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Nuclear imaging modalities for cardiac

amyloidosis
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Amyloidosis is a heterogeneous group of diseases characterized by localized or systemic
deposition of insoluble extracellular fibrillary proteins in organs and tissues. Several types of
amyloid can infiltrate the heart resulting in a restrictive cardiomyopathy, heart failure, and
atrial and ventricular arrhythmias. Scintigraphy is a noninvasive method that may facilitate
early diagnosis, distinguish various forms of cardiac amyloid, and may be useful in following
disease burden. The amyloid-specific tracers presented in this article have been used with
planar imaging and/or single-photon emission computed tomography. To date, there are no
approved cardiac amyloid tracers although investigational tracers are currently under exam-
ination. This article serves to review the current nuclear imaging modalities available in the

detection of cardiac amyloid.
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INTRODUCTION

Cardiac amyloidosis involves the deposition of insol-
uble fibrils in the myocardium and is an underdiagnosed
cause of heart failure with preserved ejection fraction
(HFpEF)." The most clinically relevant cardiac involvement
occurs in primary light-chain (AL) amyloidosis, familial
transthyretin amyloidosis (mutant transthyretin, ATTRm),
and senile transthyretin amyloidosis (wild-type transthy-
retin, ATTRwt). Other forms of systemic amyloidosis
including secondary AA amyloidosis rarely affect the heart.”

As new subtype-specific therapies for cardiac amy-
loidosis are developed, the need to identify and
distinguish amyloid subtypes reliably and noninvasively
has become of increasing importance. Nuclear imaging
modalities for cardiac amyloid hold promise for nonin-
vasive identification of myocardial involvement,
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differentiating amyloid subtypes, and monitoring disease
burden, disease progression, and potential response to
therapy. This article highlights the current tracers
involved in detecting cardiac amyloid.

EPIDEMIOLOGY

ATTRm amyloidosis occurs in an autosomal domi-
nant fashion leading to familial amyloidotic
cardiomyopathy (FAC) or familial amyloidotic polyneu-
ropathy (FAP). The exact prevalence of FAC is unknown
but pooled data shows up to 3.9% of African Americans
are heterozygous carriers of the amyloidogenic allele,
V1221, resulting in cardiac amyloid in an age-dependent
penetrant manner." ATTRwt cardiomyopathy is underdi-
agnosed and has been shown to have a prevalence similar
to autopsy studies with as many as 30% of patients with
HFpEF > 75 years.” Primary AL amyloidosis is the most
frequently diagnosed with an annual incidence 6-10 cases
per million in the United States and United Kingdom,*
approximately half of whom will have significant cardiac
involvement.” In our experience to date of 210 cases: 53%
have AL, 24% have ATTRwt, and 23% have ATTRmt.
The numbers of ATTR cases are increasing over the last
decade and now account for >50% of the referrals.

DIAGNOSIS

Endomyocardial biopsy (EMB) remains the gold
standard for definitive diagnosis of cardiac amyloid.
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Once amyloid deposits are found, additional testing with
immunohistochemistry and/or sequence analysis by
mass spectroscopy can identify the precursor protein.
EMBs are typically performed in specialized centers and
while highly sensitive does not provide sufficient infor-
mation of extent of disease, progression of disease,
prognostic information, nor response to treatment.
Complications from EMB are 6% and include arrhyth-
mia, perforation with pericardial tamponade, accidental
arterial puncture, and pneumothorax,® though in our
experience in over 150 cases, these complications,
especially perforation, are less common. EMB has been
given a class Ila recommendation in the most recent
American College of Cardiology (ACC) guidelines.’

