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Transthyretin
cardiac

amyloidosis
Hiding in plain
sight?

PAUL GEENTY wmB Bs; MATTHEW KODSI wmB Bs;
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Cardiac amyloidosis is an under-recognised cause of heart
failure with preserved ejection fraction and is more common
in older patients. With new disease-modifying treatments
available, the early and accurate diagnosis is crucial to
improve outcomes. Patients should be referred to a specialist
or specialised amyloidosis clinic.

myloidosis refers to the misfolding of a culprit protein which

forms insoluble fibrils that accumulate in various tissues.

The extracellular deposition of these fibrils in various organs

cause dysfunction and disease, with the most commonly

involved organ systems being renal, cardiac, neurological and
gastrointestinal.

The systemic amyloidoses are a heterogeneous group of conditions,

each characterised by the precursor protein involved. Most cases in

humans are due to either amyloid light chain (AL), characterised by
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Key points

Transthyretin amyloidosis with cardiac involvement is

common, particularly in older men presenting with heart
failure with preserved ejection fraction.

¢ The diagnosis is often delayed or missed without a high
degree of suspicion.

* Red flags include prior bilateral carpal tunnel release, spinal
canal stenosis and biceps tendon rupture.

* A family history, especially in patients presenting with
neurological symptoms, suggests hereditary transthyretin
amyloidosis.

¢ Initial investigations include echocardiography and bone
scintigraphy with single-photon emission CT. A serum and
urine monoclonal gammopathy screen is required to ensure
that a diagnosis of light chain amyloidosis is not missed.

¢ Specific disease-modifying therapy for transthyretin cardiac
amyloidosis is now available in Australia. Further novel
treatments can be accessed through clinical trials at
specialist amyloidosis clinics.

misfolded monoclonal immunoglobulin light chains associated with
plasma cell disorders or transthyretin amyloid (ATTR) (Table).
Distinguishing between AL and ATTR is central to the diagnosis
of cardiac amyloidosis (CA) because of the markedly different
management and prognosis.

Transthyretin (TTR), also known as prealbumin, is a transport
protein produced predominantly in the liver! ATTR is now
recognised as the most common cause of systemic amyloidosis.
It occurs in as many as 14% of patients with heart failure with
preserved ejection fraction (HFpEF), 16% of patients with aortic
stenosis undergoing transcatheter aortic valve implantation (TAVT)
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Table. Common subtypes of systemic amyloidosis

Subtype Precursor protein

Associated conditions

Organ sysytems involved

Amyloid light chain
amyloidosis

Immunoglobulin light chains

¢ Plasma cell disorders

* Renal (60%)

Cardiac (50-75%)
Nervous system (10-20%)
Gastrointestinal (7%)

Transthyretin amyloidosis
(ATTRwt and ATTRv)

Transthyretin/prealbumin

Carpal tunnel syndrome
Spinal canal stenosis
LFLG aortic stenosis
HFpEF

Peripheral neuropathy

Cardiac (100% for wt)*
Nervous system (up to 30% in wt)*
Gastrointestinal*

Serum amyloid A
amyloidosis

Serum amyloid A

Chronic inflammatory conditions,
e.g. rheumatioid arthritis,
inflammatory bowel disease

Renal
Cardiac (rare)

*Rates of organ systems involed in ATTRv depend on causative gene.

Abbreviations: ATTRv = variant (hereditary) transthyretin amyloidosis; HFpEF = heart failure with preserved ejection fraction; LFLG = low-flow low-gradient; wt = wild type.

and about 19% of patients with severe mitral regurgitation under-
going edge-to-edge repair.** Most commonly it occurs as the
sporadic ‘wild-type” ATTR (ATTRwt), previously referred to as
‘senile’ amyloidosis due to it occurring largely in patients of
advanced age, and with a strong male predominance. Autopsy
studies suggest as many as 25% of people over the age of 85 years
have evidence of cardiac ATTR deposits.” Variant ATTR (ATTRv)
refers to the less common hereditary form, caused by one of more
than 130 known pathogenic mutations encoding the TTR gene.
ATTRwt invariably involves the heart, with varying degrees of
neurological involvement, whereas ATTRv has a heterogeneous
clinical presentation, with predominantly neurologic, cardiac or
mixed (neurologic and cardiac) phenotypes, determined largely
by the specific mutation involved.

|
1. Clinical red flags to suggest transthyretin cardiac
amyloidosis

Previous carpal tunnel release surgery

Spinal canal stenosis

Previous spontaneous biceps tendon rupture

New intolerance of existing antihypertensives
Aortic stenosis, often ‘low-flow low-gradient’

