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Transthyretin Amyloid Cardiomyopathy - Early Diagnosis is the
Key for Better Qutcomes
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Transthyretin amyloid cardiomyopathy (ATTR-CM) is rare and often diagnosed late. The incidence increases with advancing age, as ATTR
tetramers become prone to misfolding and has been categorized as wild type and those due to gene mutations constitute hereditary type.
Diagnostic work up should include serum and urinary electrophoresis and immunofixation studies to rule out monoclonal gammapathies. With
the introduction of Technitium pyrophosphate scintigraphy, early diagnosis became possible without the need for endomyocardial biopsy. It has
a diagnostic sensitivity of 99% and specificity of 86%. Tafamidis, ATTR stabilizer has been approved for the treatment of ATTR-CM which
prevents further deposition but does not reverse the process. The benefits are gratifying when therapy is initiated. Functional improvement was
observed in 6 months and reduction in mortality in 2 years. This review impresses upon the utility of Technitium pyro phosphate scintigraphy
for the early diagnosis and highlights the early initiation of therapy for better outcomes.
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INTRODUCTION

Transthyretin amyloid cardiomyopathy (ATTR-CM) is
characterized by the deposition of misfolded transthyretin
protein in the extracellular spaces of the myocardium.
Abnormal plasma cell proliferation leading to
misfolded light chain deposition has been classified as
AL-amyloidosis which is more common than ATTR-CM.
The deposition of amyloid fibrils in the interstitium
can occur in the atria, ventricles, perivascular spaces,
valves, and conduction system. The clinical manifestations
of heart failure (HF) and arrhythmias sets in, when enough
amyloid is deposited to cause left ventricular (LV) wall
thickening.

Technetium 99m pyrophosphate (99m Te-PYP) scintigraphy,
a noninvasive nuclear scan, is highly sensitive and specific
for diagnosing ATTR.I'! This test is devoid of any risk
and has changed the diagnostic landscape and made
early diagnosis possible without the need for an invasive
endomyocardial biopsy (EMB). It enabled screening large
number of suspected cases.*! Early diagnosis and early
initiation of specific therapy are the key to improve the
outcomes of ATTR-CM.
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PatHOBIOLOGY

Cardiac amyloidosis is often under diagnosed or misdiagnosed
as majority of them present in late stages.’! Aging renders
ATTR tetramer prone to misfolding and the prevalence has been
shown to increase with advancing age’'! and these cases were
classified as wild type (w-ATTR). Mutations in gene for AATR
constitute hereditary type (h-ATTR) but w-ATTR is more
common than h-ATTR.['"12 In the past, definitive diagnosis of
ATTR-CM was made by EMB, which when stained with congo
red demonstrates apple-green birefringence under polarizing
microscope. This being an invasive procedure, carries risk
of pericardial tamponade, hematoma and the risk reported
being 1%—6%, hence not been widely practiced.! Misfolded
proteins get deposited in the interstium of myocardium
resulting in diastolic dysfunction which can worsen to systolic
dysfunction as the disease progresses.['¥ Cardiomyopathy has
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been reported most commonly with w-ATTR whereas nervous
system is affected commonly with h-ATTR.!!12]

EPiDEMIOLOGY

The data regarding the prevalence of ATTR are limited as it is rare,
often diagnosis is missed due to its heterogeneous presentation
and lack of sensitive diagnostic tests in the past. Mutations in
chromosome 18 have been shown to result in misfolding of
ATTR protein (h-ATTR) and an autosomal dominant inheritance
with more than 100 different types were reported from various
geographical locations.!> After the introduction of 99m Tc-PYP,
about 5000—7000 new cases were identified annually in the US!®!
suggesting an increase in detection. In one study, among patients
of HF with preserved ejection fraction (HFpEF) associated with
increased myocardial thickness (>14 mm) by echocardiography,
a prevalence rate of 20% was reported.l'” In a pooled analysis
of 69 studies involving 4669 patients with ATTR-CM, 83%
were men.'®! Lower prevalence was observed in women as the
diagnosis is often delayed or missed due to small sized hearts
and also due to cardio-protective effects of estrogens.'! True
prevalence of w-ATTR in the population is not known, but it was
reported to be 20%—25% among octogenarians and 37% in those
above 95 years®?! confirming that the prevalence increases with
age. Recent studies predicted up to 10%—15% of older subjects
with HFpEF might have unrecognized w-ATTR.?? In an autopsy
study of 109 patients with antemortem diagnosis of HFpEF, the
incidence of w-ATTR was 17%, and in those above the age of
80 years, it was 40%,®]

NaturaL HisTory

HFpEF is more common with w-ATTR but EF <40% has been
reported in 30%-50% cases in some studies.*** Data suggest
that survival of h-ATTR was worse compared to w-ATTR and the
mean survival after the diagnosis reported was 2.5 and 3.5 years,
respectively.> Mayo clinic classified patients of w-ATTR into
three stages for prognostication on the basis of Troponin T and
N-terminal pro b-type natriuretic peptide levels, Stage 1 where
both below normal range, Stage 2 one of the variable above
normal, and stage 3 both parameters elevated and the median
survival reported was 66, 42, and 20 months, respectively.?!

