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CARDIAC AMYLOIDOSIS: NEW APPROACH
TO AN UNDER-RECOGNIZED DISEASE

Cardiac amyloidosis was an under-recognized and

undertreated disease until some years ago. Multimodal-

ity imaging plays a key role in the diagnosis of this

progressive infiltrative cardiomyopathy, in addition to

the clinical picture, endomyocardial/fat pad biopsies,

and serum cardiac biomarkers. Although echo and

cardiac magnetic resonance (CMR) provide structural

and functional data, but neither can provide a distinction

between transthyretin amyloid cardiomyopathy (ATTR-

CM) and light chain amyloid cardiomyopathy (AL-CM).

Among imaging techniques, scintigraphy with

bone-avid tracers: technetium-99m-3,3-diphosphono-

1,2-propanodicarboxylic acid (99mTc-DPD) and hydrox-

ymethylene diphosphonate (99mTc-HMDP) 1–3 and

technetium-99m pyrophosphate (99mTc-PYP), mainly

used in Canada, US, and Latin America, has emerged

as a very sensitive and specific test to diagnose

transthyretin amyloidosis (ATTR).2,4,5 It makes possible

to differentiate ATTR from cardiac light chain amyloi-

dosis (AL) non-invasively, with a significant accuracy

and a 100% positive predictive value, mainly when

performed with adjunctive clonal analysis with free light

chain immunofixation to exclude AL amyloidosis.4,5 If

TTR amyloidosis is diagnosed, a genotype testing is

important to differentiate between wild-type (non-mu-

tant) (ATTRwt) or mutated transthyretin (ATTRm)

(hereditary form).

In the consensus recommendations, the appropriate

clinical scenarios where bone scintigraphy with 99mTc-

PYP, -DPD, and -HMDP should be used are summa-

rized: evaluation in asymptomatic TTR gene carrier,

individuals[ 60 years old with low-flow low-gradient

aortic stenosis, unexplained heart failure, and increased

wall thickness (especially in people of African American

origin), individuals with heart failure and unexplained

sensorimotor neuropathy, and individuals with known or

suspected familial amyloidosis.6

However, the pathway to achieve a proper moni-

torization of treatment as well as the evaluation of the

response to the new drugs already used is not so defined.

New imaging approaches considering contrast-en-

hanced-cardiac magnetic resonance (CE-CMR)

imaging with T1 mapping and molecular targeted

imaging with 18fluorine (18F) florbetapir positron emis-

sion tomography (PET) potentially provide a more

accurate estimation of cardiac amyloid burden compared

with echocardiography, standard late gadolinium

enhancement (LGE), or SPECT. Global and regional

LV extracellular volume fraction (ECV) is significantly

expanded in amyloid hearts as a result of amyloid

infiltration.7,8 Florbetapir is a stilbene derivative that

binds to AL and ATTR deposits in human hearts ex vivo

and in vivo,9,10 and molecular amyloid PET makes

possible the global and regional quantification of the

cardiac amyloid burden.

Although the evaluation of myocardial uptake on
99mTc-PYP and 99mTc-DPD scintigraphies is based on a

visual interpretation by means of Perugini scores using

planar imaging, as well as a semiquantitative assessment

using the heart-to-contralateral lung (H/CL) ratio with

reasonable results,6,11 enough for a cardiac ATTR

diagnosis, the visual and semiquantitative assessment

is not able neither to properly stratify prognosis nor to

assess disease progression or therapeutic response.12–14

Thus, quantification of SPECT radiotracers is also being

explored using SPECT/CT images, by means of calcu-

lation of indexes such as SUVmax, SUVpeak, and

SUVmax and SUVpeak normalized to bone activity
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(nSUVmax and nSUVpeak, respectively).12,13 Accord-

ing to this, the use of hybrid SPECT/CT systems may

have an advantage over SPECT-only system, not merely

for the reduction of equivocal interpretations thanks to

the attenuation correction and the better definition of

myocardial boundaries, but also due to the possibility of

quantification. Absolute quantitative measurements also

allow radiomics approaches to evaluation of cardiac

amyloidosis.

