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Abstract

Cardiac amyloidosis (CA) is an infiltrative and restrictive cardiomyopathy
that leads to heart failure, reduced quality of life, and death. The disease
has two main subtypes, transthyretin cardiac amyloidosis (ATTR-CA) and
immunoglobulin light chain cardiac amyloidosis (AL-CA), characterized by
the nature of the infiltrating protein. ATTR-CA is further subdivided into
wild-type (ATTRwt-CA) and variant (ATTRv-CA) based on the presence
or absence of a mutation in the transthyretin gene. CA is significantly
underdiagnosed and increasingly recognized as a cause of heart failure
with preserved ejection fraction. Advances in diagnosis that employ nuclear
scintigraphy to diagnose ATTR-CA without a biopsy and the emergence
of effective treatments, including transthyretin stabilizers and silencers,
have changed the landscape of this field and render early and accurate
diagnosis critical. This review summarizes the epidemiology, pathophysiol-
ogy, diagnosis, prognosis, and management of CA with an emphasis on the
significance of recent developments and suggested future directions.
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CA:
cardiac amyloidosis

ATTR: transthyretin

AL-CA:
immunoglobulin light
chain cardiac
amyloidosis

ATTRwt-CA:
wild-type transthyretin
cardiac amyloidosis

ATTRv-CA: variant
transthyretin cardiac
amyloidosis

HFpEF: heart failure
with preserved
ejection fraction

INTRODUCTION

Cardiac amyloidosis (CA) causes a restrictive cardiomyopathy and heart failure, conduction dis-
ease, reduced quality of life, and death. The disease is categorized into two subtypes, transthyretin
cardiac amyloidosis (ATTR-CA) and immunoglobulin light chain cardiac amyloidosis (AL-CA),
characterized by the precursor protein that forms amyloid and infiltrates the myocardium.ATTR-
CA can be caused by normal transthyretin protein, a condition previously called senile or age-
related CA and now referred to as wild-type transthyretin CA (ATTRwt-CA); alternatively, it can
be caused by transthyretin harboringmutations, a condition previously called familial CA and now
referred to as variant transthyretin CA (ATTRv-CA) (1).Major differences between these types of
CA are outlined in Table 1. ATTRwt-CA is more common than previously realized, specifically
among older adults with heart failure with preserved ejection fraction (HFpEF). Recent advances
in therapeutic options render accurate and early diagnosis critical. Delayed diagnosis of AL-CA
is associated with higher mortality over the short term (2).

Diagnosis of CA requires a heightened index of clinical suspicion and awareness of clinical
clues suggestive of CA. One survey of patients with AL-CA found that for over 30% of affected
individuals, obtaining the accurate diagnosis had takenmore than a year and at least five physicians
(4). Our goal is to reduce the time to diagnosis by elucidating clues for recognizing CA, clarifying
common misconceptions, and highlighting recent advances.

EPIDEMIOLOGY

ATTRwt-CA is typically diagnosed at 70–75 years of age, with a striking male predominance
(>90%) (5, 6), often after the disease has already reached advanced stages. While the exact
prevalence of ATTR-CA is unknown, autopsy studies have revealed ATTR in 25% of subjects
over 80–85 years of age (7, 8). Use of nuclear scintigraphy has enabled broader evaluation and
has detected ATTRwt-CA more frequently than expected. ATTR-CA was found in 13% of 120
patients admitted with HFpEF (9) and in 16% of 151 patients with severe calcific aortic stenosis

Table 1 Typical presenting features of subtypes of cardiac amyloidosis (partially adapted from 3)

Feature AL-CA ATTRwt-CA ATTRv-CA
Epidemiology Age at diagnosis 5th to 9th decade 7th to 10th decade 3rd to 8th decade

Gender Roughly equal male:female Very significant male
predominance

Male predominance

Biology Involved protein Immunoglobulin light chain Transthyretin Transthyretin
Genetic cause None None Autosomal dominant

inheritance
Extracardiac
involvement

Nerves, kidney, liver,
gastrointestinal tract, skin,
tongue/soft tissue

Carpal tunnel, lumbar
spine, gastrointestinal
tract

Nerves

Prognosis Depends on stage
Median survival 4–6 months
with advanced heart failure

