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Cardiac amyloidosis is an infiltrative disease which requires a high degree of clinical suspicion for appropriate diagnosis. Early diagnosis
and the definition of the type of amyloidosis play a key role in the early treatment and prognosis of this disease. In this context, the use
of cardiac biomarkers such as troponins and NT-proBNT associated with analysis by multimodality imaging methods like echocar-
diographic techniques such as strain, nuclear medicine, and cardiovascular resonance imaging have an increasing role in patients with

cardiac amyloidosis. This article details the role of non-invasive diagnostic methods in patients with cardiac amyloidosis.
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INTRODUCTION

Amyloidosis is a systemic disease resulting from
tissue deposition of an amyloid substance. Although
the heart is one of the organs most frequently affected
in systemic amyloidosis, cardiac involvement is not
a rule. Regardless, it is essential to identify it, since
the presence of cardiac amyloidosis (CA) significantly
affects the prognosis of the disease™.

Clinically, it can be classified as:

1. AL amyloidosis is the most severe and common
form of systemic amyloidosis. It results from the
deposition of protein derived from fragments of the
immunoglobulin light chain (AL amyloid). The heart

is affected in up to 90% of the patients, and only 5%
have isolated heart disease®.

2. The hereditary amyloidosis (familial) is an auto-
somal dominant inheritance disease caused by tissue
deposition of mutant amyloid protein derived from
genetic variants of transthyretin (TTR), apolipoprotein
A1, lysozyme or fibrinogen alpha chain. The heart is
most commonly involved with the mutation of TTR
(ATTR amyloidosis)®.

3. The senile systemic amyloidosis (or wild type)
results from the deposition of amyloid proteins derived
from wild type transthyretin (TTR wt). It occurs more

DATE OF SUBMISSION: 30-|ul-2019
DATE OF ACCEPTANCE: 30-Aug-2019
CORRESPONDING AUTHOR: Viviane Tiemi Hotta

Tel: 55 (11) 2661 5057 — Fax: 55 (11) 26615057

Instituto do Coracgao (InCor), Hospital das Clinicas HCFMUSP, Faculdade de Medicina, Universidade de Sao Paulo
Av. Dr. Enéas de Carvalho Aguiar, 44 Cerqueira César - ZIP Code: 05403-000 S&o Paulo, SP — Brasil

E-mail: viviane.hotta@gmail.com; viviane.hotta@grupofleury.com.br

345

REV ASSOC MED BRAS 2020; 66(3):345-352


http://orcid.org/0000-0002-9236-3815
http://orcid.org/0000-0003-2265-3769
http://orcid.org/0000-0002-9323-8805
http://orcid.org/0000-0003-4679-9455
http://orcid.org/0000-0003-2333-2828
http://orcid.org/0000-0002-8838-199X
mailto:viviane.hotta@gmail.com

CARDIAC AMYLOIDOSIS: NON-INV

frequently among men with a mean age of 78 years,
and its prognosis is better than those of the AL and
ATTR presentations.

4. AA amyloidosis results from the excessive pro-
duction of a non-immunoglobulin protein known as
AA. Kidney disease is frequent in this subtype, while
clinically significant involvement of the heart is rare.

This paper details the use of noninvasive methods
for the diagnosis of patients with cardiac amyloidosis.

CLINICAL PRESENTATION

The degree of cardiac involvement is variable and
depends on the different types of amyloidosis; it is
frequent in senile, AL, and ATTR amyloidosis, but
rare in AA amyloidosis. CA includes a subclinical
stage characterized by discrete and unspecific symp-
toms. Patients may present signs of heart failure (HF);
however, with preserved ejection fraction (HFpEF)
secondary to diastolic dysfunction and increased left
ventricular filling pressures®.

Orthostatic hypotension occurs in approximately
10% of patients due to amyloid infiltration into the
autonomous nervous system and/or blood vessels.
Angina may occur due to amyloid infiltration into the
intramyocardial vessels. Syncope is a common symp-
tom secondary to dysautonomia and arrhythmias®*.

The prognosis is related to a particular subtype of
cardiac amyloidosis. Senile amyloidosis presents less
cardiac involvement and has a good prognosis when
compared to ATTR. AL amyloidosis, on the other hand,
presents a very reserved prognosis'®.

