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AbstrAct
Cardiac amyloidosis (CA) describes the pathological 
process of amyloid protein deposition in the extracellular 
space of the myocardium. Unfortunately, the diagnosis of 
CA is often made late and when the disease process is 
advanced. However, advances in cardiovascular imaging 
have allowed for better prognostication and establishing 
diagnostic pathways with high sensitivity and specificity. 
This review discusses the role of echocardiography, 
cardiac MRI and nuclear cardiology in current clinical 
practice for diagnosis and prognosis of CA.

IntroduCtIon
The term ‘amyloidosis’ describes the patho-
logical process of amyloid deposition in the 
extracellular space. Amyloid proteins are 
normally soluble in the plasma and become 
insoluble after assembling in an abnormal 
(misfolded) beta-sheet conformation.1 
Amyloid may accumulate in multiple organs 
and cause organ dysfunction.

There are two main types of amyloidosis1: 
abnormal transthyretin (ATTR) amyloi-
dosis and2 light-chain (AL) amyloidosis, also 
known as primary systemic amyloidosis.2

ATTR amyloidosis occurs due to an accu-
mulation of abnormal transthyretin protein, 
a carrier protein for thyroid hormones and 
vitamin A. Individuals who carry a mutation 
of the transthyretin protein (TTR) gene 
produce a variant of this protein, which is 
synthesised in the liver, and may eventually 
accumulate in multiple organs throughout 
their lifetime.3 ATTR amyloidosis is especially 
prevalent among those of African-Amer-
ican and Afro-Caribbean descent, who often 
possess a variant known as ‘Val122ll’ in the 
TTR gene. This variant accounts for nearly 
one quarter of African Americans with 
cardiac amyloidosis.4

AL amyloidosis occurs due to an accumula-
tion of the light-chain component of immu-
noglobulins formed by abnormal B cells (ie, 

plasma cells) and is often associated with 
monoclonal gammopathy of undetermined 
significance or multiple myeloma.5

There may be an accumulation of amyloid 
proteins in the heart, a condition known as 
cardiac amyloidosis (CA). CA is a common 
cause of restrictive cardiomyopathy and 
should be considered in patients with heart 
failure with preserved ejection fraction.6 
Symptoms may include reduced exercise 
capacity, fatigue, shortness of breath and 
oedema of the lower extremities. Cardiac 
amyloidosis may also affect the conduction 
system of the heart, leading to arrhythmias 
and heart blocks. QRS voltages are often 
diminished, although this may not be appre-
ciable as frequently in ATTR amyloidosis 
compared with AL amyloidosis.7 8

The gold standard of CA diagnosis is 
myocardial biopsy.1 However, this procedure 
is invasive and may fail to detect cardiac 
amyloidosis if the biopsy sample is taken 
from a region of the myocardium unaffected 
by amyloidosis.1 The type of cardiac amyloi-
dosis may be distinguished by taking a sample 
of the biopsy tissue and analysing it by mass 
spectrometry.9 The need for tissue diagnosis 
to characterise the type of amyloidosis is very 
important as ATTR and AL are treated differ-
ently. In clinical practice, most patients have 
tissue diagnosis from fat pad or kidney biop-
sies. In few selected cases, where the yield of 
peripheral biopsies is nil, an endomyocardial 
biopsy should be considered. Serum-free 
light-chain assay is a used as part of the work-
up, treatment and prognosis of AL amyloi-
dosis; however, its limitations and use are 
beyond the scope of this review.10 Echocardi-
ography in combination with cardiovascular 
magnetic resonance (CMR) imaging can be 
used to diagnose and prognosticate CA.11 12 
Additionally, technetium 99m-pyrophosphate 
(Tc99m-PYP) is a single-photon emission CT 
(SPECT) agent that is highly sensitive and 
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Figure 1 Diastolic function in cardiac amyloidosis (CA): diastolic parameters tend to be markedly abnormal due to stiffening 
of the myocardium secondary to amyloid infiltration. Aside from the classical steep deceleration time, which is consistent with 
restrictive diastolic dysfunction, there are other parameters that are helpful. Tissue Doppler velocity at mitral annulus (E′) are 
usually <6 cm/s. Also, notice the significant blunting of the systolic component of the pulmonary vein flow, suggesting high 
filling pressures in the absence of significant mitral regurgitation. Typically, like any other restrictive cardiomyopathy, CA will 
present with biatrial enlargement, reflecting the chronically elevated filling ventricular pressures.

