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 ■ ABSTRACT
Cardiac amyloidosis (CA), once thought to be a rare 
disease, is increasingly recognized due to enhanced 
clinical awareness and better diagnostic imaging. CA is 
becoming of heightened interest to the cardiology com-
munity given more effective treatment strategies for light 
chain amyloidosis (AL), as well as emerging therapies for 
transthyretin amyloidosis (ATTR). Furthermore, reversing 
amyloid deposition in affected organs using monoclonal 
antibodies is actively being tested in clinical trials. A high 
index of suspicion and a systematic approach to the diag-
nosis of CA can lead to referral to a center of expertise for 
timely treatment.

 ■ KEY POINTS
AL and ATTR are the 2 main types of amyloidosis that 
affect the heart.

Serum and urine protein electrophoresis are inadequate 
laboratory tests to screen for AL given low sensitivity, and 
should be replaced by the serum free light chain assay as 
well as immunofi xation of the serum and urine.

AL cardiac amyloidosis (AL-CA) requires timely diagnosis 
and referral to hematology due to high mortality without 
prompt treatment.

99mTechnetium pyrophosphate bone scintigraphy is an 
affordable, noninvasive tool that has revolutionized the 
diagnosis of ATTR cardiac amyloidosis (ATTR-CA).

The US Food and Drug Administration will likely approve 
new therapies for ATTR in late 2018.

 ■ WHAT IS AMYLOIDOSIS?
Amyloidosis is a protein deposition disease in which a 
specifi c precursor protein pathologically misfolds from 
its physiologic tertiary structure into a more linear 
shape dominated by β-pleated sheets. The misfolded 
protein aggregates into oligomers, eventually forming 
insoluble amyloid fi brils that deposit extracellularly 
in tissues. Both the circulating oligomers, which are 
cytotoxic, and the fi brils, which cause distortion of the 
tissue architecture, lead to organ dysfunction. Amyloid 
fi brils are rigid, nonbranching structures, 7 to 10 nano-
meters in diameter, with a characteristic appearance 
on electron microscopy. Affi nity for Congo red stain-
ing, which binds to the β-pleated sheets, produces the 
pathognomonic “apple-green” birefringence when visu-
alized under polarized light microscopy. Universal to all 
amyloid fi brils are chaperone proteins such as serum 
amyloid P (SAP) and glycosaminoglycans, as well as 
calcium. There are more than 30 different precursor 
proteins implicated in various amyloid diseases, arising 
as hereditary or nonhereditary, localized or systemic, 
with different organ involvement and prognosis.1–3

 ■ TWO MAIN TYPES OF CARDIAC AMYLOIDOSIS
Although there are many different amyloid diseases, 
2 types account for over 95% of all cardiac amyloi-
dosis (CA): immunoglobulin light chain amyloidosis 
(AL) and transthyretin amyloidosis (ATTR) (Figure 
1).4 Other amyloid types that can involve the heart 
include amyloid A, apolipoprotein AI, heavy chain, 
and atrial natriuretic peptide (ANP).

Light chain amyloidosis (AL)
AL, formerly called primary amyloidosis, is a clonal 
plasma cell disorder due to the overproduction and 
misfolding of antibody light chain fragments. It is a 
rare disease with about 3,000 new cases per year in 
the United States.5 The median age at diagnosis is 
63, although it can present in patients in their 30s 
and 40s.5,6 It is a systemic disease that often affects 
the heart, but it can affect several other organs, most 
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commonly the kidneys, gastrointestinal (GI) tract, 
and nervous system.7

AL is a more aggressive disease than ATTR, with 
a median untreated survival of less than 6 months in 
patients who present with heart failure.8 Early diag-
nosis is crucial as mortality is high without prompt 
treatment. 

Transthyretin amyloidosis (ATTR)
ATTR is due to misfolding of the liver-derived 
precursor protein transthyretin (TTR) (previously 
called prealbumin), either as an acquired wild-type 
variant (ATTRwt) or as a hereditary mutant variant 
(ATTRm). ATTRwt, known previously as senile CA, 
typically affects older males and presents as a late onset 

Figure 1. The 2 main types of amyloidosis that affect the heart. (A) Immunoglobulin light chain amyloidosis (AL) results from aberrant plasma 
cell production of monoclonal light chains that misfold. (B) Transthyretin amyloidosis (ATTR) results from transthyretin (TTR) produced by the liver 
that dissociates into monomers and misfolds. The misfolded proteins aggregate to form oligomers, protofi laments, and mature amyloid fi brils that 
deposit extracellulary in the interstitial space of the myocardium.
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hypertrophic restrictive cardiomyopathy, often pre-
ceded by carpal tunnel syndrome or spinal stenosis or 
both. The ATTRm variant, caused by one of many dif-
ferent point mutations in the TTR gene, can manifest 
as a polyneuropathy, cardiomyopathy, or a mixed phe-
notype that varies according to the specifi c mutation.

While ATTR portends a better prognosis than AL, it 
is still a progressive disorder with signifi cantly reduced 
survival and quality of life. The median survival of 
patients with the ATTRwt variant is about 4 years and 
for patients with the ATTRm variant, survival depends 
on the mutation.9 TTR is a protein tetramer composed 
of 4 identical 127-amino acid monomers noncova-
lently bound at a dimer-dimer interface (Figure 1). It 
is a transport protein for thyroxine and retinol binding 
protein. The dissociation of the tetramer is the rate-
limiting step for amyloid fi brillogenesis. Differentiating 
the ATTRwt variant and the ATTRm variant is done 
by testing the TTR gene for a mutation.1,3

