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Cardiac amyloidosis (CA) is a hot topic in nuclear

cardiology and molecular imaging has become an

important tool in the management of CA due to the

unique capability to diagnose transthyretin CA (ATTR)

noninvasively. The diagnosis of ATTR that was based in

the past on invasive myocardial biopsy can be obtained

with high sensitivity (95-100%) and near perfect speci-

ficity (97-99%), provided plasma cell disease is

excluded,1,2 by myocardial scintigraphy with three

bone-seeking tracers, 99mTc-3,3-diphosphono-1,2-

propanodicarboxylic acid (DPD), 99mTc-Pyrophosphate

(PYP) and 99mTc-Hydroxymethylene diphosphonate

(HMDP). The three tracers perform equally well in the

diagnosis of ATTR but not light chain CA (AL),1 likely

due to calcium binding.3 Recently, three new drugs were

approved by the US Food and Drug Administration for

the treatment of ATTR with clinical studies underway

that will likely expand the use of molecular imaging in

the diagnosis and management of CA.

In this issue of the Journal of Nuclear Cardiology,

Santarelli et al. have retrospectively assessed HMDP

studies of 38 patients who underwent a multi-step

imaging protocol, designed to detect the earliest time

point to diagnose ATTR with high sensitivity and

specificity.4 Dynamic imaging for as little as 4.5 min, as

well as static images as early as 3.5 min after injection,

both performed as well as late imaging, 1 to 3 h after

injection. These early images were not subjected to

visual interpretation. Rather, regions of interest (ROI)

were drawn around structures representing uptake in the

blood pool, the heart, skeleton and background. Time-

activity curves (TAC) of heart uptake divided by bone

uptake (TACHeart/Bone) for time[6 min and a retention

index derived from these data (RIheart-bone) for time[10

min distinguished between patients with ATTR and

controls with a good intra- and inter-observer

consistency.4

The results of this study suggest that early planar

HMDP scintigraphy, either static or dynamic, may

replace late imaging in patients with suspected cardiac

amyloidosis. This would be good news to patients, who

would benefit from the shortened time in the clinic.

However, the altered protocol will require additional

validation. The number of patients in present study is

small and the study population is selective. None of the

patients included in the study had evidence of a mono-

clonal gammopathy and patients with ischemic heart

disease, chronic liver disease or severe renal failure were

excluded. Most of the assessed for suspected ATTR are

elderly, as is the case in the current report (age 82±6

years). These co-morbidities are common at an older

age, and typical also for patients with suspected ATTR.

Another unique feature of the study population is

that there were no patients with grade 1 uptake in the

myocardium, defined as uptake less than bone uptake.

Studies with grade 1 uptake are reported as equivocal.5

On planar images, it may be difficult to determine if

tracer uptake is localized in the myocardium or in the
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blood pool. In such cases, single photon emission

tomography (SPECT) has an important role. This may

become even more challenging in early imaging, a topic

that should be addressed in future studies. Galat et al. 6

were the first to report the ability of early HMDP planar

images to accurately predict late findings. They repor-

ted, 9 of 135 (7%) patients had grade 1 myocardial

uptake, one of them was correctly identified as suffering

from ATTR by visual scoring of the early image but not

by a heart-to-mediastinum ratio of the early image.

BONE-SEEKING TRACERS—THE MORE
THE MERRIER?

The search for better tracers and improved imaging

protocols is driven by the motivation to improve study

performance. However, with the excellent diagnostic

performance for differentiating ATTR from light chain

cardiac amyloidosis (AL), 100% specificity for diagno-

sis of ATTR in patients with grade 2/3 cardiac uptake of

all three bone-seeking tracers (DPD, PYP and HMDP)

and no evidence of monoclonal gammopathy,1 there

seems to be little room for improvement. Although the

number of patients scanned with each tracer was not

even (DPD 877, PYP 199 and HMDP 141) further

studies have established the use of all 3 tracers,2 also

recommended in current multi-disciplinary consensus

recommendations for imaging of cardiac amyloidosis.5

All three tracers perform very well in the manage-

ment of CA—differentiating between ATTR and AL.

The choice of tracer is mostly a result of regional

availability. Whereas in the USA only PYP is approved

by the FDA, in other countries DPD, HMDP and HDP

are available. In countries where more than one tracer is

available, the cost, ease of interpretation and protocol

differences may play a role in determining which tracer

to use.