Figure 2 Speckled pattern in transthoracic 
echocardiogram: with the advent of harmonic imaging, this 
is a feature of cardiac amyloidosis that is less reliable due to 
augmentation of speckles in myocardium and can be seen 
in harmonic imaging mode. In some echo laboratories, a 
frame of PLAX using fundamental imaging will be acquired 
on suspicion. This is a qualitative assessment and should not 
be used by itself to diagnose cardiac amyloidosis. LA, left 
atrium; LV, left ventricle; RV, right ventricle.

specific for the diagnosis of ATTR amyloidosis.13 In this 
review, we discuss echocardiographic, cardiac MRI and 
nuclear cardiology.

CardIovasCular ImagIng fIndIngs In CardIaC 
amyloIdosIs
Echocardiogram
The hallmark of CA on echocardiogram is increased left 
ventricular thickness. Cardiac involvement in amyloi-
dosis often presents with >12 mm thickness of the left 
ventricular wall.8 Increased ventricular wall thickness, 
left atrial enlargement, and preserved or reduced systolic 
function are other findings that might be present with 
CA and may be correlated with clinical congestive heart 
failure.14 However, these findings may be present in 
other disorders with increased afterload, such as aortic 
stenosis, hypertrophic cardiomyopathy, hypertensive 
heart disease, renal disease and Fabry’s disease. Diastolic 
function may be significantly affected and tissue Doppler 
mitral annular velocity values are often less than 6 cm/s. 
Even though restrictive diastolic dysfunction is seen 
in advanced stages (see figure 1), there is recent litera-
ture by Knight et al that suggests that average E/e′ ratio 
becomes abnormal in early stages of amyloidosis.12

Another ‘classical’ echocardiographic feature of cardiac 
amyloidosis is the ‘speckled’ pattern (see figure 2) better 
characterised in fundamental imaging, which results 
because amyloid protein is more echogenic than the 
surrounding myocardial tissue.8

The global longitudinal strain (GLS) pattern that can 
be appreciated in CA typically spares the apex of the heart 
(see figure 3). This is a sensitive and specific finding that 
can be used to distinguish amyloidosis from other causes 
of left ventricular hypertrophy (LVH).15 A decrease in 

GLS can be identified before a decrease in left ventric-
ular ejection fraction (LVEF) in these patients.16

A GLS value equal or less negative than −14.81 has been 
shown to be a predictor of all-cause mortality among 
patients with AL amyloidosis with preserved LVEF.17 
Additionally, a GLS of −17 or more negative has been 
shown to be a strong predictor of survival in patients 
with AL amyloidosis undergoing autologous haema-
topoietic stem cell transplant.18 The ‘relative regional 
strain ratio’ (RRSR) has been reported to determine 
the extent of apical sparing of longitudinal strain in CA, 
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Figure 3 Apical ‘sparing’ pattern: This is a finding that its helpful in addition to others. The left ventricle apical contractility 
may be preserved quite commonly in patients with advanced cardiac amyloidosis and can be depicted in a polar map of 
global longitudinal strain (A). There are other causes of apical ‘sparing’ such as aortic stenosis, hypertension, hypertrophic 
cardiomyopathy and variant of stress-induced cardiomyopathy. Notice how the basal segments do not contract as robustly as 
the apex (B, C).

and a median RRSR of greater than 1.19 was associated 
with increased progression to death or heart transplan-
tation.19 Reduced deformation of the basal segments 
sparing the apex is not exclusive of CA and can be a less 
specific technique as other diseases, such as hypertrophic 
cardiomyopathy, aortic stenosis and hypertension, and 
even normal subjects can have such pattern.20 It could 
be the fingerprint of a mechanical response to increased 
afterload. However, the dissociation between LVEF pres-
ervation and GLS reduction expressed as an EF:GLS ratio 
is a reproducible and precise method to differentiate CA 
from other causes of LVH.21 Pagourelias et al showed that 
a value of EF:GLS ratio of more than 4.1 had 89.7% sensi-
tivity and 91.7% of specificity to diagnose CA and distin-
guish it from other causes of LVH.22

