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Imaging of cardiac amyloidosis: Will this
become a unique application for dual-isotope
imaging?
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Cardiac amyloidosis is an infiltrative cardiomy-

opathy characterized by the deposition of amyloid fibrils

within the extracellular space of the heart, which is

caused by the misfolding of precursor proteins, most

commonly transthyretin (ATTR)—a transport protein

synthesized in the liver—or monoclonal light chains

(AL), produced by an abnormal plasma cell clone.1

Identifying the type of amyloid deposition has very

important treatment and prognostic implications.2,3

Echocardiography and cardiac magnetic resonance

imaging are powerful tools for diagnosing cardiac

amyloidosis.4,5 However, neither technique can reliably

differentiate between ATTR and AL forms of cardiac

amyloidosis. Despite initial promise in the late 1970s,

bone scintigraphy for the detection of cardiac amyloi-

dosis did not gain a hold in clinical practice. One reason

was a perceived lack of sensitivity, as the difference in

radiotracer avidity between ATTR and AL amyloidosis

was not appreciated. However, the more recent

demonstration that bone-avid radiotracers are

specifically taken up in hearts of patients with ATTR

amyloidosis has renewed clinical interest in this diag-

nostic approach as it is relatively inexpensive, broadly

available, and it has a high sensitivity and specificity in

the correct setting.6,7 In fact, a recent multicenter study

demonstrated that bone scintigraphy has a specificity

and positive predictive value for cardiac ATTR amy-

loidosis of 100% when there is intense myocardial

radiotracer uptake (equal or greater than bone) and

absence of a monoclonal protein in serum or urine.8

Indeed, bone scintigraphy has now largely replaced the

need for endomyocardial biopsy in a majority of patients

with suspected cardiac amyloidosis. Furthermore, the

recent FDA approval of novel therapies designed to treat

systemic ATTR amyloidosis and the early promising

results in patients with cardiac involvement assigns a

critical role to bone scintigraphy in differentiating AL

from ATTR amyloidosis and guiding patient

management.9,10

Quantification of the intensity of radiotracer uptake

is key in the diagnosis of cardiac ATTR amyloidosis

using bone scintigraphy. The intensity of retention of

bone-avid radiotracers in the heart can be interpreted by

semi-quantitative visual analysis, by grading myocardial

uptake to rib uptake on planar or SPECT imaging, and/

or by quantifying radiotracer uptake using a heart-to-

contralateral lung (H/CL) ratio. Current diagnostic cri-

teria include visual myocardial uptake equal or greater

than that in bone (ribs) or a H/CL ratio [ 1.6.11,12

However, the accuracy of either quantitative approach

can be affected by blood pool radioactivity, which can

lead to equivocal interpretation especially between low-
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grade myocardial uptake and negative scans on planar or

SPECT imaging.

In this issue of the Journal, Tamarappoo and col-

leagues present a simultaneous dual-isotope approach

using 99mTc-PYP and Tl-201 SPECT as a method to

improve discrimination between AL and ATTR amy-

loidosis. They hypothesized that the addition of Tl-201

can help delineate myocardial boundaries from blood

pool, thereby decreasing the frequency of equivocal scan

interpretations. They retrospectively evaluated 112

consecutive patients undergoing dual-isotope imaging

for the evaluation of cardiac amyloidosis on clinical

grounds. Dual-isotope imaging has been routine at their

center for this application. In the 112 patients, there

were 39 with ATTR amyloidosis, 26 with AL amyloi-

dosis, and 47 patients without amyloidosis. The images

were interpreted visually and quantitatively using the H/

CL ratio first using the single-isotope scan (i.e., PYP

alone) and then adding the information from the dual-

isotope scan. By expert visual analysis, the dual-isotope

approach resulted in a decrease of low-grade myocardial

uptake/equivocal scans in the patients with AL amyloi-

dosis from 34% to 8% and in the no amyloidosis group

from 16% to 4%, which were read as definitely negative

with the addition of Tl-201. In patients with ATTR

amyloidosis, only one patient had an equivocal scan

when read as single isotope (PYP alone) that was

changed to definitely abnormal with the addition of Tl-

201. By quantitative analysis of H/CL ratio, there were

no statistically significant differences between the sin-

gle- and dual-isotope approach. The area under the ROC

curve (AUC) for detection of ATTR by the dual isotope

compared to the single-isotope method improved for

both the visual (0.94 vs 0.84, respectively, P\ 0.01)

and quantitative (0.95 vs 0.92, respectively, P = 0.016)

analyses. Of note, there was no significant difference in

the AUC between the visual and quantitative analysis

using the dual-isotope method (P = 0.34).