Depends on stage
Median survival

2–6 years in the
absence of treatment

Depends on mutation
and stage

Median survival
3–12 years

Potential therapy Antiplasma cell therapy,
autologous stem cell
transplant

Tafamidis, diflunisal Inotersen, patisiran,
tafamidis, diflunisal

Abbreviations: AL-CA, immunoglobulin light chain cardiac amyloidosis; ATTRv-CA, variant transthyretin cardiac amyloidosis; ATTRwt-CA wild-type
transthyretin cardiac amyloidosis.
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Figure 1

Cardiac versus neurologic involvement in transthyretin variant amyloidosis. Nerve versus myocardial tropism of transthyretin
amyloidosis differs by mutation, with significant overlap, as depicted here.

undergoing transcatheter aortic valve replacement (10). Up to 5% of patients suspected of
having hypertrophic cardiomyopathy actually have ATTR-CA (11), and up to 3% of adult males
>75 years of age have ATTR-CA based on scintigraphy (12).

Patients with ATTRv-CA are typically diagnosed at a younger age than those with ATTRwt-
CA.More than 130 amyloidogenic mutations have been identified and can cause a predominantly
cardiomyopathic, neuropathic, or mixed phenotype (Figure 1). Val122Ile, present in 3.4% of
African Americans (13), is the most commonmutation in the United States, followed by Thr60Ala
(the Appalachian mutation), which is found in individuals of Irish descent (14, 15).

AL-CA typically presents at an earlier age than ATTRwt-CA and occurs only slightly more
frequently among men than among women (16). Its exact prevalence is unknown, but it is signif-
icantly less common than ATTR-CA. The incidence of immunoglobulin light chain amyloidosis
is approximately 10 to 12 per million person-years (17), and about 50% of cases have cardiac
involvement (18).

PATHOPHYSIOLOGY

CA is caused by cumulative myocardial deposition of insoluble amyloid that causes chamber stiff-
ening, conduction disturbances, impaired diastolic function initially, andHFpEF that can progress
to a reduced ejection fraction (EF).

Transthyretin (alternatively, prealbumin) is a tetrameric protein mainly produced in the liver
that transports thyroid hormone and retinol (hence its name: “trans” for transporter, “thy” for thy-
roid hormone, and “retin” for retinol). With aging, or a destabilizing mutation, the tetramer dis-
sociates into monomers or oligomers that misfold and aggregate into amyloid fibrils (Figure 2a).

In AL-CA, bone marrow plasma cells secrete excess monoclonal immunoglobulin light chains,
which similarly misfold and aggregate into amyloid fibrils (Figure 2b). Light chains also acti-
vate the p38 mitogen-activated protein (MAP) kinase signaling pathway, upregulating natriuretic
peptide production (20, 21). Thus, elevated brain natriuretic peptide (BNP) and N-terminal pro-
brain natriuretic peptide (NT-proBNP) reflect light chain toxicity to cardiomyocytes in addition
to increased filling pressures, rendering AL-CA a “toxic and infiltrative” cardiomyopathy (21).
Light chain amyloidosis can affect multiple organs, including the kidney (nephrotic syndrome in
approximately 30% of patients), nerves (peripheral and autonomic neuropathy in approximately
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Figure 2

Mechanism of development of immunoglobulin light chain cardiac amyloidosis (AL-CA) and transthyretin
cardiac amyloidosis (ATTR-CA). (a) A plasma cell originating from the bone marrow produces excess
monoclonal light chains, which aggregate into amyloid fibrils and deposit in the myocardium, leading to
AL-CA. (b) Transthyretin (TTR), a tetrameric protein produced by the liver, dissociates into its monomers,
which aggregate into amyloid fibrils that deposit in the myocardium, leading to ATTR-CA. Reprinted from
Reference 19 with permission. Copyright © 2017 Cleveland Clinic Foundation. All rights reserved.

12–17%, sometimes with gastric dysmotility), gastrointestinal tract (present in most patients but
symptomatic in approximately 1%), and rarely the liver (22).