DiagnosTic ApproacH To ATTR-CM

Routine work up should include serum and urinary protein
electrophoresis and immuno-fixation studies along with
routine electrocardiography, echocardiography, and cardiac
magnetic resonance imaging (CMRI). Detailed discussion
about these noninvasive tests is beyond the scope of this review.
AL-amyloid is more common type of systemic amyloidosis
and the diagnosis is confirmed by serum and urinary protein
electrophoresis. In AL-amyloidosis the ratio of Lambda versus
Kappa free light chains reported was 3:1. Before planning
99mTe-PYP scintigraphy, it is essential to exclude monoclonal
gammapathy by serum and urinary electrophoresis and
immuno-fixation studies.

Electrocardiogram

The presence of low-voltage electrocardiogram (ECG)
disproportionate to left ventricular hypertrophy (LVH) is
suggestive of ATTR-CM and this can be used as a screening
test. It should be remembered that the absence of low-voltage
ECG does not exclude ATTR-CM.

Echocardiography

LVH/biventricular hypertrophy with normal to small sized
ventricular cavities, granular and speckling or sparkling
appearance of myocardium, restrictive filling pattern, diastolic
dysfunction (> grade II) and rule of 5 where a’, e’, s’<5 cm/s
are suggestive but not confirmatory of ATTR-CM. Speckle
tracking is helpful to detect reduced LV global longitudinal
strain (GLS) with apical sparing with progressive worsening of
GLS, moving toward basal segments is characteristic of cardiac
amyloidosis which gives “Cherry on top”*%! appearance, as
shown in Figure 1.

Cardiac magnetic resonance imaging

CMRI for the diagnosis of amyloidosis has been adopted
since the 1990s. Typical findings on CMRI include diffuse
late gadolinium enhancement, extracellular volume expansion
and characteristic T1 relaxation times. In those with diffuse
transmural or sub-endocardial deposits, one can diagnose
ATTR-CM by CMRI with a sensitivity and specificity of
85%-90%.17) Parametric imaging was believed to be a more
sensitive measure of amyloid burden and hence helpful
to assess therapeutic response during the follow-up.[83%
However, CMRI cannot differentiate between h—ATTR,
w-ATTR, or AL-amyloidosis.

Nuclear imaging

99m Tc-PYP scintigraphy

99m Tc-PYP scintigraphy for differentiating AL-amyloidosis
from ATTR was developed by Perugini et al. by the visual

GS=-8.3%
EF=37%

Figure 1: Classical apical sparing of longitudinal strain by strain
echocardiography, the apical segments are preserved than the basal
segments giving appearance of “Bulls eye pattern” also called “Cherry
on top” pattern
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comparison of isotope uptake by myocardium to ribs.*"
No specific patient preparation is required for this test. The
procedural recommendations of the American Society of
Nuclear Cardiology are widely followed.

Radiopharmaceuticals

99m technetium is labeled with PYP in the radiopharmacy
laboratory for intravenous administration. Several studies
confirmed high sensitivity and specificity of 99mTc-PYP
scintigraphy?®**¥ for detecting ATTR-CM and recent reports
highlighted its value in differentiating from AL-amyloidosis
and it was found to be cost effective.’¥

Image acquisition

Both planar (whole body/static) and single-photon emission
computed tomographic (SPECT) images are acquired at 1 h and
3 h after administering 15 mCi of 99m Tc-PYP intravenously.
At our institution, images are acquired with Siemen’s dual-head
Gamma camera (SYmbiaT6). Planar imaging aids visual
interpretation and quantification of myocardial uptake of the
isotope which is compared with uptake by lungs or ribs.

SPECT imaging helps to avoid the overlap of bone uptake and
to distinguish blood pool activity from myocardial activity.?*
Whole-body planar imaging assists in identifying the uptake
of isotope by the shoulder and hip girdles (a specific sign of
systemic amyloidosis).™

Image interpretation

Myocardial 99mTc-PYP uptake patterns are categorized into

four, either absent, focal, diffuse, or focal and diffuse. There

are two approaches for quantifying myocardial isotope uptake.