How common is the ATTRwt variant? The 
ATTRwt variant is often an unrecognized cause of 
diastolic heart failure in the elderly, with up to 25% 
of patients 85 and older showing ATTRwt amyloid 
deposits on autopsy studies.10 A recent study showed 
that 13% of patients 60 and older hospitalized with 
heart failure with preserved ejection fraction had 
grade 2 to 3 uptake on 99mtechnetium-pyrophosphate 
(99mTcPYP) scintigraphy, which is consistent with 
ATTR-CA.11 In 43 consecutive patients undergo-
ing transcatheter aortic valve replacement, 11.6% 
were found to have signifi cant uptake on 99mTcPYP 
scan.12 It is clear given the aging population that the 
ATTRwt variant will become the most common form 
of amyloidosis. It is much more common in white 
males, with a median age at diagnosis of 75.13 Carpal 
tunnel syndrome (almost always bilateral) and spinal 
stenosis are present in about 50% of patients diag-
nosed with ATTRwt-CA and often precede clinical 
presentation of heart failure by 5 to 15 years.14–17

How common is the ATTRm variant? There 
are more than 100 point mutations in the TTR gene 
that lead to various familial TTR-related amyloid 
syndromes, either neuropathic (familial amyloid 
polyneuropathy [FAP]) or cardiomyopathic (famil-
ial amyloid cardiomyopathy).18 The most common 
mutation in the United States is V122I in which 
there is an isoleucine substitution for valine at the 
122nd amino acid position. This mutation is seen 
in African Americans, 3% to 4% of whom are het-
erozygote carriers.19 Although the true penetrance 
is unknown, this mutation can lead to a late-onset 
restrictive cardiomyopathy with minimal neuropathy 

and is frequently misdiagnosed as hypertensive heart 
disease or diastolic heart failure. The median survival 
for V122I ATTRm-CA is about 2 years but likely 
depends on the stage at the time of diagnosis.20 The 
second most common mutation in the United States, 
T60A, is seen in patients of Irish descent and causes a 
mixed neuropathy and cardiomyopathy.17

 ■ PATHOLOGY AND PATHOPHYSIOLOGY OF CA
Both AL-CA and ATTR-CA lead to diffuse amyloid 
fi bril deposition in the heart causing thickening of 
both ventricles (Figure 2A).4,21 In AL, the pattern of 
amyloid deposition is usually subendocardial and dif-
fuse, whereas in ATTR (particularly ATTRwt), there 
can be patchy areas of transmural involvement. Phe-
notype may vary, particularly in ATTR, with a subset 
having asymmetric septal hypertrophy, mimicking 
hypertrophic cardiomyopathy (HCM).22–24 In CA, 
the amyloid deposits are located extracellularly in 
the interstitium, surrounding the myocytes, however 
there can also be desposition in the small intramural 
coronary arteries. Unlike sarcoidosis, amyloid deposi-
tion can be found throughout the myocardial tissue, 
thus endomyocardial biopsy is nearly 100% sensitive 
for CA diagnosis.4,25–28

The atria are universally involved with interatrial 
septal thickening, which can lead to poor atrial func-
tion and increased rates of atrial fi brillation (ATTR 
more so than AL).21,29 The conduction system can 
be affected causing varying degrees of heart block, 
as well as bundle branch block (ATTR more so than 
AL).30 The valves are usually thickened, often associ-
ated with mild to moderate regurgitation. Pericardial 
involvement can lead to small pericardial effusions 
(large effusions are rare), and coronary involvement 
(classically, small intramural vessels) can lead to isch-
emia and angina with normal epicardial coronaries 
(AL more so than ATTR).31–33

Thickened left and right ventricular walls result 
in a nondilated ventricle that is stiff and poorly 
compliant, resulting in progressive diastolic fi lling 
abnormalities. Systolic dysfunction can be seen in 
severe and advanced disease. Importantly, ejection 
fraction measured by echocardiography is misleading 
in CA, as reduced end-diastolic volume produces a 
low stroke volume. For example, an ejection fraction 
of 50%, when starting at a signifi cantly reduced end-
diastolic volume (for example, 70 mL), leads to a sig-
nifi cantly reduced stroke volume (35 mL) and, thus, 
cardiac output. This explains why patients with CA 
cannot usually tolerate reduced heart rates, as their 
cardiac output is dependent on heart rate.34–36
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Figure 2. Cardiac amyloidosis pathology. (A) The heart on autopsy reveals characteristic 
biventricular thickening as well as biatrial dilation and thickening of both atrioventricular 
valves. (B) Hemotoxylin and eosin staining shows diffuse amyloid deposition. (C) The char-
acteristic “apple-green” birefringence of Congo red stain under polarized light. (D) Example 
of immunohistochemistry performed for amyloid typing, in this case positive for lambda 
light chain and negative for kappa light chain and transthyretin.

 ■ CLINICAL PRESENTATION
Patients with CA typically exhibit 
heart failure with preserved ejection 
fraction (otherwise known as diastolic 
heart failure). Dyspnea on exertion 
is common; however, some patients 
can present with more right-sided 
heart failure symptoms such as lower-
extremity edema and ascites. Fatigue 
and weakness are related to low 
cardiac output and often attributed 
to nonspecifi c symptoms of aging. 
Because of the thickened ventricles, 
patients can often be misdiagnosed 
as having HCM with or without 
obstruction.7,34 The fi rst manifestation 
of CA may be atrial fi brillation, most 
commonly in ATTRwt-CA, or car-
dioembolic stroke. Atrial fi brillation 
can be present for years before CA is 
considered. Bundle branch block and 
complete heart block (more common 
in ATTR-CA than AL-CA) may 
lead to pacemaker implantation.30 
Angina with normal coronaries can 
occur, and a rare presentation may 
be cardiogenic shock due to diffuse 
ischemia.31–33 Elderly patients with 
CA can present with low-fl ow, low-
gradient aortic stenosis.37

