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In this issue of JNC, BW Spery and Coll report a retrospective analysis of 57 patients with
transthyretin-related amyloidosis (ATTR) in an advanced phase of the disease who underwent
99mTechnetium-pyrophosphate (99mTcPYP) scintigraphy. Although relatively small and
‘‘negative,’’ the study is relevant since it broadens our knowledge on the uptake of ‘‘bone
tracers’’ in ATTR and contributes to understand the limitations of the clinical use of scintig-
raphy in this disease. The paper raises, directly or indirectly, at least three questions: To what
extent are the different bone tracers interchangeable for the diagnosis of ATTR cardiac
amyloidosis? Are bone tracers able to image non-cardiac ATTR amyloidosis? What is the
explanation for the variable performance of the different bone tracers in the diagnosis of
cardiac and extracardiac ATTR amyloidosis?

Key Words: Cardiomyopathy Æ Technetium-99m Æ Diagnostic and prognostic application

See related article, pp. 1630–1637

In this issue of JNC, BW Spery and Coll report a

retrospective analysis of 57 patients with transthyretin-

related amyloidosis (ATTR) in an advanced phase of the

disease who underwent 99mTechnetium-pyrophosphate

(99mTcPYP) scintigraphy.1 The study was aimed to

investigate the skeletal muscle uptake of the tracer. In

fact, in previous scintigraphic studies with 99mTech-

netium-3,3-diphosphono-1,2-propanodicarboxylic acid

(99mTcDPD), skeletal muscle uptake had been reported

and had even been considered a potential source of

attenuation of the bony uptake.2 Spery and Coll found

that skeletal muscle uptake of 99mTcPYP was minimal

when assessed by qualitative and quantitative metrics and

was not significantly different in patients with Grade 2 vs

3 myocardial uptake. Hence, they conclude that the

properties of 99mTcPYP may be different than

99mTcDPD with respect to non-cardiac uptake and that

99mTcPYP cannot be used to image extracardiac ATTR.

Although relatively small and ‘‘negative,’’ the study is

relevant since it broadens our knowledge on the uptake of

‘‘bone tracers’’ in ATTR and contributes to understand the

limitations of the clinical use of scintigraphy in this disease.

The paper raises, directly or indirectly, at least three

questions:

(1) To what extent are the different bone tracers

interchangeable for the diagnosis of cardiac ATTR?

(2) Are bone tracers able to image non-cardiac ATTR?

(3) What is the explanation for the variable perfor-

mance of the different bone tracers in the diagnosis

of cardiac and extracardiac ATTR?

INTERCHANGEABILITY OF THE DIFFERENT
TRACERS FOR THE IMAGING OF CARDIAC ATTR

The 99m-Technetium (99mTc) bisphosphonate

derivatives, originally developed for bone imaging,
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have found a second life as a non-invasive diagnostic

tool for cardiac ATTR.3 Three tracers have been

extensively studied in different countries: 99mTcPYP

is readily available in USA since it has been approved

by FDA; 99mTcDPD and 99mTechnetium hydroxy-

diphosphonate (99mTcHMDP), which has a chemical

composition similar to that of 99mTcPYP, have been

examined in many European single-center studies. The

most common 99mTc bone scintigraphy techniques

include injection of 10 to 20 mCi of 99mTc PYP, DPD,

or HMDP; imaging at 60 min to 3 h; planar imaging

followed by single-photon emission computed tomog-

raphy (SPECT) if results are positive; and possibly

delayed whole-body imaging. Diffuse myocardial

uptake of 99mTc radiotracers is graded according to a

standardized system (0, no myocardial uptake; 1,

myocardial uptake less than bone; 2, myocardial uptake

equal to bone; 3, myocardial uptake greater than bone).4

Studies on the diagnostic accuracy of the single

tracers in the recognition of cardiac ATTR are relatively

numerous, while head to head comparisons between

tracers are very limited.