Treatment

A number of new pharmacotherapies designed to
reduce amyloid burden, enhance TTR native state
stability or silence TTR production® and prevent mis-
folding and aggregation *'° show promise. In vivo
studies have demonstrated that diflunisal, a nonsteroidal
anti-inflammatory drug (NSAID) binds to TTR and
enhances stability.'"' A phase III study in FAP, in
which many patients had cardiac involvement, was
recently completed and results are expected soon
(Diflunisal Study NCT00294671). Tafamidis, a TTR
stabilizer modeled after Diflunisal but without any
NSAIDs properties, has shown favorable results in
phase II and III trial in FAP."* Other novel therapies
aimed at reducing production of TTR through the use of
small interfering RNAs® and antisense oligonucleotides
to silence the TTR gene are currently being
investigated.'*'3

Prognosis

AL amyloidosis is caused by the deposition of
monoclonal immunoglobulin light chains and is associ-
ated with plasma cell dyscrasias. The prognosis of AL
amyloidosis is related to the number and severity of
organs involved with cardiac involvement carrying the
worst prognosis.'® In addition, the clinical course in AL
cardiac amyloidosis is more rapidly progressive than in
ATTRm and ATTRwt.'”"® One study comparing AL
cardiac amyloid to ATTRwt with heart failure found
median survival of 11 and 75 months, respectively.'’

METHODS

We performed a systematic review of peer-reviewed
publications through MEDLINE using the following search
terms ‘‘myocard*’’ AND ‘‘amyloid*’”> AND ‘‘name of imag-
ing modality*’’ resulting in a total of 35 articles, of which 8
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were excluded and 17 of the remaining 27 articles included.
Criteria for selection included English language, clinical
relevance, number of patients included in study, and validity
based on venue publication. Bibliographies from these refer-
ences were reviewed, as well as additional articles from
content experts. Finally, each imaging modality was searched
individually yielding an additional 11 results.

Nuclear Imaging Modalities

Bone seeking tracers. Radiolabeled phosphate
derivatives, initially developed as bone tracers, were first noted
to localize to amyloid deposits in 1977 when Kula et al*
visualized calcifications in amyloid deposits with *™Tc-diph-
osphanate. This association led to the development of several
phosphate derivatives tagged with *™Tc¢ including **™Tc-
pyrophosphate (PYP), *™Tc-methylene diphosphonate (MDP),
and  %™Tc-3,3-diphosphono-1,2-propanodicarboxylic  acid
(DPD) (Table 1).

99mMTc-DPD. Of the bone seeking radiotracers, *™Tc-
DPD has been the most studied with regards to its use for
cardiac amyloid imaging. Currently, this isotope is not
approved by the Food and Drug Administration (FDA) and
therefore not available for clinical use in the United States. In
2005, Perugini et al performed °™Tc-DPD imaging on 25
patients with cardiac amyloidosis (10 ATTRm, 5 ATTRwt, 10
AL) confirmed by biopsy with immunohistochemistry or by
genotyping with typical echocardiographic appearance. All 15
ATTR patients had strong myocardial uptake of *™Tc-DPD
while no uptake was observed in AL patients with *™Tc-DPD
myocardial uptake being 100% sensitive and 100% specific for
diagnosing ATTR cardiac amyloidosis.?'

In a larger cohort of 79 patients (28 ATTRm, 17 ATTRwt,
and 34 AL) where tracer retention was calculated by a heart-to-
whole body ratio (H/WB), the diagnostic accuracy of **™Tc-
DPD scintigraphy was found to be lower due to tracer uptake
in about one-third of AL patients with sensitivity 100% and
specificity 88% using moderate to strong uptake as cutoff.
Using visual scoring (VS) (0 = no uptake, 1 = mild uptake,
2 = moderate uptake, 3 = strong uptake), the positive predic-
tive value (PPV) and negative predictive value (NPV) for
VS > 1 were 80% and 100%, respectively, compared to 100%
and 68% for VS > 3. Using a VS > 2, *"Tc-DPD had a NPV
of 100% for excluding AL amyloid while a positive cardiac
uptake of ™Tc-DPD had a PPV of 88% for ATTR amyloid.*>
The preferential uptake of *™Tc-DPD in ATTR amyloid
cardiomyopathy was also supported in a retrospective study of
elderly patients with unexplained concentric left ventricular
hypertrophy and a non-dilated left ventricle where all 46
patients with positive uptake had biopsy-proven cardiac
amyloid (14 ATTRm, 32 ATTRwt).*?

