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CURRENT ROLE OF NUCLEAR CARDIOLOGY
IN THE DIAGNOSIS OF CARDIAC AMYLOIDOSIS

Cardiac amyloidosis is an infiltrative disease that

results from the accumulation of misfolded protein

deposits. The majority of cases of cardiac amyloidosis

arise from two protein precursors: light-chain (AL)

amyloidosis and transthyretin amyloidosis (ATTR).1

Amyloid in AL amyloidosis is derived from a misfolded

monoclonal immunoglobulin light chain in the context

of a plasma cell dyscrasia. Instead, ATTR amyloidosis

results from accumulation of transthyretin protein, a

serum transport protein for thyroid hormone and retinol

that is produced by the liver. TTR amyloid is more

frequently wild-type (ATTRwt) and acquired, but it may

also be hereditary and associated with mutant forms of

transthyretin.2 ATTRwt cardiac amyloid is also a

disorder of aging individuals,1 with a prevalence of

17% in patients with heart failure with preserved

ejection fraction on autopsy and a substantial male

predominance.3

The amyloid cardiomyopathy has high morbidity

and mortality, but has emerged as an underdiagnosed

and potentially treatable condition.3 The diagnosis is

frequently delayed or missed due to a combination of

factors comprised by a limited awareness and low

suspicion levels, a suboptimal specificity of echocardio-

graphy, and the traditional requirement for histological

confirmation in a tissue biopsy.4 Accurate typing of

amyloid is essential since chemotherapy directed toward

the AL amyloidosis can prolong life and new therapies

for systemic ATTR have been approved by FDA.5 In

patients with ATTR cardiomyopathy, a recent large

randomized trial showed that treatment with tafamidis

reduced all-cause mortality and cardiac hospitalization

as well as improvement in exercise capacity and quality

of life as compared with placebo, particularly amid early

stages of the disease.6

Radionuclide imaging plays a critical role in the

diagnosis and identification of cardiac ATTR amyloido-

sis. In fact, high sensitivity and specificity of Technetium

(Tc) bone compounds scintigraphy for cardiac ATTR

amyloidosis have been confirmed in several studies.7

Imaging techniques in nuclear medicine with specific

radiotracers that bind to bone matrix components are the

only modality that can accurately diagnose ATTR-type

cardiomyopathy without the need for an invasive

endomyocardial biopsy in patients without evidence for

monoclonal proteins in serum and urine.4

There are three different bone molecules that have

varying avidity for cardiac amyloid deposits that include

Tc-99m-labeled agents pyrophosphate (Tc-99m PYP),

hydroxymethylenediphosphonate (Tc-99m HMDP), and

3,3-diphosphono-1,2-propanodicarboxylic acid (Tc-99m
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DPD). Although the mechanism of binding to amyloid is

not completely clear, it is believed that they are probably

taken up via calcium-mediated mechanism.8 The first

reports of bone scan with increased Tc-99m PYP uptake

in the heart of patients with amyloid infiltration date

from the early 1980.9,10 These radiotracers could be

used to differentiate ATTR from AL amyloidosis with a

high sensitivity and specificity as they have an affinity

for the amyloid fibrils in ATTR amyloidosis,11 (Fig-

ure 1). Most experiences in imaging protocols for Tc-

99m PYP, DPD, and HMDP are with planar imaging

followed by SPECT if planar is positive. Planar imaging

alone is limited because myocardial uptake cannot be

discerned from vascular blood pool uptake. The timing

of imaging after injection of radiotracer varies from 1 to

3 hours. Most experience with Tc-99m PYP protocols is

at 1 or 3 hour and for Tc99m DPD, HMDP at 3 hours.7

Quantitation of Tc-99m compounds uptake (PYP,

DPD, HMDP) is key in the diagnosis of cardiac ATTR

amyloidosis and can be performed either visually or by

quantitative analysis:

1. Semi-quantitative analysis: This approach involves

the visual comparison of myocardial to bone (rib)

uptake at 3 hours as described by Perugini and

colleagues11: Grade 0: no myocardial uptake and

normal bone uptake; Grade 1: myocardial uptake less

than bone uptake; Grade 2: myocardial uptake equal

to bone uptake and Grade 3: myocardial uptake

greater than bone uptake with mild/absent rib uptake.

Visual scores of greater than or equal to 2 on planar

or SPECT images are classified as ATTR positive

and scores less than 2 as ATTR negative.12

2. Quantitative analysis: In order to distinguish ATTR

from AL amyloidosis, Bokhari and colleagues13

described a myocardial-to-contralateral lung ratio of

uptake at 1 hour on planar imaging. Circular target

regions of interest (ROI) are drawn over the heart in

the planar and are mirrored over the contralateral

chest to account for background and ribs. Total and

absolute mean counts are measured in each ROI.

