WACARDIQLOGY Dr Sam Tayeb | Cardiologist

ATTR AMYLOIDOSIS

Transthyretin Amyloid Cardiomyopathy and Polyneuropathy

Understanding your diagnosis, how the heart and nerves are affected, and the treatments
available including tafamidis

1. What Is ATTR Amyloidosis?

Amyloidosis is a group of diseases caused by abnormal proteins that fold incorrectly and accumulate
in the body’s organs and tissues as insoluble deposits called amyloid fibrils. Different proteins can
cause different types of amyloidosis; in ATTR amyloidosis, the culprit protein is called transthyretin,
abbreviated TTR.

TTR is a protein produced mainly by the liver. Its normal job is to transport thyroxine (a thyroid
hormone) and retinol-binding protein through the bloodstream. TTR naturally exists as a stable four-
part structure called a tetramer. When this tetramer becomes unstable and separates into individual
components (monomers), those components can misfold and clump together into amyloid fibrils,
which gradually deposit in the heart, peripheral nerves, and other organs.

ATTR amyloidosis is the most common type of cardiac amyloidosis and is increasingly recognised
as an under-diagnosed cause of heart failure, particularly in older adults.

The Two Types of ATTR Amyloidosis

Wild-Type ATTR (ATTRwt)

The TTR gene is normal. The tetramer becomes unstable as part of the ageing process. This
form was previously called ‘senile systemic amyloidosis’. It affects predominantly men over the
age of 60—65 and almost exclusively causes cardiac disease.

Hereditary/Variant ATTR (ATTRv)

A mutation in the TTR gene produces an unstable variant of the protein. Over 130 pathogenic
mutations have been identified. Depending on the mutation, the clinical picture may be
predominantly cardiac, predominantly neuropathic, or mixed. ATTRv can affect people at younger
ages and has implications for family members who may carry the same mutation.

2. How Does ATTR Affect the Heart?

When amyloid fibrils deposit in the heart muscle, the walls of the heart thicken and stiffen. Unlike
other forms of thick heart muscle (such as hypertensive heart disease), the thickening in ATTR
amyloidosis is caused by amyloid infiltration rather than true muscle growth. This results in a pattern
of restrictive cardiomyopathy, where the heart cannot relax and fill normally even though its pumping
function may initially be preserved.

Symptoms of ATTR Cardiomyopathy
« Breathlessness on exertion, or at rest in more advanced disease
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» Fatigue and reduced exercise capacity

* Ankle and leg swelling (oedema)

» Light-headedness or dizziness, particularly on standing

+ Palpitations or an awareness of an irregular heartbeat

+ Syncope (fainting) in some patients, particularly those with conduction disease

Heart Rhythm and Conduction

Amyloid infiltration of the electrical system is common. This can cause atrial fibrillation, heart block,
and other conduction abnormalities. Pacemaker implantation is required in a significant proportion of
patients as the disease progresses. ATTR amyloidosis is also increasingly recognised as a
contributor to heart failure with preserved ejection fraction (HFpEF) and to aortic stenosis.

3. Other Manifestations of ATTR Amyloidosis

ATTR amyloidosis can affect tissues beyond the heart. Some of these manifestations may predate
the diagnosis of cardiomyopathy by many years, and recognising them can help identify the disease
earlier.

Peripheral and Autonomic Neuropathy

Amyloid deposition in peripheral nerves causes a length-dependent polyneuropathy, typically
beginning in the feet and hands with numbness, tingling, or a burning sensation, and later affecting
motor function. Autonomic neuropathy can cause dizziness on standing (orthostatic hypotension),
diarrhoea, constipation, urinary symptoms, and erectile dysfunction. Neuropathy is most prominent
in hereditary ATTR with neuropathic mutations.

Carpal Tunnel Syndrome

Carpal tunnel syndrome — caused by amyloid deposition in the flexor retinaculum of the wrist — is a
classic and important early manifestation of ATTR amyloidosis. It often affects both wrists and may
precede cardiac involvement by 5-10 years. A history of carpal tunnel release surgery, particularly
bilateral, in an older patient presenting with heart failure should prompt consideration of ATTR
amyloidosis.

Lumbar Spinal Stenosis and Biceps Tendon Rupture

Amyloid deposition in the ligamentum flavum and other spinal structures can cause lumbar spinal
stenosis. Spontaneous or low-trauma rupture of the distal biceps tendon (‘Popeye sign’) is another
recognised, though less common, musculoskeletal manifestation.

4. How Is ATTR Amyloidosis Diagnosed?

Diagnosing ATTR amyloidosis requires a combination of clinical suspicion, cardiac imaging,
specialised nuclear scintigraphy, and in some cases tissue biopsy. Genetic testing is recommended
in some patients to determine whether the disease is wild-type or hereditary.

Echocardiogram
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The echocardiogram typically shows increased thickness of the walls of both ventricles and the atrial
septum, impaired relaxation (diastolic dysfunction), and reduced longitudinal strain of the heart
muscle (detectable on specialist analysis). A characteristic ‘granular sparkling’ appearance of the
myocardium is sometimes seen, though this is a non-specific finding. The presence of LV
hypertrophy with a low-voltage ECG pattern (small complexes despite thick walls) is a classical and
highly suggestive combination.

Cardiac MRI (CMR)

CMR with gadolinium contrast shows a characteristic pattern of late gadolinium enhancement (LGE)
in a diffuse, circumferential subendocardial or transmural distribution throughout the ventricle. This
pattern reflects amyloid infiltration and is highly specific when present alongside compatible clinical
features.

