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Abstract: Amyloidosis is a group of diseases in which amyloid fibrils build up in tissues, leading to
organ dysfunction. Cardiac involvement is observed in immunoglobulin light chain amyloidosis
(AL) and transthyretin amyloidosis (ATTR) and, when it occurs, the prognosis worsens. Cardiac
tissue infiltration can lead to restrictive cardiomyopathy with clinical signs of diastolic heart failure,
without reduction of ejection fraction (HFpEF). The aim of multiple and less invasive diagnostic
tests is to discern peculiar characteristics and reach the diagnosis without performing an invasive
endomyocardial biopsy. These diagnostic tools allow early diagnosis, and they are crucial to best
benefit from target therapy. In this review article, we describe the mechanism behind amyloid fibril
formation, infiltration of tissues, and consequent clinical signs, focusing on the diagnostic tools and
the red flags to obtain a diagnosis.
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1. Introduction
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Amyloidosis is a rare protein deposition disease that occurs when the amyloid, an
abnormal protein formed from other precursors’ misfolding, assembles into oligomers
and fibrils that deposit in the organs, interfering with their normal functions. Amyloid
fibrils show typical features on electron microscopy and a pathognomonic “apple-green”
birefringence on polarized light microscopy (related to Congo red staining’s affinity for
ß-pleated sheets) [1–3].
Among several types of amyloid diseases, two of them account for almost all cardiac
amyloidosis (CA): transthyretin amyloidosis (ATTR) and immunoglobulin light chain
amyloidosis (AL) [4].
AL, also named primary amyloidosis, is related to the deposit of immunoglobulin
light chain fragments. It can be defined as a rare disease [5], with an estimated incidence
and prevalence of about 3–12 cases per million persons per year and 30,000–45,000, respectively [6]. It is strongly associated with multiple myeloma (MM), and in about 10% of cases,
the two diseases are concomitant. The median age at diagnosis is 63 years old, although it
can also present in patients aged between 30 and 40. It is an aggressive disease (more so
than ATTR) that can affect all organs, in particular the kidneys, heart, and nervous system.
The heart’s involvement decreases survival, especially if heart failure is present [7]. For
this reason, an early diagnosis of cardiac disease is essential in order to start treatment and
reduce the otherwise high mortality.
In ATTR amyloidosis, there is a misfolding of transthyretin (TTR), a liver-derived
protein involved in the carriage of thyroid hormone and vitamin A in the blood. There
is an acquired wild-type variant (ATTRwt) and a hereditary mutant variant (ATTRm or
ATTRv), differentiated by genetic testing for mutations of the TTR gene [8].
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ATTRwt is also named “senile CA” because it typically occurs in older age. The
most common clinical manifestations are carpal tunnel syndrome (almost always bilateral),
spinal stenosis, and—if there is extensive heart involvement—hypertrophic restrictive
cardiomyopathy with diastolic heart failure, often unrecognized in the elderly [9]. Considering the aging population, the ATTRwt variant will become the most common form of
amyloidosis. It is much more common in males than in females.
The ATTRm variant is related to TTR gene point mutations. The clinical manifestations are mainly related to heart and nervous system involvement, and usually both are
implicated. In some cases, there is a clear prevalence of one of them, with a more evident
vertical transmission, as in familial amyloid polyneuropathy (FAP) [10] and familial amyloid cardiomyopathy. The most common of the more than 100 possible gene mutations is
V122I, in which an isoleucine substitutes a valine at the 122nd amino acid position. This
mutation causes extensive heart involvement with late-onset restrictive cardiomyopathy,
often unrecognized and confused with hypertensive heart disease, and with minimal
neuropathy. Although the prognosis is usually better than that of AL, without treatment,
the median survival for V122I ATTRm-CA is about 2 years.