Diffuse amyloid deposition causes both atrial dysfunction and ventricular wall hypertrophy
with resultant declines in ventricular end diastolic capacitance, stroke volume, and cardiac output.
Infiltration of the conduction system causes arrhythmias such as atrial fibrillation,which eventually
occurs in nearly all patients with CA and is associated with intracardiac thrombosis (23–25) and
heart block.

DIAGNOSIS

Transthyretin Cardiac Amyloidosis

Previously, definitive diagnosis of ATTR-CA often required an endomyocardial biopsy staining
positive with Congo Red, with confirmatory testing for ATTR via immunohistochemistry or
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SPEP/UPEP with
IFE: serum/urine
protein electrophoresis
with immunofixation

mass spectroscopy. Endomyocardial biopsy is highly sensitive and specific (nearly 100% for each)
and is considered the gold standard for diagnosis. However, given its invasive nature, biopsy
was performed only when there was significant suspicion of CA. Furthermore, performance and
interpretation of the pathologic results require specific expertise. Diagnosis was therefore often
significantly delayed.

Recently, bone nuclear scintigraphy emerged as a noninvasive diagnostic test that is 92%
sensitive and 95% specific for ATTR-CA (26–28) in the absence of monoclonal gammopathy. A
nuclear radiotracer, 99mTc-PYP in the United States and 99mTc-DPD or 99mTc-HMDP elsewhere,
is used. One to three hours after injection, thoracic or whole-body planar images coupled with
single photon emission computed tomography (SPECT) images are obtained and interpreted
with one of two methods. One is the semiquantitative scoring system, which grades radiotracer
uptake in the myocardium compared to rib. No myocardial uptake with normal rib uptake is
grade 0. Myocardial uptake less than, equal to, or greater than rib uptake is scored as grades 1, 2,
or 3, respectively. Grades 2–3 are diagnostic of ATTR-CA. The second method, the quantitative
scoring system, compares a circular region of interest over the heart (H) to the contralateral lung
(CL) field. An H/CL uptake ratio ≥1.5 is also diagnostic of ATTR-CA. The radiotracer washes
out over time, such that a positive test using the H/CL ratio would be ≥1.3 at 3 h after injection.
A common cause of a false positive scan is AL-CA, and thus scintigraphy must be coupled with lab
testing for AL-CA as described below. Once ATTR-CA is diagnosed, genetic testing is employed
to subtype it as either wild-type or hereditary.

Immunoglobulin Light Chain Cardiac Amyloidosis

AL-CA cannot be diagnosed without a biopsy, and yield is highest when the affected organ is
biopsied. Pathologic confirmation of immunoglobulin light chain amyloid in extracardiac tissue
with cardiac imaging consistent with CA is often sufficient to establish a diagnosis, but notably,
the sensitivity of a fat pad biopsy is 70–80% at best, even in advanced disease (29). Thus, when
clinical suspicion is high and a fat pad biopsy is negative, an endomyocardial biopsy or biopsy of a
clinically affected organ should be considered. Lab testing must include serum and urine protein
electrophoresis with immunofixation (SPEP/UPEP with IFE) as well as kappa and lambda
serum free light chains. Together, these tests are 99% sensitive for a monoclonal plasma cell
dyscrasia indicative of AL-CA (30). However, presence of a monoclonal gammopathy does not
confirm AL-CA, as up to 20–40% of patients with ATTR-CA have a monoclonal gammopathy
of undetermined significance, further confounding the diagnosis (31, 32). In these cases, nuclear
scintigraphy is insufficient for diagnosis, and biopsy is required (Figure 3).

“Red Flags” and Associated Syndromes

Misconceptions about CA (Table 2) and its varied presentations contribute to its underdiagnosis.
The phenotypic heterogeneity in ATTRv amyloidosis varies with each mutation, patient gender,
endemic or nonendemic region, age of onset (33), type of fibril fragment (34), presence of inflam-
mation, and other factors (35). The heart is affected in most cases but is rarely the only affected
organ. Therefore, awareness of “red flags” suggestive of amyloidosis can enhance one’s index of
appropriate clinical suspicion and enable earlier diagnosis of CA.