1. Quantitative approach in which heart (H) to contralateral
lung (CL) uptake ratio is measured at 1 h, when
myocardial uptake is visually present on SPECT images,
H/CL ratios of >1.5 it is inferred as ATTR positive while
ratios <1.5 as ATTR negative!

2. Semi-quantitative visual grading is done by the comparison
of myocardial uptake to bone (rib) uptake at 3 h and are
graded as Grade 0: when no uptake either by myocardium
or rib, Grade 1: myocardial uptake less than rib, Grade 2:
uptake equal to rib, and Grade 3: when uptake is greater
than rib. Visual scores of >2 on planar®4 or SPECT
images can be inferred as ATTR positive and scores <2 as
ATTR negative. While grade 2 or 3 or H/CL >1.5 uptake
is strongly suggestive of ATTR amyloidosis, myocardial
uptake can also be observed even in AL amyloidosis, so
a complete primary work up is warranted to exclude this
diagnosis. Figure 2 illustrates 99mTc-PYP imaging of
ATTR-CM.

Specificity of 99m Tc-PYP reduces when monoclonal proteins
are present, as 40%—50% of ATTR-CM patients were shown
to have co-existing monoclonal gammapathy.® Gillmore
et al. reported a diagnostic sensitivity of 99% and specificity
of 86% with 99m Tc-PYP in the absence of monoclonal
gammapathies.”! When the H/CL ratio is >1.6, it indicates
worst 5-year survival suggesting that this test has prognostic

significance.’® Quantitative imaging is also useful to assess
the progression of disease as well as response to therapy.?”!

Endomyocardial biopsy

Patients with grade 2 or 3 cardiac uptake on scintigraphy
associated with an abnormal serum or urinary immunofixation,
an EMB is indicated for confirmation which has got a
sensitivity of 100%. EMB is also indicated in those with
positive 99m Tc-PYP scans without clinical or biochemical
evidence of cardiac amyloidosis. In rare situations, when the
test results are false positive or inconclusive, EMB is essential
to confirmation.

With 99m Tc-PYP scintigraphy, in one study involving
173 patients,*” <10% needed EMB for confirmation. To avoid
sampling errors in the setting of patchy myocardial deposition,
it was recommended to take biopsy samples from multiple
sites (at least 4 sites) to improve the diagnostic yield. Figure 3
illustrates static and sweep images showing isotope uptake
only in the right atrium, and in such cases, even EMB from
the ventricles may not be confirmatory.

Genetic testing
Once the diagnosis of ATTR-CM is confirmed, genetic testing
is indicated to differentiate h-ATTR from w-type.

99w Tc-PYP ScinticraPHY FOR WHom?

To make 99m Tc-PYP scintigraphy a cost-effective screening
test, it should be advised for those with severe LVH with or
without associated aortic stenosis, those with atrial fibrillation
with features of restrictive cardiomyopathy, HFpEF in whom
etiology is not clear and in those with unexplained myocardial
wall thickness >14 mm by echocardiography.'®!"! Screening
for ATTR-CM is also indicated for those with interventricular
septal thickness associated with LV sparkling or apical sparing
with persistent elevation of troponins in the elderly and those
with CMRI evidence of diffuse sub-endocardial LGE pattern
coupled with increased extracellular volume.® More than
half of w-ATTR-CM can present with carpel tunnel syndrome
5-10 years prior to the development of overt HF®® and 99m
Tc-PYP scintigraphy is helpful for the early diagnosis or to
rule out ATTR in them. Figure 4 shows flow chart followed
at our center for the approach to the diagnosis of ATTR-CM.

SPecIFic THERAPY

Therapy includes stabilizers and silencers of the disease process
which either slows or halts the progression. Rate-limiting step
of ATTR-CM is dissociation of tetramers into monomers
with subsequent deposition. Tafamidis has been approved by
FDA, which stabilizes transthyretin tetramers and was shown
to reduce all-cause mortality, recurrent hospitalizations due
to cardiovascular causes, and improvement in the quality
of life.?*# Tt slows the progression of disease but does not
reverse the preexisting deposition. The benefits are gratifying
when the drug is initiated early in the disease process, both for
h-ATTR and w-ATTR CM, even though when patients are in
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Anterior Anterior Anterior

Figure 2: lllustration of a case of ATTR-CM. (a) Sweep images showing 99m technetium Pyrophosphate (99mTc-PYP) uptake by the myocardium
at 1 h. (b) Sweep images at 3 h showing visual grading 3 (myocardium uptake more than rib). (c and d) Static images at 1 h and 3 h showing 99m
Tc-PYP uptake of the left ventricle. (e and f) single photon emission computed tomographic images at 1 h and 3 h showing Grade 3 uptake (myocardium
more than the rib) pointed by yellow arrows