2. Pathophysiology
Regardless of which type of precursor protein misfolds, in both AL-CA and ATTR-CA,
there is a large amyloid fibril organ deposition. This causes the thickening of both ventricles’
walls, with a different pattern in the two types of CA; in AL-CA, the involvement is more
disseminate and usually subendocardial, while in ATTR-CA, the deposits can involve
more the interventricular septum, mimicking hypertrophic cardiomyopathy, with more
transmural involvement [11]. CA leads to an increased ventricular wall thickness and
stiffness in both ventricles, trademarks of restrictive cardiomyopathy. In CA, the amyloid
deposits are usually interstitial, surrounding the myocytes, but they can also be intramural,
causing stenosis of coronary arteries and angina or even myocardial infarction. Amyloid
deposits can be found by taking a biopsy of myocardial tissue (endomyocardial biopsy,
EMB), which is the most sensitive diagnostic tool for CA diagnosis (almost 100%). This is
the main difference from other deposition diseases such as sarcoidosis, in which a biopsy
cannot give any diagnostic information. In AL-CA, other than the damage related to fibril
deposition, cardiac dysfunction may also be related to direct cell damage mediated by light
chains [12].
3. Clinical Features
The different types of CA can have various clinical manifestations and different
prognoses and treatments. Key “red flags” for possible systemic amyloidosis can be
evaluated (Figure 1) [4].
Cardiac involvement is usually asymptomatic at diagnosis. The most typical cardiac
manifestation in CA is heart failure with preserved ejection fraction (HFpEF—diastolic
heart failure). Symptoms related to low cardiac output (dyspnea on exertion, fatigue, and
weakness) are common and are often the cause of initial misdiagnosis. In other cases, the
first manifestation could be atrial fibrillation or cardioembolic stroke. Atrial fibrillation has
a high prevalence and is more common in ATTRwt-CA [13]. For years, it was not considered
a sign of CA. The risk of thromboembolism can also be increased by electromechanical
dissociation secondary to atrial infiltration, even without atrial fibrillation. More so in
ATTR-CA than in AL-CA, amyloid infiltration can lead to bundle branch block and thirddegree atrioventricular block. Some patients develop symptoms such as ascites and lower
extremity edema related to right-sided heart failure [14]. Simil-ischemic manifestations
(angina with normal coronary arteries, cardiogenic shock) and low flow, low gradient
aortic stenosis are less common. The normalization of blood pressure values in previously
hypertensive patients can be a sign of possible CA. Other symptoms can raise suspicion
of CA if considered in a specific clinical context. Carpal tunnel syndrome, almost always
bilateral, and spinal stenosis can precede for years the symptoms of heart failure. They
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can be present in about 50% of patients with ATTRwt [7], with a higher specificity than
in AL-CA. Peripheral and autonomic neuropathy can occur in both forms, but they are
uncommon in ATTRwt. Nevertheless, some point mutations in the TTR gene can be
associated with predominant neurological symptoms. This is the case with the Val30Met
mutation, a cause of prevailing peripheral nervous system involvement (hereditary amyloid
transthyretin amyloidosis with polyneuropathy). Other signs and symptoms typical of
AL are macroglossia and periorbital purpura, which are pathognomonic when occurring
together but infrequent, and signs of renal and gastrointestinal involvement, such as
proteinuria, diarrhea, and weight loss.
Cardiogenetics 2021, 11, FOR PEER REVIEW ATTRv amyloidosis, related to gene mutations, is differentiated into early- or late3
onset if symptoms occur before or after 50 years old. Late-onset is more frequently sporadic
and aggressive, with predominant peripheral neuropathy [15].

Figure 1. Red Flags for cardiac amyloidosis.
Figure 1. Red Flags for cardiac amyloidosis.

4. Diagnosis and Evaluation of Cardiac Amyloidosis
Cardiac involvement is usually asymptomatic at diagnosis. The most typical cardiac
It is often difficult to obtain an early diagnosis of CA, which has consequences for
manifestation in CA is heart failure with preserved ejection fraction (HFpEF—diastolic
the prognosis. This is mainly related to the different possible clinical manifestations
heart failure). Symptoms related to low cardiac output (dyspnea on exertion, fatigue, and weakof the disease and the need for a histological demonstration requiring endomyocardial
ness) are common and are often the cause of initial misdiagnosis. In other cases, the first
biopsy. A complete evaluation of CA includes consideration of clinical symptoms, cardiac
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of monoclonal gammopathy of undetermined significance (MGUS)—up to 5% of the population over 65 years old. Elderly patients with ATTR-CA and MGUS could show high
levels of light chains, leading to a misdiagnosis of AL-CA. Patients with chronic kidney
failure could have increased serum concentrations of free light chains filtered by the renal
glomeruli. Natriuretic peptides are usually observed in AL-CA, often disproportionate
to the symptoms [17,18]. Elevated levels of troponins are also common, related to a toxic
effect of the amyloid, and this can lead to false diagnoses of acute coronary syndrome.