DIAGNOSIS

The clinical diagnosis should be suspected in
patients with HF symptoms associated with unex-
plained weight loss, peripheral (such as carpal tun-
nel syndrome) or autonomic (postural hypotension
and syncope) neuropathy, nephrotic syndrome, and
hepatomegaly™®.

Electrocardiogram

The ECG is usually abnormal, and the most char-
acteristic finding is the presence of QRS complexes
of low voltage or decreased progression of the R wave
in the precordial derivations (Figure 1A). Low voltage
is more common in the AL type and less common in
the TTR and senile presentations of the disease. Other
findings include the presence of a pseudo infarction

pattern, bundle branch blocks, and axis deviation.
Among arrhythmias, atrial fibrillation or flutter is
common and may be related to atrial amyloid deposi-
tion’. The presence of low voltage on the ECG has also
been associated with a worse prognosis in all types of
the disease, including hospitalization, death, or orthot-
opic heart transplantation®.

Symptomatic conduction system disease requiring
permanent pacemaker implantation is an uncom-
mon manifestation of cardiac amyloidosis, al-though
it is likely that a number of sudden cardiac deaths
occurring in patients with amyloidosis may be due to
bradyarrhythmias. Isolated conductiondisease appears
to be most often associated with senile amyloidosis,
although survival after the onset of clinically significant
conduction disease was not different in patients with
senile amyloidosis when compared with those with
primary amyloid-osis. In patients with conduction
disease due toprimary amyloidosis in whom the under-
lying disease cannot be modified, the prognosis is poor®.

Biomarkers

The dosage of serum biomarkers, such as BNP and
NT-pro BNP and troponin levels (cTnT or cTnl), allows
an early diagnosis of myocardial involvement and its
elevation is indicative of a worse prognosis™.

Two prognostic models were designed using cutoff
values for NT-pro BNP and ¢TnT or cTnl in patients
with the AL presentation'". Based on their increased
levels of troponins and/or BNP, the patients were clas-
sified as stage 1, 11, or IIL. In stages I, II, and I1I, the
survival rate was 26.4, 10.5, and 3.5 months, respec-
tively. In patients with the ATTR presentation, heart
biomarkers were abnormal in a substantial percentage
of patients, and BNP/NT-pro BNP were independent

predictors of survival*".

Echocardiography

There can be thickening of the atrial walls, atrio-
ventricular valves, left ventricular intramural depo-
sition with an increase in the myocardial thickness,
signs of diastolic dysfunction, and reduction of longj-
tudinal LV function in a subclinical stage™™.

It is important to note that these echocardio-
graphic findings are nonspecific and often absent
in early stages, besides being more frequent in the
ATTR presentation. Differential diagnoses include
hypertrophic cardiomyopathy, aortic valve stenosis,
advanced chronic renal insufficiency, and other infil-
trative cardiomyopathies.
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FIGURE 1. A. Electrocardiogram (ECG) of a patient with TTR amyloidosis showing low QRS complex voltage in the frontal
plane, in addition to signs of an electrically inactive area in the anterior wall (“pseudo infarction”). B. Typical echocardiographic
findings of a patient with AC: thickening of the left ventricular walls with a shiny and granular appearance in parasternal longi-
tudinal view (i), Apical 4-chambers (ii) and Apical 2-Chambers (iii); global and segmental longitudinal myocardial deformation
impairment (strain) (iv to vi). There is less involvement of the apical strain in relation to the basal and midsections (apical spar-

ing pattern) (vi).

The progression of the disease causes a signif-
icant increase in left ventricular wall thickness
(>15 mm) of granular aspect, resulting in signs and
symptoms of HFpEF (Figure 1B)®. The presence of
a restrictive pattern to the mitral Doppler indicates

significant diastolic dysfunction and is indicative of a
poor prognosis®™.

The thickening of the ventricular wall sometimes
can be local and may be confused with hypertrophic
cardiomyopathy. A recent study showed that 5% of
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patients with hypertrophic cardiomyopathy had a
diagnosis of real TTR amyloidosis™.

LVEF is often preserved even in the presence of
HF and in more advanced stages. In some patients,
systolic dysfunction can be observed as a result of
significant necrosis of cardiomyocytes and exten-
sive fibrosis.

