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Abstract
Purpose of Review Transthyretin (TTR)-related cardiac amy-
loidosis is a progressive infiltrative cardiomyopathy that
mimics hypertensive, hypertrophic heart disease and may go
undiagnosed. Transthyretin-derived amyloidosis accounts for
18% of all cases of cardiac amyloidosis. Thus, the study’s
purpose is to provide a comprehensive review of transthyretin
cardiac amyloidosis.
Recent Findings Wild-type transthyretin (ATTRwt) protein
causes cardiac amyloidosis sporadically, with 25 to 36%
of the population older than 80 years of age are at risk to
develop a slowly progressive, infiltrative amyloid cardio-
myopathy secondary to ATTRwt. In contrast, hereditary
amyloidosis (ATTRm) is an autosomal dominant inherited
disease associated with more than 100 point mutations in
the transthyretin gene and has a tendency to affect the
heart and nervous system. Up to 4% of African-
Americans carry the Val122Ile mutat ion in the
transthyretin gene, the most prevalent cause of hereditary
cardiac amyloidosis in the USA.
Summary Identifying transthyretin cardiac amyloidosis
requires increased awareness of the prevalence, signs
and symptoms, and diagnostic tools available for dis-
crimination of this progressive form of cardiomyopathy

associated with left ventricular hypertrophy. While there
are no FDA-approved medical treatments, investigation
is underway on agents to reduce circulating mutated
transthyretin.
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Introduction

Amyloid deposits form from the misfolding of endogenous
proteins into an insoluble beta-pleated sheet conformation
which is resistant to breakdown. Amyloidosis is the syndrome
developed as the deposits disrupt normal organ function.
While many proteins have been identified as being
amyloidogenic, five cause cardiac amyloidosis: immunoglob-
ulin light chain (primary amyloidosis, AL), immunoglobulin
heavy chain, transthyretin (ATTR), serum amyloid A, and
apolipoprotein A I [1].

Two types of cardiac amyloidosis arise from TTR, a tetra-
meric protein synthesized primarily in the liver. Individual
monomers of the TTR protein can unfold, misfold, and then
aggregate to produce amyloid. Wild-type (formally known as
senile) amyloidosis arises from genetically unaltered TTR
(ATTRwt) and leads to cardiac amyloid deposition in patients
usually after their sixth decade of life [2].

Point mutations within the TTR protein alter kinetics for
dissociation and thus promote amyloid formation [3]. A
hereditary amyloidosis that is transmitted in an autosomal
dominant pattern can arise with mutation of the TTR ge-
nome (ATTRm).
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Clinical Impact of Mutations of the Transthyretin
Gene

Black Americans (Val122Ile)

In the USA, ATTRm disproportionately affects Black
Americans, with several reports associating a race-specific
TTR variant with congestive heart failure and high frequency
of this mutation observed in Black Americans (~ 1:29) [4, 5,
6••, 7]. Amyloidosis of this variant arises from a point muta-
tion in the TTR gene resulting in a substitution of isoleucine
for valine at position 122 (Val122Ile) [8, 9]. Similar to the
senile amyloidosis, the Val122Ile mutation results in a clini-
cally significant amyloid deposition that is predominantly iso-
lated to the heart. Compared to Black Americans presenting
with AL amyloidosis, ATTRm patients with the Val122Ile
mutation are older, have less severe symptoms despite having
greater ventricular hypertrophy, lower left ventricular ejection
fractions, and greater atrial dilation on echocardiography [10].
Evaluation of living patients has revealed that the mutation is
highly prevalent in Black Americans, with 3.43% carrying the
Val122Ile mutation [6••]. When evaluating Black patients
with clinical heart failure, the prevalence of the mutation is
even higher. The Beta-Blocker Evaluation in Survival Trial
(BEST) studied the effect of bucindolol in a clinical trial pop-
ulation with symptomatic systolic heart failure, and cardiac
amyloidosis was an exclusion. However, of the 207 Black
Americans enrolled in the trial, the Val122Ile mutation was
detected in 6.3% of patients and in 10% in those greater than
60 years of age [11]. Caucasian variant mutations of the
transthyretin gene that have predominantly cardiac manifesta-
tions are rare in the USA and include Thr60Ala (Appalachian
and Irish regions), Leu111Met (Denmark), and Ile68Leu
(Italy) [12].

