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Imaging techniques undergo a process of develop-

ment. They are birthed from an idea or a hypothesis, and

then investigators look for pre-clinical models followed

by publication of clinical case reports. In the adoles-

cence of a technique, proof-of-concept series set the

stage for larger scale trials of validation. Evidence for

utility builds and grows until the technique reaches

maturity by demonstration of value to patients and

providers. It is within this framework that Mogenstern

et al report intriguing data on the early development of
18F-NaF imaging for the evaluation of cardiac

amyloidosis.

Cardiac amyloidosis (CA) is caused by deposition

of insoluble proteins in the heart resulting in hypertro-

phy, progressing to diastolic dysfunction and heart

failure with preserved ejection fraction (HFpEF).1,2 It

exists in two predominant forms: acquired monoclonal

light chain (AL) vs transthyretin-related (ATTR).

ATTR-CA is much more prevalent, especially in the

elderly, and can be further subclassified as genetically

normal (wild type or senile systemic amyloidosis, SSA)

or genetically abnormal (mutant type or familial amy-

loid cardiomyopathy, FAC). Senile systemic amyloido-

sis increases in prevalence in men older than 60 years of

age, and since the clinical presentation of HFpEF may

be attributed to hypertension and other causes of dias-

tolic dysfunction that are also common in the aged

population, the diagnosis of ATTR-CA can be chal-

lenging and the prevalence of the disease

underappreciated. The distinction between ATTR-CA

and AL-CA is of paramount importance as prognosis

and therapy vary significantly depending on the subtype.

Despite the growing knowledge of ATTR-CA as a

cause of HFpEF, there has been an unmet clinical need

to provide better noninvasive methods to diagnose it.

Over the last 5-10 years, there has been a dramatic

increase in investigations of multimodality imaging to

diagnose CA and differentiate AL-CA from ATTR-CA.

In particular, nuclear cardiology techniques using bone-

avid SPECT tracers (99mtechnetium pyrophosphate

(99mTc-PYP), 99mtechnetium 3, 3-diphosphono-1,2-

propanodicarboxylic acid (99mTc-DPD), and 99mtech-

netium hydroxydiphosphonate (99mTc-HDP)) have

shown great promise. In 2013, the group responsible for

the current manuscript3 proposed that 99mTc-PYP

imaging may provide a means to differentiate between

ATTR and AL-CA. In 2016, the use of 99mTc-PYP to

diagnose ATTR-CA was further standardized by this

group,4 and a multi-center consensus statement demon-

strated the utility of all the bone-avid SPECT tracers to

provide a highly accurate noninvasive differentiation

between ATTR and AL-CA.5

On this background, the manuscript by Morgenstern

et al6 in this issue of Journal of Nuclear Cardiology

evaluates a potential other means of distinguishing

ATTR-CA from AL-CA, using the PET tracer 18fluo-

rine-labeled sodium fluoride (18F-NaF). This tracer is

approved by the FDA for prostate cancer screening, and

has also been studied for detecting microcalcifications in

coronary plaques as well as predicting progression of

disease in patients with calcific aortic stenosis. In the

current work, the authors present a prospective pilot

study in which they enrolled 7 patients with biopsy-

proven CA (2 with AL-CA, 5 with ATTR-CA) who all

underwent 18F-NaF PET imaging. The control patients

(N = 5) were retrospectively assessed, and had
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undergone 18F-NaF PET imaging for prostate cancer and

had no medical history of amyloidosis. Age and gender

of study and control individuals were similar. Scans

were assessed qualitatively and quantitatively for uptake

of 18F-NaF. The principal finding of the study was sig-

nificantly greater 18F-NaF PET uptake in patients with

cardiac amyloid than in controls (Figure 3; P = 0.018),

with greater uptake in patients with ATTR-CA vs AL-

CA and controls. Mean SUV of AL-CA and control

patients was similar (P = 0.434). In addition, there was

diffuse uptake of 18F-NaF with some prominent, focal

myocardial uptake in some segments in the images from

ATTR-CA patients.

The results in this study add to the preliminary

evidence of 18F-NaF as a potential agent in the diagnosis

and differentiation between ATTR and AL-CA, based

on the hypothesis that the type of amyloid protein affects

local calcium homeostasis. Previously, two case reports

with discordant results had been published.7,8 One report

suggested that 18F-NaF PET/CT imaging was positive in

a patient with mutant (Val122Ile) ATTR-CA but nega-

tive in a patient with AL-CA.8 A second case report

showed no 18F-NaF uptake in a patients with WT or

Ile68Leu ATTR-CA. However, a recently reported small

case series (4 ATTR-CA (2 V122I, 2 WT); 3 AL, 7

controls) demonstrated that hybrid PET/magnetic reso-

nance (MR) using 18F-NaF might aid in the

differentiation of ATTR and AL-CA, reporting

increased patchy uptake in areas of ATTR colocalizing

to regions of late gadolinium enhancement,9 supporting

the conclusions made by Morgenstern et al.

However, despite the promising results, this study

does have some limitations that could be answered in

future larger studies. First, the small sample size limits

the assessment of the potential differences between

ATTR-CA and AL-CA. With only two AL-CA patients

in the study, it is difficult to understand whether or not
18F-NaF can reliably distinguish between these two

entities. It should be pointed out that 1 of the 2 patients

with AL-CA in the study had normal IVSD (1.0) and

LVPW (0.9), suggesting the degree of AL cardiac

involvement in this patient was not extreme. Another

issue is the control group of patients, which did not have

suspected CA and lacked description of morphological

features of CA, such as cardiac hypertrophy and/or

diastolic heart failure, raising the question whether the

observed increase in 18F-NaF signal is specific to CA.

Also, there is no description of the reproducibility or

repetition accuracy of the imaging findings. Lastly,

given the tremendous experience in this group with
99mTc-PYP imaging and the rapid validation of PYP

imaging as the ‘gold standard’ of noninvasively differ-

entiating ATTR-CA from AL-CA, a comparison of 18F-

NaF with 99mTc-PYP in patients in this study would

have been very useful. With these limitations in mind,

the data in this paper are intriguing and should be

interpreted as showing that 18F-NaF PET has increased

signal in patients with CA more than normal controls

without known heart disease. The authors should be

commended for their novel quantitative approach.

As nuclear cardiology progresses and we move

forward in our search for novel tracers, new molecular

targets, and imaging protocols beyond traditional

myocardial perfusion imaging, we need to ensure the

continued iterative advancement that lead to the over-

whelming success of our field. In particular, with all new

nuclear cardiology techniques, we need to develop-

mentally focus on moving from proof of concept (as

Morgenstern et al do in this manuscript) to providing

validation, reproducibility, and comparison to ‘gold

standards.’ Studies such as by Morgenstern et al aim to

better define disease and expand our imaging arma-

mentarium in cardiac amyloidosis, but 18F-NaF imaging

for cardiac amyloidosis is still in its infancy. The authors

rightly point out that investment in research and devel-

opment of new imaging techniques to better (and

potentially earlier) define cardiac amyloidosis involve-

ment is critically needed. As our fields seek to

successfully mature techniques such as 18F-NaF PET for

cardiac amyloidosis, we need to keep in mind and

paraphrase a commercial by Orson Welles for Paul

Masson wine that aired in the late 1970’s around the

time of the birth of nuclear cardiology, ‘‘Some things

cannot be rushed. We will sell no wine (or new imaging

technique) before its time.’’
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