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Abstract: Amyloidosis is a rare disease in which insoluble amyloid proteins are deposited in the 

organs. Deposits cause tissue damage and organ dysfunction, especially in the heart, kidneys, 

and nerves. Cardiac amyloidosis (CA), particularly transthyretin (ATTR) and immunoglobulin 

light chains (AL) amyloidosis, has arisen as a frequently unrecognized cause of heart disease and 

death. Underdiagnosis was mainly due to a lack of recognition of the true prevalence and the 

non-specific signs of the disease. High clinical suspicion is required to promote early diagnosis. 

This article overviews various diagnostic tests for amyloidosis, emphasizing cardiac amyloidosis 

in innovative diagnostic methods. Furthermore, an algorithm of summary assessing the diagnosis 

of amyloidosis is presented. 
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Introduction 

Amyloidosis refers to a spectrum of complex rare, and deadly diseases caused by extracellular 

deposition of insoluble-misfolded proteins called amyloidogenic proteins. Thirty-six proteins can 

cause these extracellular amyloid depositions, resulting in damage to the cells and organs that 

cause disease when accumulation is sufficient to impair the affected organs’ structure and 

integrity. Amyloidosis seems to be underdiagnosed. The clinical symptoms of the various types 
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of amyloidosis largely overlap and rely on the affected organ. The heart is often affected by the 

most common types. Cardiac amyloidosis is a strong predictor of survival; the sooner it is found, 

the greater the patient’s survival.
[1–3] 

Unfortunately, delayed diagnosis is common in 

amyloidosis. Action should be taken to raise understanding, particularly better clinical outcomes. 

Signs and symptoms that may increase suspicion of a possible diagnosis of amyloidosis are 

generally non-specific; thus, diagnosis is elusive, and early diagnosis needs a high level of 

clinical suspicion. Amyloidosis suspicion should be initiated by determining the extra-cardiac or 

cardiac symptoms, followed by different diagnostic assessments. This article summarizes current 

knowledge on the optimal diagnostic assessment of patients with suspected amyloidosis with a 

particular focus on diagnostic assessments for cardiac amyloidosis in the most common types 

(transthyretin (ATTR) and immunoglobulin light chains (AL) amyloidosis). 

 

Organ Involvement of Amyloidosis 

Amyloidosis is often referred to as the “Great Imitator” because of its non-specific clinical 

presentation.
[4] 

A consensus of the International Society of Amyloidosis (ISA) established the 

criteria for organ involvement. The criteria are mean wall thickness greater than 12 mm in 

echocardiography without other cardiac cause for cardiac involvement. 24-hr urine protein > 0.5 

g/day, predominantly albumin for kidney involvement. Clinical symmetric lower extremity 

sensorimotor peripheral neuropathy for peripheral nerve involvement, whereas gastric-emptying 

disorder, pseudo-obstruction, and voiding dysfunction are criteria for autonomic nerve 

involvement. Total liver span > 15 cm in the absence of heart failure or alkaline phosphatase > 

1.5 times the institutional upper limit of normal liver involvement. For soft tissue involvement, 

the criteria are tongue enlargement, clinical arthropathy claudication, presumed vascular amyloid 

skin myopathy by biopsy or pseudohypertrophy lymph node (may be localized), and carpal 

tunnel syndrome. Direct biopsy verification is still required for gastrointestinal tract involvement 

with symptoms.
[5] 

When determining organs’ involvement, the affected organs are the heart, 

kidney, liver, nerve, intestine, and soft tissue. Soft tissue involvement includes the skin, muscle, 

and temporal artery. Direct organ biopsy is not needed for diagnosis if the biopsy is verified at an 

alternative site with evidence of organ dysfunction.
[6, 7]

 

 

Detecting Amyloid and its Classification 

The detection of amyloid should begin with reasonable clinical suspicion of amyloidosis. 

Amyloid is a tissue-based diagnosis. If amyloidosis is suspected, the first step is to collect 

histologic evidence of amyloid, followed by a search for evidence of systemic amyloid 

deposition in tissue biopsy. A tissue specimen shows the presence of amyloid is positive for 

Congo Red stain.
[8]

  Congo red results in a pale “salmon-pink” staining that reveals typical apple-

green birefringence when viewed under polarized light microscopy.
[9]

 

The protein forming the amyloid fibrils must then be identified to establish the type of 

amyloidosis. Immunohistochemistry (IHC) remains the most common method to characterize 

amyloid deposits, though it may be inconclusive or misleading, particularly outside of centers of 
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expertise.
[10]  

IHC entails using antibodies against usual or aberrant protein epitopes within 

amyloid as a form of amyloid typing. In a recent study of 142 biopsies examined at the National 

Amyloidosis Center in the United Kingdom, 108 (76%) were diagnosed with IHC, and 100% 

were in line with the findings of laser capture microdissection and mass spectrometry (LCM-

MS) conducted on the same samples.
[11] 

Despite these findings, the efficacy of IHC outside 

specialized centers is generally low due to multiple inconclusive or misleading results.
[12]

 

Without a validated antibody panel, the incidence of false positives and negatives is high. The 

other issue also complicates AL amyloid identification, as antibodies targeting kappa or lambda 

light chains may bind normal immunoglobulins to the specimen. Serum proteins may be 

embedded in amyloid deposits (a condition known as contamination), resulting in false-positive 

results.
[13]

 

Lately, a mass spectrometric proteomic analysis of the amyloid deposits has been shown to 

classify the amyloid subtype with a high level of success and is known to be the gold standard. 