In the appropriate clinical context, several other 
symptoms should raise suspicion of CA (Table 1). 
Bilateral carpal tunnel syndrome is seen in patients 
with both AL and ATTR (more common in ATTRwt) 
and can precede clinical heart failure by several 
years.7,14,17 Spinal stenosis is specifi c to patients with 
the ATTRwt variant and is due to amyloid infi ltration 
of the ligamentum fl avum.15 Low to normal blood pres-
sure in a previously hypertensive patient that leads to 
discontinuation or reduction of antihypertensive ther-
apy is a clue to possible CA. Peripheral and autonomic 
neuropathy can occur in both AL and ATTRm and are 
uncommon in ATTRwt.16 Other signs and symptoms of 
AL may include macroglossia and periorbital purpura 
or both (pathognomonic but infrequent), proteinuria 
(particularly nephrotic range), jaw claudication, and 
GI symptoms of diarrhea and weight loss.7

 ■ DIAGNOSIS
Diagnosis of CA starts with visualization of the 
2-dimensional (2D) echocardiogram in conjunction 
with the electrocardiogram (ECG). The classic hall-

mark of CA is the combination of low voltage on ECG 
and increased left ventricular (LV) wall thickness on 
echocardiogram (Figure 3).30 Subsequent laboratory 
tests, cardiac imaging, or tissue biopsy is used to con-
fi rm the diagnosis.

ECG
As opposed to that seen in true left ventricular hyper-
trophy (LVH), which leads to increased voltage on 
ECG, amyloid infi ltration of the myocardium leads 
to lower voltage. Thus, what is indicative of LVH 
on echocardiogram combined with low voltage on 
the ECG is a classic fi nding for CA. However, only 
about 50% of patients with AL-CA and about 30% 
of patients with ATTR-CA meet true low-voltage 
criteria (QRS amplitude less than 5 mm in limb leads 
or less than 10 mm in precordial leads).30,38 Hence, 
the absence of low-voltage criteria does not exclude 
the diagnosis of CA. Approximately 10% of patients 
with CA confi rmed by biopsy met ECG criteria for 
LVH.38 The key point is to consider the overall degree 
of voltage on the ECG relative to the degree of LV 
thickening on the echocardiogram, recognizing that 
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lower voltage than what would be expected may 
indicate possible infi ltrative disease such as CA. The 
other main fi nding on the ECG in patients with CA 
is a pseudoinfarct pattern with Q waves in the early 
precordial leads mimicking a prior anteroseptal myo-
cardial infarction.38,39 This fi nding is seen in about 
50% of patients (Figure 3).39 Wide QRS complexes 
are more frequent in ATTR-CA and lower limb volt-
ages are more frequent in AL-CA.30

Echocardiogram
The echocardiographic fi nding of LVH in patients 
with CA is misleading in that the LV thickening is 
due to infi ltrating amyloid fi brils and not to myo-
cyte hypertrophy. That said, the terms LVH and LV 
thickening are used interchangeably when describing 
the echocardiographic phenotype. LV wall thickness 
greater than 12 mm (6 mm to 10 mm is normal) in the 
absence of hypertension should prompt suspicion for 
CA.34 LV thickening most often appears symmetric; 
however, occasionally it may exhibit asymmetric sep-
tal hypertrophy, particularly in ATTRwt-CA. In some 
cases, there may be a smaller subset that can actually 

have dynamic LV outfl ow obstruction similar to that 
seen in hypertrophic obstructive cardiomyopathy.22–24

An important echocardiographic clue that can differ-
entiate CA from other diseases is thickening of both 
the LV and right ventricle (Figure 3). Septal wall 
thickness and LV mass index are greater in ATTR-
CA compared with AL-CA.30 On average, the LV 
septum is around 15 mm in AL-CA and around 18 
mm in ATTRwt-CA.40 Historically, the characteristic 
myocardial “granular sparking” or “speckling” pattern 
has low sensitivity and specifi city.16 The left ventricle 
is not dilated; rather, the ventricular dimensions are 
usually smaller than normal. Although ejection frac-
tion is usually preserved, cardiac output is low due to 
decreased ventricular volume.37 Systolic dysfunction 
occurs late in the disease.16 Diastolic dysfunction is 
universal, with a mitral infl ow pattern that can range 
from stage I (abnormal relaxation) in early disease to 
stage III (restrictive fi lling pattern) in more advanced 
disease. Septal and lateral tissue Doppler velocities 
are very low in amyloid heart disease.41 Another echo-
cardiographic clue to diagnosis is thickening of the 
heart valves, which is not seen in hypertensive heart 

TABLE 1
Symptoms that raise suspicion of cardiac amyloidosis

ACE = angiotensin-converting enzyme; AL = immunoglobulin light chain amyloidosis; ATTR = transthyretin amyloidosis; ECG = electrocardiogram; ATTRm = hereditary mutant variant 
ATTR; HFpEF = heart failure with preserved ejection fraction (“diastolic heart failure”); MGUS = monclonal gammopathy of undetermined signifi cance
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disease or hypertrophic cardiomyopathy. Biatrial dila-
tion is common, and there can be thickening of the 
interatrial septum.