ATTRwt amyloidosis that subsequently causes ATTR-CA is often preceded, several years
before onset, by orthopedic clues including carpal tunnel syndrome (36), lumbar spinal steno-
sis (37), hip and knee arthroplasty (38), and biceps tendon rupture (39). ATTRv amyloid often
causes sensorimotor polyneuropathy, particularly with a predominantly neuropathic mutation
such as Val30Met.Notably, there are predominant cardiac phenotypes caused by knownmutations
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Figure 3

Basic algorithmic approach to diagnosis of CA. Abbreviations: AL-CA, immunoglobulin light chain cardiac
amyloidosis; ATTR-CA, transthyretin cardiac amyloidosis; ATTRv, variant transthyretin amyloidosis;
ATTRwt, wild-type transthyretin amyloidosis; BNP, brain natriuretic peptide; CA, cardiac amyloidosis;
eGFR, estimated glomerular filtration rate; EKG, electrocardiogram; NT-proBNP, N-terminal probrain
natriuretic peptide; SPEP with IF, serum protein electrophoresis with immunofixation.

Table 2 Clarification of common misconceptions about cardiac amyloidosis

Misconception Correction
CA is rare ATTR-CA, particularly ATTRwt-CA, is not rare
Nuclear scintigraphy can definitively

diagnose CA
Nuclear scintigraphy can be used to diagnose ATTR-CA but not AL-CA

Patients with CA will often have low
voltage on EKG

Low voltage on EKG is not sensitive for CA. Rather than looking at EKG voltage alone,
clinicians are encouraged to integrate EKG voltage and the wall thickness on
echocardiography and calculate a voltage:mass ratio

Fat pad biopsy is very sensitive for
detecting AL amyloidosis

Fat pad biopsy has a sensitivity for detecting AL amyloidosis up to 80% and is dependent
on extent of disease, 45% in ATTRv and only 15% in ATTRwt

Patients with CA and a monoclonal
gammopathy must have AL-CA

Patients with ATTR-CA may have a concomitant monoclonal gammopathy of
undetermined significance, which does not reflect underlying light chain amyloidosis.
Therefore, in patients suspected to have CA with monoclonal proteins, ATTR-CA is
still possible and, given the epidemiology, is more likely than AL-CA

CA is not treatable Both ATTR-CA and AL-CA are treatable

Abbreviations: AL, amyloid light chain; ATTR, amyloid transthyretin; ATTRv, transthyretin variant; ATTRwt, transthyretin wild-type; CA, cardiac
amyloidosis; EKG, electrocardiogram.
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including Val122Ile (40), Leu111Met in Denmark (41), and Ile68Leu in Italy (42). Other muta-
tions, including Thr60Ala (43), cause a mixed phenotype with both cardiac and neurologic in-
volvement (44). Other possible neurologic symptoms include autonomic dysfunction presenting
as orthostatic hypotension, erectile dysfunction, gastrointestinal motility disorders (with resul-
tant nausea, alternating diarrhea and constipation, and dumping syndrome), or urinary retention.
Cardiac arrhythmias may precede symptomatic heart failure.

Macroglossia and periorbital purpura are specific, not sensitive, signs for AL amyloidosis and
are rarely seen in ATTR-CA. Hepatomegaly and peripheral neuropathy also commonly occur in
AL-CA, but their presence is neither sensitive nor specific. AL amyloidosis can cause nephrotic
syndrome and should be considered in a patient with undifferentiated cardiac hypertrophy and
proteinuria.

Cardiac Testing

Diffuse low voltage on electrocardiogram (EKG) is commonly reported in CA but is not sensitive
(<30%) and manifests as disease progresses. Therefore, low voltage is specific and prognostic but
not helpful for early identification (45). Evidence of pseudoinfarction, pathologic Q waves in the
absence of a previous infarct or wall motion abnormality, is a more sensitive EKG finding and
is present in up to 70% of patients with CA (45). A low voltage-to-mass ratio is the hallmark of
infiltrative cardiomyopathy and is more sensitive than low voltage in isolation (46). By indexing
voltage to mass, thus accounting for increased mass from amyloid deposition, even seemingly
normal voltage may prove relatively low, suggesting CA.