Given the disadvantages of antibody-based methods for classifying amyloid fibril proteins, direct 

chemical characterization of amyloid deposits is desirable.
[14]

 LCM-MS has emerged as a 

promising method for detecting amyloid fibril proteins. LCM-MS has been reported to classify 

the amyloid subtype with 100% sensitivity and specificity. However, these complex, costly, and 

time-consuming methods are only available in highly advanced centers.
[6]

 

 

Clinical Manifestation of Cardiac Amyloidosis 

The majority of cases of CA can be traced to two precursor proteins: the monoclonal 

immunoglobulin light chain (AL) protein type formed by irregular clonal proliferation of plasma 

cells and the type of transthyretin (ATTR) protein originating from the liver and usually involved 

in the transport of thyroxine and retinol-binding protein.
[15]

 

General symptoms such as nausea, weight loss, cachexia, and muscle weakness are reported in 

both age ranges and forms of amyloidosis. The most prominent initial CA appearance is heart 

failure (HF) with preserved or mid-range left ventricular (LV) systolic function and LV 

hypertrophy.
[16]

 Infiltration of amyloid fibrils results in stiffening and thickening of the 

ventricles, resulting in reduced compliance and elevated pressure modifying the mechanics of 

ventricular activity manifested as diastolic dysfunction (DD). Besides, amyloid fibrils’ cytotoxic 

symptoms result in apoptotic and fibrotic alterations, ultimately leading to systolic activity. This 

results in HF signs such as dyspnea on exertion, orthopnea, paroxysmal nocturnal dyspnea, 

abdominal distension, and lower extremity edema.
[17]

 Syncope, falls, and symptomatic 

hypotension due to autonomic instability are commonly identified, and the combination of 

hypotension and LV hypertrophy should be a warning sign.[
16]

 

The cardiac conduction system’s involvement triggers first-degree, second-degree, or total heart 

blocks or arrhythmias, which can be symptomatic secondary to direct amyloid deposits in the 

conduction system.
[18]

 In addition, amyloid can be found inside and/or near small arterioles of the 

heart, which may lead to clinical signs of angina pectoris or, in some cases, myocardial 

infarction.
[19]
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Each type of CA is related to a distinct natural history of significance for differential diagnosis. 

When considering the overall population, AL-CA primarily affects the elderly, though 

occasional cases may also affect younger patients: the mean age of diagnosis is approximately 60 

years. Medical conditions depend on the organs involved and the degree of organ activity.
[19]

  In 

AL-CA, a sharp, functional regression is found in AL-CA from the initial presentation. As a 

result, suspicion of AL-CA should alert physicians to prompt and detailed diagnostic work, as 

further disease development significantly worsens the prognosis without implementing effective 

anti-plasma cell therapies.
[16] 

ATTR-CA is characterized by a more insidious and steadily progressing condition with extreme 

symptoms that occur years after the initial manifestations. Wild-type transthyretin amyloidosis 

(ATTRwt) is characterized by a late development of the condition (usually after the seventh 

decade of life) and often occurs in men. The heart is primarily affected by up to 90 % of 

patients.
[20] 

In the absence of hypertension, the appearance of unexplained left ventricular 

hypertrophy can still increase the suspicion of ATTRwt-CA in older men.
[2

1] The carpal tunnel 

is the leading site of extra-cardiac manifestation. Carpal tunnel syndrome (CTS) occurs in up to 

70% of patients with ATTRwt-CA 5–10 years before cardiac manifestations.
[22]

 

Clinical presentation of variant or familial transthyretin amyloidosis (ATTRv) amyloidosis 

depends on mutation and other factors such as diagnosis age, inheritance pattern, gender, 

geographical conditions, and ethnicity.
[23]

 The cardiac symptoms in patients with ATTRv-CA are 

somewhat similar to those in patients with ATTRwt-CA, but the neurological effects can be 

more significant such as sensorimotor polyneuropathy.
[19] 

It has not been possible to distinguish AL, ATTRv, and ATTRwt precisely by transthoracic 

echocardiography (TTE). A significant cohort study involving 233 patients with a clear-cut 

diagnosis of the amyloid precursor type (AL, n=157; ATTRv, n=61; ATTRwt, n=15) compared 

the clinical profiles of the three main types of systemic cardiac amyloidosis. The key results were 

that mean age at diagnosis was higher in AL, mean LV wall thickness was higher in ATTRwt-

CA, LVEF was mildly depressed in ATTRwt-CA, ATTRv-CA showed lower QRS voltage less 

frequently (25 vs. 60 % in AL, P < 0.0001), and AL patients had higher hemodynamic 

dysfunction.
[24]

 These variations in the disease’s progression may be due to distinct underlying 

pathophysiological pathways of cardiac damage in AL-CA vs. ATTR-CA.
[16]

 (Table I) 

highlights the characteristic clinical manifestations and approaches to diagnostic assessments of 

AL-CA and ATTR-CA, respectively.
 