Laboratory testing
N-terminal pro-b-type natriuretic peptide (NT-
proBNP) is universally elevated in CA and is typi-
cally higher in AL-CA than in ATTR-CA. Troponin 
T or troponin I or both may be chronically elevated 
in CA and likely signify small-vessel ischemia. In 
the appropriate clinical context of a thickened ven-
tricle and heart failure, an elevated troponin value 
(outside of an acute coronary syndrome) should 
trigger suspicion for CA. Workup for a monoclonal 
protein process should always be done when consid-
ering CA to rule out AL. Serum and urine protein 

electrophoresis are insensitive tests to detect AL 
and should not be relied upon as a screening test. 
The serum free light chain (sFLC) assay, which 
measures free kappa and lambda light chain levels 
and reports the ratio, is a sensitive test that should 
be measured routinely along with immunofi xation 
of the serum and urine. In AL, sFLC will reveal an 
abnormal kappa-lambda ratio. An abnormally low 
ratio (less than 0.26) suggests a monoclonal lambda 
light chain process, while an abnormally high ratio 
(greater than 1.65) suggests a monoclonal kappa 
light chain process. Immunofi xation will reveal an 
M-protein. Because light chains are excreted by the 
kidney, the serum levels of both kappa and lambda 
will be elevated in renal dysfunction, but the ratio 
should remain normal.16,31,34,40,42–47

Figure 3. The classic hallmark of cardiac amyloidosis. (A) A 12-lead electrocardiogram showing atrial fi brillation, low voltage in the limb leads, 
and a pseudoinfarct pattern with Q waves in leads V1-V2. (B) Echocardiogram, parasternal long-axis view, showing increased septal and posterior 
left ventricular wall thickness, dilated left atrium, and thickening of the mitral valve. (C) Echocardiogram, apical 4-chamber view, showing diffuse 
thickening of both ventricles, biatrial dilation, and thickened mitral and tricuspid valve leafl ets.
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Advanced noninvasive diagnostic tools for CA
Over the past decade, the ability to diagnose CA 
noninvasively has dramatically improved with strain 
imaging using 2D speckle tracking echocardiography, 
cardiac magnetic resonance imaging (MRI), and 
nuclear bone scintigraphy. These diagnostic tools have 
given clinicians options to pursue the diagnosis of CA 
without directly proceeding to endomyocardial biopsy. 

Longitudinal strain imaging using 2D speckle 
tracking echocardiography. Longitudinal strain 
imaging measures the actual deformation of myocar-
dium in specifi c LV segments, and quantifi cation is 
displayed as a polar map, with a more negative value 
coded in red and associated with better function. Our 
group, among others, has described a specifi c pattern 

in CA called “apical sparing,” in which the apical LV 
segments have normal or near-normal strain com-
pared with the mid and basal segments. The easily 
recognizable bull’s-eye pattern on polar map can help 
differentiate CA from other forms of LV hypertrophy 
such has hypertension or HCM with good sensitivity 
and specifi city (Figure 4A).48

Cardiac MRI. Cardiac MRI is useful for the diagno-
sis of CA (Figure 4B, 4C). Imaging after administra-
tion of gadolinium contrast shows a characteristic late 
gadolinium enhancement (LGE) pattern that is diffuse 
and subendocardial, and does not follow any particular 
coronary distribution.49 LGE can also be seen in the 
right ventricle and the atrial walls, and can be trans-
mural and patchy in ATTRwt-CA. This pattern is 

Figure 4. Noninvasive imaging for cardiac amyloidosis. (A) Longitudinal strain imaging using 2-dimensional speckle tracking echocardiography re-
veals the characteristic bull’s-eye pattern of apical sparing. (B) Cardiac magnetic resonance imaging displays left ventricular and right ventricular 
thickening and (C) with contrast, a diffuse late gadolinium enhancement pattern that is diffuse and subendocardial, which also involves the right 
ventricle and left atrium. (D) 99mTechnetium pyrophosphate scan shows grade 3 myocardial radiotracer uptake characteristic of transthyrethin 
cardiac amyloidosis.
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highly sensitive (93%) and specifi c (70%) for CA with 
an overall negative predictive accuracy of 84%.50

One of the main limitations of cardiac MRI for 
the diagnosis of CA is the inability to give contrast in 
patients with reduced glomerular fi ltration rate. How-
ever, native T1-myocardial mapping techniques that 
do not require contrast show signifi cantly increased 
native T1 times in CA and offer a promising alterna-
tive. Cardiac MRI parameters such as LGE, the dif-
ference in inversion time between the LV cavity and 
myocardium, native T1 mapping, and extracellular 
volume offer prognostic information. A greater than 
fi vefold mortality increase is seen in CA patients with 
transmural LGE compared with those without LGE.49,50

99mTcPYP scintigraphy. 99mTcPYP, a radiotracer 
used in bone scans, was initially used in cardiology 
to quantify myocardial infarction due to its ability to 
localize calcium.51 Its potential utility in CA came 
in 1982 when diffuse myocardial 99mTcPYP uptake 
on cardiac radionucleotide imaging was noted in 10 
patients with tissue-proven amyloidosis.52 Several 
subsequent studies reproduced and expanded upon 
this observation and revealed its diagnostic value, 
specifi cally showing that there is signifi cant uptake in 
ATTR-CA and no to mild uptake in AL-CA. This 
offers a signifi cant advantage over other noninvasive 
modalities in that it not only confi rms the diagnosis 
of CA but differentiates ATTR-CA.16

99mTcPYP myocardial radiotracer uptake is graded 
by the semiquantitative visual score of cardiac reten-
tion, where grade 0 = no cardiac uptake, grade 1 = 
mild uptake less than bone, grade 2 = moderate 
uptake equal to bone, and grade 3 = high uptake 
greater than bone (Figure 4D).42 Additionally, quan-
titative analysis of heart retention can be calculated 
drawing circular regions of interest over the heart and 
mirrored on the contralateral chest wall. A heart-to-
contralateral ratio greater than 1.5 is consistent with 
the diagnosis of ATTR-CA.53,54 In 2016, a multicenter 
study showed that grade 2 or 3 myocardial radiotracer 
uptake on bone scintigraphy in the absence of evi-
dence of a monoclonal gammopathy was diagnostic 
for ATTR-CA, providing a cost-effective and non-
invasive technique with a specifi city and positive 
predictive value of 100% (confi dence interval, 
99.0–100%).42

