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emission computed tomographic tracers, direct amyloid imag-
ing agents (I-123–labeled serum amyloid P component), bone 
imaging agents (Tc-99m pyrophosphate or Tc-99m 3,3-diphos-
phono-1,2-propanodicarboxylic acid [DPD]), and agents to 
image cardiac sympathetic innervation (I-123 metaiodobenzyl-
guanidine) are available for use. Metaiodobenzylguanidine is 
a norepinephrine analog, which is actively taken up by sympa-
thetic nerve terminals and not further metabolized, enabling us 
to image cardiac sympathetic innervation. I-123–labeled serum 
amyloid P component scans have been used in systemic amy-
loidosis to image noncardiac organs,27 but the technique is not of 
proven value for imaging cardiac amyloidosis because of limited 
signal:noise ratio in the heart. Radionuclide scans (Figure 8A) 
may be helpful to diagnose cardiac amyloidosis in patients who 
cannot undergo a CMR study for any reason.

Bone imaging agents, such as Tc-99m pyrophosphate or 
Tc-99m DPD, are probably taken up via a calcium-mediated 
mechanism and seem to be helpful to identify (both mutant and 
wild type) ATTR amyloidosis.28,29 In 1 study, Tc-99m DPD was 
able to differentiate between AL and ATTR amyloidosis non-
invasively, with patients with all ATTR showing DPD uptake 
and none of the patients with AL showing DPD uptake (Figure 
III in the Data Supplement).28 It has been subsequently docu-
mented that DPD is taken up in the heart of some patients with 
AL amyloidosis (for reasons that remain unclear), but patients 
with ATTR amyloid undoubtedly show a more intense uptake 
than those with AL disease. DPD is not available in the United 
States, but Tc-99m is, and it is avidly taken up by the heart in 

ATTR amyloid cardiomyopathy. Bokhari et al30 showed that a 
heart:contralateral lung ratio of 1.5 on Tc-99m pyrophosphate 
imaging distinguished ATTR amyloidosis (≥1.5) from AL 
amyloidosis (<1.5). The combination of increased wall thick-
ness and high heart to  whole-body Tc-99m DPD uptake is also 
a significant independent predictor of major adverse cardio-
vascular events.29 Therefore, when ATTR amyloidosis of the 
heart is suspected based on the clinical presentation, Tc-99m 
pyrophosphate/DPD scan may be preferable to a CMR study, 
recognizing that while a positive Tc-99m pyrophosphate/DPD 
scan suggests ATTR amyloidosis, a negative Tc-99m pyro-
phosphate/DPD scan does not rule out AL cardiac amyloid. 
Also, because bone imaging agents are not taken up by nor-
mal myocardium, blood pool activity may be noted in negative 
scans, and this must be distinguished from active myocardial 
uptake in amyloidosis (Figure 8B).

I-123 metaiodobenzylguanidine scintigraphy is used to 
image cardiac sympathetic denervation (not amyloidosis). 
Myocardial sympathetic denervation may be an early feature 
of cardiac involvement particularly in individuals with trans-
thyretin familial amyloid polyneuropathy.31,32 Familial amy-
loid polyneuropathy is an autosomal dominant disease with 
single point mutations to the transthyretin gene presenting 
with neuropathy (sensorimotor and autonomic neuropathy, 
V30M) with or without cardiac involvement or isolated car-
diac involvement (V122I). Also, in 1 recent study33 of 142 
individuals with familial amyloid neuropathy V30M variant, a 
heart:mediastinal ratio of <1.6 when compared with ≥1.6 on 

Figure 6. Atrial strain in cardiac 
amyloidosis. Atrial strain is sig-
nificantly impaired globally in a 
subject with transthyretincar-
diac amyloidosis (A) contrasted 
with normal atrial strain in a 
gene positive phenotype nega-
tive subject (B).
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I-123 metaiodobenzylguanidine scintigraphy identified indi-
viduals with a high mortality risk (hazard ratio, 7.9; 95% confi-
dence interval, 3.38–15.2).