Table 1. Clinical Manifestation and Diagnostic Assessment of Cardiac Amyloidosis 

 AL-CA ATTR-CA 

General 

symptoms 

Nausea, weight loss, cachexia, muscle weakness 

Initial symptoms HF* with preserved or mid-range LV systolic function and LV 

hypertrophy 

*HF signs: dyspnea on exertion, orthopnea, paroxysmal nocturnal 

dyspnea, abdominal distension, lower extremity edema 
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Other symptoms Autonomic instability: Syncope, falls, symptomatic hypotension 

Angina pectoris 

Higher hemodynamic 

dysfunction 

Neurological extra-cardiac effects 

more significant: CTS and 

sensorimotor polyneuropathy 

Age of diagnosis, 

sex 

Sixth decade, equal Seventh decade, male > female 

Progressivity sharp, functional regression 

found from the initial 

presentation 

steadily progressing condition with 

extreme symptoms that occur years 

after the initial presentation 

ECG Pseudoinfraction pattern 

Arrhythmia: atrial fibrillation 

Low QRS voltage  LV hypertrophy 

Echocardiography Increased LV wall thickness ≥12 mm 

Relative sparing of the apical area: “the cherry on the top” or “the 

cupcake” appearance 

Restrictive loading with sequential biatrial dilation and sometimes 

secondary insufficiency of atrioventricular valves 

CMR Diffuse, subendocardial, or transmural LGE 

Increased myocardial mass, substantial thickening of the myocardium, 

enlargement of the atria, and thickening of the interatrial septum 

Increased Native T1 

Bone-tracer 

scintigraphy 

Cardiac uptake grade < 2 Cardiac uptake grade 2 or 3 of visual 

Perugini scale uptake scan along 

with negative serum and urine 

examination for elevated free light 

chains and monoclonal gammopathy 

EMB Congo Red stain: positive 

Under polarized light microscopy: Typical apple-green birefringence  

fat pad biopsy > 70% fat pad biopsy < 70% 

AL: light chain; ATTR: transthyretin; CA: cardiac amyloidosis; HF: heart failure; LV: left 

ventricle; CTS: carpal tunnel syndrome; ECG: electrocardiogram;  LGE: late gadolinium 

enhancement; CMR: cardiac MRI; EMB: endomyocardial biopsy 

 

Diagnostic assessments for cardiac amyloidosis  

Electrocardiogram  

While Electrocardiogram (ECG) may be normal even at advanced stages of CA, it could provide 

indications for amyloid infiltration and further reinforce the diagnosis in accordance with 

imaging findings. The appearance of low voltage on 12-lead electrocardiography (all limb 

leads are less than 5 mm in height) hints at the cardiac activity of amyloid. This is more 
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prevalent in AL-CA (45%) but less common in ATTR-CA (23–31%).
[25] 

The total amplitudes of 

S waves in V1 and R waves in V5 or V6 greater than 3.5 mV are believed to be an indicator of 

left ventricular hypertrophy (LVH), and less than 1.5 mV is shown to be consistent with poor 

results in all three forms of amyloidosis with cardiac involvement.
[26]

 

Pseudoinfarction pattern seen by Q waves or slow R-wave progression in precordial leads, 

atrioventricular block, or bundle branch block is another finding. Atrial fibrillation is the most 

frequent arrhythmia with a high rate of relapse.
[27]

 However, ECG can not be used alone as a 

screening method for patients with confirmed CA or at risk for CA. 

Laboratory testing 

As there is no single parameter for diagnosing ATTR-CA, the goal of laboratory research in 

patients with suspected CA is primarily to look for AL-amyloidosis-causing plasma cell disease 

markers. This involves elevated serum-free light chain immunoglobulins, pathological kappa or 

lambda free light chain ratio, and monoclonal gammopathy in serum and urinary 

immunosuppression with confirmed sensitivity >95% to identify AL amyloidosis.
[28] 

 The serum-

free light chain is a quantitative test tracking light chains with greater sensitivity than 

immunosuppressive electrophoresis.
[29]

 It calculates the ratio of kappa to lambda, ranging from 

0.26 to 1.65 with a ratio of more than 1.65, indicating the quantity of kappa light chain and less 

than 0.26 the number of clonal lambda chains.
[30]

 

Besides, biomarkers play a significant role in patients’ follow-up with identified monoclonal 

gammopathy of undetermined significance (MGUS). In the case of MGUS with an irregular free 

light chain ratio with the elevation of the involved light chain, N-terminal pro-B-type natriuretic 

peptide (NT-proBNP) and urinary albumin should be tracked during follow-up to detect the 

progression of MGUS to systemic amyloidosis. In Mayo clinical study, patients were classified 

as Mayo stage I, II, and III based on the levels of the following biomarkers; NT-proBNP (≥332 

pg/ml),  Cardiac troponin T (≥0,035 ng/ml), or troponin I (≥0,1 ng/ml). Stage I patients had none, 

stage II patients either had one of these, and stage III patients had all of these results. This study 

demonstrated a median survival of 26, 11, and 4 months at stages I, II, and III, respectively, 

demonstrating their status as risk stratification in AL-CA. Elevated NT-BNP is a responsive 

proxy for cardiac infiltration and, in particular, higher than 152 pmol/L is associated with a poor 

prognosis in AL.
[31]

 

Echocardiography  

TTE is essential for the initial assessment of patients with diagnosed CA. While early-stage 

subtle anomalies are non-specific, some findings strongly predict CA in the proper clinical sense. 