On echocardiogram, amyloid causes thickened ventricles (left ventricular wall thickness
≥12 mm), left atrial enlargement, and diastolic dysfunction (steep deceleration time, low tissue
Doppler velocity at the mitral annulus or E′, and an elevated E/e′ ratio) (47). Other findings in-
clude valve and interatrial septal thickening, apical sparing using global longitudinal strain (48),
and reduced mitral annular plane systolic excursion (49) (see Figure 4). The echogenicity of amy-
loid protein may result in a speckled appearance of the myocardium, though the specificity of
this finding is low with harmonic imaging. EF is typically initially preserved because although the
stroke volume declines, so does the end-diastolic volume, with a concomitant reduction in cardiac
output and hence blood pressure over time. A novel volumetric analogue of strain, the myocar-
dial contraction fraction (MCF), indexes myocardial volume to stroke volume, thereby revealing
abnormalities in myocardial shortening that are masked by the presence of a preserved EF (50).
Indeed, MCF is demonstrably reduced in CA and more strongly associated with mortality than is
EF in both AL-CA (51) and ATTR-CA (52).

Cardiac magnetic resonance (CMR) imaging is more expensive and less widely available
than echocardiography, but provides higher resolution and better imaging of the myocardium.
Late gadolinium enhancement of the left ventricle and atria is a feature of CA, often present
before changes on echocardiography indicative of CA, and progresses from a subendocardial to a
diffuse myocardial pattern with advancing amyloid infiltration (Figure 4). CMR cannot reliably
distinguish AL-CA from ATTR-CA. CMR measurement of extracellular volume is emerging as
a potential measure to track progression of CA over time and response to therapy.

STAGING AND PROGNOSIS

Biomarkers

Troponin, BNP, andNT-proBNP have been studied extensively for their diagnostic and prognos-
tic utility in AL-CA, and data are emerging in ATTR-CA. Elevated natriuretic peptide indicates
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Figure 4 (Figure appears on preceding page)

Testing and imaging for cardiac amyloidosis. (a) Electrocardiogram with diffusely low voltage and poor R
wave progression consistent with pseudoinfarction. (b) Four-chamber apical view demonstrating thickened
ventricular walls and atrial septum, small ventricular chambers and dilated atria. (c) Parasternal view
demonstrating thickened left and right ventricular walls, dilated left atria and a pericardial effusion.
(d ) Septal tissue Doppler velocities showing low (<5 cm/s) S and E′ velocities and a restrictive filling pattern.
(e) Nuclear scintigraphy demonstrating significant radiotracer uptake in the myocardium compatible with a
grade 3 scan. ( f ) Polar map of regional strain showing global reduction in strain, with regional variation and
apical preservation but reduced basal strain. This appearance is often described as “cherry on top.”
(g) Speckled strain on apical four-chamber view demonstrating apical preservation of strain. (h) Magnetic
resonance image demonstrating thickened ventricular walls and diffuse delayed enhancement. MRI figure
courtesy of Dr. Andrew Einstein.

cardiac involvement in AL amyloidosis (53); higher values are associated with worse prognosis,
and significant reduction after plasma cell therapy is associated with improved survival (54). Na-
triuretic peptides are elevated in ATTR-CA as well, but not to the same degree as in AL-CA for
the same degree of wall thickening, which is attributable to the toxicity of light chains. Higher
troponin also portends poorer prognosis in both AL-CA and ATTR-CA (5).

Staging Systems

Several staging systems have been proposed for prognostication of CA.The original Mayo staging
system for AL-CA utilizes both troponin (troponin-T < 0.035 µg/L or troponin-I < 0.1 µg/L)
and NT-proBNP (<322 ng/L), and defines stages I, II, and III based on whether both, one, or
neither of these markers are below the threshold (55). These stages predict a median survival of
27.2, 11.1, and 4.1 months, respectively.

A more recently revised and validated staging system introduced the difference between in-
volved and uninvolved free light chains (FLC-diff ), eliminated troponin-I, and changed the cut-
offs for troponin-T and NT-proBNP. FLC-diff (≥18 mg/dl), troponin-T (≥0.025 ng/ml), and
NT-proBNP (≥1,800 pg/ml) were used to define stages I, II, III, and IV, based on whether none,
one, two, or all three factors were above the threshold, and correlated with a median overall sur-
vival of 94, 40, 14, and 6 months, respectively (56). Another staging system utilizing BNP instead
of NT-proBNP was recently described (57).