Direct imaging of amyloid fibrils, using positron emission 
tomographic tracers of C-11 Pittsburgh B compound34 (Figure 

IV in the Data Supplement) and F-18 florbetapir (Figure 9), 
seems promising and is currently under investigation. These 
direct amyloid imaging agents offer the potential quantitation 
of amyloid burden and identification of early cardiac involve-
ment before overt cardiac structural changes.

Figure 7. Typical rest cardiac magnetic resonance imaging features in a patient with familial transthyretin cardiac amyloidosis. Late gado-
linium enhancement (LGE) images demonstrate diffuse LGE in the left ventricular myocardium (A) contrasted with dark myocardium in a 
normal patient (B). C, LGE in the atrial wall, a characteristic feature of cardiac amyloidosis.

Table 2. Typical CMR Features of Cardiac Amyloidosis

Parameters Comments

Characteristic morphological features of cardiac amyloidosis/restrictive 
cardiomyopathy as listed in Table 1

Better resolution images than echocardiography
No limitation of difficult echo windows

LV LGE Diffuse and subendocardial LGE of the LV myocardium is more common than 
patchy focal delayed enhancement

May be an early feature of cardiac involvement when compared with increased 
wall thickness

Atrial LGE and function A characteristic feature of cardiac amyloidosis
Atrial function can be studied well with CMR

T1 mapping Subendocardial T1 relaxation time may be shortened in cardiac amyloidosis
This is an early feature of cardiac amyloid involvement

Extracellular volume estimation based on T1 mapping and hematocrit measures Extracellular volume expansion may permit an early diagnosis of cardiac amyloid 
even before overt LV LGE

CMR indicates cardiac magnetic resonance; LGE, late gadolinium enhancement; and LV, left ventricular.
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Is There a Gold Standard for the Noninvasive 
Diagnosis of Cardiac Amyloidosis?

The definitive diagnosis of amyloidosis is generally accepted as 
requiring a biopsy with the typical appearance of amyloid depos-
its, staining with amyloid-specific stains (classically Congo red, 
with apple-green birefringence under polarized light). A posi-
tive myocardial biopsy is indicative of amyloid in the heart but 
with the caveat that elderly patients have a high prevalence of 
cardiac amyloid deposits, which may be infrequent and patchy 
and of no clinical significance. Once there is enough amyloid in 
the heart to cause ventricular wall thickening, endomyocardial 
biopsy almost always contains a significant amount of amy-
loid. However, in unskilled hands, with inadequate staining, 
false-negative reports may occur. Thus, if noninvasive imag-
ing is strongly suggestive of amyloidosis, particularly in the 

setting of a typical clinical picture, a negative cardiac biopsy 
should not be viewed as ruling out the diagnosis, and an expert 
second-opinion review should be sought, with consideration of 
rebiopsy in selected cases. A typical noninvasive abnormality 
on cardiac imaging, whether echocardiography, magnetic reso-
nance imaging, or possibly technetium pyrophosphate imaging 
in transthyretin amyloidosis, is specific enough in the setting of 
a positive noncardiac biopsy, such as a fat pad biopsy or renal 
biopsy, to conclude that cardiac amyloid is definitely present in 
clinically significant amounts. Similarly, it is almost certain that 
a strongly positive Tc-99m pyrophosphate scan in a patient who 
tests positive for a variant transthyretin known to be amyloido-
genic will have ATTR cardiac amyloidosis.