GLS is an independent prognostic marker in patients 
with AL.16 In a Mayo Clinic study, GLS proved to be an 
important prognostic marker compared with clinical, 
echocardiographic and serological markers in patients 
with light-chain CA.17 Even in the patients who did 
not have cardiac involvement, GLS predicted all-cause 
mortality. Compared with the conventional diastolic 
parameters like E′ and E/E′, speckle tracking imag-
ing-derived diastolic deformation, longitudinal early 
diastolic strain rate (LSRdias) was superior in predicting 
outcomes in patients with CA with preserved LVEF 
(>50%).23 LSRdias <0.85 s−1 alone was associated with four-
fold increased mortality in these patients. A low MAPSE 
(mitral annular plane systolic excursion) value, which 
indicates the longitudinal ventricular function, is also 
associated with poor outcomes in patients with heart 
failure with preserved LVEF.24 Another parameter that is 
associated with worse outcomes in CA is a higher relative 
regional strain ratio (average apical longitudinal strain 
divided by the sum of the average mid and basal longitu-
dinal strain).25

Cardiovascular magnetic resonance
Late gadolinium enhancement
In amyloidosis, the area of the extracellular space often 
increases due to amyloid deposition. Amyloidosis typically 
produces a unique pattern of subendocardial myocardial 
late gadolinium enhancement (LGE) in CMR. However, 
the area of involvement can also be patchy, diffuse or 
transmural.26 Transmural enhancement has been asso-
ciated with a poorer prognosis than other patterns of 
enhancement.27

Although a very useful technique, a challenge with 
LGE is to choose an appropriate inversion time (TI) 
value. This TI value is a baseline where the myocardium 
is black or ‘nulled’. Incorrect determination of this null 
point may mask evidence of amyloidosis.27 A technique 
called ‘phase-sensitive inversion recovery’ allows for the 
automated determination of an ideal TI time and may 
prevent user error from incorrectly masking amyloidosis 
on CMR27 (see figure 4).

Lastly, the administration of a gadolinium contrast 
agent is contraindicated in patients with a glomerular 
filtration rate of less than 30 mL/min/1.73 m2 because 
these patients are at risk of developing nephrogenic 
systemic fibrosis).28 This poses an especially difficult chal-
lenge among patients with amyloidosis, many of whom 
may have renal dysfunction related to amyloid deposition 
in the kidneys in addition the myocardium.

There are two CMR techniques29 that have shown prog-
nostic value in patients with CA:

T1 mapping
T1 mapping allows quantifying the relaxivity of the 
protons in the myocardium in CMR and aids further in 
tissue characterisation. T1 times were initially described 
in organs including the liver and spleen among patients 
with amyloidosis, and changes in T1 times have also been 
identified in the myocardium of patients with amyloidosis. 
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Figure 4 Late gadolinium enhancement in amyloidosis. Because certain artefacts regarding acquisition timing may occur 
when acquiring late gadolinium enhancement (LGE), the preferred technique to do LGE in amyloidosis is phase-sensitive 
inversion recovery (PSIR). PSIR allows to characterise better the segments that have gadolinium enhancement. The 
characteristic pattern is ‘global endocardial’, which also has been described as having transmural and ‘patchy’ characteristics. 
This case illustrated above looks mostly transmural and patchy.

Myocardial amyloid infiltration and fibrosis can lead to 
elevated non-contrast or native T1 relaxation times.30 
This technique may be especially helpful in diagnosing 
CA among patients with significant renal involvement of 
amyloidosis, where gadolinium contrast is not advised.

In a study by Karamitsos et al, elevations in T1 times 
were appreciated among patients with AL amyloidosis 
with definite cardiac involvement and also among 
patients with AL amyloidosis with uncertain or absent 
cardiac involvement.30 This might suggest that T1 
mapping may be more sensitive than other methods of 
detecting amyloidosis. Also, T1 values were significantly 
increased among patients with AL amyloidosis and defini-
tive cardiac involvement compared with those with severe 
aortic stenosis and thickening of the ventricular wall.30 
This suggests that T1 mapping may be more specific than 
other imaging techniques such as echocardiography, 
which may fail to differentiate amyloidosis from other 
causes of LVH.