In a cohort of 36 patients with ATTRwt amyloid that
underwent *™Tc-DPD imaging, heart retention (HR) of the
tracer had positive correlation with inter-ventricular septal
thickness and severity of cardiac amyloid deposition assessed
by impaired longitudinal function (e.g., MAPSE/TAPSE =
mitral/tricuspid annular plane systolic excursion). In addition,
patients with HR 9.27% had a tendency toward decreased
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survival.>* Another study of eight biopsy-proven FAP patients,
whole body tracer retention and specifically myocardial tracer
retention were found to correlate with cardiac disease sever-
ity.>> Further studies demonstrated that in ATTR subjects,
9mTe-DPD myocardial uptake is of prognostic value for
predicting major adverse cardiac events (MACE), either alone
or in combination with LV wall thickness.?®

The amyloid tracer **™Tc-DPD is the first radiotracer
demonstrating the ability to distinguish ATTR from AL
cardiac amyloidosis when tracer retention is either intense or
absent. Moderate *™Tc-DPD myocardial uptake was reported
to be of indeterminate significance with a prevalence in AL
and ATTR amyloid of 18% and 36%, respectively. **™Tc-DPD
myocardial uptake also has prognostic significance leading to
its widespread use among amyloid centers in Europe.

99MTc-PYP. A number of a case reports from 1980 and
onwards demonstrate myocardial uptake of *°™Tc-PYP in
amyloid patients. Despite this, °*™Tc-PYP scintigraphy has not
been validated as a method in identifying cardiac amyloid due
to variable sensitivities, lack of identification of amyloid
subtype in earlier studies, and failure of a quantitative method
for detecting myocardial amyloid.

In 1982, Wizenberg et al reported a group of ten patients
with tissue-proven amyloidosis of unidentified subtype (two
with histologically proven cardiac amyloid) who underwent
9mTc-PYP myocardial scans and had marked diffuse cardiac
uptake on scintigraphy. The authors concluded based on these
observations that cardiac amyloid should be strongly suspected
in patients with biopsy-proven amyloid combined with echo-
cardiographic features of amyloid and positive myocardial
9MTc-PYP imaging.”’ In a larger study of 34 patients with
biopsy-proven amyloidosis (undefined subtype), only 3 of 14
retrospective cases and 17 of 20 prospective cases with
echocardiographic features of amyloid had myocardial **™Tc-
PYP uptake, a finding also found in 15 of 20 controls without
amyloid heart disease. These results led to the conclusion that
9MTc-PYP scintigraphy is not sufficiently sensitive to warrant
routine screening inpatients with cardiac amyloid.*®

In 2012, Yamamoto et al described a quantitative method,
the “PYP score,” to assess the utility of **"Tc-PYP to
evaluate for cardiac amyloidosis in 13 subjects with heart
failure due to amyloid (1 AL, 1 AA, 3 ATTRm, 8 ATTRwt)
and 37 subjects with heart failure due to non-amyloid causes.
PYP score, defined as the ratio of myocardial mean counts to
ventricular cavity mean counts, was found to have a sensitivity
of 84.6% and specificity of 94.5% for distinguishing cardiac
amyloidosis from non-amyloid causes of heart failure.”