Endomyocardial biopsy, right heart
catheterization, and fat biopsy
Endomyocardial biopsy is essentially 100% sensitive 
for the diagnosis of CA.25 The main risk of pursuing 
endomyocardial biopsy is about a 1% risk of right 
ventricular perforation leading to cardiac tampon-

ade.55 The other limitation to this approach is that 
not all centers are equipped to perform this proce-
dure. Birefringence under polarized light microscopy 
is histopathologically diagnostic of CA; however, 
further subtyping by the pathologist to determine if 
it is AL or ATTR is absolutely crucial. Subtyping can 
be performed by immunohistochemistry with caution 
taken for misinterpretation. If there is any question 
of accuracy, the specimen should be sent for laser 
microdissection and mass spectroscopy for accurate 
identifi cation of the precursor protein type (some 
centers routinely perform mass spectroscopy on all 
myocardial specimens).16,31

Right heart catheterization is nonspecifi c and shows 
restrictive hemodynamics. The right atrial waveform 
shows rapid x and y descents and the right ventriclu-
lar tracing may show a dip-and-plateau pattern typical 
of restrictive cardiomyopathy. Cardiac output can be 
preserved but more commonly is low.16,31

Fat pad biopsy is 60% to 80% sensitive in AL, 
65% to 85% sensitive in ATTRm, and only 14% 
sensitive in ATTRwt, with the accuracy dependent 
on the operator, pathologist, and how much tissue is 
removed (fat pad aspirate vs biopsy specimen).56–58 
Fat pad biopsy has diagnostic limitations, and a nega-
tive fat pad biopsy does not rule out amyloidosis. 

 ■ DIAGNOSTIC ALGORITHM FOR 
CARDIAC AMYLOIDOSIS 

The diagnostic algorithm for CA is predicated on 
the fact that most all CA in the U.S. is either AL or 
ATTR (Figure 5). For AL-CA, laboratory tests for 
the sFLC ratio and immunofi xation of the serum and 
urine are performed. If these are normal, there is a 
high negative predictive value ruling out the diagno-
sis of AL-CA.59

In conjunction with laboratory tests, 99mTcPYP 
scan of the heart can be ordered to investigate the 
possibility of ATTR-CA. Grade 2 to 3 myocardial 
uptake in the absence of a monoclonal plasma cell 
process is consistent with the diagnosis of ATTR-
CA. Grade 0 or 1 myocardial uptake on 99mTcPYP 
scan with an abnormal sFLC ratio or positive M pro-
tein on immunofi xation suggests AL-CA and a bone 
marrow biopsy should be performed. If the patient 
has an abnormal sFLC ratio and grade 2 to 3 uptake 
on 99mTcPYP scan, the diagnosis of ATTR-CA with 
unrelated monoclonal gammopathy of undeter-
mined signifi cance should be considered. However, 
this would need to be reconciled by pursuing endo-
myocardial biopsy and accurate tissue typing. If the 
99mTcPYP scan is negative, and the sFLC ratio is nor-
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mal, and immunofi xation is negative, a diagnosis of 
CA is very unlikely.16,31,40,42–47

If the diagnosis of ATTR-CA is made, genetic test-
ing can determine the presence or absence of a muta-
tion to differentiate ATTRm or ATTRwt, respec-
tively. If the diagnosis of AL-CA is suggested, a bone 
marrow biopsy is necessary to identify and quantify 
the plasma cell clone.16,31,40,42–47

 ■ TREATMENT

Treatment of CA includes management of cardiac 
symptoms associated with CA and treating the 
underling amyloid disease. Several current and future 
pharmacotherapies for AL and ATTR are shown in 
Table 2.

Management of heart failure in cardiac amyloidosis
The main treatment of heart failure revolves around 
sodium restriction and diuretics to relieve congestion. 
This can prove challenging in many patients due to 
the narrow window between too high or too low fi ll-
ing pressures. A combination of loop diuretics and an 
aldosterone antagonist is most effective.31,34,44,45 Torse-
mide is preferred over furosemide due to its superior 
bioavailability and longer duration of action, particu-
larly since these patients have issues with gut edema 
and GI absorption. Due to dependence of the cardiac 
output on heart rate and the tendency for orthostatic 
hypotension, traditional neurohormonal antagonists 
including beta blockers and angiotensin-converting 
enzyme inhibitors are neither effective nor well toler-
ated.60 However, in patients with atrial fi brillation, 

Figure 5. Diagnostic algorithm for cardiac amyloidosis (CA). Serum free light chain (sFLC) assay and serum/urine immunofi xation are ordered 
to workup immunoglobulin light chain amyloidosis (AL). 99mTechnetium pyrophosphate (99mTcPYP) scan is ordered to workup transthyretin 
amyloidosis (ATTR). Normal serum free light chains and normal immunofi xation with a strongly positive 99mTcPYP scan is diagnostic of ATTR-CA. 
Abnormal sFLC assay or immunofi xation is suggestive but not diagnostic of AL-CA, and should prompt a bone marrow biopsy.

LC/MS = liquid chromatography/mass spectrometry
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TABLE 2
Amyloid-specifi c pharmacotherapies

 AL = immunoglobulin (Ig) light chain amyloidosis; ASO = antisense oligonucleotide; ATTR = transthyretin amyloidosis; SAP = serum amyloid P component; siRNA = small interfering RNA; 
TTR = transthyretin protein; TUDCA = tauroursodeoxycholic acid

beta blockers may need to be used for rate control. 
Nondihydropyridine calcium channel blockers bind 
avidly to amyloid fi brils and are contraindicated due 
to risk of profound hypotension and syncope.30,31,34,44,45 
Digoxin is usually avoided in CA due to concerns of 
increased risk of toxicity; however, it may be used with 
caution for rate control in atrial fi brillation given its 
lack of negative inotropy.61 Maintenance of normal 
sinus rhythm is preferable due to the importance of 
atrial contribution to cardiac output.