Atrial fibrillation

Conduction disease including atrioventricular block

Peripheral neuropathy symptoms or marked postural symptoms
(autonomic neuropathy)

Persistent low-grade elevation of troponin level

Echocardiogram with increased wall thickness without a cause and
suggestive of infiltrative or restrictive cardiomyopathy
* Family history of neuropathy or progressive heart failure (ATTRv)

Abbreviation: ATTRv = variant (hereditary) transthyretin amyloidosis.
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Cardiac amyloidosis

CA isthearchetype infiltrative cardiomyopathy and is characterised
by the extracellular deposition of amyloid fibrils predominantly in
the atrial and ventricular myocardium, although the valves are also
involved. The accumulation of amyloid leads to progressively
increased ventricular wall thickness (termed pseudohypertrophy
because of its extracellular nature), with worsening diastolic dys-
function ultimately resulting in a restrictive cardiomyopathy. Systolic
function, expressed as left ventricular ejection fraction, is typically
preserved until late in the disease course, highlighting the important
phenotypic overlap with HFpEF. The median survival from diagnosis
for cardiac ATTRwt is 2 to 5.75 years, and has largely remained
unchanged over time.””

How does the patient present?

The symptoms and signs of cardiac ATTR are nonspecific and
relatively common in the age group affected. A typical patient
presenting with ATTRwt is a man over the age of 65 years, with
slowly progressive symptoms. About 80% of patients are men;
however, women are also affected, albeit far less commonly.* An
early age of onset, significant neuropathic component, female gender
or family history may suggest hereditary ATTRv, rather than
ATTRwt.

Delayed diagnosis is common, with many patients seeing more
than five specialists before amyloidosis is diagnosed."! A high degree
of suspicion is therefore required, along with recognition of red
flag symptoms that may hint at the need for further investigation
(Box 1).

Common symptoms are outlined in Figure 1 and include gen-
eralised fatigue as well as symptoms of congestive cardiac failure
such as exertional dyspnoea, peripheral oedema and nocturnal
dyspnoea. Presyncope or syncope may be due to autonomic neuro-
pathy, especially ifit is orthostatic, or may suggest cardiac conduction
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disease and bradycardia. A newly developed
intolerance to vasodilating antihypertensives
should also raise suspicion of CA. Paraes-
thesias, numbness or loss of balance may
suggest a peripheral neuropathy, whereas
gastrointestinal symptoms and gastroparesis,

and erectile dysfunction are additional man- * Carpal tunnel syndrome

ifestations of autonomic neuropathy. * Trigger finger

In addition to the above symptoms, key
features to elicit from history include prior
bilateral carpal tunnel release surgery and
spinal canal stenosis, which may predate the
clinical manifestation of cardiomyopathy

by as much as a decade. Relevant past medi- * Hip/knee replacement

cal history also includes previous permanent
pacemaker insertion due to bradycardia or

* Biceps tendon rupture

e Spinal canal stenosis

Congestive cardiac failure
Atrial fibrillation
Conduction disease
Aortic stenosis

* Nausea/vomiting
Diarrhoea/constipation
Weight loss

Autonomic dysfunction
¢ Orthostatic hypotension
* Erectile dysfunction

* Peripheral neuropathy

/--

heart block, or aortic valve replacement for
aortic stenosis. A family history of heart
failure or progressive neuropathy should
raise suspicions for ATTRwv.

Created with Biorender.com.

Initial investigations and diagnostic challenges

As the common presenting symptoms of CA are progressive
fatigue, dyspnoea and peripheral oedema, echocardiography is
often the initial investigation that raises suspicion of the diagnosis.
In addition to findings consistent with HFpEF, including preserved
ejection fraction and diastolic dysfunction, additional signs of an
infiltrative cardiomyopathy, such as markedly increased ventricular
wall thickness (often in the absence of hypertension), severe atrial
dilatation and restrictive diastolic physiology, may also be present.
Akin to the presenting signs and symptoms, echocardiographic
findings are often nonspecific, with ‘left ventricular hypertrophy’
commonly attributed to long-standing hypertension or aortic
stenosis, or an alternative diagnosis such as hypertrophic
cardiomyopathy.