An atrial thrombus can be found, even in
the presence of sinus rhythm in patients with
AL presentation”.

Current echocardiographic techniques, such
as the analysis of myocardial deformation (strain)
by speckle tracking, also play an important role in
patients with cardiac amyloidosis. The evaluation
of the longitudinal strain is a sensitive method for
the early detection of cardiac amyloidosis before the
onset of symptoms and the increase in the myocar-
dial thickness, and it is correlated with the progno-
sis™". The involvement of the LV longitudinal strain
is present in different subtypes of amyloidosis, and
these abnormalities are correlated with other echo-
cardiographic parameters™.

Phelan et al.?° described a pattern with relative
preservation, or relatively normal values of deforma-
tion of the apical segments (apical sparing). The pres-
ence of this pattern has prognostic implications; it is a
predictor of lower rates of cardiac events(Figure 1B)™.
This pattern has been useful in the differentiation of
cardiac amyloidosis from other causes of LV hyper-
trophy, such as in patients with aortic stenosis and
hypertrophic myocardiopathy.

Recent studies have demonstrated the efficacy of
three-dimensional echocardiography in differentiating
cardiac amyloidosis from other types of LV hypertro-
phy?. The left atrial function is also often reduced in
patients with cardiac amyloidosis, even in patients in
sinus rhythm?.

Finally, measurements of right ventricular func-
tion have also been considered important predictors
of prognosis in cardiac amyloidosis®.

NUCLEAR MEDICINE

From the early 1970s, it has been found that some
diphosphonates and sodium pyrophosphate deri-
vates labeled with technetium-99m (PYP), which are
radiopharmaceutical agents commonly used for bone
scintigraphy, may present uptake in the heart and,
eventually, in other organs (especially the liver and
peripheral muscles) in patients with amyloidosis®. In

addition to PYP, available in the United States and in
Brasil, DPD (3,3-diphosphono-1,2-propanodicarboxylic
acid) has been used with similar results in Europe.
The mechanism by which the uptake happens is not
entirely clear, but it has been found that these sub-
stances bind to calcium mainly on areas where this
ion is actively deposited.

TTR amyloidosis often presents a higher number of
microcalcifications, which could justify the increased
uptake of these radiopharmaceutical agents (Figure
2A). The greater microcalcification found in TTR amy-
loidosis can be explained by the more advanced age of
patients and a longer time of disease evolution.

In the absence of cloned immunoglobulins pro-
duced by plasma cells, the intense cardiac uptake of
PYP is highly suggestive of a TTR presentation; thus,
a biopsy may eventually not be necessary for a diag-
nosis. However, other types of amyloidosis can also
present varying degrees of microcalcification and
eventually show a small degree of the uptake of these
tracer agents.

Using a visual score (0= absence of uptake, 1=
uptake smaller than the costal arches, 2= uptake equal
to the costal arches, and 3= high uptake - more intense
than bone uptake) for the evaluation of cardiac PYP
uptake, it is possible to differentiate between TTR and
other types of cardiac amyloidosis®.

It is also possible to use a semiquantitative analysis
considering the count rate per pixel in the projection of
the cardiac area and in the contralateral chest. Values
lower than 1: do not suggest ATTR; above 1.5: highly
suggestive of ATTR; values between 1 and <1.5: may
be associated with AL amyloidosis or early ATTR®.
Values above 1.6 have been associated with a worse
prognosis, regardless of the disease presentation?.

Positron emission tomography also allows detect-
ing amyloid deposition in the heart, as occurs in the
brain®2®. Some substances, such as the florbetapir
and florbetaben marked with fluorine-18, are being
investigated for this purpose. Due to its characteristics
of allowing for better anatomical definition than con-
ventional scintigraphy and absolute quantification of
process activity, this technique seems to be promising
for cardiac amyloidosis assessment.