Anticoagulation in patients with atrial fi brillation 
and even in patients with normal sinus rhythm and 
poor atrial function is important due to the high risk 
of thromboembolic complications.62 Pacemakers are 
indicated for heart block or symptomatic bradycar-
dia.63 The role of intracardiac defi brillators is con-
troversial, but may be warranted in selected patients 
with AL-CA.64,65

AL treatment
Risk stratifi cation and prognostication for AL. The 
most important determinant of clinical outcome in 
AL is the extent of cardiac involvement, as conges-
tive heart failure and sudden cardiac death are the 
most common causes of death. The level of NT-

proBNP and the level of either troponin T or tropo-
nin I have strong prognostic value and form the basis 
for the staging system in AL. Various iterations have 
evolved over the years, but the most widely adopted is 
the 4-stage system developed and validated by Mayo 
Clinic. This system uses a cutoff value at diagnosis for 
NT-proBNP greater than 1,800 ng/mL, troponin T 
greater than 0.025 μg/L, and the difference between 
kappa and lambda free light chain levels greater than 
180 mg/L. Stage level increases by the number of cut-
off values exceeded, with stage IV carrying a median 
survival of 6 months.47 Additionally, the troponin T 
level can help risk-stratify patients being considered 
for autologous stem cell transplant. In a retrospec-
tive study, troponin T greater than 0.06 μg/L was 
associated with increased mortality following stem 
cell transplant.66 Ultimately, prognosis in AL-CA is 
related to the hematologic response to chemotherapy.

Current treatment strategies for AL. The sur-
vival of patients with AL has improved over the years 
with the advent of more effective chemotherapeutic 
regimens that kill the underlying plasma cell clone 
producing the unstable light chains. The goal of treat-
ment is to achieve a complete hematologic response 
with normalization of the affected light chain and 
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sFLC ratio as well as elimination of the M protein on 
immunofi xation.

The development of the proteasome inhibitor 
bortezomib has improved effi cacy and survival in 
AL causing a faster and more complete hematologic 
response than prior regimens.43,67,68 

The most commonly used fi rst-line treatment 
consists of a 3-drug combination with the alkylating 
agent cyclophosphamide, the proteasome inhibitor 
bortezomib, and the steroid dexamethasone, which is 
given weekly.43 A retrospective study by Sperry et al8 
showed that patients receiving an alkylating agent, 
bortezomib, and a steroid had the best outcomes com-
pared with other regimens.

For patients with refractory or relapsed disease, the 
CD38 monoclonal antibody daratumumab can be 
used if patients meet myeloma criteria and has been 
found to be effective thus far.68,69 Newer proteasome 
inhibitors such as ixazomib, which is taken orally, are 
being studied in alternative combination regimens.70 
High-dose chemotherapy with autologous stem cell 
transplant can be considered in patients with an 
acceptable cardiac risk profi le and may offer more 
complete and durable remission than chemotherapy, 
although this is controversial.43,71

The cardiologist’s role in AL-CA. The hematolo-
gist directs the chemotherapy for AL but works closely 
with the cardiologist when there is cardiac involve-
ment. The main role of the cardiologist is to manage 
volume status with diuretics, monitor for arrhythmia, 
and evaluate the cardiac response to treatment.43,71 
Cardiac response was traditionally measured by echo-
cardiographic changes of wall thickness, diastolic func-
tion, and ejection fraction, as well as changes in New 
York Heart Association (NYHA) functional class.67 
However, it is uncommon to see reduction in LV wall 
thickness or signifi cant improvement in ejection frac-
tion and if it does occur, it is a slow process that usually 
takes more than 1 year. With the advent of longitudi-
nal myocardial strain imaging, improvements in strain 
can be seen despite the lack of structural changes on 
echocardiogram.72 In 2012, consensus criteria defi ned 
a cardiac response as a greater than 30% reduction in 
NT-proBNP.73 Misfolded light chains are toxic to car-
diomyocytes by causing increased oxidative stress and 
impairing contractility. Thus, reduction in light chain 
levels can lead to clinical improvement and signifi cant 
reductions in NT-proBNP without changing amyloid 
fi bril burden in the heart.

Heart transplant for patients with AL-CA. For 
patients who have a good hematologic response to 
initial chemotherapy but have limited predicted 

survival due to severe heart failure, heart transplant 
followed by autologous stem cell transplant, is a treat-
ment strategy that can be considered. The patient 
must have clinically isolated severe cardiac disease, 
minimal amyloid burden in other organs, and a plasma 
cell clone that is responsive to therapy. Initial reports 
of heart transplant showed poor survival rates due to 
recurrent amyloid in the transplanted heart and pro-
gressive amyloid deposition in other organs. However, 
due to improved anti-plasma-cell-directed therapy 
and refi nement in patient selection, outcomes have 
improved. Contemporary series of patients undergo-
ing heart transplant followed by stem cell transplant 
showed that outcomes are almost comparable to heart 
transplant for other indications, with a 5-year survival 
rate of approximately 65%.74

Future therapies for AL. There is an AL 
amyloid-directed monoclonal antibody designed to 
remove amyloid fi brils from affected organs and is 
currently undergoing clinical trials. NEOD001, a 
humanized murine monoclonal antibody that targets 
an epitope exposed during light chain misfolding, 
binds to the light chain amyloid fi bril and signals an 
immune response to clear the deposits. This agent has 
completed phase 1 and 2 clinical trials of 27 patients 
previously treated with at least 1 plasma cell-directed 
therapy. It showed good tolerability and achieved 
both renal and cardiac responses in most patients.75

A phase 2b clinical trial (NCT02632786) of 
patients with AL with a previous hematologic 
response to treatment and persistent heart dysfunc-
tion is underway and expected to be completed in Jan-
uary 2018. A phase 3 clinical trial (NCT02312206) 
of NEOD001 as an adjunct to chemotherapy is also 
ongoing and results are expected in February 2019.