A 12-lead ECG is almost invariably abnormal in CA, and may
further support a clinical suspicion, with common nonspecific
findings including the presence of atrial fibrillation or conduction
disease.? Several reported ‘classic’ ECG features are shown in Box 2;
however, sensitivity and specificity of findings are modest and vary
between studies.”™*

Once there is a suspicion of CA based on clinical assessment
and echocardiogram, the subsequent diagnostic challenge is largely
twofold; confirm the diagnosis of CA, and accurately determine
the subtype (in most cases, distinguish between AL and ATTR).
A schematic flow diagram for the diagnosis of CA is shown in
Figure 2.

Central to confirming the diagnosis of ATTR is the use of
technetium-99m (Tc-99m) bone scintigraphy (i.e. a bone scan), due
to the affinity for the commonly used bisphosphonate tracers
(pyrophosphate, 3,3-diphosphono-1,2-propanodicarboxylic acid) to
accumulate in the myocardium when TTR is deposited. Myocardial

Figure 1. Common organ manifestations of transthyretin amyloidosis.

uptake should be reported in both semiquantitative (e.g. Perugini
grade) and quantitative methods (heart to contralateral lung ratio)
to assist in accurate diagnosis. Whole-body bone scintigraphy for
diagnosis of cardiac ATTR is fully reimbursed under existing MBS
item numbers and, if amyloidosis is suspected on a screening
echocardiogram, should be considered the initial imaging modality
of choice.

The use of single-photon emission computed tomography imaging
with CT fusion (SPECT-CT) is crucial to distinguish blood pool
tracer uptake and avoid false-positive studies, which occur more
often with planar scans. Although a bone scintigraphy scan with
grade 2 or 3 myocardial uptake is highly specific and essentially
diagnostic for ATTR, a definitive diagnosis is complicated by the
observation that myocardial tracer uptake can also occur due to AL
fibrils, but this is generally of a lower grade (1 or 2).¢

The diagnosis of CA with a positive bone scintigraphy scan,
rather than tissue histopathology, requires assessing serum and
urine for monoclonal gammopathy to rule out AL amyloidosis. The
presence of any of monoclonal gammopathy may signify a plasma
cell disorder and excessive production of pathogenic light chains.
The three tests to identify monoclonal gammopathy are immuno-
fixation electrophoresis and protein electrophoresis of serum and

.|
2. ECG red flags for cardiac amyloidosis
¢ Low voltage (<5 mm) QRS complexes in limb leads

¢ ‘Pseudo-infarct’ pattern (Q-waves), commonly in septal leads
(V1-V2)

¢ Atrioventricular conduction block

Atrial fibrillation

* Voltage criteria for left ventricular hypertrophy (15%)
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v

Consider deeper phenotyping
for amyloid e.g. LV strain

v

Bone scintigraphy with SPECT-CT
AND
Monoclonal gammopathy assessment:
* immunofixation electrophoresis of serum and urine
* protein electrophoresis of serum and urine
* free light chains level
|

HF symptom/admissions =g Echocardiogram showing LV wall thickness >12 MM <= Red flags, including:

* carpal tunnel syndrome
biceps tendon rupture
downtitration of
antihypertensives

low QRS voltage on ECG
persistent troponin
elevation

v v v

Bone scan (+)ve
Monoclonal protein (-)ve

Bone scan (-)ve
Monoclonal protein (-)ve

Bone scan (+)ve
Monoclonal protein (+)ve

v

Bone scan (-)ve
Monoclonal protein (+)ve

|
Y

o

¢ cascade testing of
family members

e tissue diagnosis

ATTR confirmed, perform: Cardiac amyloidosis Further subtyping Possible AL amyloidosis:
* genetic counselling unlikely, consider: required, consider: * seek urgent haematology
¢ genetic testing e cardiac MRI ¢ cardiac MRI review

e tissue diagnosis ¢ perform BMAT

Figure 2. Diagnostic algorithm for cardiac amyloidosis.
Adapted from Bart NK, et al. Heart Lung Circ 2024.%°

Abbreviations: AL = amyloid light chain; ATTR = transthyretin amyloidosis; BMAT = bone marrow aspiration and trephine biopsy; LV = left ventricle; SPECT-CT = single-photon emission computed

tomography with CT fusion.

urine to detect the presence of paraprotein, as well as serum free
light chain level.