We do not, however, think that there is a single noninvasive 
test that can be considered either the ultimate gold standard 

Figure 8. Tc-99m pyrophosphate single-photon emission computed tomography in cardiac amyloidosis. Note intense diffuse rest left and 
right ventricular myocardial uptake in a patient with transthyretin (ATTR) cardiac amyloidosis (A, standard cardiac imaging planes of short 
axis [SA], horizontal long axis [HLA], and vertical long axis [VLA] projections). B, Blood pool activity and no myocardial uptake in a patient 
with nonamyloid left ventricular hypertrophy (LVH; standard cardiac imaging planes as above). ANT indicates anterior; INF, inferior; LAT, 
lateral; and SEP, septal.
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for the diagnosis or even a gold standard when considered 
against other noninvasive testing modalities. Most commonly, 
the noninvasive diagnosis of cardiac involvement in patients 
with systemic amyloidosis is suspected initially by echocar-
diography based on increased wall thickness and a restrictive 
LV filling pattern. Typical LV longitudinal strain abnormali-
ties with preserved apical strain when compared with basal 
strain may strengthen the likelihood that increased LV mass 
is because of amyloid infiltration, yet there may be overlap 
with other LV diseases associated with true hypertrophy. 
Characteristic patterns of LGE on CMR, increase in ECV 
fraction, and prolongation of the T1 times may suggest car-
diac amyloidosis even before overt LV wall thickening, but 
by themselves they are also not pathognomonic for this diag-
nosis. Radionuclide techniques with specific binding to com-
ponents of amyloid can identify systemic amyloid deposits. 
However, the amyloid-specific radiotracer used (I-123 serum 
amyloid P component) is not available in North America nor 
is it useful for imaging cardiac amyloidosis because of blood 
pool activity. The diagnostic accuracy of amyloid-specific 
positron emission tomography radiotracers, F-18 florbeta-
pir and C-1 Pittsburgh B compound, is still currently under 

investigation. Although bone imaging radiotracers (Tc-99m 
DPD and Tc-99m pyrophosphate) are excellent for imaging 
ATTR cardiac amyloidosis, to the extent that they may iden-
tify early cardiac involvement in asymptomatic familial ATTR 
disease when other imaging techniques are negative, they are 
poorly, or not at all, taken up by the myocardium in individuals 
with AL cardiac amyloidosis. Thus, rather than seeking a gold 
standard for diagnosing this disease, the clinician and imaging 
specialist is better served by taking a broader approach, using 
where appropriate multiple modalities while considering the 
clinical picture and the appropriate timing of cardiac biopsy. A 
diagnostic algorithm to evaluate patients with suspected car-
diac amyloidosis is shown in Figure 10.

Approach to the Patient Described Above
The echocardiogram was repeated and showed an echogenic 
granular myocardium with moderate concentric LV thicken-
ing (14 mm), ejection fraction of 60%, a restrictive filling pat-
tern, with an early diastolic mitral tissue Doppler velocity (e′) 
of 0.06 cm/s (Movie I in the Data Supplement). There was no 
aortic stenosis. Both atria were enlarged, and there was mod-
erate mitral valve regurgitation. Longitudinal strain imaging 

Figure 9. F-18 florbetapir imaging in cardiac amyloidosis. Rest F-18 florbetapir positron emission tomography images showing diffuse 
biventricular uptake of radiotracer in a patient with transthyretin cardiac amyloidosis. ANT indicates anterior; HLA, horizontal long axis; 
INF, inferior; LAT, lateral; SA, short axis; SEP, septal; and VLA, vertical long axis.
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by speckle tracking revealed a typical pattern of apical spar-
ing, with severe basal longitudinal dysfunction and depressed 
global longitudinal strain (Figure 4). A bone marrow biopsy 
was repeated, and it showed a moderately hypocellular mar-
row (80% fat), with ≈10% plasma cells. Immunoperoxidase 
staining revealed monotypic CD138-positive plasma cells 
positive for immunoglobulin λ light chains and IgG heavy 
chain. There was a corresponding IgG λ paraprotein in the 
serum detected by immunofixation. Although this hemato-
logic picture strongly suggested a diagnosis of AL amyloi-
dosis, the clinical picture of isolated cardiac amyloidosis in 
an older man was more akin to the presentation of wild-type 
ATTR amyloidosis. Hence, a Tc-99m pyrophosphate scintig-
raphy was performed and strongly positive (Figure 8A), sug-
gesting a diagnosis of ATTR amyloidosis. Endomyocardial 
biopsy was then performed and documented an extensive 
amyloid deposition along with moderate myocyte hypertro-
phy. Immunofluorescence staining of the amyloid deposits, 
performed on a fresh sample of myocardium, was strongly 
positive for transthyretin and negative for IgG, IgM, IgA, 
κ light chain, λ light chain, and protein A. Because of the 
unusual clinical picture, proteomics analysis was performed 
on the biopsy samples, which confirmed transthyretin-
derived amyloidosis. ATTR genotyping showed no evidence 