ATTR treatment
Liver transplant for ATTRm amyloidosis for the 
V30M mutation that causes FAP was fi rst described 
in 1990, but it has not been well validated in other 
mutations and is not a solution for ATTRwt.76 Signif-
icant progress has been made over the past 2 decades 
in the understanding of the pathophysiologyy of 
ATTR, paving the way for promising advancements 
in pharmacotherapy. Presently, there are 3 classes of 
pharmacologic agents, grouped by the point of disease 
process each strategy targets:

• Block TTR synthesis at the translational level 
in hepatocytes

• Stabilize the TTR tetramer to inhibit the rate-
determining step of amyloidogenesis

• Disrupt and clear the ATTR amyloid fi bril.77
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Block TTR synthesis. TTR messenger RNA 
(mRNA) can be targeted by “silencers” preventing 
translation, thereby reducing the production TTR 
protein by hepatocytes. The resultant sustained 
reduction of plasma TTR should decrease or halt 
amyloid deposition by making less TTR available to 
dissociate and deposit in the heart and nerves. There 
are 2 approaches to silencing TTR mRNA transla-
tion: small interfering RNA (siRNA) and antisense 
oligonucleotide (ASO).77

An siRNA, packaged in a lipid nanoparticle to 
ensure delivery to the liver, has been designed to 
bind to a conserved region of TTR mRNA, degrad-
ing the mRNA and reducing TTR protein expres-
sion. One siRNA, patisiran, completed the phase 3 
APOLLO clinical trial (NCT01960348) in August 
2017. It is an intravenous medication that requires 
premedication. The APOLLO trial studied patients 
with neuropathic variants of ATTRm, with a primary 
end point of neuropathy progression over 18 months. 
Patisrian met the primary end point and will likely be 
approved by the US Food and Drug Administration 
(FDA) by the third quarter of 2018. Given its target 
of a conserved 3’ untranslated region of TTR mRNA, 
patisiran should theoretically yield benefi ts not just in 
FAP but to both ATTRm-CA and ATTRwt-CA.68,77

ASOs are single-stranded oligonucleotides, typi-
cally 20 nucleotides in length, that bind to mRNA 
and elicit enzymatic mRNA degradation and reduced 
protein expression. Inotersen (IONIS-TTRRx) is 
an ASO drug that targets a conserved region of 
TTR mRNA. Inotersen is administered by weekly 
subcutaneous injection. A phase 2/3 clinical trial 
(NCT01737398) completed in October 2017 studied 
the drug's effi cacy in treating FAP, with a primary end 
point of neuropathy progression over 65 weeks. It met 
the primary end point and a subset of patients actu-
ally improved. Like patisiran, inotersen is likely to be 
approved by the FDA for a neuropathy indication by 
the third quarter of 2018 and may benefi t patients 
with ATTRm-CA and ATTRwt-CA. More studies 
are needed in the ATTR cardiac population.68,77

Stabilize the TTR tetramer. The TTR tetramer 
has 2 thyroxine binding pockets that stabilize the 
structure when bound preventing dissociation. Dis-
sociation of the tetramer, the rate limiting step for 
ATTR fi brillogenesis, can be reduced using pharma-
cologic agents that bind to the thyroxine binding 
pockets. Both new and repurposed agents have been 
found to stabilize the TTR tetramer, including difl u-
nisal, tafamidis, tolcapone, and AG10.68,77

Difl unisal (Dolobid) is a nonacetylated salicylate 

nonsteroidal anti-infl ammatory drug used for over 3 
decades to treat arthritis and musculoskeletal pain. 
Unrelated to its anti-infl ammatory properties, it 
interacts with TTR’s thyroxine binding pocket to 
increase the stability of the tetramer. A 2013 random-
ized, placebo-controlled, international multicenter 
trial of 130 patients with FAP demonstrated a statis-
tically signifi cant slowing of polyneuropathy progres-
sion; however, 67 patients (difl unisal n = 27, placebo 
n = 40) did not complete the study.78 A small study 
revealed difl unisal to be reasonably well-tolerated in 
ATTR-CA, and to date it is the only readily available 
pharmacotherapy for ATTR supported by a random-
ized, placebo-controlled trial.79,80 Difl unisal may be 
considered for off-label use in patients with ATTR-
CA with relatively preserved kidney function and no 
increased bleeding risk, taken under the supervision 
of a cardiologist who will monitor for fl uid retention 
and changes in renal function.77

Tafamidis (Vyndaqel), like difl unisal, interacts 
with TTR’s thyroxine binding pocket and increases 
tetrameric stability. A phase 2 open-label clinical trial 
studied the effi cacy and tolerance of tafamidis in 31 
patients with ATTRwt and NYHA functional class 
1 and 2 followed for 1 year. Twenty-eight patients 
completed the study and 2 patients died. TTR stabi-
lization at 6 weeks was achieved in 30 of 31 patients 
(96.8%), and success at 1 year in 25 of 28 patients 
(89.3%). No clinical progression occurred in 16 of 31 
patients (51.5%), and tafamidis was generally well-
tolerated, with diarrhea the most common side effect 
in 7 of 31 patients (22.6% ).81,82 

A phase 3 clinical trial (NCT01994889) is study-
ing tafamidis vs placebo in patients with ATTRm-CA 
or ATTRwt-CA (excluding NYHA functional class 
4) with the primary outcome measure of all-cause 
mortality and heart failure-related hospitalizations 
over 30 months. This is a large trial that enrolled 446 
patients and data collection is expected to be com-
pleted in February 2018.