A pre-contrast T1 time of greater than 1044 ms has been 
associated with a poor prognosis in AL amyloidosis.31 A 
similar cut-off of greater than 1077 ms has been associ-
ated with worse prognosis for ATTR amyloidosis, but not 
particularly prognostic when separated by familial and 
wild-type ATTR.32

Extracellular volume fraction
T1 mapping can be used to estimate myocardial extra-
cellular volume (ECV) fraction (see figure 5). Extra-
cellular volume fraction can be used as a surrogate to 
quantify amyloid burden.33 Accurate measurement of 
the ECV requires a haematocrit performed at the time 
of the study and can be estimated using the equation: 
ECV=(1−haematocrit)×(ΔR1myocardium/ΔR1blood).33 In a 
study by Banypersad et al, extracellular volume fraction 
progressively increased among those with none versus 

probable versus definite cardiac involvement. ECV also 
correlated with echocardiographic parameters including 
left ventricular mass, septal thickness, end systolic volume 
and left atrial area. Furthermore, ECV has good corre-
lation with N-terminal pro-BNP levels and troponin T 
levels, which are strong prognostic indicators of cardiac 
amyloidosis. Additionally, ECV correlated with smaller 
QRS voltages and poor performance with 6 min walk 
test.33

Perhaps most surprisingly, ECV was also found to be 
increased in cases where hypertrophy was not present on 
echocardiography, as well as where LGE did not demon-
strate evidence of amyloidosis.33 This implies that ECV 
might be a very sensitive test, which may allow for earlier 
detection of CA than other methods of diagnosis. ECV 
at equilibrium of greater than 0.45 has been shown to 
portend a poor prognosis in AL amyloidosis.31

Other MRI techniques
More recently, the study by Knight et al showed that each 
increment in the left atrial indexed area by 1.8 cm2/m2, 
the decrement of indexed stroke volume by 5 mL/m2 
and decrement of tricuspid annular plane systolic excur-
sion by 3.6 mm have an independent correlation with 
mortality in patients with amyloidosis.12

nuclear cardiology
Another challenge in the diagnosis of CA is differ-
entiating AL from ATTR amyloidosis by non-invasive 
imaging. Tc99m-PYP SPECT imaging has been proven to 
be a very sensitive and specific method (about 90% both) 
for detecting ATTR amyloidosis,13 but not AL amyloi-
dosis. Thus, it can be useful in distinguishing the two 
types of CA. Evidence of radiotracer uptake and increase 
in counts within myocardium can be diagnostic of ATTR 
CA.
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Figure 5 Extracellular volume fraction in amyloidosis: T1 mapping can be used to estimate myocardial extracellular volume 
(ECV) fraction, a surrogate to quantify amyloid burden in extracellular space. Accurate measurement of the ECV requires a 
haematocrit (HCT) performed at the time of study and can be estimated using the equation above; values were taken from the 
region of interest–derived values, pre-contrast (native) and post-contrast T1 maps. ECV at equilibrium of greater than 0.45 has 
been shown to portend a poor prognosis in light-chain amyloidosis.

Tc99m-PYP is effective in making the diagnosis of 
ATTR CA and can also be used to determine prognosis. A 
specific region within the myocardium can be compared 
with a contralateral area of the chest on Tc99m-PYP 
cardiac imaging. The ratio of the points of interest in the 
area of the myocardium relative to the points of interest 
in the contralateral area of the chest provides what is 
known as the ‘H:CL ratio’. An H:CL ratio equal or greater 
than 1.6 predicts increased mortality in ATTR amyloi-
dosis.13 Tc99m-PYP SPECT has shown an uptake distribu-
tion of an apical sparing pattern in myocardial segments, 
with greater uptake in basal and mid than apical LV 
segments.34 This is comparable with the base to apex 
gradient in GLS polar map seen by echocardiography. An 
apical sparing ratio (ASR) of myocardial uptake, which is 
calculated by adding base and mid segment counts and 
dividing it by apical counts, has been recently shown to 
predict survival better than echo-derived GLS.34 An ASR 
of more than 2.75 is associated with a better prognosis in 
patients with ATTR CA.34