Variant Transthyretin Mutations, Neuropathic
Syndromes

While the Val122Ile mutation leads to an isolated cardiomy-
opathy, mutations of the TTR gene endemic to regions of
Europe and Asia may lead to cardiac involvement along with
familial amyloid polyneuropathy (FAP), which signifies the
syndrome of arthropathy, nervous system, and muscular in-
volvement of amyloidosis. These patients can present with
varying degrees of neuro-muscular symptoms. There is poten-
tial for advanced muscle atrophy, and loss of sensation in the
joints can result in destructive Charcot-like arthropathy. These
ailments can mask coexistent cardiac involvement, owing to
debilitating paresis and impaired nociception [13]. This pro-
gressive sensorimotor neuropathy accounts for manifestations
from most of the known mutations of the transthyretin gene,
and disease progression varies by mutation [14]. The most
common mutation to cause FAP is Val30Met (methionine

replacing valine at amino acid 30), most often found in
Japan, Sweden, and Portugal. Often identified in the third to
fifth decade of life, there is severely disabling consequences,
with survival limited to 10 years [15•].

Clinical Presentation

Heart Failure

Early disease with ATTRm may be minimally symptomatic,
especially compared to AL amyloidosis. Patients may com-
plain of mild exercise intolerance or manifest arrhythmias.
Clinical and imaging findings may be attributed to other
causes of left ventricular hypertrophy and delay diagnosis,
while more extensive deposition can mimic hypertrophic car-
diomyopathy [16]. Some patients may be asymptomatic ini-
tially; however, progressive signs and symptoms of heart fail-
ure are common. These include progressive fatigue, reduced
activity tolerance, and breathlessness upon exertion. Signs of
right heart failure often include hepatomegaly, abdominal full-
ness, profound peripheral edema, and elevated jugular venous
distension [17]. Weight loss is also common and may be sec-
ondary to cardiac cachexia or the systemic effects of the dis-
ease [18]. With progression of the disease comes congestive
heart failure with reduced ejection fraction, predominantly
being associated with the cause of early death [19]. Figure 1
reprises micro- and macroscopic pathological changes with
their clinical manifestations.

It is well established that light chains from those affected by
AL amyloidosis have direct toxicity toward myocytes [20,
21]. Mutant transthyretin fibrils have also been shown to
cause oxidative damage to myocyte by triggering NF-kB ac-
tivation and a pro-inflammatory cascade, altering calciumme-
tabolism and downregulating proteosomal activity [22].
Patients with amyloidosis caused by transthyretin protein
may have abundant myocardial infiltration but suffer milder
heart failure with prolonged survival [18]. Wild-type systemic
amyloidosis is characterized by a slowly progressive heart
failure and with greater myocardial infiltration of
transthyretin. Despite the greater infiltration, the disease has
a median survival of 75 months [23]. Patients with hereditary
cardiac amyloidosis have a median survival of 24 to
66 months, compared to 8 months for AL [24]. The longer
survival associated with ATTR cardiac amyloidosis further
emphasizes the more toxic effect of circulating light chain
protein to the myocardial tissue in AL amyloidosis [20].

Angina

Angina pectoris is not uncommon in cardiac amyloidosis
[15•]. Microvascular angina is the result of progressive ob-
struction of the small intramural coronary arteries by
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amyloid fibril deposition within their walls [25–27]. Acute
coronary syndromes including unstable angina and myocar-
dial infarction occurred in 60% of patients with AL in one
study and all had normal epicardial coronary arteries during
angiography [25]. Patients may also have abnormal findings
on exercise stress test [25, 28]. Initially, the amyloid fibrils
deposit in the vascular wall and involve mostly the media.
As the disease progresses, it infiltrates the adventitia and
intima, and can result in complete obliteration of microcir-
culation vessels [19]. On coronary angiography, these pa-
tients typically have minimal epicardial coronary artery dis-
ease but can have abnormal flow reserve at the level of the
microcirculation [19–21].

Arrhythmias

The conduction system of the heart, including the sinus
node, atrioventricular node, and His bundle, are not
spared and disturbances are frequently described with car-
diac amyloidosis [29–31]. Involvement of the sinus node
is common and can result in significant bradyarrhythmias
contributing to sudden cardiac death in patients with AL
amyloidosis [30]. Patients given implantable loop re-
corders showed marked bradycardia caused by complete
atrioventricular block as the initial rhythm change detect-
ed most frequently just before cardiac arrest [32].