In a recent study at Columbia University by Bokhari et al,
45 subjects (12 AL, 16 ATTRwt, 17 ATTRm) with biopsy-
proven amyloidosis amyloid underwent *°™Tc-PYP SPECT.
Cardiac retention was assessed with both a semi-quantitative
visual score (see Figure 1) in relation to bone uptake (0 = no
cardiac uptake to 3 = high uptake greater than bone) and by
quantitative analysis by drawing a region of interest (ROI) over
the heart corrected for contralateral counts and calculating a
heart-to-contralateral ratio (H/CL). The degree of cardiac
tracer retention in the heart correlated with left ventricular wall
thickness and mass (see Figure 2) similar to what has been
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reported for °°™Tc-DPD.** Subjects with ATTR cardiac
amyloid had significantly higher semi-quantitative cardiac
VS than the AL cohort as well as a higher quantitative score.
Using a H/CL ratio >1.5 (see Figure 3) consistent with
intensely diffuse myocardial tracer retention had a 97%
sensitivity and 100% specificity for identifying ATTR cardiac
amyloidosis. The author concluded that *™Tc-PYP cardiac
imaging may be a simple, widely available method to identify
subjects with ATTR type cardiac amyloidosis.>’ This study did
not include any normal subjects to know whether uptake in AL
subjects is equal to or greater than normal subjects. So, the
absence of uptake of bone seeking radiotracers in a patient
without myocardial biopsy-proven amyloidosis could mean no
disease or AL disease.

The discriminatory ability of *°™Tc-PYP for ATTR
cardiac amyloid with high sensitivity and specificity in the
above study may have been related to the selection of patients
with more advanced cardiac amyloid and a large percentage of
patients with ATTRm had the V1221 mutation. Despite these
limitations, **™Tc-PYP shows promise in discerning ATTR
from AL amyloid and is readily available in the United States.
Further multicenter studies with different isotopes, less severe
phenotypes, and other mutations are needed to validate
its use.

Sympathetic Innervation

1231 MIBG. Metaiodobenzylguanidine (MIBG) is an
analog to norepinephrine and shares similar uptake and storage
in sympathetic nerve endings. However, unlike norepineph-
rine, MIBG undergoes little enzymatic degradation. Due to
these characteristics, when coupled with '?’I, objective eval-
uation of cardiac sympathetic function is possible.>' '*’I-
MIBG myocardial imaging has been used in Europe and Japan
and recently the United States FDA has approved this tracer for
the assessment of myocardial sympathetic innervation in
patients with New York Heart Association (NYHA) class II
or class III heart failure and left ventricular ejection fraction
(LVEF) <35%.

In 1995, Nakata et al*? reported the first case of a patient
with FAP who had absent myocardial uptake of '**I-MIBG in
any cardiac region indicating a lack of sympathetic activity due
to amyloid deposits. This was later confirmed by others®>>
indicating that patients with FAP have a high incidence of
myocardial adrenergic denervation with viable myocardium
and can be identified early in cardiac amyloidosis before
clinical heart disease and echocardiographic changes.**
Another clinical trial by Delahaye et al involving 17 patients
with rectal or nerve biopsy-proven FAP found that cardiac '*’I-
MIBG uptake was significantly decreased in FAP patients with
no difference in washout rates despite preserved left ventricle
systolic function and cardiac perfusion. Furthermore, the
clinical severity of polyneuropathy negatively correlated with
MIBG uptake at 4 hours.”® These studies suggest that '*’I-
MIBG imaging may detect early cardiac amyloid specifically
in FAP, which is characterized by early autonomic nervous
system involvement. Whether MIBG scintigraphy will be as
useful in ATTRwt and ATTRm FAC patients who do not have
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Figure 1. (A, B) Semi-quantitative method of calculating the distribution of **™Tc-PYP uptake.
Raw images of a representative negative (A) and positive subject (B) are shown 1 hour after
radiotracer infusion. ROI circles are depicted in green and the contralateral comparison circle is
depicted in blue. ROI, region of interest; C/L, contralateral; Cts, counts; StdDev standard deviation.
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Figure 2. Cardiac tracer retention (H/CL) of **™Tc-PYP vs LV mass index. The degree of cardiac
tracer retention (H/CL) positively correlates with LV mass index similar to Tc-DPD study (see