Laboratory tests can also predict the prognosis in CA. In AL-CA, a combination of NT-proBNP, Troponin T, and the difference between kappa and lambda free light chains has been
used for a staging system by the Mayo Clinic; patients with a marked elevation of one or
more of these parameters tend to have a worse prognosis. At the same time, NT-pro-BNP
reduction predicts the clinical outcome and survival independently of the type of therapy.
6. Genetic Testing
Gene sequencing is essential to differentiate acquired from hereditary amyloidosis,
and
it
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atrium or left atrial appendage, thickening of the cardiac valves, thickening of the right
ventricular wall, pericardial effusion, and a restrictive transmitral Doppler filling pattern.
In particular, the typical increased wall thickness (>12 mm) with a reduced fractional
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more frequent in AL than in ATTR-CA, such as low QRS voltages. Conversely, atrial fibrillation, left bundle branch block, and complete heart block are more common in ATTR-CA.
Conflicting data between ECG and echocardiography could sometimes raise the suspicion
of CA. For instance, a left ventricular wall thickening can usually be associated with high
QRS voltages. If there are low or normal QRS voltages, CA should be considered. A useful
instrument to help diagnose CA is the ratio of ECG voltage to LV wall thickness [21].
8. Echocardiography
Echocardiography plays a fundamental role in the non-invasive diagnosis of CA,
studying heart function and structure in patients with cardiac symptoms or even before
symptoms appear. The main focus in CA is to evaluate the thickening of LV walls and
the exclusion of other likely causes of LV hypertrophy, such as severe hypertension and
moderate to severe aortic stenosis (Figure 3) [22]. However, a clear distinction could be
challenging. The suspicion of CA can be increased by other echocardiographic features:
biatrial enlargement with a small or normal LV cavity size, presence of thrombi in the left
atrium or left atrial appendage, thickening of the cardiac valves, thickening of the right
ventricular wall, pericardial effusion, and a restrictive transmitral Doppler filling pattern.
In particular, the typical increased wall thickness (>12 mm) with a reduced fractional
shortening (<30%) has a significant impact on diagnosis and prognosis [23]. A granular
sparkling of the myocardial walls can also be recognized, especially in the interventricular
septum, but it does not have a high specificity. Other than the classical evaluation of left
ventricular systolic function with LV ejection fraction (LVEF), tissue Doppler imaging (TDI)
and speckle-tracking echocardiography (STE) have refined the evaluation of longitudinal
systolic function and consequently have increased the probability of an early diagnosis
of CA [24,25]. The study of cardiac function with global longitudinal strain (GLS) can
help in the diagnosis of CA; despite a preserved LVEF, there is an early reduction of
longitudinal shortening, absent in other causes of increased LV wall thickness. In both
AL-CA and ATTR-CA, there is a typical apical sparing pattern in STE-derived longitudinal
strain; apical LV segments are commonly unaffected, while there is severe impairment in
basal and mid-cavity segments (Figure 4). This pattern does not affect patients with other
causes of LV hypertrophy, in which the areas with the impairment of the LV longitudinal
strain are those with maximal hypertrophy. Despite this peculiarity, it could be difficult
to exclude or confirm a diagnosis of amyloidosis in patients with increased heart wall
thickness [26]. A multiparametric echocardiographic approach has been proposed, focusing
on relative wall thickness, global longitudinal strain (with apical sparing pattern), TAPSE,
and E/E’. To guide the diagnostic algorithm, it is often necessary to use highly specific
or sensitive cutoffs in patients with a hypertrophic phenotype to avoid unnecessary tests
and to limit the time to diagnosis. This approach could be useful to restrict the use of
other imaging techniques, such as CMR or endomyocardial biopsy, to patients for whom
there is an intermediate to high probability of disease, despite the uncertainty of the
first-level diagnostic modalities [27]. Other echocardiographic parameters can be useful.