A staging system for ATTRwt-CA stratifies patients into three stages based only on troponin-
T (<0.05 ng/ml) and NT-proBNP (<3,000 pg/ml) (6). Stages I, II, and III are defined as having
both, one, or neither of the markers below the threshold, with a median survival of 66, 40 and
20 months, respectively. Age, EF, and pericardial effusion were also multivariate predictors of
mortality. A more recent study of both ATTRwt-CA and ATTRv-CA proposed substituting
troponin-T with estimated glomerular filtration rate (eGFR) of 45 ml/min (58). Median survival
was 69, 47, and 24 months in stages I, II, and III, respectively, with longer survival in ATTRwt-CA
than in ATTRv-CA (59).

MANAGEMENT

General Management of Cardiac Amyloidosis

Heart failure management in CA requires maintaining euvolemia via sodium restriction and
judicious diuretic use. This is particularly challenging in CA because of concomitant age-related
changes in ventricular coupling and autonomic dysfunction resulting in load lability and hy-
potension. Several commonly used medications are also relatively contraindicated in CA. Beta
blockers may prevent the increased heart rate that physiologically compensates for diminishing
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stroke volume. Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers
may cause symptomatic hypotension and can exacerbate a concomitant renal insufficiency.
Non-dihydropyridine calcium channel blockers may bind to amyloid fibrils, causing heart block
and shock (60, 61). Digoxin has been implicated in dysrhythmia and sudden death (62), but it
has been more recently shown to possibly be safe in low doses and with careful monitoring (63).
Amiodarone and dofetilide are the preferred antiarrhythmic agents in patients with AL-CA, given
their efficacy with minimal negative inotropic effect.

Bioavailable loop diuretics such as torsemide and bumetanide are preferred because of the
frequency of gut edema secondary to right-sided heart failure that impairs gastrointestinal
absorption. Supportive care for patients with advanced disease and progressive hypotension
includes compression stockings and midodrine.

Arrhythmia Management

Patients with atrial fibrillation should receive anticoagulants regardless of their CHADS2-VASc
risk score because of increased risk of intracardiac thrombosis (23, 25, 64). AL-CA also confers
increased risk of systemic thromboembolism. Even patients who are in sinus rhythm but have
low atrial Doppler velocities on mitral inflow pattern indicative of left atrial standstill are at high
risk of intracardiac thrombosis. No trials compared warfarin to non–vitamin K antagonist oral
anticoagulants (NOACs), but we have found NOACs to be safe and effective. Given the diffuse
nature of amyloid infiltration in the atria and the high rate of recurrent arrhythmias, a decision to
ablate should be individualized according to patient preference and severity of symptoms (65).

Conduction disease is more common in ATTR-CA, partially due to the older age of affected
subjects, than in AL-CA. In one series, up to 30% of patients required permanent pacing (14).This
may provide symptomatic relief, but there is no evidence that pacemakers reducemortality.Rather,
the need for a pacemaker is a marker of advanced disease associated with a poorer prognosis (5). In
patients with low output states, increasing the basal pacing rate may improve cardiac output, and
resynchronization therapy may also be beneficial. Since the immediate cause of death is usually
profound bradycardia or pulseless electrical activity (66), intracardiac defibrillator placement also
has not been proven to improve survival. Thus, the risks of intracardiac defibrillator placement,
including worsening tricuspid regurgitation, may outweigh the benefits.

Increased wall thickness and small chamber size usually preclude use of left ventricular assist
devices (67). However, although rarely possible due to numerous comorbidities, orthotopic heart
transplant (OHT) has been performed for patients with ATTR-CA and AL-CA (68) without
significant extracardiac amyloid involvement. In AL-CA, chemotherapy and autologous stem cell
transplant are often performed after OHT to control the underlying plasma cell dyscrasia, though
stem cell transplant is not required in the context of multiple effective plasma cell therapies (69).
In several small studies, five-year survival after OHT for AL-CA and ATTR-CA ranged from
20% to 80% and from 60% to 100%, respectively, with improving survival reported in recent
United Network for Organ Sharing analysis (69).