LV hypertrophy without dilation is almost abundant, whereas outflow obstruction is very rare. 

Increased LV wall thickness ≥12 mm has been confirmed to be an early symptom of cardiac 

amyloidosis, and thus, caution should be taken when testing patients with suspected amyloidosis 

to not skip a diagnosis before developing severe LV hypertrophy.
[32]

 CA is characterized by LV 

diastolic dysfunction, which eventually progresses towards restrictive loading with sequential 

biatrial dilation and sometimes secondary insufficiency of atrioventricular valves. LV systolic 

function is almost always pathological despite maintaining a normal to moderately diminished 
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ejection fraction before the late disease. The global longitudinal strain (GLS) of the LV is deeply 

reduced by the relative sparing of the apical area, giving a characteristic appearance in the bull’s 

eye plot called “the cherry on the top” or “the cupcake” appearance.
[16]

 

Cardiovascular magnetic resonance imaging 

Cardiac MRI (CMR) with a combination of native and contrast-enhanced imaging offers a 

precise anatomical and functional assessment of myocardium and tissue characterization, which 

is of accelerated value in assessing cardiomyopathies. CA has the characteristic presence of a 

diffuse, subendocardial, or transmural late gadolinium enhancement (LGE) of a non-ischemic 

pattern of prognosis.
[33]

 

Recording global function, wall motion, myocardial mass, wall thickness, atrial scale, and the 

inter-atrial septum is part of a regular CMR test. Increased myocardial mass, substantial 

thickening of the myocardium, enlargement of the atria, and thickening of the interatrial septum 

can be accurately observed in nearly all patients.
[34]

 

T1 mapping is a more recent method that offers a quantitative analysis of myocardial relaxation 

time. Native T1 increases amyloid penetration and correlates with systolic and diastolic 

dysfunction markers.[35]
 
 It is an early disease predictor of good diagnostic precision for CA in 

the event of a high pre-test probability. Because contrast administration is unnecessary, it is of 

concern to patients with significantly impaired renal function in whom gadolinium-based con-

tract agents are contraindicated.
[36]

 Currently, CMR is useful for confirming a suspected 

diagnosis, but access to CMR is limited due to limited local availability and a lack of radiologist 

expertise.
[37]

 

Bone-tracer scintigraphy  

Cardiac uptake of 
99m

Tc -phosphate derivatives was seen for the first time in the 1980s as an 

incidental discovery in patients with ATTR-CA undergoing scintigraphy for metastatic bone 

disease. A small study in 2005 showed a diagnostic benefit of 
99m

Tc-3,3-diphosphono-1,2-

propanodicarboxylic acid (
99m

Tc-DPD) for ATTR-CA.
[38] 

A grade 2 or 3 visual Perugini scale 

uptake scan along with negative serum and urine examination for elevated free light chains and 

monoclonal gammopathy showed 99%, 100 %, and 100% for sensitivity, positive predictive 

value, and specificity, respectively, for ATTR-CA. The following is the grading system proposed 

as a basis for assessing radionuclide uptake:  

Table 2. Visual Perugini Scale Assessing Radionuclide Uptake
[38]

  

Grade 0 No cardiac uptake, regular osseous structures 

Grade 1 Minor cardiac uptake, with osseous structures appearing comparatively pale 

Grade 2 Moderate cardiac uptake, with osseous structures partly indistinct, 

Grade 3 Strong cardiac update, markedly increased extra-cardiac retention in the soft 

tissue, with very indistinct osseous structures 

 

The key benefits of scintigraphy are its comparatively low cost, its proven reimbursement in 

Germany, its wider availability compared to CMR, and the independent image performance of 

the patient-specific variables.
[39] 

Despite this paradigm change, bone tracer scintigraphy does not 
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include quantitative analyses of tracer absorption, and the diagnosis of scintigraphy at the early 

stage of ATTR-CA disease has not been adequately studied.
[40]

 This result needs to be confirmed 

in further research since it is of considerable significance to the subset of patients with ATTRv-

CA 

Endomyocardial tissue biopsy  

The recommendations of the American College of Cardiology/American Heart Association note 

that endomyocardial biopsy (EMB) should not be done in the regular assessment of patients with 

heart disease but that it could be helpful in those with heart failure where a new condition that 

may affect the treatment is suspected.
[41]

 While the endomyocardial biopsy is relatively safe, 

common complications include ventricular wall perforation, cardiac tamponade, pneumothorax, 

arrhythmias, puncture location, and bleeding. The left ventricular endomyocardial biopsy is 

consistent with a decreased pericardial effusion rate (6.6% vs. 17.1% for right ventricular 

endomyocardial biopsy).
[42] 

 EMB can be excluded in the event of undeniably positive ATTR-

CA scintigraphy (grade 2 or 3 cardiac uptake) without laboratory evidence of plasma cell 

proliferation or clinical suspicion of AL-CA. These results are diagnostics for ATTR-CA.
[43]

 

The type of amyloidosis determines the diagnostic accuracy of an extra-cardiac biopsy and the 

tissue examined. An extra-cardiac biopsy result (abdominal fat pad, gingiva, skin, salivary gland, 

or gastrointestinal tract) is higher in AL and lower in ATTRwt. In AL-CA, fat pad biopsy results 

are greater than 70% and are highly related to total body amyloid load. Fat aspiration was only 