Tolcapone, approved by the FDA for Parkinson 
disease, has been found to be a potent TTR stabilizer 
by binding both thyroxine binding pockets of the 
TTR tetramer simultaneously. However, tolcapone 
has an FDA “black box” warning due to the risk of 
potentially fatal acute fulminant liver failure and is 
not currently used in ATTR therapy.68 Nonetheless, it 
will likely undergo further study for ATTR. 

Recruiting is underway for a phase 1 clinical 
trial of AG10, a potent selective TTR stabilizer  
(NCT03294707).68

Disruption and clearance of the ATTR amyloid 
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fi bril. Even though treatment directed at blocking 
TTR synthesis or stabilizing the tetramer may be 
effective at preventing further deposition, the residual 
amyloid deposits persist and continue to affect organ 
function. With that need in mind, several agents that 
disrupt the amyloid formation process further down-
stream have been evaluated at a basic science level 
and in a few small nonrandomized open-label studies.77

Doxycycline is a tetracycline antibiotic with dem-
onstrated effectiveness in disrupting mature amyloid 
fi brils in mouse models.83 Tauroursodeoxycholic acid  
is a bile acid with the ability to disrupt prefi brillar 
amyloid components. This combination has been 
studied in patients with ATTR-CA in 2 small open-
label trials, with only 1 having results published. There 
was no progression in NT-proBNP or wall thickness 
in a cohort of 7 patients who completed 12 months 
of treatment.84 These data are nonrandomized and 
hypothesis-generating, as adequate studies would need 
to be performed to evaluate this hypothesis further. 
Because there are currently no FDA-approved thera-
pies for ATTR, patients may be offered this combina-
tion fully informed that the data are limited. (Note: 
ursodiol is substituted for tauroursodeoxycholic acid, 
which is not available in the United States.)68

Green tea extract contains the polyphenol epigal-
locatechin-3-gallate, which has shown the ability for 
fi bril disruption as well as TTR stabilization, impor-
tantly using a binding site separate from the thyroxine 
binding pocket (utilized in difl unisal and tafamidis). 
A small open-label study of 19 patients with ATTR-
CA of whom 14 took green tea extract for 1 year 
reported a reduction in intraventricular septal wall  
thickness at 1 year, and in 9 patients a reduction of 
12.5% in LV mass measured by cardiac MRI.85

Curcumin, the active ingredient in the household 
spice turmeric, has displayed in vitro promise as a 
TTR stabilizer by binding to the thyroxine binding 
pocket, and as an amyloid fi bril disruptor by increas-
ing macrophage degradation activity. Although there 
have only been preliminary animal studies, this 
supplement may be promising for further study in 
humans with ATTR-CA.68

PRX004 is a synthetic antibody designed to bind 
to non-native misfolded forms of TTR with the goal 
of potentially preventing deposition and promoting 
clearance of TTR aggregates.86 A phase 1 open-label 
escalation trial (NCT03336580) in 36 patients with 
ATTRm is planned and, hopefully, will pave the way 
for further study. 

Heart transplant for patients with ATTR-CA. 
Patients with ATTRwt-CA who are young enough 

to undergo heart transplant have displayed favorable 
outcomes given that it causes clinically isolated heart 
disease and is an indolent process that should not 
affect the transplanted heart over the average life span 
of the allograft. Patients with the ATTRm mutation 
V122I have been treated with heart transplant alone, 
with the thought process that again, due to the indo-
lent nature of amyloid deposition, concomitant liver 
transplant may not be needed.74 Thus far, 6 patients 
with this mutation have undergone successful trans-
plant at our institution with heart alone, 1 of whom is 
9 years posttransplant without any recurrent amyloid 
in the allograft. Patients with the T60A mutation 
that causes both polyneuropathy and cardiomyopathy 
require combined heart and liver transplant.74

Are there other therapies being studied to clear 
amyloid deposits and reverse organ dysfunction?
Extracellular deposits of amyloid fi brils, regardless of 
precursor protein, contain common elements such as 
calcium, glycosaminoglycans, and an SAP component. 
SAP stabilizes amyloid fi brils and makes them resis-
tant to degradation. A monoclonal immunoglobulin 
G1 anti-SAP antibody has been designed to target 
the ubiquitous SAP component, signaling an immune 
response that leads to macrophage mediated clear-
ance of amyloid fi brils, regardless of the type. Treat-
ment with this approach was studied in a pilot trial 
of 16 patients mostly with AL, and within a 6-week 
period some of the patients had dramatic reversal of 
liver amyloid deposition.2 This has paved the way for 
a phase 2 open-label trial to be performed in patients 
with AL-CA and ATTR-CA (NCT03044353) and 
plans for a randomized phase 3 trial in CA are in 
discussion. There is optimism that this therapy may 
achieve the holy grail of removing amyloid rather 
than just preventing further deposition.

 ■ CONCLUSION
The diagnosis of CA requires a high index of sus-
picion. The diagnostic tools have improved due to 
the availability of modern imaging techniques, and 
the advent of measuring the sFLC assay along with 
immunofi xation of the serum and urine. The prog-
nosis for patients with AL-CA used to be dismal, 
with very poor survival rates. The current treatment 
strategies that include proteasome inhibitors have 
signifi cantly improved survival, emphasizing the 
importance of early diagnosis and prompt initiation 
of therapy. Monoclonal antibodies against plasma 
cells (daratumumab) and light chain amyloid depos-
its (NEOD001) have the potential to further improve 
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outcomes. The diagnosis of ATTR-CA used to be a 
futile academic pursuit given the lack of available 
therapies. However, there are several new FDA-
approved agents on the horizon, including TTR gene 
silencers and stabilizers. CA is no longer considered 
to be rare and hopeless. Rather, it is more common 
than previously recognized and even more treatable. 
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