Management of Transthyretin Cardiac Amyloidosis

Improved understanding of the pathophysiology of ATTR-CA and the advent of several promis-
ing treatments have ushered in a new and exciting era that renders early diagnosis of paramount
importance. Therapeutics under investigation target different points in the pathogenesis of
ATTR-CA (Figure 5). ATTR silencers prevent synthesis of transthyretin, and stabilizers prevent
dissociation of transthyretin tetramers into monomers, the rate-limiting step in amyloidogenesis.
Notably, although these therapies prevent further progression of disease, their ability to reverse
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Figure 5

Mechanisms of therapeutic agents for transthyretin cardiac amyloidosis. Silencers, such as patisiran and
inotersen, inhibit liver production of transthyretin. Stabilizers, such as tafamidis, diflunisal, and AG10,
stabilize transthyretin tetramers to prevent dissociation and aggregation into amyloid fibrils. Degraders,
which are of theoretical benefit and under investigation, would degrade amyloid fibrils and possibly extract
already deposited amyloid from infiltrated organs.

the phenotype is not well established, hence the importance of early diagnosis. Monoclonal
antibodies aimed at a particular epitope of ATTR, sometimes termed degraders or extractors, can
theoretically reverse disease by activating macrophage-mediated clearance of already-deposited
amyloid fibrils. Such agents have either failed in phase III trials or are in early-phase trials with
as yet unclear efficacy.

Tafamidis, a once-daily oral drug, was first approved in Europe in 2011 for treatment of
familial amyloid polyneuropathy (FAP). It has now demonstrably reduced all-cause mortality,
cardiovascular-related hospitalizations, and decline in functional capacity and quality of life, in an
international multicenter double-blinded placebo-controlled phase III trial of 441 patients with
ATTR-CA (70). In 2.5 years of follow-up, relative risk reduction in mortality was 32% and abso-
lute risk reduction was 13%; numbers needed to treat were 7.5 to prevent 1 death over 30 months
and 4 to prevent 1 hospitalization over 1 year. In May 2019, tafamidis became the first therapy
specifically for ATTR-CA approved by the US Food and Drug Administration (FDA).

Diflunisal is an FDA-approved nonsteroidal anti-inflammatory drug (NSAID) but is also a
transthyretin stabilizer (71). Despite concern that NSAID use carries risk of gastrointestinal
bleed, kidney injury, and heart failure exacerbation, an international randomized double-blind
placebo-controlled study (72) found diflunisal to be well tolerated and to successfully slow
progression of FAP. About half of the patients in this study also had ATTR-CA. Encouraging
single-center studies suggest that diflunisal may slow ATTR-CA as well, without significant
bleeding (73, 74). The dose used in ATTR amyloidosis, 250 mg twice daily, is half the FDA-
approved recommended starting dose for diflunisal as an anti-inflammatory, which may explain
the low rates of bleeding. Given its potential efficacy, low cost, and seemingly low bleeding
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risk, diflunisal may be used in patients with ATTR-CA without concomitant renal dysfunction
[eGFR > 45 ml/(min · 1.73 m2)], refractory heart failure, or high bleeding risk.

Two silencers are newly approved by the FDA for polyneuropathy in ATTRv and may be used
for patients who have ATTRv-CA with concomitant neuropathy but are not approved for pa-
tients with isolated ATTR-CA. Patisiran, administered intravenously, is a small interfering RNA
(siRNA) that suppresses formation of ATTR. This is the first siRNA medication to achieve FDA
approval, granted in August 2018, after a phase III randomized double-blinded placebo-controlled
international multicenter study demonstrated its efficacy in improving polyneuropathy, quality of
life, nutritional status, and autonomic function (75). Infusion-related reactions occurred in 20%
of patients. In a subpopulation with ATTR-CA, patisiran was associated with reduced left ventric-
ular wall thickness and increased end-diastolic volume and cardiac output after 18 months with
an associated decrease in NT-proBNP as well. Inotersen, another silencer, administered subcuta-
neously, is an antisense oligonucleotide that also inhibits hepatic transthyretin production. This
drug was also FDA approved for FAP after it demonstrably slowed progression and improved
quality of life in a phase III randomized double-blinded placebo-controlled trial (76). A subgroup
of patients with ATTR-CA similarly showed decreased left ventricular wall thickness.This finding
was replicated in an open-label study of 22 enrolled patients with ATTR-CA (77).