An ATTR prevalence of 16% has been found

among patients undergoing percutaneous aortic valve

replacement for severe aortic stenosis,15 13% among

patients with heart failure with a preserved ejection

fraction,16 5% among patients with presumed hyper-

trophic cardiomyopathy,17 and 7% to 8% among patients

with carpal tunnel syndrome.18

In this number of the Journal of Nuclear Cardiol-

ogy, Bianco et al 19 presented a retrospective,

observational, monocentric study that included all

patients who underwent a whole-body bone scintigraphy

(with 99mTc-HDP or 99mTc-DPD) for non-cardiac pur-

poses between January 2015 and May 2020 in their

center, with the aim of estimating the prevalence of

findings suspicious for TTR cardiac amyloidosis. They

found a 0.54% (23/4228) prevalence of Perugini score

grades 2 and 3. An Australian study also looking at

incidental cardiac uptake on bone scans indicated for

non-cardiac purposes found a prevalence of ATTR-CM

of 4.2% in men aged 85 and over,20 confirming that

ATTR-CM is not as uncommon.

In their study, Bianco et al found that 14 subjects

(60.9%) had a history of arterial hypertension, 1 subject

(4.4%) had a history of coronary artery disease, 3 (13%)

a permanent pacemaker, and 11 (48%) a previous

episode of heart failure. Eight subjects presented known

neuropathy (34.8%) and 5 carpal tunnel syndrome

(21.7%), while five patients (21.7%) were totally

asymptomatic, without any sign or symptom allowing

their physicians to suspect cardiac or systemic involve-

ment of TTR amyloidosis before the bone scintigraphy.

Thus, careful analysis of scintigraphic images looking

for cardiac uptake (and, if this is the case, adding

SPECT images) can contribute to an earlier detection

and treatment of cardiac amyloidosis in a preclinical

stage, potentially improving prognosis.

The true prevalence of suspected ATTR cannot be

demonstrated from this study given reasons such as: the

lack of SPECT imaging and genotyping, the possibility

of early disease with low Perugini score or false

negative scans, and the fact that AL amyloid was not

excluded. Nevertheless, the detection of cardiac involve-

ment in a preclinical stage represents an important

finding to enhance the efficacy of novel therapies for

ATTR and improve prognosis in these patients, although

it requires a prompt clinical evaluation and further work

up to confirm the diagnosis.

It is already demonstrated that if no monoclonal

protein is detected and a diagnosis of AL cardiac

amyloidosis is excluded, bone-avid scintigraphy alone,

without myocardial biopsy, can be used to diagnose

ATTR-CM.5 In addition, if ATTR-CM is identified,

TTR genotyping should be performed to differentiate

ATTRm from ATTRwt.3 However, in Bianco’s study

the patients did not undergo a comprehensive diagnostic

workup in case of bone scintigraphy positivity for

cardiac uptake, including serum and urinary immunofix-

ation, dosage of serum free light chain and genetic

testing. This should be done to confirm the diagnosis of

amyloidosis TTR also in those cases with incidental

information from suggestive findings of cardiac amy-

loidosis in a bone scintigraphy performed with non-

cardiac purposes.

Timing of imaging after radiotracer injection

deserves special consideration. It varies between 1 and

3 h. In general, 99mTc-PYP protocols use 1 or 3 h’

acquisitions (ref 11,22 Singh, Falk) (or even at both

moments), while acquisition at 3 h is used with the rest

of bone-avid tracers.2,5 Imaging at 1 h offers advantages

such as more patient comfort, fast laboratory throughput,

and high count images allowing the use of lower

radiotracer dose. On the other hand, although imaging at

3 h reduces the possibility of blood pool images, it

results fundamental to have SPECT images to differen-

tiate blood pool versus myocardial uptake, which can be

difficult using planar images only.