of a mutant protein, thereby confirming a diagnosis of senile 
systemic amyloidosis.

In summary, the plasma cell dyscrasia in this patient, although 
usually highly suggestive of AL amyloidosis when associated 
with a positive biopsy for amyloid and an abnormal free light-
chain ratio, was an unrelated phenomenon. It represents either 
a monoclonal gammopathy of unknown significance, which is 
found in approximately 5% of the elderly population, or a bor-
derline smouldering multiple myeloma. The impression that the 
disease was clinically more like senile systemic amyloidosis led 
to performance of the Tc-99m PYP, which by strengthening the 
clinical impression in the face of conflicting hematologic data 
led to the ultimate performance of definitive molecular analy-
sis of biopsy tissue, confirming ATTR and thereby sparing the 
patients inappropriate chemotherapy.
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Supplemental Figure Legends 

 

Supplemental Figure 1. Low voltage QRS complexes in a patient with AL amyloidosis.  

 

Supplemental Figure 2 A and 2B. 2A: A transesophageal echocardiogram image 

(bicaval view) from a patient with ATTR amyloidosis, showing interatrial septal 

thickening from amyloid deposition. 2B: A transaxial prospectively gated contrast 

enhanced multidetector cardiac CT image from a patient with familial TTR cardiac 

amyloidosis showing interatrial septal thickening. Note that the Hounsfield unit 

measurements from the interatrial septum (48 HU) are significantly higher than epicardial 

fat (-21 HU) suggesting amyloid deposits. 

 

Supplemental Figure 3. Tc-99m DPD imaging in cardiac amyloidosis.Tc-99m 

DPD1(3A) images in cardiac amyloidosis. Reprinted from Perugini et al1 with permission 

of the publisher. Copyright © 2005, Elsevier. Authorization for this adaptation has been 

obtained both from the owner of the copyright in the original work and from the owner of 

copyright in the translation or adaptation. 

 

Supplemental Figure 4. Radionuclide imaging in cardiac amyloidosis. C-11 PiB 

(Pittsburgh B compound) images2 in cardiac amyloidosis. C-11 PiB images are shown in 

the top row and myocardial perfusion images in the bottom row. Reprinted from Antoni 

et al2 with permission of the publisher. Copyright © 2013, Society of Nuclear Medicine 

and Molecular Imaging, Inc. Authorization for this adaptation has been obtained both 

from the owner of the copyright in the original work and from the owner of copyright in 

the translation or adaptation. 
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Supplemental Video Legends  

 

Supplemental Video 1. Apical 4 - chamber view of echocardiogram demonstrating 

biatrial enlargement, increased thickness of the left and right ventricles with normal 

ejection fraction. 

 

Supplemental Video 2. Spontaneous echo contrast. This apical 4-chamber view 

echocardiogram shows spontaneous echo-contrast in the left ventricle during diastole 

from impaired atrial contraction and poor ventricular relaxation. 

 

Supplemental Video 3.  A 4 chamber view gated cardiac MRI study demonstrates the 

typical morphological features of increased left ventricular wall thickness, atrial 

enlargement and pleural and pericardial effusions. 

 

 

  