14% positive in ATTRwt CA patients in a study of 131 individuals with ATTR-CA with a 

positive EMB. While a fat pad biopsy is the preferred initial approach, a negative result is 

inadequate to rule out the diagnosis, and an endomyocardial biopsy should be conducted.
[44] 

 

The accumulation of data on diverse diagnostic modalities has contributed to the widespread 

introduction of validated diagnostic algorithms for presumed amyloidosis. An overview of the 

common approach to cardiac and extra-cardiac amyloidosis is discussed in (Fig. 1.). Overall, 

amyloidosis is a multi-faceted systemic disorder with a complex pathophysiology. 
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Figure 1. Summary of Common Approach Cardiac and Extracardiac Amyloidosis 

*AL: light chain; ATTR: transthyretin; CA: cardiac amyloidosis; CMR: cardiac MRI; IHC: 

immunohistochemistry; LCM-MS: laser capture microdissection and mass spectrometry; TTE:  

transthoracic echocardiography. 

 

Current Management Strategy For Cardiac Amyloidosis 

The management of CA is divided into two main sections. The first is the treatment and 

prevention of further complications, and the second is the specific treatment that stops or delays 

amyloid deposition. 

Specific treatment for AL-CA should be carried out by multidisciplinary teams consisting of 

oncohaematology and cardiology specialists, and patients should be referred to specialized 

centers whenever possible.
[45]

 AL-CA patients not only have a hematologic malignancy, but their 

multiorgan involvement allows them highly vulnerable and prone to treatment toxicity. 

Therapeutic methods are based on risk assessment, characterized by the degree of cardiac 

involvement, and the hematological response also drives cardiac response.
[46]  The cardiologist’s 

role in the specific treatment includes cardiac assessment for initial hematologic treatments, 

including autologous stem cell transplantation consideration, heart transplant evaluation, and 

cardiac monitoring during chemotherapy.
[47]
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Over the last decade, therapies for AL amyloidosis have evolved significantly. Autologous stem 

cell transplantation (ASCT) has been shown to have included results; however, only a subset of 

patients with cardiac involvement are eligible.  According to the Mayo group, 25% of patients 

are eligible for ASCT69, but only 3.4 % (23 of 668 patients) of patients with explicit heart 

failure with AL amyloidosis treated at their center over 20 years had a heart transplant.
[48] 

A novel, successful, and selective ATTRwt and ATTRv therapeutic alternatives are becoming 

more widely available. An early diagnosis is critical for treating neurological, cardiac, and other 

systemic symptoms, as therapy is more successful in the early stages of the disease.
 [49]  Effective 

therapies either suppress the development of mutated (liver transplantation) and overall TTR 

(genetic silencers) or preserve circulating TTR molecules (stabilizers), avoiding dissociation or 

cleavage into amyloidogenic fragments. Several new compounds are being studied, including 

agents targeting amyloid fibrils removal.
[47]

 

Recent treatment options differentiate between ATTRv and ATTRwt and, in the case of ATTRv, 

depend on the presence of cardiomyopathy, polyneuropathy, or both. A concise overview of 

ATTR treatments that are either available or in phase III trials. Tafamidis should be considered 

a choice in ATTR-CA patients with reasonably estimated survival, whereas Patisiran could be 

considered in ATTRv patients with cardiac involvement who are administered gene silencers due 

to symptomatic neurological disease.
[47]

 

Tafamidis is a benzoxazole derivative that binds to TTR in the blood at the T4 binding site and 

lacks nonsteroidal anti-inflammatory action.[50] In a 30-month study, 441 individuals with 

ATTR-CA and NYHA class I-III HF were randomly instructed to receive tafamidis 80 mg, 20 

mg, or placebo daily. In patients with NYHA class I or II HF, tafamidis was associated with a 

decreased all-cause mortality compared to placebo (29.5 % versus 42.9%) and a 32% reduced 

risk of cardiovascular hospitalizations. On the other hand, subjects with NYHA class III 

symptoms had greater rates of cardiovascular-related hospitalization with tafamidis medication 

than with placebo; this finding emphasizes the need for early identification and treatment.
[51, 52]

 

Patisiran (Onpattro, Alnylam), a siRNA approved in the United States for ATTRv with 

associated polyneuropathy, targets the 3′ untranslated regions of the TTR mRNA.
[53] 

 Patisiran is 

formulated as a lipid nanoparticle to target hepatocyte uptake. In a phase II study of patients with 

ATTRv-associated polyneuropathy, serum TTR levels were lowered by more than 80% 

following the second dosage of patisiran, administered at 0.3 mg/kg every three weeks.
[54] 

Heart transplantation may be considered in certain patients with end-stage cardiomyopathy 

caused by ATTR-CA or AL-CA who have responded to light-chain depleting treatment. Extra-

cardiac involvement, such as neuropathic, gastrointestinal, or hepatic disease manifestations, 

which might impair posttransplant outcomes, should be carefully considered when selecting 

heart transplant candidates.
[55]

 

Conclusion  

Amyloidosis is a rare but critical condition that needs to be suspected, mainly where clinical 

presentations are not typical. Early diagnosis provides access to all treatment options before 

developing advanced organ dysfunction. Accurate sub-typing is essential to the treatment of 
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amyloidosis. Multimodality imaging is expected to play a pivotal role in all facets of CA. 