In the study of Bianco et al, SPECT imaging was

not routinely acquired because the exam was performed

mainly for oncology or orthopedic reasons. Thus,

although the scintigraphy allowed to rise suspicions of

ATTR heart involvement in one fifth of patients who

were completely asymptomatic at the moment of bone

scintigraphy, and this undoubtedly constitutes an impor-

tant asset, SPECT images are necessary not only to

distinguish between myocardial uptake and blood pool,

but also to detect rib fractures and soft tissue uptake

overlying the heart, all of which may potentially cause

false positive scans.

Thus, an important take-home message of this work

is the need of inclusion of SPECT images in those

patients with cardiac uptake of Perugini grade 2 or 3 in a

bone-avid radiotracer scintigraphy, which is highly

suspicious for ATTR-CM, although the original indica-

tion of the exam was an oncological or orthopedic

disease.

In addition, semiquantitative assessment by means

of a H/CL ratio is also important, because it offers some

correction for background, blood pool, and soft tissue

activity, although it does not eliminate the need of
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SPECT acquisition. Specifically for HMDP scans,

Heart/Whole Body ratio (H/WB) improves on the visual

score, and is more reliable than H/CL ratio.11

MULTIMODALITY ALTERNATIVES
FOR THE FUTURE

The recent advances in disease modifying treat-

ments, namely inotersen, patisiran, and tafamidis to treat

cardiac ATTR amyloidosis require a useful and appli-

cable method to detect early disease and to monitorize

the response to treatment. If the disease is detected in a

preclinical stage, treatment can be started before cardiac

damage is irreversible. Imaging can offer a valuable

contribution to this, but it is still under investigation

which technique (or combination of techniques) is the

best to use.

Regarding CMR, T1 mapping and ECV represent

interesting alternatives: In contrast to ECV,

which characterizes the extracellular space, native

T1 provides a combined signal from myocyte and

extracellular space. Native T1 is markedly increased in

cardiac amyloidosis,21 with 92% sensitivity and 91%

specificity to detect it.22 Although it is particularly

useful in patients with cardiac amyloidosis and renal

dysfunction with contraindication to gadolinium, its

main limitation is the lack of reproducibility for 1.5-T

vs. 3.0-T scanners. In addition, its independent prog-

nostic value over other risk markers has not been

definitively demonstrated.23

Post-contrast T1 mapping and ECV estimation are

performed post gadolinium. ECV is more reproducible

than absolute T1 values, and it is markedly elevated in

cardiac amyloidosis, but not able to differentiate

between subtypes of amyloidosis. Although quantifica-

tion of ECV can help to track disease burden and

response to therapy, as demonstrated in AL CA,24 more

prospective studies are needed.

It has been shown that bone-avid radiotracer

scintigraphy adds significant value to echocardiography

and CMR because it can distinguish ATTR cardiac

amyloidosis from other forms of heart diseases with left

ventricular (LV) thickening.5 Nevertheless, bone-avid

radiotracer images lack structural and hemodynamic

information, and so they are currently used in conjunc-

tion with echocardiography or CMR. Thus,

multimodality is needed to appropriately manage these

patients.

In addition, another big problem is the lack of a real

and effective means of assessing the response to

treatment. Nowadays, LV mass by echocardiography

and ECV by CMR are the current quantitative tools used

to estimate cardiac amyloid burden and response to

therapy. Nevertheless, newly developed SPECT

technology with CT-based attenuation correction,

including CZT-based detection systems with high sen-

sitivity, making possible a reproducible quantification,

may be a good option.13,25

Strongly related to the screening with bone-avid

tracers’ cardiac scintigraphy in asymptomatic persons at

risk for ATTR amyloidosis is the idea of leveraging

artificial intelligence for early detection of cardiac

involvement in a susceptible population.26 Machine

learning, supported by a hugh database of images and

electronic health records, may contribute to better

integrate imaging modalities.

CONCLUSIONS

Cardiac amyloidosis is still a growing research

subject. New drugs, new imaging approaches for diag-

nosis, risk stratification, and assessment of response to

treatment contribute to improve prognosis of this, until

recently, under-recognized disease. Multicenter compar-

ative effectiveness studies in larger populations are still

needed. However, a wise use of the old bone-avid tracer

scintigraphy plays a key role for cardiac ATTR

diagnosis.
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