Is one tracer better than others? There are no studies

directly comparing these three tracers in patients with

suspected CA. In addition, the mechanism by which

bone-seeking tracers bind to TTR fibrils and not to light

chain fibrils is unclear. The hypothesis that there are

more microcalcifications in ATTR compared to AL has

very little supporting evidence. There is a single study

describing a greater density of microcalcifications in

endomyocardial biopsies of eight ATTR patients com-

pared to seven AL patients.3 To the best of our

knowledge, there are no studies comparing the perfor-

mance of the tracers in animal models of ATTR.

Not all bone-seeking tracers are helpful for ATTR

imaging. Although they are all incorporated to the

hydroxyapatite in the mineralization process, the exact

mechanism of uptake is unclear. The tracers differ in

structure, protein binding, clearance from the blood,

urinary excretion and in their intrinsic affinity to bone

(Table 1, Figure 1).7-10 In stark contrast to PYP, DPD

and HMDP, the most commonly used tracer for bone

imaging, 99mTc methylene diphosphonate (MDP), shows

no uptake in ATTR.11,12 Similarly, the PET tracer
18FNa, despite superior resolution and sensitivity for

bone lesions, has low sensitivity for ATTR.13,14 MDP

and 18FNa are cleared quickly from the blood and soft

tissues, ideally suited for bone imaging. These properties

may, however, hinder their ability to interact with the

presumed microcalcifications in the TTR fibrils. The

degree of availability of the different tracers for

myocardial incorporation and their specific affinity to

fibril microcalcifications have not been studied.

IMAGING PROTOCOLS—THE MORE
THE MERRIER!

In the multi-center trial including 1217 patients,

reported by Gillmore et al., a single imaging protocol

was used for all three tracers, late planar imaging,1

yielding fabulous results. Other protocols are evolving,

adapting to the unique characteristics of each tracer. The

protocols differ in technique: dynamic imaging, planar

imaging, whole body versus a single field of view (FOV)

of the chest, and the use of SPECT or SPECT/CT. The

more imaging protocols the more time for the patient

under the camera, but also the more information

available for the interpreting physician on which to

base the diagnosis.

The most important evolution in protocol has been

the addition of SPECT to planar imaging.15,16 SPECT

aids in better localization of tracer activity to the

myocardium as opposed to the left ventricular blood

pool 17 and helps avoiding pitfalls.18 Imaging the whole

body as opposed to a single FOV of the chest allows

evaluation of soft tissue uptake, described mainly in

DPD and HMDP.

Masri et al. showed comparable diagnostic perfor-

mance in 233 patients who had planar and SPECT

imaging at 1 h and 3 h.17 For planar images grades 1-2,

SPECT was needed to make the diagnosis. SPECT/CT

enables quantitation 19,20 and localization of uptake in

soft tissue.21,22

Another variation of the protocol is timing of the

imaging, from 10 min as suggested by Santarelli et al. in

this issue,4 to 3 h after the injection, the most validated

time point. DPD imaging is most commonly performed

at 3 h after injection (the past practice of early and late

imaging has mostly been abandoned),16 whereas PYP

imaging is recommended at 1-h post-injection with

further imaging at 3 h in cases of high background, i.e.

due to renal failure.22
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As suggested by Santarelli et al. and previously by

Galat et al.,6 HMDP imaging performed as early as at 10

min after injection may enable diagnosis of ATTR. If

validated in larger, more varied populations, HMDP

may become the most attractive tracer of the three.

Shortening the patient visit in the department from a 2 to

3 h to 10 min has great impact on patient comfort and

departmental workflow. As attractive as this may be, the

most important aspect of imaging is its diagnostic

confidence, and shortening the time of the study should

not compromise the quality of the scan.

With new developments and novel therapeutic

agents there is a need for a non-invasive imaging

modality to monitor disease activity. Molecular Imaging

techniques should be investigated not only in the

diagnosis but also in assessment of response to therapy.

Time-activity curves from dynamic imaging, as

described in present study, as well as quantitative data

from SPECT/CT acquisitions may have a role in serial

imaging and disease monitoring and further research is

warranted.
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Figure 1. 3D chemical structure models of bone-seeking
tracers.3 Hydrogen (H) atoms in white. Oxygen (O) atoms in
red. Carbon (C) atoms in grey. Phosphor (P) atoms in orange.
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