Dysrhythmias, in particular from atrial origin, can often be
associated with cardiac amyloidosis. Atrial arrhythmias are
frequent and symptomatic arrhythmias, and may need to be
addressed with pharmacological or ablative therapies. Atrial
fibrillation is observed more often in ATTRwt (30%) as com-
pared to ATTRm (10%), while the incidence is 20% in AL
amyloid [33]. Of importance, patients with atrial fibrillation or

atrial standstill should receive anticoagulation as the risk for
intracardiac thrombus, and thromboembolism is markedly in-
creased [34, 35].

The indications for pacemaker implantation in cardiac
amyloidosis are essentially similar to those in the general
population [36]. As discussed above, patients with amy-
loid cardiomyopathy may be heart rate dependent in the
face of autonomic neuropathy, hypoalbuminemia, and
fixed ventricular stroke volume, and a lower threshold
for pacemaker is often considered [37, 38]. Only 3.9%
of patients with cardiac amyloidosis have been reported
to require a pacemaker for complete heart block, isolated
sinus node dysfunction, sinoatrial, atrioventricular, or
His-Purkinje disease [39]. An older case series of 16
consecutive subjects with the ATTRm Val30Met variant
amyloidosis suggested higher rates of pacemaker require-
ment, of which five required pacemaker implantation
within 14 months of being followed (three for symptom-
atic complete heart block, one with second-degree heart
block, one with symptomatic sinus node dysfunction)
[40]. There is no current evidence of survival benefit of
pacemakers in cardiac amyloidosis [39, 41].

The benefit of an implantable cardioverter defibrillator
(ICD) or cardiac resynchronization is undefined.
Unexplained syncope is a powerful prognostic indicator
[37]. Pulseless electrical activity has been found to be the
cause of sudden death in a disproportional number of patients
with cardiac amyloidosis [36]. A study that elucidated the
impact of implantable cardioverter defibrillator in cardiac am-
yloidosis patients found that mortality is mainly due to elec-
tromechanical dissociation not amendable to ICD treatments
[38]. Ventricular tachyarrhythmias that required ICD therapies
were observed in only 19% of patients; however, 80% of those
patients had successful termination of life-threatening ventric-
ular arrhythmias [42], while another study showed appropriate
ICD discharges occurred almost exclusively in patients with
AL type [43]. Despite subset of studies showing benefits of
ICD therapies in terminating fatal ventricular arrhythmias,
there are currently no randomized clinical trials to date show-
ing survival benefits of ICD implantation in cardiac amyloid-
osis [40]. The general recommendations for ICD treatment
remain a controversial topic and more research is needed.

Prognosis

The survival in ATTRm is considerably better than AL car-
diac amyloidosis (median 27 vs 5 months) [10]. In contrast,
data on outcomes of Black Americans with TTR cardiac
amyloidosis compared to Caucasian with wild-type TTR
amyloidosis, a phenotypically similar condition, reveal that
Black Americans present with more advanced disease.
Compared to ATTRwt, Val122Ile patients in a small multi-
center prospective study had higher rates of cardiovascular

Fig. 1 Clinicopathological findings in cardiac amyloidosis
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hospitalization (64 vs 28%) and decreased survival (73 vs
22% died, median survival 26 vs 43 months) [44]. This
differs with survival data for European variant mutations
causing cardiac amyloidosis: Thr60Ala (41 months) and
Leu111Met (12–36 months) [45, 46].

Diagnosis

Electrocardiography

Amarker for heightened consideration of cardiac amyloidosis
includes having a low voltage on electrocardiogram (ECG)
despite increased left ventricular wall thickness on echocar-
diographic images. Amyloid infiltration dampens the QRS
complexes on surface electrocardiography; therefore, reduced
voltage on the ECG relative to the left ventricular mass should
heighten consideration of cardiac amyloidosis. Measuring the
ratio of ECG voltage to the left ventricular cross-sectional area
improves the sensitivity and specificity for assessing cardiac
amyloid infiltration to greater than 80% [47, 48, 49]. When
compared to AL amyloidosis (46–60%), ATTR typically has
reduced rates of low voltage (25–40%) [33]. While less prev-
alent in ATTRm, and in contradistinction to ATTRwt, low
voltage has been shown to correlate with pathogenesis of
ATTRm cardiac amyloidosis independent of gender, age,
and left ventricular wall thickness [50]. Atrial fibrillation is
observed more often in ATTRwt (30%) as compared to
ATTRm (10%), while the incidence is 20% in AL amyloid
[33]. Carrying a Val122Ile mutation is associated with an in-
creased appearance of premature atrial contractions and Q
waves when compared to subjects without the mutated allele
[51], which brings to discussion another common ECG find-
ing known as the pseudo-infarction pattern (Fig. 2), typically
observed in the inferior and septal leads and without

