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Cardiac Scintigraphy with Bone Markers in Clinical Practice: When to 
Solicit the Exam? How to Interpret the Results?
Marcus Vinicius Simões
Faculdade de Medicina de Ribeirão Preto da Universidade de São Paulo, Ribeirão Preto, SP – Brazil

One of the greatest and most recent advances in clinical 
management of cardiac amyloidosis (CA), which has 
completely reshaped clinical practice, took place in the field 
of diagnosis, based on the possibility of using molecular 
scintigraphy images for non-invasive detection of amyloid 
deposits in the myocardium, making endomyocardial biopsy 
unnecessary to conclude diagnosis.1 

There are some fundamental aspects that clinicians need 
to know in order to apply this powerful tool in their practice, 
choosing wisely the best time to request it and how to interpret 
the results. 

Preliminarily, it is important for us to review the main 
studies that have offered signposts for the application of 
scintigraphy with bone markers for diagnosis of CA. 

In one of the first studies to demonstrate this application, 
Wizenberg et al. evaluated 10 consecutive patients with 
biopsy-confirmed CA, having observed that all patients 
exhibited intense and diffuse anomalous myocardial uptake 
on cardiac scintigraphy with 99mTc-pyrophosphate.2 However, 
later studies showed variable yield of these images in patients 
with different forms of CA, underscoring CA associated 
with immunoglobulin light chains (AL-CA), in addition to 
transthyretin-associated CA (ATTR-CA). The mechanisms 
by which bone radiotracers are accumulated in tissue 
deposits of amyloid protein probably involve the presence 
of microcalcifications in these protein aggregates, as these 
radiotracers are highly avid for calcium deposits. It is this aspect 
that also makes it possible for us to detect accumulation of 
these radiotracers in the hearts of patients with ischemic heart 
disease with recent acute myocardial infarction, and this was, 
historically, the first clinical application of this type of image. 

The progress of knowledge with respect to the clinical 
applicability of cardiac scintigraphy images with bone 
radiotracers for diagnosis of CA occurred with the seminal 
study by Enrica Perugini et al., who investigated 10 patients 
with ATTR-CA and 15 patients with AL-CA, in addition to 
10 control patients who were not affected by CA.3 In this 
study, by means of visual analysis of planar chest images, 
complemented by analysis of SPECT images, all patients with 

ATTR-CA exhibited intense anomalous radiotracer uptake 
in the myocardium at a comparative intensity equivalent to 
(grade 2) or higher than (grade 3) that seen in the costal arches. 
In contrast, all patients with AL-CA and all controls exhibited 
absence of cardiac uptake (grade 0). Thus, visual analysis of 
Perugini cardiac uptake grade was shown to be useful for 
differentiating between the main forms of CA (ATTR and AL), 
suggesting that positive myocardial uptake could indicate the 
presence of ATTR-CA. 

Nevertheless, it was later identified that a significant 
proportion, approximately 20%, of patients with AL-CA could 
also exhibit grade 2 or 3 of cardiac uptake of bone markers, 
making it essential to rule out the presence of immunoglobulin 
light chains in order to confirm diagnosis of ATTR-CA in 
patients with positive cardiac scintigraphy using bone markers.4 

In another fundamental study, Gillmore et al. tested the 
diagnostic application of scintigraphy with bone markers, 
compared to the result of endomyocardial biopsy, in an 
expressive sample of 374 patients, seeking to identify those 
with ATTR-CA.5 The general results showed a high sensitivity 
for scintigraphy, above 99%, but a reduced specificity of 86%, 
for diagnosis of ATTR-CA. The false positives observed in this 
study were almost entirely due to the presence of uptake in 
patients with AL-CA. Thus, analysis of the results based on 
the double criteria (scintigraphy with grade 2 or 3 uptake, 
in addition to the absence of light chains), obtained 100% 
specificity and predictive value, thus defining the non-invasive 
criteria for diagnosis of ATTR-CA, which have gone on to 
become a standard of conduct worldwide (Figure 1).5 Sensitivity 
for diagnosing ATTR-CA, according to these criteria, was 70%.5

When to solicit cardiac scintigraphy with bone markers?
In view of the aspects mentioned above, it is important 

for investigation of the specific form of ATTR-CA, using bone 
marker scintigraphy, to begin after 2 key preliminary steps: 1. 
establishing high clinical suspicion of the presence of CA and 
2. ruling out the presence of immunoglobulin light chains, 
which would lead us to diagnosis of AL-CA.  