Repurposed bone scintigraphy and laboratory tory testing can exclude or validate diagnosis in 

most suspected ATTR-CA cases, although tissue biopsy for histopathological analysis is still the 

preferred test for AL amyloidosis and other clinical scenarios. 

Acknowledgments 

None 

Conflict of Interest 

The authors declare that the research was conducted without any commercial or financial 

relationships construed as a potential conflict of interest. 

 

References: 

1.  Vaxman I, Gertz M (2020) When to suspect a diagnosis of amyloidosis. Acta Haematol 

143:304–311. https://doi.org/10.1159/000506617 

2.  Kourelis T v., Gertz MA (2015) Improving strategies for the diagnosis of cardiac 

amyloidosis. Expert Rev Cardiovasc Ther 13:945–961. 

https://doi.org/10.1586/14779072.2015.1069181 

3.  Liza Chacko, Raffaele Martone, Francesco Cappelli MF (2019) Cardiac Amyloidosis : 

Updates in Imaging. NCBI 6 

4.  Chee CE, Lacy MQ, Dogan A, et al (2010) Pitfalls in the diagnosis of primary 

amyloidosis. Clin Lymphoma Myeloma Leuk 10:177–180. 

https://doi.org/10.3816/CLML.2010.N.027 

5.  Gertz MA, Comenzo R, Falk RH, et al (2005) Definition of Organ Involvement and 

Treatment Response in Immunoglobulin Light Chain Amyloidosis (AL): A Consensus 

Opinion From the 10 th International Symposium on Amyloid and Amyloidosis. J 

Hematol 79:319–328. https://doi.org/10.1002/ajh.20381 

6.  Wisniowski B, Wechalekar A (2020) Confirming the diagnosis of amyloidosis. Acta 

Haematol 143:312–321. https://doi.org/10.1159/000508022 

7.  Kapoor P, Thenappan T, Singh E, et al (2011) Cardiac amyloidosis: A practical approach 

to diagnosis and management. American Journal of Medicine 124:1006–1015. 

https://doi.org/10.1016/j.amjmed.2011.04.013 

8.  Hazenberg BPC (2013) Amyloidosis. A clinical overview. Rheumatic Disease Clinics of 

North America 39:323–345. https://doi.org/10.1016/j.rdc.2013.02.012 

9.  Molle, P. Renaut, D. Gottlieb HG (2021) How to Diagnose amyloidosis. Intern Med J 6 

10.  Picken MM, Herrera GA (2007) The burden of “sticky” amyloid: typing challenges. 

Archives of Pathology &amp; Laboratory Medicine 131:850–850 

11.  Gilbertson JA, Theis JD, Vrana JA, et al (2015) A comparison of immunohistochemistry 

and mass spectrometry for determining the amyloid fibril protein from formalin-fixed 

biopsy tissue. J Clin Pathol 68:314–317. https://doi.org/10.1136/JCLINPATH-2014-

202722 



Journal of Cardiovascular Disease Research 

 

ISSN: 0975-3583,0976-2833        VOL13,ISSUE07,2022 

 

12 

 

12.  Latalova P, Holub D, Pika T, Flodr P MM (2015) Amyloid typing using immunohisto-

chemical and proteomic analysis. Virchows Arch 

13.  Kebbel A, Röcken C (2006) Immunohistochemical classification of amyloid in surgical 

pathology revisited. Am J Surg Pathol 30:673–683. https://doi.org/10.1097/00000478-

200606000-00002 

14.  Mollee P, Boros S, Loo D, et al (2014) Implementation and evaluation of amyloidosis 

subtyping by laser-capture microdissection and tandem mass spectrometry. Clin 

Proteomics 13:30. https://doi.org/10.1186/s12014-016-9133-x 

15.  Fikrle M, Palecek T, Kuchynka P, et al (2013) Cardiac amyloidosis: A comprehensive 

review. Cor Vasa 55:e60–e75. https://doi.org/10.1016/J.CRVASA.2012.11.018 

16.  Falk RH, Alexander KM, Liao R, Dorbala S (2016) AL (Light-Chain) Cardiac 

Amyloidosis: A Review of Diagnosis and Therapy. J Am Coll Cardiol 68:1323–1341. 

https://doi.org/10.1016/j.jacc.2016.06.053 

17.  Papathanasiou M, Carpinteiro A, Rischpler C, et al (2020) Diagnosing cardiac 

amyloidosis in every-day practice: A practical guide for the cardiologist. IJC Heart and 

Vasculature 28:100519. https://doi.org/10.1016/j.ijcha.2020.100519 

18.  Bhogal S, Ladia V, Sitwala P, et al (2018) Cardiac Amyloidosis: An Updated Review 

With Emphasis on Diagnosis and Future Directions. Curr Probl Cardiol 43:10–34. 