Cardiovascular magnetic resonance (CMR)

CMR provides an accurate evaluation of myocardial
mass and thickness, in addition to the differential diag-
nosis between CA and other cardiomyopathies. How-
ever, in patients with proteinuria and renal failure,
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FIGURE 2. A. 85-year-old patient with TTR amyloidosis. The images were acquired three hours after the administration of 20
mCi of pyrophosphate labelled with technetium 99m and show intense increased uptake in the projection of the entire cardiac
area. B. Area 1: considers the average counts in the heart area (H = 66.1 counts per pixel). Area 2: considers the average counts in
the contralateral thoracic area (CL = 40.5 counts per pixel). Heart/contralateral thoracic area ratio H/CL = 1.63.
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FIGURE 3. CMR images of four chambers (A) and transversal (B), demonstrating an increase in the thickness of the myocardial
wall. In Cand D, the CMR images show late gadolinium enhancement in four chambers. There is a diffuse increase of myocar-

dial signal despite the use of multiple inversion times.

gadolinium injections are contraindicated due to the
risk of nephrogenic systemic fibrosis. The sensitiv-
ity of CMR for the diagnosis of cardiac amyloidosis
is described to be around 80% with 94% specificity,
according to Takeda et al.?.

CMR provides non-invasive information on tissue
disease, which has been associated with relevant
cardiovascular outcomes. Patients with ATTR and AL
amyloidosis present longer values of T1 consistently

3031and patients

when compared to normal volunteers
with aortic stenosis®. However, despite the great use-
fulness of T1 mapping, its use alone for CA diagnosis
presents some limitations, such as the need for stan-
dardization of T1 mapping acquisition parameters,
in addition to the standardization of values between
different brands.

Thus, the CMR technique most often used in CA
patients consists of analyzing late enhancement (LGE
- Late Gadolinium Enhancement). Gadolinium is a
contrast agent that migrates rapidly to the extra-

vascular compartment. However, its molecule is too

large to penetrate intact cell membranes. Thus, in
CA patients, the extracellular volume (ECV) pres-
ents progressive expansion due to the deposition of
amyloid protein, resulting in a progressively larger
reservoir for gadolinium accumulation. In patients
with established CA, the ECV often exceeds 40%,
a level rarely reached unless in cases of extensive
scarring fibrosis . In patients with AL amyloidosis,
there is a diffuse subendocardial impairment pattern,
while patients with ATTR can present a transmu-
ral enhancement pattern (Figure 3)*. In addition,
delayed enhancement in ATTR saves the apex, which
is the same phenomenon that can be observed in the
speckle tracking technique, making this finding is
suggestive of ATTR.

A potential incremental diagnostic application
can be obtained from the derivation of the respective
ECV fractions versus the intracellular volume (ICV).
In patients with a definite diagnosis of amyloidosis,
calculating the ECV versus the ICV can allow the
subclassification into AL or TTR, the latter group
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presenting high cell volumes suggestive of concom-
itant hypertrophy?®.

Thus, CMR techniques are very useful in iden-
tifying patients with cardiac amyloidosis and those
with a high risk of future adverse events. Thus, cur-
rently, CMR must be regarded as the first-line pre-
ferred diagnostic method to assess patients with
cardiac amyloidosis and to differentiate subtypes of
cardiac amyloidosis.

RESUMO

CONCLUSIONS

Cardiac involvement in this disease has been
detected with greater frequency in patients with
amyloidosis. However, diagnosis is often late, which
implies a very reserved prognosis. Although no non-
invasive test alone is pathognomonic of cardiac amy-
loidosis, the use of integrated noninvasive techniques
in a context of high clinical suspicion may be enough
for proper diagnosis.

A amiloidose cardiaca é uma doenga infiltrativa que exige um alto grau de suspeicdo clinica para o diagnéstico apropriado. O diag-
néstico precoce e a definicdo do subtipo de amiloidose tém um papel fundamental para a terapéutica e progndstico desta doenga.
Nesse contexto, o emprego de biomarcadores cardiacos como as troponinas e NT-proBNT associados & andlise por métodos de imagem
multimodalidade por técnicas ecocardiogrdficas atuais como o strain, medicina nuclear e a ressondncia magnética cardiaca tém papel
crescente em pacientes com amiloidose. Este artigo detalha a utilizagdo dos métodos ndo invasivos para a avaliacdo de pacientes com

amiloidose cardiaca.

PALAVRAS-CHAVE: Amiloidose. Ecocardiografia. Espectroscopia de ressondncia magnética. Medicina nuclear. Biomarcadores.
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