The myocardial contraction fraction (MCF) is the ratio of stroke volume to myocardial
volume, and it is helpful in the evaluation of volumetric shortening (correlated with LV
longitudinal strain) independent of LV size. Abnormalities beyond the left ventricle can
also suggest CA [28]. Stroke volume index has prognostic value in predicting survival in
AL-CA; similar to LV strain, it is routinely calculated and easier to achieve than STE. Left
atrial dysfunction can also be documented, resulting in both reservoir and pump function
impairment with strain because of the increased LV filling pressure and direct amyloid
infiltration. This dysfunction may cause the formation of thrombi directly in the atrium
or in the appendages (mostly the left appendage), increasing cardioembolic stroke risk
even if the patient maintains sinus rhythm [29,30]. The right chambers’ involvement, as
documented by CMR studies, contributes to predicting the prognosis in CA. The right
ventricle is often affected because of direct amyloid infiltration (as with the left atrium) and
the increased afterload from pulmonary hypertension. The result is an impairment of right
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ventricle systolic function, measured as reduced tricuspid annular plane systolic excursion
(TAPSE), tissue Doppler systolic velocity (Sm wave), and longitudinal strain [31,32]. Even
with the most modern echocardiographic techniques, the diagnosis of the right chambers’
involvement in CA often depends on the tissue characterization provided by CMR. The
Cardiogenetics 2021, 11, FOR PEER REVIEW
7
combination of echocardiographic parameters with other findings (clinical, biomarkers,
and electrocardiography) can increase diagnostic accuracy [33].
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10. such
Radionuclide
Imaging
as 99mTechnetium-pyrophosphate
(99mTc-PYP),

1,2propanodicarboxy-lic ( Tc-DPD), and
Technetium-hydroxymethylene diphosphonate (99m Tc-HMDP). Myocardial uptake for these tracers is remarkably sensitive for ATTRCA, although not completely specific (Figure 5) [43]. Collectively, uptake in AL-CA is
almost absent, and this is the most significant difference from ATTR-CA, which has a
high affinity for bone tracers. This differential uptake seems to be related to preferential
binding to ATTR because of a higher calcium content [44]. The affinity of the bone tracers
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Figure 6. Consensus algorithm for non-invasive diagnosis of cardiac amyloidosis.

This algorithm gives an approach to the evaluation of patients with CA considering
the probability of CA. The diagnosis of ATTR-CA can be highly suspected, avoiding the
need for endomyocardial biopsy, if there are not clonal abnormalities and there is a high
level of uptake of 99mTc-PYP/DPD/HMDP in the radionuclide imaging.
On the other side, patients with biomarker abnormalities, such as high light chain
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This algorithm gives an approach to the evaluation of patients with CA considering
the probability of CA. The diagnosis of ATTR-CA can be highly suspected, avoiding the
need for endomyocardial biopsy, if there are not clonal abnormalities and there is a high
level of uptake of 99m Tc-PYP/DPD/HMDP in the radionuclide imaging.
On the other side, patients with biomarker abnormalities, such as high light chain
levels in serum/urine immunofixation, have a high probability of AL-CA, and they should
be evaluated by hematologists. Cardiac involvement can be evaluated with the aforementioned non-invasive imaging techniques or with endomyocardial biopsy.
11. Tissue Biopsy
Endomyocardial biopsy (EMB) was previously considered the diagnostic gold standard to evaluate cardiac amyloid deposition. Typically, the pathognomonic apple-green
birefringence under cross-polarized light microscopy confirms the presence of amyloid
fibrils. Today, it cannot be considered the optimal diagnostic choice to obtain a diagnosis of
CA because of the need for an invasive approach and the potential risks. For the evaluation
of systemic burden, the diagnostic accuracy of an extra-cardiac biopsy, i.e., the abdominal fat pad, depends on the examined tissue and the type of amyloidosis. The accuracy
is higher for AL-CA, in which the yield of a fat pad biopsy is >70%, and it is strongly
associated with whole-body amyloid load [48]. For the relatively low invasiveness, a fat
pad biopsy is the preferred initial site, but a negative result is not sufficient to rule out
a diagnosis of CA. If there is a high suspicion of disease, an EMB should be performed
despite a negative extra-cardiac biopsy.
12. Conclusions
Cardiac involvement is variable in the different types of amyloidosis, but it has a
major impact on prognosis [49]. Cardiac amyloidosis has been revalued as a more treatable
and possibly curable condition thanks to the recent improvements in diagnostic and
therapeutic strategies. Nevertheless, morbidity and mortality remain high. For this reason,
more advancements are needed to obtain an early diagnosis and to enhance prognoses in
these patients.
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