Then, a heart-to-contralateral (H/CL) ratio is calcu-

lated as the fraction of heart ROI mean counts to CL

chest ROI mean counts. H/CL ratios of C 1.5 at 1

hour are classified as ATTR positive and ratios less

than 1.5 as ATTR negative. For 3 hours of imaging,

the cut-off value validated for ATTR positive is

considered C 1.3.14

ASNC Practice Points document on the use of Tc-

99m PYP in diagnosing ATTR recommends the inter-

pretation of the findings into categories are as follows12:

1. Not suggestive: A semi-quantitative score of 0 or H/

CL ratio less than 1.

2. Strongly suggestive: A semi-quantitative score of 2

or 3 or H/CL ratio more than 1.5.

3. Equivocal: A semi-quantitative score of 1 or H/CL

ratio 1-1.5.

Figure 1. A timeline of nuclear imaging techniques in the diagnosis of cardiac amyloidosis.
Sensitivity and specificity of Tc-99m bone avid compounds for differentiation between ATTR and
AL types increased with the incorporation of semi-quantitative and quantitative analysis and
SPECT imaging. Of clinical relevance, cardiac ATTR amyloidosis can now be diagnosed by Tc-
99m bone-avid radiotracers without the need of endomyocardial biopsy. Since new therapies are
available for treating ATTR, early detection is critical. Future perspectives are depicted. ATTR,
Transthyretin amyloidosis; AL, Immunoglobulin light-chain amyloidosis; H/CL, Heart-to-con-
tralateral lung; ASNC, American Society of Nuclear Cardiology; Tc-99m PYP, 99m-technetium-
labeled pyrophosphate; Tc-99m DPD, 99m-technetium-labeled 3,3-diphosphono-1,2-propanodicar-
boxylic acid; SPECT, Single-Photon Emission Computed Tomography; PET, Positron Emission
Tomography; 11C-PIB, 11C-Pittsburgh Compound-B; CZT, Cadmium Zinc Telluride.
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Of note, cardiac uptake of Tc-99m bone compounds

can occur in a small proportion of patients with AL

amyloidosis, usually in the category of equivocal study,

thus leading to a challenging discrimination between

early ATTR and AL cardiac amyloidosis.4 In such

scenario, further evaluation including histological diag-

nosis is currently recommended.12 Amyloid-binding

positron emission tomography (PET) tracers (11C-Pitts-

burgh Compound-B (PIB), 18F-florbetaben, and 18F-

florbetapir) are highly specific to image amyloid

deposits and bind both AL and ATTR cardiac amyloi-

dosis and therefore could be considered as an alternative

in these patients.15,16 Despite preliminary experience

with these tracers demonstrated high sensitivity for

detection of cardiac amyloidosis, they did not allow

clear differentiation between AL and ATTR types.

DIAGNOSING CARDIAC AMYLOIDOSIS
WITH CADMIUM ZINC TELLURIDE IMAGING

In this edition of the Journal, Flaherty et al17

compared the sensitivity and specificity of planar and

cadmium zinc telluride (CZT) imaging [Discovery

NM530c] of Tc-99m PYP for the diagnosis of cardiac

ATTR amyloidosis. The study population comprised 43

patients that were imaged the same day with Tc-99m

PYP planar and a CZT camera. The clinical diagnostic

criteria for ATTR (n = 24) was defined by (1) endomy-

ocardial biopsy 29%, (2) documented amyloidogenic

TTR mutation by DNA analysis and echocardiograph-

ically defined evidence of amyloid cardiomyopathy

(thickness of left ventricular septum or posterior wall

of [ 1.2 cm without another cause of left ventricular

hypertrophy) without evidence of plasma cell dyscrasia

4%, or (3) planar Tc-99m PYP indicative of ATTR (H/

CL ratio C 1.5 and semi-quantitative score C 2) and

echocardiographically defined evidence of amyloid car-

diomyopathy without evidence of plasma cell dyscrasia

67%. Of these ATTR-positive patients, 9% were clas-

sified as ATTRwt. Of the 19 non-ATTR patients, 3 were

classified as AL amyloidosis and 16 as heart failure with

preserved ejection fraction.