It is fundamental to establish high clinical suspicion, given 
that negative scintigraphy does not rule out the presence of CA 
in its various forms, particularly the AL form. In other words, 
in a significant percentage of cases with high clinical suspicion 
and negative scintigraphy, investigation should continue with 
tissue biopsy, including endomyocardial biopsy, in order to 
conclude diagnosis. It is clear that endomyocardial biopsy 
should only be performed in cases of high clinical suspicion, 
as it is an invasive method with risks that, although low, are 
inherent to the procedure. 

On the other hand, it is fundamental to rule out the 
presence of light chains previously, so that a positive 
scintigraphy result is not taken as evidence of ATTR-CA. This 
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misdiagnosis could delay or exclude patients with AL-CA 
from chemotherapy/bone marrow transplantation, which 
could save the patient’s life. On the other hand, it is worth 
remembering that AL-CA has very poor prognosis, with a 
median survival of 6 to 8 months in cases with heart failure 
and late diagnosis, which highlights the urgent need to rule 
out this diagnosis during the initial moments of investigation 
of suspected cases of CA. 

The hypothesis that scintigraphy with bone markers could 
be used as a screening tool in elderly men with heart failure 
with preserved ejection fraction who exhibit the warning signs 
for CA has been tested in several clinical studies, but the value 
of this strategy has yet to be defined.6 

 
How to interpret the results?

When interpreting cardiac scintigraphy images with bone 
markers in patients with suspected ATTR-CA, it is important 
that we keep 2 essential aspects in mind: 

1. Positive images for ATTR-CA should have triple 
confirmation: 1. Perugini grade 2 or 3 cardiac uptake, 2. heart 
to contralateral ratio > 1.5 on imaging 1 hour after radiotracer 
injection, and 3. confirmation of radiopharmaceutical 
concentration in the ventricular myocardium in the SPECT 
images, as illustrated in Figure 1. 

2. There are common conditions in clinical practice that 
lead to false positive cases for ATTR-CA, including acute 
myocardial infarction, AL-CA, and uptake restricted to the 
blood pool in planar images, which can be misinterpreted as 
a positive exam. 

The most frequent cause of diagnostic error, with “false 
positive” scintigraphy exam for ATTR-CA, is AL-CA. In fact, 
these cases are “scintigraphically positive,” but they should 
be interpreted in light of the knowledge that 20% to 30% 
of patients with AL-CA may have grade 2 or 3 positive 
scintigraphy. In this manner, preliminary exclusion of the 
presence of light chains is fundamental in order to avoid this 
“false positive.” 

Figure 1 – Illustrative images of a 73-year-old male patient with symptoms of heart failure with preserved ejection fraction, showing changes compatible 
with ATTR-CA, after laboratory tests showing absence of immunoglobulin light chains: (A) structural alterations on echocardiogram and increased left 
ventricular wall thickness (interventricular septum = 14 mm); (B) images of global longitudinal strain on a polar map showing the sign of apical sparing; 
(C) planar 99mTc-pyrophosphate cardiac scintigraphy images, showing intense radiotracer uptake over the heart (Perugini grade 3, greater than that of 
the costal arches), which were confirmed in the myocardial walls of the left and right ventricles on SPECT images. (D) Genetic analysis was negative for 
transthyretin gene mutations, characterizing diagnosis of wild type ATTR-CA.
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Another false positive, which results from the interpretation 
of planar scintigraphy images, without confirmation from 
SPECT images, is increased uptake in the cardiac area in planar 
images associated with radioactivity present in the blood 
pool, not located in the myocardium.1 If we consider that 
the application of this imaging method for this purpose is still 
recent in Brazil, a careful review of positive tests performed by 
the nuclear physician together with the requesting clinician is 
desirable, in order to safely rule out this type of false positive 
test, not losing sight of the fundamental importance of these 
exam results to non-invasive diagnosis of ATTR-CA. 

It is worth remembering here that ischemic heart disease, 
corresponding to cases with more severe myocardial 
ischemia, acute myocardial infarction, or recurrent ischemia 
at rest, may exhibit significant accumulation of the bone 
radiotracer. It is, therefore, essential to rule out severe 
coronary artery disease in patients with risk factors, ischemic 
changes on electrocardiogram, or angina pectoris, as an 
essential initial diagnostic step in these cases.  

Finally, it is necessary to remember that there are 
false negatives of bone marker scintigraphy in patients 
with confirmed ATTR-CA. This can occur in patients with 
hereditary ATTR with mutations that are known not to 
capture bone markers, such as early-onset V50M and 
P64L. Accordingly, cases with high clinical suspicion of 
CA in which the presence of light chains has been ruled 
out and which exhibit negative bone marker scintigraphy, 

may proceed to endomyocardial biopsy to confirm/reject 
diagnosis of the disease.
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