Studies on the Diagnostic Performance of
the Single Bone Tracers

Although 99mTcPYP was firstly described to accu-

mulate in the heart of patients with cardiac amyloidosis,

in the early 1980s, the role of bone tracers scintigraphy

in the diagnosis of cardiac amyloidosis (CA) has been

systematically studied only after 2000s and the attention

was initially focused on 99mTcDPD.4–9 Perugini and

Coll firstly documented that a visual score C 1 had

100% sensitivity and 100% specificity in identifying

ATTR-CA.4 In a subsequent study in a wider cohort of

patients, the same group,7 using score C 2 as diagnostic

criteria, actually confirmed a very high sensitivity

(100%), but a lower specificity (82%), mainly due to

the presence of mild and moderate cardiac uptake in

light chain amyloidosis (AL)-CA. A visual score C 2

also allowed to differentiate wild-type (wt)-ATTR-CA

from other causes of hypertrophic cardiomyopathy in a

group of 62 patients with 100% specificity and

sensibility.9

The important role of bone scintigraphy in the

etiological diagnosis of CA has been subsequently

confirmed with 99mTcPYP10–13 and 99mTcHMDP.14–18

On the contrary, 99mTc-methylene diphosphonate

(99mTcMDP) is currently considered inappropriate as

a tracer for the non-invasive diagnosis of ATTR-CA

since it failed to show myocardial uptake in the majority

of the (few) dedicated studies.5,8,19–21 The diagnostic

role of bone tracers in ATTR has been recently reviewed

by an international group of cardiac amyloid experts.3 In

a cumulative analysis of 1217 patients (857 with

histologically proven amyloidosis and 360 with non-

amyloid cardiomyopathy) who underwent 99mTc bone

scintigraphy (99mTcPYP, 99mTcDPD, and

99mTcHMDP) for suspected ATTR-CA, 99mTc bone

scintigraphy was highly sensitive at 99% and was 86%

specific for ATTR-CA (with almost all false-positives

from AL-CA). So, this consensus paper concluded that

cardiac ATTR can be reliably diagnosed in the absence

of histology in patients with an echocardiogram or

cardiac magnetic resonance suggestive of amyloidosis,

moderate-intense (visual score grade 2 or 3) cardiac

uptake on a radionuclide scan (with 99mTcDPD,

99mTcPYP, or 99mTcHMDP) and absence of a

detectable monoclonal protein in blood and urine tests.

Head to Head Studies

Although diagnostic accuracies of the different

bone tracers in the recognition of ATTR-CA are

generally considered equivalent, very few studies have

directly compared the tracers head to head. Most of

these studies are small and anecdotal and compared

99mTcMDP and other tracers. These results have been

constantly disappointing due to the very low sensitivity

of 99mTcMDP. In a substudy from our group, aimed to

compare 99mTcMDP with 99mTcDPD, for example,

none of 11 patients with a positive 99mTcDPD scintig-

raphy did uptake 99mTcMDP at myocardial level.5 On

the contrary, in the only head to head available study

with a positive result, the hydroxymethylated compound

99mTcHMDP has been tested in a direct comparison

with 99mTcDPD in six ATTR patients and turned out to

be comparable in terms of myocardial uptake.22

IMAGING OF EXTRACARDIAC ATTR WITH
BONE TRACERS

Extracardiac uptake of 99mTcDPD has been previ-

ously shown and has been considered the expression of

multiorgan transthyretin (TTR) involvement.2 It is well

known that many extracardiac tissues and organs,

including lung, peripheral muscles, ligamentum carpale,

muscular tendons, and abdominal fat can be involved by

ATTR. Since the consequences can be relevant in some

patients, the availability of non-invasive imaging tech-

niques able to detect this phenomenon is clinically

relevant. In a first study published in 2014, Hutt and

Coll23 noted a consistent and unusual pattern of

99mTcDPD uptake involving the gluteal shoulder chest

and abdominal wall regions in 70/77 patients with

cardiac ATTR (both wild-type-TTR and mutant-TTR).