A positive bone scintigraphy scan in conjunction with a negative
monoclonal gammopathy screen is essentially diagnostic for ATTR
cardiomyopathy, with sensitivity and specificity approaching 100%,'s
which leads to the concept of the non-biopsy diagnosis of ATTR.
Unfortunately, as many as 40% of patients with AT'TR have an
abnormal gammopathy screen, with a monoclonal gammopathy
of uncertain significance.” In these patients, tissue diagnosis is
generally needed to confirm the amyloid subtype. Less invasive
‘off-target’ biopsies of abdominal fat pad or minor salivary glands
are often initially attempted; however, their sensitivity is generally
low, and an endomyocardial biopsy is then required, which remains
the gold standard tissue diagnosis.” If the diagnosis of ATTR is
confirmed on bone scintigraphy, the final consideration is genetic
testing, to rule out hereditary ATTRv. This is increasingly available
as part of reimbursable genetic panels for cardiomyopathy, and
should particularly be considered in any patient under the age of
70 years, women, patients with significant neurological symptoms
or those with a family history of ATTR.

Cardiovascular magnetic resonance imaging (CMR) can also
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have a role be useful if there are doubts regarding diagnosis. CMR
is considered the gold standard for a range of cardiac conditions,
including infiltrative cardiomyopathies, with characteristic findings
for the diagnosis of CA. CMR, however, does not reliably distinguish
AL from ATTR and, in the presence of a diagnostic bone scintig-
raphy scan and relevant supporting results, is often not required.'**
An MBS item number for suspected infiltrative cardiomyopathy/
hypertrophic phenotype is currently not available, generally resulting
ina cost to patients. Despite this, CMR continues to play an impor-
tant role if there no clear diagnosis or if there is suspicion of dual
pathology.

The serum cardiac biomarkers N-terminal pro b-type natriuretic
peptide (NT-proBNP) and high sensitivity troponin are typically
chronically elevated in CA; however, both are nonspecific, limiting
their use as a primary diagnostic test. They are, however, strongly
predictive of survival, reflected in their use in conventional staging
systems, along with estimated glomerular filtration rate (¢GFR).”
Serial biomarker assessment has a role in monitoring disease
progression and response to therapy; however, repeat measurement
of NT-proBNP may incur a cost to patients due to a lack of MBS
reimbursement.

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2024. https://cardiologytoday.com.au/ct/2024/may



Cardiology.,

Transthyretin
tetramer

* D
~ 8% 8 (?

Wild type or

\

genetic mutation

M

Transthyretin
destabilisation

Amyloid
fibril

Cardiac amyloidosis

TTR synthesis reduction TTR stabilisers

 Liver transplantation
* RNA silencers
- patisiran: TGA approved for ATTRv
neuropathy
- eplontersen, inotersen, vutrisiran: not
TGA approved
* DNA editing
- CRISPR-Cas9: under investigation

Access Scheme

* Tafamidis: PBS listed for ATTR-CM
 Diflunisal: available under the TGA Special

¢ Acoramidis: under investigation

Febrile removal or disruption

¢ Doxycycline + TUDCA: available under the
TGA Special Access Scheme

* Green tea extract with its active ingredient
EGCG

Figure 3. Pathophysiology and therapeutic targets of transthyretin amyloidosis therapies.
Abbreviations: ATTR-CM = transthyretin amyloid cardiomyopathy; ATTRv = variant (hereditary) transthyretin amyloidosis; CRISPR = clustered regularly interspaced short palindromic repeats;

EGCG = epigallocatechin-3-gallate; TTR = transthyretin; TUDCA = tauroursodeoxycholic acid.

Adapted under a Creative Commons CC BY-NC-ND 4.0 DEED from Brailovsky et al. JACC: Case Reports 2023.%2

Does the patient require referral to a specialist?

The initial assessment and workup of CA is generally started by
either a GP or cardiologist because of the clinical symptoms and
presentation of patients with CA. Due to its predominantly cardiac
phenotype, patients with ATTR generally benefit from referral to
a cardiologist; however, in the case of AL or undifferentiated
amyloidosis, referral to a haematologist is more appropriate. Because
of the risk of rapid clinical deterioration in AL-CA, a positive
gammopathy screen should prompt an urgent referral to a haema-
tology service to avoid delays in appropriate treatment.

Patients also benefit from referral to specialised amyloidosis
clinics, which offer multidisciplinary expertise (including haema-
tology, cardiology, neurology and clinical genetics) in diagnosis
and management. These clinics also allow patients access to novel
and emerging therapies through patient access programs and clinical
trials. The Australian Amyloidosis Network (AAN) is a group of
state-based centres of excellence and affiliates, operating in Brisbane,
Sydney, Melbourne, Perth and Adelaide (aan.org.au).