The innovative use of dual-isotope imaging in car-

diac amyloidosis and the rigorous comparison to current

standard care are particular strengths of this study. At

first glance, the findings of the study suggest that this

technique may have a limited role in the diagnosis of

ATTR amyloidosis as there was only one patient that

was reclassified from equivocal to abnormal using dual-

isotope imaging. This is likely influenced by the fact that

most of the clinical experience with bone scintigraphy in

cardiac amyloidosis has been obtained in patients with

rather advanced stages of the disease when the amyloid

burden in the heart, and hence radiotracer uptake, is

rather high. Diagnosis at this disease stage seems

straightforward even with the single-isotope approach,

as shown in a large multicenter study8 and now con-

firmed in this study. However, it is possible that this may

change as we move the use of bone scintigraphy to

screen populations at risk without overt signs and

symptoms of cardiac amyloid involvement. The expan-

sion of the utilization of bone scintigraphy for detection

of cardiac amyloidosis earlier in the natural history of

the disease in at-risk populations with presumably lower

amyloid burden in the heart may require a revision of

diagnostic criteria as low-grade tracer uptake in that

setting may reflect early ATTR involvement. This is

highlighted by the fact that even late in the natural

history of the disease, up to 12% of patients with biopsy

proven ATTR cardiac amyloidosis show low-grade

myocardial uptake (grade 1) on bone scintigraphy.8

Under those circumstances, quantitative methods to

reduce uncertainty and improve accuracy as described in

this paper may become very important.

The use of hybrid SPECT/CT systems may have an

advantage over SPECT-only systems to reduce equivo-

cal scan interpretations as the CT will not only provide a

means for attenuation correction but may also help

improve definition of the myocardial boundaries. How-

ever, most laboratories performing nuclear cardiology

testing do not have access to SPECT/CT imaging.

Conversely, disadvantages of the dual-isotope approach

include the added cost and image post-processing time.

Radiation exposure with dual-isotope imaging is also

considerably higher than with single-isotope imaging

(approximately 15 vs 4 mSv). The comparative clinical-

and cost-effectiveness of hybrid SPECT-CT single-iso-

tope imaging vs dual-isotope SPECT imaging will have

to be studied to inform best practice.

Is there a potential role for amyloid-targeted

imaging agents? There are several amyloid-specific PET

tracers, already approved for brain imaging in Alzhei-

mer’s disease that are under investigation in cardiac

amyloidosis, including 11C–Pittsburgh compound-B

(PiB), 18F–florbetaben, and 18F–florbetapir.13–15

Although preliminary experience with this class of

imaging agents demonstrates high sensitivity, especially

for early disease detection, they do not allow clear dif-

ferentiation between AL and ATTR cardiac

amyloidosis. So, their routine use would require a dual-

isotope imaging approach that combines bone scintig-

raphy and amyloid-targeted PET imaging. While this

would provide comprehensive phenotyping of disease, it

would be a rather expensive approach and it is unlikely

to become a cost-effective screening strategy.

In summary, the study by Tamarappoo and col-

leagues provides a potentially powerful approach to

imaging of cardiac amyloidosis. This proof of concept

study is intriguing and hypothesis generating and may

have important diagnostic implications with the expec-

ted growth in the utilization of bone scintigraphy as a

screening tool in at-risk populations, especially because
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the efficacy novel therapies for ATTR would be

enhanced by early disease detection. Ultimately, a

change in the current practice of imaging for cardiac

amyloidosis will require multicenter comparative

effectiveness studies in larger populations.
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