Planar images were obtained at 1 hour post-Tc-99m

PYP injection. Following planar imaging, patients

immediately underwent CZT scintigraphy. Myocardial

Tc-99m PYP uptake was quantified by H/CL ratios. The

8th, 9th, or 10th of the 19-projection holes on CZT scans

were the most visually similar to an anterior planar view,

and the most clear hole was analyzed quantitatively. Due

to the decreased field of view (FOV) on CZT imaging

relative to the target ROI, the background was halved in

size rather than mirrored (as performed in Anger

cameras). A H/CL ratio of C 1.5 indicated ATTR

positive. A semi-quantitative visual analysis was also

performed to assess Tc-99m PYP uptake on planar

scans. Because bone uptake is not visible on CZT

imaging, CZT scans were not assessed semi-quantita-

tively. Using the previously validated diagnostic

threshold (H/CL C 1.5), sensitivity and specificity of

CZT scintigraphy was measured. Among subjects, there

was no significant difference in the proportion of ATTR-

positive identification between the two imaging modal-

ities. There was a high linear correlation between CZT

and planar H/CL ratios (r = .92, p \ .0001), and low

inter- (ICC = 0.89 (0.80-0.94)) and intra- (ICC = 0.80

(0.65-0.89)) observer variability for all groups. Sensi-

tivity and specificity for the diagnosis of ATTR was

100% using CZT H/CL ratios with a 1.5 cut-off in

patients with cardiac amyloidosis on biopsy or per non-

invasive diagnostic criteria (n = 29). The authors

concluded that CZT cameras are an accurate and valid

imaging modality to diagnose ATTR cardiac amyloido-

sis. However, the authors acknowledge that due to the

limited FOV provided by CZT cameras, it decreased the

image quality of views most similar to anterior planar

views and as such accounts for the 7% of scans that were

unusable in the study. Further research is needed for

solutions in image quality with these systems. It is also

important to the remark that accurate localization of Tc-

99m PYP with these cameras is difficult when the

myocardial uptake is low.18 In this scenario, cardiac

computed tomography (CT) images can be useful.

SPECT/CT would improve the definition of the myocar-

dial boundaries and would provide attenuation-corrected

images for absolute quantitation of Tc-99m PYP uptake

in these patients. Alternatively, as recently suggested by

Tamarappoo et al., simultaneous Tc-99m/Tl-201 dual-

isotope SPECT imaging in patients with suspected

cardiac amyloidosis would afford accurate localization

of the heart.18

Nuclear cardiac imaging has progressed from planar

scintigraphy to SPECT imaging, leading to the devel-

opment of CZT cameras. For cardiac SPECT imaging,

studies have shown that CZT cameras yield high-quality

images while allowing for decreased radioisotope doses

and imaging time.19 Because of these characteristics,

CZT cameras are increasingly used in clinical practice

for SPECT myocardial perfusion imaging. For detection

of cardiac ATTR amyloidosis, conventional SPECT

imaging is routinely performed in most laboratories

along with planar images or acquired when planar is

positive.7,18 SPECT is increasingly used in this clinical

setting because it eliminates contamination from over-

lying rib and therefore aids in distinguishing residual

blood pool activity from myocardial uptake.12,18 SPECT

imaging is the only manner to perform cardiac studies in

CZT cameras. Flaherty and colleagues17 propose for the

first time a quantitative methodology to diagnose
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patients with cardiac ATTR using CZT Tc-99m PYP

scintigraphy. The quantitative methodology utilized in

their study with a CZT camera is built on the previously

established Tc-99m PYP planar method of using H/CL

ratios. It is important to mention that this is a single-

center study and findings of this study are only appli-

cable to Tc-99m PYP-tracer/CZT [Discovery NM530c]

imaging in patients with advanced symptoms of ATTR.

Therefore, these study findings should not be extrapo-

lated to patients at the early stages of ATTR or other

CZT systems until further research is accomplished.

FUTURE PERSPECTIVES

Differentiation between the types of cardiac amy-

loidosis is important for prognosis, therapy, and genetic

counseling.12 Since cardiac amyloidosis is now a

potentially treatable disease, early diagnosis is a key

factor for improving survival and quality of life.

Compelling evidence shows that radionuclide imaging

plays a critical role in the non-invasive diagnosis of

cardiac ATTR.7,20 Due to the high sensitivity and

specificity, Tc99m bone-avid radiotracers myocardial

uptake are now considered sufficient to establish diag-

nosis of cardiac ATTR, obviating the need for

endomyocardial biopsy.4 For patients with AL amyloi-

dosis, Tc99m bone compound scintigraphy is less

sensitive. Amyloid-binding tracers along with PET/CT

imaging are promising, but still in the research field.7

Planar imaging is the most commonly employed

method for diagnosis of cardiac ATTR. Conventional

SPECT imaging is not required for identification of

cardiac ATTR by the guidelines.12 However, SPECT

imaging is increasingly being utilized in clinical prac-

tice, in particular, in patients when planar images are

positive.18 CZT imaging is now in the current practice of

nuclear cardiology.19 As technology progresses, it is

likely the prevalence of CZT cameras will grow.

Therefore, validation of protocols for image acquisition

and analysis with these systems are needed for identi-

fication of patients with cardiac ATTR. We agree with

Flaherty and colleagues17 that by growing the number of

centers capable of using highly specific and sensitive

modalities of diagnosis of cardiac amyloidosis, appro-

priate treatments and preventions can be implemented

sooner to those patients who would benefit. As technol-

ogy advances and new radiotracers will be clinically

validated, patients with different types of cardiac amy-

loidosis will be identified non-invasively by

radionuclide techniques.
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