https://doi.org/10.1016/j.cpcardiol.2017.04.003 

19.  Dharmarajan K, Maurer MS (2012) Transthyretin cardiac amyloidoses in older North 

Americans. J Am Geriatr Soc 60:765–774. https://doi.org/10.1111/j.1532-

5415.2011.03868.x 

20.  Yilmaz A, Bauersachs J, Bengel F, et al (2021) Diagnosis and treatment of cardiac 

amyloidosis: position statement of the German Cardiac Society (DGK). Clinical Research 

in Cardiology. https://doi.org/10.1007/s00392-020-01799-3 

21.  Maurer MS, Elliott P, Comenzo R, et al (2017) Addressing Common Questions 

Encountered in the Diagnosis and Management of Cardiac Amyloidosis. Circulation 

135:1357–1377. https://doi.org/10.1161/CIRCULATIONAHA.116.024438 

22.  Rapezzi C, Lorenzini M, Longhi S, et al (2015) Cardiac amyloidosis: the great pretender. 

Heart Fail Rev 20:117–124. https://doi.org/10.1007/s10741-015-9480-0 

23.  Ruberg FL, Grogan M, Hanna M, et al (2019) Transthyretin Amyloid Cardiomyopathy: 

JACC State-of-the-Art Review. J Am Coll Cardiol 73:2872–2891. 

https://doi.org/10.1016/J.JACC.2019.04.003 

24.  Nativi-Nicolau J, Maurer MS (2018) Amyloidosis cardiomyopathy: update in the 

diagnosis and treatment of the most common  types. Curr Opin Cardiol 33:571–579. 

https://doi.org/10.1097/HCO.0000000000000547 

25.  Rapezzi C, Merlini G, Quarta CC, et al (2009) Systemic cardiac amyloidoses: disease 

profiles and clinical courses of the 3 main  types. Circulation 120:1203–1212. 

https://doi.org/10.1161/CIRCULATIONAHA.108.843334 



Journal of Cardiovascular Disease Research 

 

ISSN: 0975-3583,0976-2833        VOL13,ISSUE07,2022 

 

13 

 

26.  Gertz MA, Comenzo R, Falk RH, et al (2005) Definition of Organ Involvement and 

Treatment Response in Immunoglobulin Light Chain Amyloidosis ( AL ): A Consensus 

Opinion From the 10 th International Symposium on Amyloid and Amyloidosis. 328:319–

328. https://doi.org/10.1002/ajh.20381 

27.  Mohty D, Damy T, Cosnay P, et al (2013) Cardiac amyloidosis: Updates in diagnosis and 

management. Arch Cardiovasc Dis 106:528–540. 

https://doi.org/10.1016/j.acvd.2013.06.051 

28.  van den Berg MP, Mulder BA, Klaassen SHC, et al (2019) Heart failure with preserved 

ejection fraction, atrial fibrillation, and the role of senile amyloidosis. Eur Heart J 

40:1287–1293. https://doi.org/10.1093/EURHEARTJ/EHZ057 

29.  Palladini G, Russo P, Bosoni T, et al (2008) Identification of Amyloidogenic Light Chains 

Requires the Combination of Serum-Free Light Chain Assay with Immunofixation of 

Serum and Urine. https://doi.org/10.1373/clinchem.2008.117143 

30.  Abraham RS, Katzmann JA, Clark RJ, et al (2003) Quantitative analysis of serum free 

light chains. A new marker for the diagnostic  evaluation of primary systemic 

amyloidosis. Am J Clin Pathol 119:274–278. https://doi.org/10.1309/LYWM-47K2-

L8XY-FFB3 

31.  Palladini G, Milani P, Foli A, et al (2016) The impact of renal function on the clinical 

performance of FLC measurement in AL  amyloidosis. Clin Chem Lab Med 54:939–945. 

https://doi.org/10.1515/cclm-2015-0985 

32.  Dispenzieri A, Gertz MA, Kyle RA, et al (2004) Prognostication of survival using cardiac 

troponins and N-terminal pro-brain  natriuretic peptide in patients with primary systemic 

amyloidosis undergoing peripheral blood stem cell transplantation. Blood 104:1881–1887. 

https://doi.org/10.1182/blood-2004-01-0390 

33.  di Nunzio D, Recupero A, de Gregorio C, et al (2019) Echocardiographic Findings in 

Cardiac Amyloidosis: Inside Two-Dimensional, Doppler,  and Strain Imaging. Curr 

Cardiol Rep 21:7. https://doi.org/10.1007/s11886-019-1094-z 

34.  Fontana M, Pica S, Reant P, et al (2015) Prognostic Value of Late Gadolinium 

Enhancement Cardiovascular Magnetic Resonance in Cardiac Amyloidosis. Circulation 

132:1570–1579. https://doi.org/10.1161/CIRCULATIONAHA.115.016567 

35.  Claus P, Omar AMS, Pedrizzetti G, et al (2015) Tissue Tracking Technology for 

Assessing Cardiac Mechanics: Principles, Normal Values, and Clinical Applications. 

JACC Cardiovasc Imaging 8:1444–1460. https://doi.org/10.1016/J.JCMG.2015.11.001 

36.  Karamitsos TD, Piechnik SK, Banypersad SM, et al (2013) Noncontrast T1 mapping for 

the diagnosis of cardiac amyloidosis. JACC Cardiovasc Imaging 6:488–497. 

https://doi.org/10.1016/j.jcmg.2012.11.013 

37.  Banypersad SM, Sado DM, Flett AS, et al (2013) Quantification of myocardial 

extracellular volume fraction in systemic AL amyloidosis: an equilibrium contrast 

cardiovascular magnetic resonance study. Circ Cardiovasc Imaging 6:34–39. 

https://doi.org/10.1161/CIRCIMAGING.112.978627 



Journal of Cardiovascular Disease Research 

 

ISSN: 0975-3583,0976-2833        VOL13,ISSUE07,2022 

 