coexistent coronary artery disease and equally observed in
AL andATTR amyloidosis [33]. As amyloid deposits progres-
sively replace conducting myocardium, the patient may devel-
op Q waves on the surface ECG typically found in the inferior
and septal leads in the absence of epicardial coronary disease;
it is equally observed in AL and ATTR amyloidoses [33]. The
prevalence of this “pseudo-infarction” pattern or poor R wave
progression is increased as amyloid deposition becomes more
diffuse [52].

Echocardiography

The first description of echocardiographic features specific to
cardiac amyloid was described by Child et al. in 1976 [53].
This case series presented findings of symmetrically increased
left ventricular wall thickness in the absence of hypertension
or aortic valve disease, decreased systolic thickening of the
interventricular septum and left ventricular posterior wall, and
small to normal size of the left ventricular cavity. Also
discussed was an associated finding of pericardial effusion.
A decade later, Falk et al. assessed the now common reference
to a “speckled” appearance to the left ventricular wall (Fig. 3),
due to increased myocardial echogenicity, shown to have a
sensitivity of 87% and a specificity of 81% using now outdat-
ed echocardiogram technology [48]. When including atrial
septal thickening, the specificity was increased to 100%.
Degree of left ventricular wall thickness and left ventricular
ejection fraction were both inversely correlated with survival
[54]. In this report, of subjects with a mean wall thickness
between 12 and 15 mm, 48% had granular sparkling, 41%
had left atrial enlargement, and 52% had clinical heart failure.
Once the mean thickness was greater than 15 mm, 72% had
granular sparkling, 83% had left atrial enlargement, and 80%
had evidence of heart failure.

Fig. 2 Pseudo-infarction pattern
of cardiac amyloidosis on
electrocardiogram
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Contemporary studies have delineated differences on two-
dimensional echocardiography among the subtypes of cardiac
amyloidosis [7]. In an Italian study, Rapezzi and colleagues
studied 233 subjects divided into AL, ATTRwt, and ATTRm
[50]. Wall thickness (and by theory infiltration by fibrils) was
lowest, and overall, the most blunted echocardiographic find-
ings were in the AL group, despite this group having the worst
survival, again suggesting the effect of the greater burden of
direct toxicity of light chain infiltration. Left ventricular ejec-
tion fraction was lowest in the ATTRwt group while findings
of atrial septal thickening and pericardial effusion were no
different among the three groups.

Strain (myocardial deformation) is a measure of the dif-
ference in velocity between two Doppler points in the same
plane (speckle tracking technology), best measured in the
longitudinal plane (longitudinal strain). This measure has
had tremendous impact in its ability to measure subtle
myocardial dysfunction, separating active contraction from
passive translational motion such as tethering that limits
standard tissue Doppler [7]. Newer technology has allowed
specific measures of regional strain of the base, middle,
and apex of the left ventricle, as well as the temporal in-
tensity of the change in deformation (strain rate). When
compared to subjects with non-cardiac AL amyloid, those
with infiltration of the left ventricle (mean wall thickness
of greater than 12 mm) have significantly reduced systolic
and diastolic longitudinal strain and strain rate (base and
mid-ventricle), while tissue Doppler could not separate
these groups [55]. This relationship was observed to a
greater degree in subjects with cardiac amyloid and a his-
tory of congestive heart failure. Tissue Doppler was felt to
be suboptimal due to greater passive translational motion

of the base of the ventricle, making strain a more sensitive
measure of myocardial dysfunction (before the onset of
heart failure). Strain imaging was least effective in
distinguishing groups in the anterior wall and apex (apical
sparing in longitudinal strain has been found to be a unique
finding in cardiac amyloidosis reproduced also in cardiac
magnetic resonance imaging) [56]. In addition to longitu-
dinal strain, cardiac amyloidosis is associated with severe-
ly reduced strain measured in the radial and circumferential
aspects, when compared to hypertrophic cardiomyopathy
and secondary left ventricular hypertrophy [57]. It is note-
worthy that the cardiac amyloidosis group in this study was
in an advanced stage, with a mean left ventricular ejection
fraction of 39%. Interestingly, anterior wall longitudinal
strain was less effective in differentiating cardiac amyloid
from hypertrophic cardiomyopathy (despite the higher
mean ejection fraction of 57%), again showing reduced
performance of strain imaging of this wall.