Tc99m-Hydroxymethylene diphosphonate (Tc99m-
HMDP) SPECT as well has shown promising results of 
good sensitivity and specificity to differentiate between 
AL and ATTR CA.35 Also, Tc99m-HMDP has shown an 
apical sparing pattern as well in myocardial uptake 
distribution.36 Another SPECT tracer that can robustly 
differentiate TTR from AL CA is Tc99m 3,3-diphospho-
no-1,2-propanodicarboxylic acid (DPD). Perugini et al 

demonstrated that using a semiquantitative visual scoring 
of myocardial uptake (Perugini grading), ATTR CA can 
be differentiated from AL with Tc99m-DPD SPECT.37 
With a well-established sensitivity and specificity, Perugini 
grading in Tc99m DPD did not show prognostic value in 
a more recent study in patients with ATTR CA.38 Recently, 
Tc99m-PYP was compared with Tc99m-DPD in patients 
with established diagnosis of ATTR CA.39 The latter was 
shown to have significant skeletal muscle uptake, and this 
could obscure cardiac uptake and cause some false-nega-
tive results.39 PET has fewer literature representation than 
SPECT techniques mentioned above in CA.40 Dorbala et 
al showed that 18F-florbetapir PET shows uptake in both 
ATTR and AL CA and could be used to quantify amyloid 
myocardial burden.40 41 In clinical practice, the use of 
PET is not widespread in CA and remains in the realm 
of research, but this continues to be an exciting and 
emerging field for these diseases.

ConClusIon
Historically, echocardiography has allowed for the 
possible identification of cardiac amyloidosis, but find-
ings are relatively non-specific and may present late in 
the disease process. CMR has allowed for significant 
improvement in the diagnosis of CA. LGE has proven 
to be a very useful tool to make CMR an important part 
of the diagnostic pathway.26 However, gadolinium-based 
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Figure 6 Suggested algorithm for cardiac imaging diagnosis and stratification of cardiac amyloidosis. AL, light-chain 
amyloidosis; ATTR, abnormal transthyretin; CMR, cardiovascular magnetic resonance; DPD, 3,3-diphosphono-1,2-
propanodicarboxylic acid; ECV, extracellular volume; GLS, global longitudinal strain; PYP, pyrophosphate; SPECT, single-
photon emission CT.

contrasts may be contraindicated in some patients with 
CA with renal involvement. T1 mapping and measure-
ments of extracellular volume fraction have contributed 
significantly in making CMR a robust prognostic tool 
in CA. A non-invasive cardiac imaging algorithm using 
sequentially CMR and Tc99m-PYP can be suggested to 
differentiate AL from TTR CA and tailor work-up and 
clinical pathway accordingly (see figure 6). Despite 
advancements in cardiac imaging for the diagnosis and 
prognosis of CA, there is still a need for earlier detection 
of CA.
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Correction: Role of cardiovascular imaging for the diagnosis 
and prognosis of cardiac amyloidosis

Agha AM, Parwani P, Guha A, et al. Role of cardiovascular imaging for the diagnosis 
and prognosis of cardiac amyloidosis. Open Heart 2018;5:e000881. doi:10.1136/
openhrt-2018-000881

This article has been corrected since it first published. The authors want to inform 
the readers on the following two changes.

The second paragraph under the sub-heading ‘Late gadolinium enhancement’ of 
‘Cardiovascular magnetic resonance’, should read as:

Although a very useful technique, a challenge with LGE is to choose an appropriate 
inversion time (TI) value. This TI value is a baseline where the myocardium is black 
or ‘nulled’. Incorrect determination of this null point may mask evidence of amyloi-
dosis.27 A technique called ‘phase-sensitive inversion recovery’ allows for the automated 
determination of an ideal TI time and may prevent user error from incorrectly masking 
amyloidosis on CMR27 (see figure 4).

The third paragraph under the sub-heading ‘T1 mapping’ of ‘Cardiovascular 
magnetic resonance’, should read as:

A pre-contrast T1 time of greater than 1044 ms has been associated with a poor prog-
nosis in AL amyloidosis.31 A similar cut-off of greater than 1077 ms has been associated 
with worse prognosis for ATTR amyloidosis, but not particularly prognostic when sepa-
rated by familial and wild-type ATTR.32
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