CT 10 8708 41 2201

(b ] Anterior

1 HR WHOLE BODY SCAN

RAO

3| Anterior
Figure 3: Single-photon emission computed tomographic images showing Technetium 99m pyrophosphate (99m Tc-PYP) uptake by the myocardium
shown by yellow arrows. (a) Sweep images at 1 h showing 99m Tc-PYP uptake in the right atrium (yellow arrows). (b) Static image - anterior view. (c)
Static image -right anterior oblique view. (d) Axial view, (e) Coronal view, (f) Saggital view

functional class-I or II. Functional improvement was observed daily stabilized ATTRI but found less beneficial in Class I1I/
in 6 months and reduction in mortality in 2 years.*'**1 The IV patients. In a phase 2 open label trial involving 31 patients,
ease of once a day oral administration is an added advantage. Tafamidis 20 mg per day stabilized TTR and proved its safety
Phase 2 clinical trials showed Tafamidis meglumin 20 mg and survival benefit as reported by Maurer ef al.1*3 The dose of
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Symptoms, signs, ECG, Echocardiogram, CMRI suggestive of Amyloidosis \

Investigate for the presence c;f monoclonal proteins (MCP)

! MCP Present

v

Refer to hematologist ‘
to rule out AL amyloid

\ 4

MCP Absent
v

(based on availability, index of suspicion) 1

| Bone Scintigraphy J Invasive Cardiac Biopsy |
l Biopsy fat pad/bone marrow Tc-99m PYP
v L
Negative Positive Negative Positive Positive Congo red and tissue
y typing by mass spectrometry Negative
& | grade 2/3 uptake ‘ v ; or immunostaining
( I‘id' 7/ 7 = | (or) H/CLratio >1.5 | ‘ Cardiac amyloidosis unlikely | Y - — ___F
| car 'a:n‘;i’:ey/ ;7: osis — Genetic testing | cardiac amyloidosis
v
) unlikely
Negative Positive v L
v v Positive Negative
Cardiac amyloidosis | ‘ Refer for Genetic = v
unlikely Testing ATTR ATTR
Hereditary Wild Type

CMRI: Cardiac Magnetic Resonance Imaging, H : Heart, CL: contralateral lung, Tc-99n PYP: Technetium Tc-99m pyrophosphate

Figure 4: Flowchart showing approach to the diagnosis of cardiac amyloidosis

Tafamidis is 61 mgs and Tafamidis meglumine is 80 mg once
aday. The European Society of Cardiology has given class I B
recommendation for the use of Tafamidis in ATTR-CM even
with NYHA functional class I and I1.14%

In ATTR-ACT (phase 3) trial, Tafamidis meglumine 80 mg,
20 mg or placebo were compared in a ratio of 2:1:2, in
441 patients of ATTR-CM and showed 13.4% absolute
reduction in mortality, 32% relative risk reduction in
hospitalizations along with improvement in 6-min walk distance
and quality of life assessed by Kansas city cardiomyopathy
questionnaire!*! and recurrent hospitalizations were observed
more often in NYHA class 3 and 4 patients high lighting the
need for an early diagnosis and initiation of therapy.[*! The drug
that interferes with RNA, Vutrisiran was found to reduce the
risk of all cause as well as cardiovascular mortality and repeated
hospitilizations and emergency visits due to HF in patient of
ATTR-CM in HELIOS-B study, when 25 mg of Vutrisiran was
given subcutaneously once in 3 months.* This drug can be
coprescribed with Tafamedis. Further studies reveal if vutrisiran
finds a place in the guidelines for the treatment of ATTR-CM.

Future DiRecTiONS

Combining stabilizers and silencers are predicted to have
complimentary effects on the outcomes and the work is in
progress in this direction. Novel therapies aiming at myofibril
degeneration with monoclonal antibodies is underway. Gene
editing is a novel approach being developed for targeting DNA
for silencing the TTR mutations. FDA approved a drug used
for Parkinson’s disease which also functions as AT TR stabilizer
and this may find a place in the therapeutic armamentarium
in future. The amyloidosis working group recommended
establishing the state of the art multidisciplinary centers of
excellence for referral, diagnosis, management, and monitoring
the outcomes of these cases. !

CoNCLUSIONS

99m Tc-PYP scintigraphy is diagnostic of ATTR-CM in the
absence of monoclonal gammapathies. Introduction of 99m
Tc-PYP in the diagnostic armamentarium has certainly helped
in screening and early detection of more number of cases.
This being a noninvasive test, one can avoid the need for an
invasive EMB. Early diagnosis aids in the early initiation of
disease specific therapy for the better long-term outcomes.
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