Ref.lg). H/CL, heart to contralateral ratio; LV left ventricle.
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ATTRm

Figure 3. Quantitative analysis of mean heart to contralateral ratio according to amyloid subtype.
Comparison of *™Tc-PYP mean H/CL ratio between patients with AL, ATTRwt, and ATTRm
cardiac amyloidosis. AL and transthyretin-related amyloidoses are differentiated by mean H/CL
ratio of 1.5. The outlier with H/CL 1.3 is an ATTRm patient with the unusual Thr59Lys mutation
(adapted from Bokhari et al’®). AL, amyloid light-chain; ATTRwr, wild-type transthyretin
amyloidosis; ATTRm, mutant transthyretin amyloidosis.

predominant manifestations of autonomic dysfunction requires
further study.

In 2002, Hongo et al*® examined the utility of '*’I-MIBG
in 25 AL amyloid patients and concluded that myocardial
uptake and turnover of MIBG in AL amyloid are heteroge-
neous and dependent on the presence or absence of congestive
heart failure and cardiac autonomic dysfunction. A recent
study in 2012 that investigated 61 patients (39 AL, 11 AA, 11
ATTRm) found that MIBG late H/M ratio was significantly
lower and higher washout rates irrespective of amyloid subtype
compared to healthy controls in patients who had echocardio-
graphic features of amyloidosis. In addition, ATTRm patients
without echocardiographic signs of amyloidosis had lower H/
M ratio compared to other subtypes (AL and AA) which may
be related to concomitant neuropathic involvement. The author
concluded that '2I-MIBG scintigraphy can detect cardiac
denervation in ATTRm patients before signs of amyloidosis on
echocardiogram.’” The early detection of cardiac denervation
with '2I-MIBG in ATTRm FAP is important as sympathetic
denervation occurs early in the disease and all current therapies
under investigation, including liver transplantation,®® are
aimed at preventing disease progression and not removing
pre-existing amyloid.

Amyloid Deposits

99mTc-aprotinin. The observation of the presence of
anti-proteases in amyloid deposits led to the development of
radiolabeled °°™Tc-aprotinin as a potential amyloid tracer.
Aprotinin is a low molecular protease inhibitor and was first

used in 1995 in 25 patients (24 AL and 1 ATTRm) with
myocardial uptake seen in 10 of 24 AL patients and 1 ATTRm
patient. Although endomyocardial biopsies were not done to
confirm this finding, the author concluded that **™Tc-aprotinin
can be a potential tracer for detection of cardiac amyloid.*
Similar findings were reported 7 years later with myocardial
uptake seen in 6 of 18 AL patients and 2 of 2 ATTRm
patients.*® Another prospective study of 18 biopsy-proven
amyloid patients (14 AL, 3 AA, 1 ATTRm), noted positive
cardiac uptake in five patients (4 of 14 AL, 1 ATTRm), all who
had echocardiographic and magnetic resonance imaging (MRI)
features of cardiac involvement, compared to absent uptake in
the remaining patients who had no clinical or echocardio-
graphical features of amyloid.*! These studies may suggest a
role of *™Tc-aprotinin scintigraphy but limitations include
poor specificity for amyloid subtype and inadequate number of
ATTR patients to draw conclusions.

Other tracers. Serum amyloid P component (SAP) is
a constituent of all amyloid subtypes and was first reported by
Hawkins et al.*> When combined with radiolabeled iodine,
I231_.SAP can detect amyloid deposition in the liver, spleen,
kidneys, bones, and adrenals. However, due to blood pool
content and decreased permeability of tracer in the myocar-
dium, IZ.SAP is not useful for detection of cardiac
amyloidosis.

