases are due to AL or ATTR forms. Early identi-
fication of AL amyloidosis is particularly important due to its rapid progression
and potential response to targeted therapies. The initial diagnostic protocol
should include tests for monoclonal immunoglobulin components, essential for
diagnosing AL-type amyloid deposits. Recommended tests are Serum Protein
Electrophoresis with Immunofixation (SPIE), Urine Protein Electrophoresis with
Immunofixation (UPIE), and serum free light chain (FLC) quantification with
kappa-to-lambda ratio calculation [31].

A negative result for monoclonal protein in both serum and urine, alongside a
normal kappa/lambda ratio, effectively excludes AL amyloidosis, allowing a focus
on ATTR amyloidosis. If tests are abnormal, an early referral to a hematology spe-
cialist is needed for evaluation of potential clonal plasma cell disorders, such as
multiple myeloma. Despite the effectiveness of this triad of tests, many patients
with suspected CA do not receive complete laboratory evaluation, posing a barrier
to timely diagnosis and management [31].

Consequently, the systematic implementation of standardized diagnostic algo-
rithms anchored in laboratory, imaging, and clinical data integration is essential
to ensure accurate classification and facilitate evidence-based treatment strategies
for patients with cardiac amyloidosis. To optimize diagnostic precision and min-
imize delays in detection, current recommendations advocate for the systematic

integration of biomarker profiling with clinical judgment and multimodal imag-
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ing techniques. This composite diagnostic strategy is especially pertinent in the
early phases of the diagnostic algorithm for systemic amyloidosis, facilitating in-
formed therapeutic decision-making and improving the overall efficiency of the

diagnostic process [31].

6. Management

The management of ATTR, has witnessed significant advancements in recent
years. Early and accurate diagnosis is crucial and highly associated with improving
morbidity and mortality, and once identified, patients can benefit from a multi-
disciplinary approach that combines conventional heart failure management with

novel targeted therapies.

6.1. TTR Stabilizers

Tafamidis is the primary TTR stabilizer approved for treating ATTR, it binds to
the thyroxine-binding sites of TTR, stabilizing the tetramer and preventing disso-
ciation into misfolded monomers that form amyloid fibrils [11]. By preventing
the dissociation of TTR tetramers and the subsequent misfolding of TTR protein
to monomers, tafamidis can slow the progression of the disease by decreasing am-
yloid deposits, leading to improved cardiac function. However, this medication
does not remove infiltrated amyloid fibers [33]. Clinical trials have shown reduc-
tions in mortality and hospitalizations by approximately 30%. Tafamidis has
demonstrated a reduction in cardiovascular-related hospitalizations, particularly
in patients with New York Heart Association (NYHA) Classes I and II, and en-
hances survival rates for patients with Classes I-III, with the greatest benefit ob-
served in those within Classes I and II [33]. However, it does not reverse existing

amyloid deposits and is most effective when given early in the disease [11].

6.2. Gene Silencing Therapies

Patisiran and inotersen are RNA interference (RNAi) therapies that are double-
stranded RNA molecules that target the expression of TTR gene causing hence
interfering and degradation. These therapies have shown remarkable efficacy in
both cardiac and neurological aspects of hereditary ATTR (hATTR) amyloidosis
[2]. Patisiran and inotersen reduce the production of abnormal TTR protein,
thereby slowing disease progression. Patisiran is a small interfering RNA (siRNA),
while inotersen is an antisense oligonucleotide (ASO). Both therapies have
demonstrated effectiveness in decreasing TTR levels and improving neuropathy
and quality of life for patients with hATTR amyloidosis. Furthermore, Patisiran
has shown potential in enhancing cardiac outcomes in patients with ATTR-CM,
as evidenced by the APOLLO-B trial, however, it has not yet received FDA ap-
proval for this use [34]. Furthermore, patisiran also has shown a reduction of wall
thickening, improved longitudinal strain and increased left ventricle (LV) dias-
tolic function, among the adverse effects that may occur are abdominal pain, nau-

sea, back pain and flushing. Although Inotersen has not been shown to have an
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impact on echocardiogram parameters, it has demonstrated decreasing LV mass
and improving 6-minute walk test, substantially mild to moderate adverse events
were identified as fever, headache, thrombocytopenia and nausea [35]. While
these therapies are generally well-tolerated, they do require regular administra-
tion, which may pose challenges for patient compliance and increase the treat-
ment burden [34].

6.3 Emerging Therapies

CRISPR-Cas9 (Clustered Regularly Interspaced Short Palindromic Repeats) gene
editing techniques hold potential for directly correcting genetic mutations under-
lying hATTR [2]. This therapy is considered a promising option treatment for
gene-mediated diseases, because it regulates TTR production through gene silenc-
ing. As a result, it prevents the development of pathogenic ATTR amyloid fibrils.
However, the most common side effects include nausea, headache, and rhinorrhea
[35]. Monoclonal antibodies, such as PRX004, are being investigated as potential
treatments to target and bind misfolded TTR amyloid and disrupt their patho-
genicity [36]. This gene editing technology offers a new way to directly target and
reduce the expression of the TTR gene. The CRISPR-Cas9-based therapy is cur-
rently in early stage clinical development. It has the potential to be a one-time
treatment that could provide long-lasting benefits by permanently decreasing
TTR production. However, the long-term safety and effectiveness of this approach
have yet to be fully established [37] [38].

7. Conclusion

In conclusion, the introduction of new therapeutic drugs and regimens, along
with early diagnosis, has led to an improvement in patient survival rates. The
management of ATTR amyloidosis has improved with the use of targeted thera-
pies like tafamidis, gene silencing, and emerging treatments such as gene editing
and monoclonal antibodies. Continued research and innovation remain essential
to further improving the patient outcomes. In the realm of imaging modalities
employed for cardiac amyloidosis, various therapeutic interventions can signifi-
cantly influence diagnostic performance metrics by potentially altering the disease
trajectory and the amyloid burden, as evidenced in imaging findings. For instance,
effective stabilization or silencing of TTR may result in observable modifications
in myocardial structure and function through imaging techniques. Nonetheless,
the cost-effectiveness of these therapies, particularly gene editing, warrants careful
consideration due to the substantial expenses associated with advanced biotech-
nological interventions. Consequently, the selection of therapy should be person-
alized to align with the patient’s disease stage, individual characteristics, and the

resources available.
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Abbreviations
CA Cardiac amyloidosis
AL Immunoglobulin light chain cardiac amyloidosis
ATTR Transthyretin cardiac amyloidosis
TTR Transthyretin
HFpEF Ejection fraction heart failure
CMR Cardiac magnetic resonance
AL Immunoglobulin light chain amyloidosis
wtATTR Wild-type
hATTR Hereditary
AV Atrioventricular
HF Heart failure
ECV extracellular volume
DPD 3,3-diphosphonol, 2-propanodicarboxylic acid
HMDP Hydroxymethylene diphosphonate
PYP Pyrophosphate
BNP Brain natriuretic peptide
NT-proBNP N-terminal pro-B-type natriuretic peptide
FLC Free light chains
NYHA New York Heart Association
RNAi RNA interference
LV Increased left ventricle

CRISPR-Cas9  Clustered Regularly Interspaced Short Palindromic Repeats
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