These earlier studies led to the most comprehensive and
current evaluation combining work by Koyama and Sun in
strain imaging with that of Rapezzi in TTR amyloid assess-
ment, also led by Rodney Falk’s group [49]. One hundred
seventy-two subjects were likewise divided into three groups
(AL, ATTRm, ATTRwt). The total cohort had reduced global
longitudinal and radial strain, left atrial enlargement, increased
wall thickness with preserved ejection fraction, and increased
pulmonary pressures, and half had a pericardial effusion.
Longitudinal strain was least impaired in ATTRm
(−15 ± 4%) than ATTRwt (−12 ± 4%) and AL (−11 ± 3%,
p < 0.001). Once again, ATTRwt (vs ATTRm vs AL) had the
thickest walls (mean thickness 17 ± 2 vs 15 ± 2 vs 15 ± 2 mm,
p < 0.001) and also had the most reduced functional

Fig. 3 Echocardiographic
findings in cardiac amyloidosis.
Notable left ventricular
hypertrophy with classic
“speckled” pattern of myocardial
echogenicity. A pericardial
effusion is often visualized
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assessment by ejection fraction and cardiac output. Similar to
previously described, despite severe abnormalities in basal
and mid-ventricular strain, apical longitudinal strain was pre-
served regardless of the etiology. Doppler assessment of dia-
stolic dysfunction, interatrial septal thickness, and presence of
pericardial effusion did not significantly differ between
groups.

Biomarkers

Cardiac troponin, as a marker of myocardial cell death, and B-
type natriuretic peptide (BNP), as a sensitive marker of myo-
cardial dysfunction, have been shown to have prognostic sig-
nificance in AL amyloid [58, 59]. Review of limited data
show elevated B-type natriuretic peptide levels in ATTRm,
with a reduced rate of troponin elevation [60]. Suhr and col-
leagues assessed 29 subjects with Val30Met variant ATTR
and found that BNP was elevated above normal in 76% and
correlated with ventricular septal wall thickness, left atrial
diameter, and basal septal strain [60]. As a predictor of echo-
cardiographic involvement of the heart, BNP had a sensitivity
of 93% and a specificity of 40% with a negative predictive
value of 86%, on par with basal septal strain echocardiograph-
ic imaging (sensitivity of 81%, specificity of 36%, and nega-
tive predictive value of 50%). The authors of this trial
discussed the potential use utility of BNP as a marker of de-
terioration. While there are no significant differences in BNP
levels among those affected by AL and ATTRm cardiac am-
yloidosis [10], troponin concentrations are higher in AL car-
diac amyloidosis. This discrepancy again highlights the po-
tential direct toxicity by free light chain fibrils in AL amyloid
and rather a mechanical stress provided by the ATTR fibrils.
Emerging data suggests a prognostic role of troponin for
ATTR [61, 62].

Cardiac Magnetic Resonance

Cardiac magnetic resonance (CMR) imaging has become a
valuable tool in assessing for cardiac amyloid infiltration [7].
Tissue characterization specifically with late gadolinium en-
hancement imaging has been reported to be one of the most
accurate predictors of endomyocardial biopsy-positive amy-
loidosis [63]. Enhancement patterns on late gadolinium im-
ages has been described as either diffuse, circumferential sub-
endocardial, or patchy focal [52]. Left ventricular mass was
significantly larger, and late gadolinium enhancement was
substantially more extensive in ATTR than in AL [64].
Subendocardial enhancement was more common in AL car-
diac amyloidosis. Right ventricular gadolinium enhancement
was apparent in 100% of ATTR patients compared with 72%
of AL. Apical sparing in longitudinal strain, as discussed in
echocardiography, is a unique finding and has been
reproduced in CMR imaging [56].