In a more recent and larger study (563 patients with

ATTR-CA) by the same group, the soft tissue-to-femur
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ratio of counts (a plausible marker of extracardiac

amyloid infiltration) progressively increased from

patients with score 0 to patients with score 3 and in

particular from score 2 to 3. They employed a ‘‘stan-

dard’’ imaging protocol with late-phase image

acquisition (whole-body planar images acquired 3 h

after tracer injection followed by cardiac SPECT-CT).

According to the authors, this finding contributed to the

attenuation of the bone signal (the marker of the score

3). So, following this interpretation, the difference

between grade 2 and 3 does not necessarily reflect per

se a different (more advanced) stage of cardiac involve-

ment and this could be one of the reasons why the

specific grade of positivity, according to the Perugini

classification, provides little prognostic information in

ATTR.2 More recently, Cappelli and Colleagues24 have

reported their retrospective experience in the visualiza-

tion of lung deposition of amyloid using 99mTcHMDP

scintigraphy. In a small cohort of 82 patients, lung

uptake was present in 60% of ATTR cases, but only in

6% patients with AL disease. Notably, the degree of

lung and heart retention were interrelated, and the

selectivity was the same for both organs in ATTR.

Therefore, two of the three bone tracers currently used to

detect ATTR cardiac amyloidosis have been shown to

image also extracardiac ATTR deposits, whereas

99mTcPYP, according to the present study, would not

be able to recognize non-cardiac localizations of ATTR.

It appears reasonable to state that the varying ability to

image non-cardiac ATTR deposition among bone tracers

is due to different properties of the single compounds

more than to methodological aspects or different

patients’ characteristics.

EXPLORING THE MECHANISMS OF
HETEROGENEITY OF TRACER’S UPTAKE IN ATTR

Figure 1 summarizes the most likely determinants

of this heterogeneity.

The variable myocardial uptake according to type of

amyloidosis (in particular, ATTR vs AL) has been one

of the first peculiarities to be noted.5 ATTR-CA is

particularly avid for bone tracers, whereas uptake in AL-

CA is either absent or mild.3,7 The intimate mechanism

for this differential uptake is unknown, but it has been

suggested that the preferential binding to ATTR may be

a result of higher calcium content.25 More in general, the

role of calcium within the myocardial tissue appears

crucial. Recently, using a special calcium stain as well

as immunohistochemistry to investigate the expression

of macrophages, Stats and Stone evaluated endomy-

ocardial biopsies of patients with ATTR and AL and

found significantly greater density of small microcalci-

fications in cases of ATTR compared to AL,26 although

a few cases demonstrated levels of microcalcifications

comparable to the ATTR patients. Another recently

evaluated tracer, 18F-NaF, a bone radiotracer that is

used predominantly to detect prostate cancer metastases

and microcalcifications within the coronary arteries, has

been tested for imaging of ATTR-CA, with some

interesting results.27

Although the amount of calcium within the infil-

trated tissue is likely related to the overall amyloid load

which in turn is related with ventricular thickness and

mass, the correlation between ventricular parietal thick-

ness and semiquantitative measurements of bone tracer

uptake is very weak.2,5,6

Recently, the role of other two possible modulators

of the binding between amyloid deposits and the bone

tracers has been highlighted: the type of mutation and

the result of the proteolysis of fibers at myocardial level

(full length only vs full length plus C-terminal ATTR

fragments). Diagnostic sensitivity of 99mTcDPD is low

for patients with early-onset V30 M mutation. Typi-

cally, these patients have ATTR fibrils composed of full-

length TTR (type B fibrils), whereas most other muta-

tions, including late-onset V30M, have fibrils composed

of a mixture of full-length and C-terminal fragments of

TTR (type A fibrils).28,29

Therefore, the different diagnostic performances of

bone tracers as imaging tools for cardiac and extracar-

diac amyloidosis must be considered in a wider context

and within a challenging pathophysiologic scenario.
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