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EDITORIAL COMMENT
Progress in Cardiac Imaging Uncovers the
Epidemiology of Wild-Type Transthyretin
Amyloid Cardiomyopathy*

Sharmila Dorbala, MD, MPH,a,b Olivier Florian Clerc, MDa,b
T ransthyretin (ATTR) amyloidosis is charac-
terized by the progressive deposition of
misfolded transthyretin protein, which poly-

merizes into amyloid fibrils in the extracellular matrix
(1). These fibrils accumulate in the myocardium and
lead to restrictive cardiomyopathy with a median un-
treated survival of approximately 3.5 years. Wild-type
ATTR (ATTRwt) amyloidosis mostly affects older men
and causes cardiomyopathy, whereas transthyretin
gene variants may lead to hereditary ATTR (ATTRv),
with variable combinations of cardiomyopathy and
polyneuropathy. The cardiomyopathic variant
Val122Ile is present in 3.4% of African Americans but
has variable penetrance and typically causes symp-
toms later in life. ATTR amyloidosis has been tradi-
tionally considered a rare disease; in the absence of
any effective treatment until recently, diagnosing
ATTR amyloidosis had limited clinical consequences,
and patients were not proactively screened for this
disease. The transthyretin stabilizer tafamidis
reduced mortality and rates of cardiovascular-related
hospitalizations in ATTR cardiac amyloidosis (ATTR-
CA) (2). In ATTRv amyloidosis, diflunisal, patisiran,
and inotersen improved polyneuropathy symptoms,
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and CRISPR-Cas9 gene editing reduced transthyretin
levels (1,3). Access to these highly effective therapies
has motivated an interest in screening at-risk and
symptomatic cohorts for ATTR amyloidosis.

In this issue of JACC: CardioOncology, Nativi-
Nicolau et al (4) present the results of their study on
temporal trends in the diagnosis of ATTR-CA from the
THAOS (Transthyretin Amyloidosis Outcomes Sur-
vey). In this large, global database of 1,069 ATTRwt
and 525 ATTRv amyloidosis patients (95% male),
Nativi-Nicolau et al (4) found an impressive increase
in annual ATTRwt patient inclusion, from 2 in 2005 to
>100 in 2016. By contrast, annual ATTRv patient in-
clusion increased from 3 in 2005 to 37 in 2011 and then
plateaued. These changes were not the result of the
addition of new participating centers because the
number of patients by center also increased. Thus,
the findings of Nativi-Nicolau et al (4) highlight a
steep increase in ATTR-CA diagnosis in the United
States and worldwide, particularly for ATTRwt.
Moreover, the proportion of patients in New York
Heart Association functional class III or IV at the time
of diagnosis diminished over time, suggesting earlier
diagnosis. This rise in diagnosis was accompanied by
a higher use of cardiac scintigraphy with bone-avid
tracers and a lower use of endomyocardial biopsy.
However, surprisingly, the median time from onset of
symptoms to diagnosis remained more than
60 months in the last several years.

A potential limitation of this study may be a sam-
pling bias reflecting patient recruitment from
selected centers with expertise in ATTR-CA, mostly in
the United States. However, these results mirror
similar recent observations of a diagnostic surge in
other cohorts across the world (5-8). The newly
increased awareness of ATTR-CA has spurred physi-
cians to search for it actively, with a resulting wave of
https://doi.org/10.1016/j.jaccao.2021.09.006
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FIGURE 1 Annual Publications on Bone-Avid Tracer Scintigraphy for Amyloidosis
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Data were extracted from PubMed on September 2, 2021. DPD ¼ technetium-99m–3,3-diphosphono-1,2-propanodicarboxylic acid;

HMDP ¼ technetium-99m–hydroxymethylene diphosphonate; PYP ¼ technetium-99m–pyrophosphate.
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new diagnoses. Geographic discrepancies across the
United States with more frequent cases in Minnesota
and New England suggest a higher detection rate in
specialized centers (6,9). This temporal and
geographic evolution suggests that ATTR-CA was
strongly underdiagnosed.

The proportion of women enrolled in the THAOS
registry was only 5.4% and it was consistent with
clinical experience, but whether this has changed
temporally is not discussed in this study and may be
valuable to understand. Numerous studies performing
a systematic assessment of selected patients reported
a high prevalence of ATTR-CA with much smaller sex
differences. Among patients with heart failure with
preserved ejection fraction (HFpEF), 6% to 17% had a
diagnosis of ATTR-CA (10-14) including certain pa-
tients with severe aortic stenosis (15-17). A prevalence
>20% was repeatedly found in patients older than 80
years of age, with or without HFpEF (13,14,18). Even
retrospective studies of unselected patients with bone
scintigraphy detected several unexpected cases of
ATTR-CA (19,20). Because of underdiagnosis, the true
prevalence of the disease is difficult to assess. How-
ever, it was estimated at between 70 and 191 per
million when investigators used diagnostic codes in a
large in-hospital Japanese database (21). Surprisingly,
45% to 54% of cases were women. Our group used
Medicare fee for service data and reported an increase
in prevalence (18.0 to 55.2 per 100,000 person years) of
cardiac amyloidosis (International Classification of
Diseases codes for heart failure and amyloidosis) from
2000 to 2012 (6); women comprised 50% of the cohort.
Several other studies also showed much smaller sex
differences. For example, Gonzalez-Lopez et al (11)
performed technetium-99m–3,3-diphosphono-1,2-
propanodicarboxylic acid (99mTc-DPD) scans in adults
aged $60 years (59% women) who were hospitalized
with HFpEF and left ventricular wall thickening
($12 mm) and found that the proportion of women
with positive 99mTc-DPD scan results was similar to the
proportion of men. In an autopsy study, Mohammed
et al (10) found that 15% (9/62) of women and 19% (9/
47) of men with HFpEF had ATTRwt. These data sug-
gest that the male predominance may not be as strong
as reported in THAOS when systematic screening is
performed. Thus, ATTR-CA should also be sought in
older women with clinical or imaging red flags for
amyloidosis.

We congratulate Nativi-Nicolau et al (4) on adding
these important data to the published reports on this
topic, thereby showing that a major contributor to this
diagnostic surge for ATTR-CA is the development of
diagnostic imaging tests, specifically scintigraphy
with bone-avid tracers (22). Traditionally, endomyo-
cardial biopsy was required for every patient. Now,
scintigraphy with bone-avid tracers permits a
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noninvasive, early, and accurate diagnosis of ATTR-
CA; this imaging can be performed at a lower
threshold of suspicion than biopsy, thus allowing for
widespread early detection of ATTR-CA. The
increased interest in bone scintigraphy in ATTR-CA is
paralleled by the exponential progression of publica-
tions on PubMed in recent years (Figure 1). Quantita-
tive imaging of amyloid burden with bone-avid tracer
single-photon emission computed tomography com-
bined with computed tomography (23) is emerging
and may be crucial to evaluate prognosis, follow-up,
and response to therapy.

In conclusion, significant progress has been made
in using bone-avid tracer scintigraphy to diagnose
ATTR-CA, a relevant cause of HFpEF in older adult
patients. More studies are needed to develop strate-
gies to improve time to diagnosis and to study sex
differences in the prevalence of ATTR-CA. Because
this form of HFpEF can be specifically treated,
identifying ATTR-CA in men and women is now an
essential endeavor, to save and improve the lives of
our patients.
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