Although specialist clinics play a key role in the diagnosis and
management of patients with CA, patients require ongoing regular
follow up with both their GP and referring cardiologist for moni-
toring and titration of heart failure therapy, fluid balance and overall
cardiac health.

Management of ATTR - general principles and
emerging therapies

The management of cardiac ATTR can be categorised into two
domains: supportive management of the cardiac manifestations
of ATTR, including congestive cardiac failure, atrial fibrillation
and bradyarrhythmias; and specific disease-modifying therapies.

General principles of management for the referring GP or physician
include titration of diuretics, encouraging daily weight measure-
ment and fluid restriction for management of heart failure, and
monitoring for side effects of treatment, including impaired blood
pressure, heart rate and renal function.

Patients with peripheral or autonomic neuropathy may benefit
from advice on postural symptoms and the use of thromboembolic
deterrent stockings.” The AAN offers several resources for patients
and their families, including educational material and regular
group support meetings. Involvement of palliative or supportive
care may be required as the disease progresses.

Cardiac manifestations are generally managed as per usual in
patients without amyloidosis, with some notable considerations.
The usual cornerstones of monitoring strict fluid balance and loop
diuretics remain key for managing congestive cardiac failure.
Importantly, neurohormonal and vasodilatory therapies such as
ACE inhibitors, angiotensin receptor blockers and angiotensin
receptor-neprilysin inhibitors are often poorly tolerated and should
not be administered. Similarly, rate control agents including beta
blockers, digoxin, calcium channel blockers and amiodarone can
lead to symptomatic bradycardia or even heart block and must
be used cautiously if atrial fibrillation is present. Patients often
require pacemaker insertion. In the setting of atrial fibrillation,
embolic stroke risk is significantly elevated, and anticoagulation
is advocated regardless of conventional CHA,DS,VASc score,
unless otherwise contraindicated.

Until recently, targeted disease-modifying therapeutic options
for ATTR have been limited, with the treatments that were available
having limited evidence of efficacy. Therapeutic targets in ATTR
can be subdivided into three classes: ATTR tetramer stabilisation
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to prevent misfolding (ATTR stabilisers); fibril disruption or
removal; and TTR synthesis reduction (Figure 3).>2

The management of ATTR has undergone a paradigm shift in
recent years because of the development of novel agents, particu-
larly the fibril stabilisers tafamidis and acoramidis, and the RNA
silencers patisiran, inotersen, eplontersen and vutrisiran. Of these
therapies, tafamidis is TGA approved and PBS listed for ATTR
cardiomyopathy (both hereditary and wild type) and patisiran is
TGA approved for ATTRv in adult patients with stage 1 or stage 2
polyneuropathy. The remainder are, at present, only available
through clinical trials.

Diflunisal is an NSAID that also acts as a nonspecific fibril
stabiliser. It is available under the TGA Special Access Scheme;
however, the gastrointestinal side effects and renal impairment
are the most common treatment limiting factors. The combination
of the tetracycline antibiotic doxycycline with tauroursodeoxy-
cholic acid, which acts as a fibril disrupter, is also available under
the TGA Special Access Scheme; however, evidence of its clinical
efficacy is limited. Green tea extract with its active ingredient
epigallocatechin-3-gallate has been shown to prevent amyloid
aggregation and dissociate fibrils in vitro; however, clinical
evidence is limited to a handful of small trials, hepatic toxicity
and sleep disturbance are uncommon but recognised side effects,
and monitoring of liver enzymes is required.

Further novel therapies remain in early clinical trials, which will
likely further transform the treatment paradigm for ATTR. A recent
landmark Phase 1 study investigated the use of a novel gene-editing
agent using clustered regularly interspaced short palindromic
repeats and associated Cas9 endonuclease (CRISPR-Cas9) techniques
in patients with ATTRv and polyneuropathy. A durable decrease
inserum TTR was seen after a single dose, with few adverse events.”

Conclusion

Cardiac ATTR is a relatively common cause of heart failure in older
people, and should be considered in the differential diagnosis,
particularly in those with clinical red flags. Diagnosis can often be
challenging, and is associated with the clinical HFpEF phenotype,
typical echocardiogram and confirmatory bone scintigraphy scan.
The alternative diagnosis of AL amyloidosis must be definitively
ruled out to avoid misdiagnosis and a delay in potentially life-saving
treatment. New disease-modifying therapies are now available
through the PBS, Special Access Programs and clinical trials. Patients
who are suspected of having amyloidosis require referral to a
cardiologist or specialised amyloidosis clinic. cT
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