The use of gallium, ®’Ga, in cardiac amyloid is limited to
few case reports and currently does not play a role in cardiac
amyloid imaging. ""ndium-antimyosin imaging is limited to
one study of seven patients with biopsy-proven cardiac
amyloid noted to have abnormal cardiac antimyosin uptake.
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PET Scanning

Pittsburgh compound B (!'C-PIB) is a positron emission
tomography (PET) tracer developed for f-amyloid in Alzhei-
mer disease and believed to bind to amyloid fibrils of any type.
In a case report of a patient with suspected systemic amyloi-
dosis in whom the subtype was not defined, the increased ''C-
PIB concentration in the left ventricle at 2 minutes post-
injection with subsequent tracer clearance by 5 minutes was
consistent with normal bio-distribution, suggesting unsuitabil-
ity for cardiac amyloid.** However, in a study of ten patients
with systemic amyloidosis (7 AL, 2 ATTRm, 1 ATTRwt) and
cardiac involvement (5 biopsy proven), ''C-PIB uptake was
seen in all patients 15-25 minutes after injection of tracer
compared to absent uptake in five controls suggesting a
possible role in cardiac amyloid imaging.**

A French multicenter study of 10 AL amyloid patients
who underwent FDG-PET/CT imaging during follow-up iden-
tified positive extra-cardiac uptake in 70% of patients namely
broncho-pulmonary and nasopharynx and was concordant with
known organ impairment in 6 of 7 cases. However, FDG-PET
uptake was negative in the patient with known cardiac
amyloidosis.*> Other PET tracers include ''C-BF-227 which
has shown significant cardiac retention compared to a control
in a patient with ATTRm amyloidosis *® and '**I-m11-1F4, a
murine amyloid-reactive monoclonal antibody, currently in
phase I clinical trial developed for passive immunotherapy in
AL amyloid.*’

Recently, the success of visualizing f-amyloid plaques in
the brain with PET has resulted in the approval of 'SF-
florbetapir by the US FDA for imaging B-amyloid plaques in
Alzheimer patients. In an open-label, multicenter brain imag-
ing study of '8F-florbetapir PET imaging on 32 patients (16
Alzheimer patients, 16 controls), mean cortical standardized
uptake value ratios (SUVRs) were significantly higher in
Alzheimer patients compared to healthy controls.*® The role of
"®F_florbetapir in cardiac amyloidosis holds promise in the
future and is currently in clinical trial (NCT01683825).

CONCLUSION

EMB remains the gold standard for detection of
cardiac amyloidosis and a class Ila recommendation by
the ACC. However, EMBs are limited to specialized
centers, are not a minimal risk procedure and do not
provide information on extent of disease, progression of
disease or response to treatment. With the development
of novel drug agents aimed at prevention of cardiac
amyloid, noninvasive methods to diagnose early amy-
loid and follow disease progression will become critical.
The radioactive isotopes predominately involved in
cardiac amyloid include 99mTe_DPD, *°™Tc-PYP, and
I23]_MIBG, the latter which may detect cardiac dener-
vation and autonomic dysfunction in cardiac amyloid.

Multimodal nuclear imaging with MIBG can be
employed for early detection of cardiac amyloid before
echocardiographic features emerge and can be combined
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with Tc-PYP or Tc-DPD for differentiation of amyloid
subtype in patients with echocardiographic amyloid.
Differentiating immunoglobulin AL amyloidosis from
ATTR-related cardiac amyloidosis is imperative given
implications for prognosis, therapy, and genetic coun-
seling. Currently, the bone seeking tracers **™Tc-DPD
and more recently *"Tc-PYP have been shown to
differentiate AL from ATTR cardiac amyloid with high
sensitivity and specificity in patients with advanced
amyloid. Studies to identify the role of bone seeking
tracers for early cardiac amyloid detection and quanti-
fying amount of amyloid burden with serial scans in
order to track progression of disease and monitor
treatment response have yet to be investigated. In the
near future, the use of standardized nuclear imaging
protocols for cardiac amyloidosis may lead to earlier
detection, expedited treatment, delayed disease progres-
sion, and improvement of quality of life for patients.
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