14 

 

38.  Bonderman D, Pölzl G, Ablasser K, et al (2020) Diagnosis and treatment of cardiac 

amyloidosis: an interdisciplinary consensus statement. Wien Klin Wochenschr 132:742. 

https://doi.org/10.1007/S00508-020-01781-Z 

39.  Perugini E, Guidalotti PL, Salvi F, et al (2005) Noninvasive etiologic diagnosis of cardiac 

amyloidosis using 99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid scintigraphy. J 

Am Coll Cardiol 46:1076–1084. https://doi.org/10.1016/j.jacc.2005.05.073 

40.  Jurcuţ R, Onciul S, Adam R, et al (2020) Multimodality imaging in cardiac amyloidosis: a 

primer for cardiologists. Eur Heart J Cardiovasc Imaging 21:833–844. 

https://doi.org/10.1093/EHJCI/JEAA063 

41.  Musumeci MB, Cappelli F, Russo D, et al (2020) Low Sensitivity of Bone Scintigraphy in 

Detecting Phe64Leu Mutation-Related Transthyretin Cardiac Amyloidosis. JACC 

Cardiovasc Imaging 13:1314–1321. https://doi.org/10.1016/j.jcmg.2019.10.015 

42.  Jessup M, Abraham WT, Casey DE, et al (2009) 2009 focused update: ACCF/AHA 

Guidelines for the Diagnosis and Management of Heart  Failure in Adults: a report of the 

American College of Cardiology Foundation/American Heart Association Task Force on 

Practice Guidelines: developed in collaboration with . Circulation 119:1977–2016. 

https://doi.org/10.1161/CIRCULATIONAHA.109.192064 

43.  Kristen A v, Dengler TJ, Katus HA (2007) Suspected cardiac amyloidosis: 

endomyocardial biopsy remains the diagnostic  gold-standard. Am J Hematol 82:328 

44.  Gillmore JD, Maurer MS, Falk RH, et al (2016) Nonbiopsy diagnosis of cardiac 

transthyretin amyloidosis. Circulation 133:2404–2412. 

https://doi.org/10.1161/CIRCULATIONAHA.116.021612 

45.  Fine NM, Arruda-Olson AM, Dispenzieri A, et al (2014) Yield of noncardiac biopsy for 

the diagnosis of transthyretin cardiac amyloidosis. Am J Cardiol 113:1723–1727. 

https://doi.org/10.1016/J.AMJCARD.2014.02.030 

46.  Palladini G, Merlini G (2016) What is new in diagnosis and management of light chain 

amyloidosis? Blood 128:159–168. https://doi.org/10.1182/BLOOD-2016-01-629790 

47.  Muchtar E, Lin G, Grogan M (2020) The Challenges in Chemotherapy and Stem Cell 

Transplantation for Light-Chain Amyloidosis. Canadian Cardiovascular Society 

48.  Garcia-Pavia P, Rapezzi C, Adler Y, et al (2021) Diagnosis and treatment of cardiac 

amyloidosis: a position statement of the ESC Working Group on Myocardial and 

Pericardial Diseases. Eur Heart J 42:1554–1568. 

https://doi.org/10.1093/EURHEARTJ/EHAB072 

49.  Grogan M, Scott CG, Kyle RA, et al (2016) Natural History of Wild-Type Transthyretin 

Cardiac Amyloidosis and Risk Stratification Using a Novel Staging System. J Am Coll 

Cardiol 68:1014–1020. https://doi.org/10.1016/j.jacc.2016.06.033 

50.  Rapezzi C, Elliott P, Damy T, et al (2021) Efficacy of Tafamidis in Patients With 

Hereditary and Wild-Type Transthyretin Amyloid Cardiomyopathy: Further Analyses 

From ATTR-ACT. JACC Heart Fail 9:115–123. 

https://doi.org/10.1016/j.jchf.2020.09.011 



Journal of Cardiovascular Disease Research 

 

ISSN: 0975-3583,0976-2833        VOL13,ISSUE07,2022 

 

15 

 

51.  Griffin JM, Rosenblum H, Maurer MS (2021) Pathophysiology and Therapeutic 

Approaches to Cardiac Amyloidosis. Circ Res 128:1554–1575. 

https://doi.org/10.1161/CIRCRESAHA.121.318187 

52.  Maurer MS, Schwartz JH, Gundapaneni B, et al (2018) Tafamidis Treatment for Patients 

with Transthyretin Amyloid Cardiomyopathy. N Engl J Med 379:1007–1016. 

https://doi.org/10.1056/NEJMOA1805689 

53.  Crooke ST, Witztum JL, Bennett CF, Baker BF (2018) RNA-Targeted Therapeutics. Cell 

Metab 27:714–739. https://doi.org/10.1016/J.CMET.2018.03.004 

54.  Suhr OB, Coelho T, Buades J, et al (2015) Efficacy and safety of patisiran for familial 

amyloidotic polyneuropathy: a phase II multi-dose study. Orphanet J Rare Dis 10:. 

https://doi.org/10.1186/S13023-015-0326-6 

55.  Barrett CD, Alexander KM, Zhao H, et al (2020) Outcomes in Patients With Cardiac 

Amyloidosis Undergoing Heart Transplantation. JACC Heart Fail 8:461–468. 

https://doi.org/10.1016/J.JCHF.2019.12.013 

  