Early darkening of the blood pool after contrast, due to
rapid washout of gadolinium into an enlarged subendocardial
interstitial space, can be quantitatively assessed bymapping of
T1 kinetics of the blood pool and subendocardium early after
gadolinium administration. White et al. published a study in
CMR to assess prognosis in cardiac amyloidosis [65]. They
employed the observation that in contradistinction to normal
myocardium which crosses the null point (becomes black)
after the blood pool, in cardiac amyloidosis, there is “failure
to null the myocardium” represented as greater than 50% of
myocardial tissue becoming black at an earlier inversion time
as compared to blood.

Nuclear Imaging

99mTechnetium pyrophosphate (99mTc-PYP) or 99mtechnetium-
3,3-diphosphono-1,2-propanodicarboxylic acid (99mTc-DPD)
scintigraphy, conventional bone tracers, bind to TTR amyloid
deposits and are very helpful for diagnosing ATTR cardiac
amyloidosis. Subjects with ATTR have significantly higher
semi-quantitative cardiac visual score (uptake of tracer in heart
compared to bone and a higher heart to contralateral lung
99mTc-PYP uptake ratio (≥ 1.5 was identified ATTR cardiac
amyloidosis with 97% sensitivity and 100% specificity) [66].
The use of 99mTc-DPD scintigraphy (not approved in the
USA) has been even more exhaustively studied and has proven
to also be useful for identifyingmyocardial infiltration of ATTR
across a wide spectrum of patients [67].

Histopathology

Tissue confirmation of amyloid deposition is considered
the gold standard for confirmation of the diagnosis of am-
yloidosis. Cardiac deposition of amyloid is diffuse and ho-
mogenous in its distribution, allowing for an essentially
100% sensitivity when obtaining a pathological diagnosis
[68]. Because amyloidosis is a systemic disease, multiple
sources can provide a diagnosis, but the yield can vary
greatly from organ to organ. Fat pad biopsy has had sensi-
tivities 78–93% to detect AL amyloid; other sites for con-
sideration include rectal mucosa (sensitivity of 84%) as
well as kidney/liver/carpal tunnel biopsies (sensitivities
around 90%) [69, 70, 71]. Endomyocardial biopsy from
the right ventricular septum has a sensitivity up to 100%
[72]. Fine et al. published the largest study in ATTR and fat
pad aspiration to date (including 286 subjects) comparing
the yield of cardiac and non-cardiac biopsies in patients
with ATTRwt and ATTRm [73]. The yield for ATTRm in
abdominal fat pad aspiration (67% of 141 specimens) far
exceeded that for ATTRwt (14% of 84 specimens), but only
18 patients (11% of those with genotype data) had the
Val122Ile mutation. Fat pad aspiration was less sensitive
than endomyocardial biopsy (100% of 42 ATTRm and 89
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ATTRwt specimens). The highest yield for ATTRm for
non-cardiac biopsies came from rectal (81% of 52 speci-
mens) and sural nerve (83% of 54 specimens) biopsies.

Congo red stain is routine; however, implementing fluores-
cent microscopy improves sensitivity for amyloid deposits
[74]. More specific techniques of identifying the subtype of
amyloid fibrils include immunohistochemical staining.
Biopsy specimens can be stained for antibodies to kappa- or
lambda-free light chains to differentiate AL amyloid and fur-
ther be stained for antibodies to transthyretin amyloid for
TTR. While valid for amyloid typing, there are considerable
pitfalls to this technique including failure to react to truncated
AL light chains, and a number of hereditary amyloidoses will
be missed by a limited antibody panel [75].

Finally, mass spectrometry can be performed to examine
the affected tissue and study the protein constituents of the
amyloid fibril [76]. Formalin-fixed or formalin-unfixed biop-
sy specimens are subjected to direct chemical analysis using
bioinformatic software rather than antibodies. Inclusion of
laser microdissection of the fibrils followed by tandem mass
spectrometry can generate a nearly complete protein compo-
sition of the amyloid fibril and has been shown to have a
specificity of 100% and sensitivity of 98% [77].

Genetic Testing

There are over 100 polymorphisms encoding the variant gene
that transcripts the transport protein transthyretin, located on
the long (q) arm of chromosome 18 at position 12.1 (18q12.1),
with 80 confirmed pathogenic mutations [78]. Isoelectric fo-
cusing gel electrophoresis, a method of separating molecules
by their isoelectric point (pI) and pH, can differentiate
ATTRwt from greater than 95% of variants of ATTRm [33].
Among those with ATTRwt, only one protein band is visual-
ized, while heterozygous ATTRm will show both the wild-
type TTR at the typical pI and a second mutant TTR (two
distinct protein bands). A single protein band at this pI would
suggest homozygosity for the Ile122 mutation. Conclusive
genetic distinction between ATTRm and ATTRwt is obtained
from polymerase chain reaction amplification and DNA se-
quencing of the transthyretin exons 1 to 4, validating isoelec-
tric focusing [33].