Management of Immunoglobulin Light Chain Cardiac Amyloidosis

Patients with AL-CA require a multidisciplinary team, including an experienced hematologist, for
management. Autologous stem cell transplant and anti–plasma cell therapy similar to that used
for multiple myeloma are treatments for AL amyloidosis. High-dose melphalan with autologous
stem cell transplant is restricted to patients who can tolerate it (78), with a median overall
survival of over 10 years (79). Anti–plasma cell agents include proteasome inhibitors (bortezomib
or caflizomib), immunomodulatory drugs (lenalidomide and pomalidomide), and monoclonal
antibodies against plasma cell surface antigens (daratumumab). Response to treatment is graded
as complete (CR), very good partial (VGPR), partial (PR), or none (NR) (80). CR is defined as a
negative SPEP/UPEP with IFE with a normal serum kappa/lambda free light chain ratio. VGPR
is defined as FLC-diff <4 mg/dl, PR as an FLC-diff decrease ≥50%, and NR as anything less
than PR. Given the biologic link between light chain toxicity and NT-proBNP, an NT-proBNP
response generally follows lowering of the light chains, with a cardiac response defined as a
decrease in NT-proBNP >30% and 300 pg/ml (80, 81).

FUTURE RESEARCH

The last decade has significantly advanced diagnosis, prognosis, and management of both ATTR-
CA and AL-CA, but we are at the end of the beginning (82). New treatments under investigation
for AL-CA will expand the therapeutic options, resulting in continued improvements in quality
of life and mortality. NEOD001 was unsuccessful in the phase III VITAL trial (83), but other
antibodies, such as 11–1F4 (84), and the combination of subcutaneous daratumumab as first-line
therapy with CyBorD chemotherapy (85), are under active investigation.

ATTR-CA can be diagnosed noninvasively, with resulting increasing recognition among
providers, and can be treated with ATTR stabilizers. Future research will focus on investigating
the role and best method of implementing screening programs for ATTR-CA in patients with
heart failure and atrial fibrillation. The Screening for Cardiac Amyloidosis Using Nuclear Imag-
ing for Minority Populations (SCAN-MP), a multicenter study funded by the National Heart,
Lung, and Blood Institute, will actively ascertain the prevalence and nature of CA in elderly black
and Hispanic patients with heart failure (86). The orthopedic findings that occur years before
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diagnosis of ATTR-CA, and their potential role in early identification of ATTR-CA, also remain
under active investigation. As more therapies gain FDA approval, future research must also
investigate whether one therapy is superior to another and if combination therapy has any role.

CONCLUSIONS

CA, and ATTRwt-CA in particular, is an important etiology of HFpEF. Since treatments are
most effective when started early, prompt and accurate diagnosis is critical. Fortunately, ATTR-
CA can now be diagnosed noninvasively without a biopsy. Increased clinician awareness of CA,
recognition of its various presentation patterns, and knowledge of the diagnostic algorithm are
expected to lead to quicker diagnosis and early treatment of patients.

SUMMARY POINTS

1. ATTRwt-CA is significantly more prevalent than previously thought.

2. ATTR-CA can be diagnosed noninvasively with nuclear scintigraphy in the absence of
monoclonal proteins, but AL-CA still requires a biopsy.

3. Recommended serologic testing includes SPEP/UPEP with IFE as well as analysis of
kappa and lambda free light chains,NT-proBNP, troponin-T, and eGFR to evaluate the
patient for AL amyloidosis and stage the patient with CA.

4. Newly available FDA-approved and emerging treatments aimed at either stabilizing
ATTR or silencing ATTR production have shown efficacy in transthyretin amyloid
polyneuropathy. Studies have shown tafamidis to be effective for ATTR-CA.
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