Therapeutic Options

The clinical management of a patient with symptomatic re-
strictive amyloid is focused around managing fluid balance;
hence, the mainstays of therapy are loop diuretics, potentially
in combination with thiazide diuretics and aldosterone antag-
onist [24]. In the setting of renal insufficiency, nephrotic syn-
drome, and autonomic dysfunction, the management of heart

failure can be very challenging and with limiting therapeutic
options [79].

Traditional disease-modifying medications for heart failure
have no proven role in the treatment of progressive amyloid
heart disease [7]. In fact, typical heart failure medications in-
cluding digitalis, calcium channel blockers, beta-blockers, or
angiotensin-converting enzyme inhibitors can have significant
adverse effects on amyloid-associated cardiomyopathy [18].
Drugs that slow the heart rate (beta-blockers, calcium channel
blockers) are poorly tolerated, as patients with restrictive heart
disease often have fixed stroke volumes and the cardiac output
is highly dependent on the heart rate [79]. The prevalence of
conduction disease is high and administration of these drug
could be life threatening. Calcium channel blockers have a
negative inotropic potential that outweighs the beneficial ef-
fects of left ventricular relaxation or afterload reduction [80].
In addition to worsening symptoms, there are published case
reports of sudden death of patients with amyloidosis after
administration of such therapies [81, 82]. Digitalis has a high
affinity to bind amyloid fibrils, leading to unpredictable and
possibly toxic circulating concentrations, prohibiting its use in
amyloid heart disease [83, 84]. Angiotensin-converting en-
zyme inhibitors, angiotensin receptor blockers, and combina-
tion vasodilators may be poorly tolerated as orthostatic hypo-
tension is often present at baseline [85]. Inotropes may have a
palliative role, but from clinical experience, the reduction in
symptomatology and improvement in quality of life are only
modest. Patients with pacemakers may derive clinical benefit
from increased lower rate limits for pacing.

Advanced Heart Failure Therapies

Despite the advances in mechanical circulatory support, there
are insufficient data to support the use of left ventricular assist
devices in amyloid cardiomyopathy and even less data in car-
diac amyloidosis [86]. By the nature of the illness, infiltration
can limit adequate left ventricular filling and increase the bur-
den of wall suction, thereby reducing the potential for benefit
[87]. The 2016 ISHLT listing criteria guidelines recommend
that selected patients with TTR cardiac amyloidosis should be
considered for combined heart and liver transplantation at ex-
perienced centers with established collaboration of cardiology,
hematology, and neurology teams (Class IIA, Level of
Evidence: B) [88••]. The primary extra-cardiac manifestation
to evaluate is neurological deficits, of which liver transplanta-
tion has been shown to provide significant improvement 5
years after transplant compared to those not transplanted
[89]. It is proposed that younger patients should be considered
for dual heart liver transplant, as 5-year outcomes are compa-
rable to heart transplant alone, and the affected liver may be
used in a domino sequence for isolated liver transplantation,
increasing access to donor allografts [90]. Older patients with
limited non-cardiac involvement may also be considered for
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isolated heart transplantation, as the slow amyloid disease
process is unlikely to influence outcomes in this cohort [88••].

Amyloid-Specific Therapy

There are no Food and Drug Administration-approved drugs
for the treatment of ATTR cardiac amyloidosis. Agents
intended to stabilize the TTR tetramer, silence the TTR gene
expression and amyloid reabsorbing antibodies are at various
stages of investigation.

Conclusion

Identifying transthyretin cardiac amyloidosis required in-
creased awareness of the prevalence, signs and symptoms,
and diagnostic tools available for discrimination of this pro-
gressive form of cardiomyopathy associated with left ventric-
ular hypertrophy. Up to 4% of African-Americans carry the
Val122Ile mutation in the transthyretin gene, the most preva-
lent cause of hereditary cardiac amyloidosis in the USA.
While there are no FDA-approved medical treatments, ad-
vanced stage cardiac amyloidosis may be treated with heart
or dual heart and liver transplantation. Investigation is under-
way on agents to reduce circulating mutated transthyretin.
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