The Technetium Bone-Tracer Scan (Tc-99m PYP / DPD / HMDP)

This nuclear medicine scan has transformed the diagnosis of ATTR cardiomyopathy. When a
technetium-labelled bone tracer is injected intravenously, it binds avidly to ATTR amyloid in the
heart muscle, producing abnormal cardiac uptake visible on the scan. The degree of uptake is
graded on a scale of 0-3:

* Grade 0: No cardiac uptake — ATTR cardiac amyloid effectively excluded
* Grade 1: Cardiac uptake less than bone uptake — weakly positive, equivocal
* Grade 2: Cardiac uptake equal to bone uptake — positive for ATTR

* Grade 3: Cardiac uptake greater than bone uptake, with faint or absent bone — strongly
positive for ATTR

A grade 2 or 3 scan, in the absence of a detectable abnormal protein in the blood or urine (which
would suggest a different type of amyloidosis, light-chain or AL amyloidosis), is considered
diagnostic of ATTR cardiomyopathy without the need for a heart biopsy. This non-invasive
pathway has made diagnosis significantly more accessible.

Ruling Out Light-Chain (AL) Amyloidosis

Before confirming ATTR amyloidosis, it is essential to exclude AL amyloidosis, a different and more
aggressive form caused by abnormal plasma cells. This is done with blood and urine tests for
paraproteins (serum protein electrophoresis, immunofixation, and serum free light chains). The
treatment of AL amyloidosis is entirely different and requires haematological expertise;
misclassifying it as ATTR would lead to inappropriate therapy.

Genetic Testing

Some patients with ATTR amyloidosis should undergo genetic testing of the TTR gene to determine
whether a pathogenic mutation is present. This is particularly relevant in patients with a younger age
of onset, a family history of amyloidosis or neuropathy, or features suggesting a hereditary form. If a
mutation is found (ATTRYv), first-degree family members should be offered cascade genetic testing
and counselling, as they may carry the same mutation and may benefit from earlier monitoring and
treatment.

Tissue Biopsy
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Where the scintigraphy result is equivocal, or where clinical features suggest the diagnosis but the
scan is non-diagnostic, tissue biopsy remains the gold standard. An abdominal fat pad biopsy (low
risk) is the least invasive approach; if negative, targeted biopsy of the rectum, salivary gland, or
heart may be needed. Amyloid is identified by its characteristic staining with Congo red dye, which
produces an ‘apple-green birefringence’ under polarised light. Typing of the amyloid protein (by
immunohistochemistry or mass spectrometry) is required to confirm it is TTR.

5. Tafamidis — What It Is and How It Works

Tafamidis (brand name Vyndaqel®) is the first disease-modifying drug approved for ATTR
cardiomyopathy. It belongs to a class of drugs called TTR stabilisers. Unlike treatments that aim to
deplete or silence the production of the TTR protein (RNA-targeted therapies used mainly in
hereditary neuropathic disease), tafamidis works by directly stabilising the TTR tetramer itself,
preventing it from falling apart and generating amyloid.

Mechanism of Action

To understand how tafamidis works, it helps to understand the normal structure of TTR and what
goes wrong in ATTR amyloidosis:

Normal TTR function

Tetramer dissociation

Misfolding and
aggregation

Tafamidis binds to the
T4 sites

Dissociation is
prevented

TTR is produced by the liver as a stable tetramer — four identical
protein subunits joined together. The tetramer has two binding sites
normally occupied by thyroxine (T4), which help hold the structure
together.

In ATTR amyloidosis, the TTR tetramer becomes unstable and
separates into its four individual monomers. This is the critical, rate-
limiting step in the amyloid formation pathway. Wild-type TTR does this
with age; variant TTR does it more readily due to the genetic mutation.

Once released from the tetramer, individual monomers adopt an
abnormal shape (misfold) and aggregate with other misfold monomers
to form insoluble amyloid fibrils. These fibrils accumulate in the heart,
nerves, and other tissues over years to decades.

Tafamidis binds with high affinity and selectivity to both thyroxine-
binding sites on the TTR tetramer. By occupying these sites, tafamidis
locks the four subunits together, dramatically increasing the kinetic
stability of the tetramer.

With the tetramer stabilised by tafamidis, it can no longer dissociate
into monomers. Without free monomers, the amyloidogenic cascade
cannot proceed — new amyloid fibril formation is blocked or
substantially reduced.
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What Tafamidis Does and Does Not Do

It is important to have realistic expectations of what tafamidis achieves:

+ It slows the progression of disease — it does not reverse or dissolve existing amyloid
deposits. Amyloid that has already accumulated in the heart will not be removed by
tafamidis.

* Itis not a cure. The disease continues, but at a slower rate. The aim is to preserve heart
function and quality of life for longer.

+ Heart failure symptoms and medications are still needed. Tafamidis works alongside,
not instead of, diuretics and other heart failure treatments.

+ Earlier treatment is better. Because tafamidis prevents new amyloid formation rather than
clearing existing deposits, starting treatment before significant myocardial damage has
occurred yields the greatest benefit.

The Evidence: The ATTR-ACT Trial

The landmark evidence for tafamidis in ATTR cardiomyopathy comes from the ATTR-ACT trial
(Amyloidosis Cardiomyopathy Clinical Trial), published in the New England Journal of Medicine in
2018 (Maurer et al.).

Trial design Randomised, double-blind, placebo-controlled trial

Participants 441 patients with wild-type or hereditary ATTR cardiomyopathy;
NYHA class I-llI

Duration 30 months

All-cause mortality Tafamidis significantly reduced all-cause mortality compared with

placebo (approximately 30% relative reduction). The survival
benefit was most pronounced with the higher dose.

CV hospitalisation Tafamidis significantly reduced the rate of cardiovascular-related
hospitalisations (approximately 32% reduction in hospitalisation
rate ratio).

Functional outcomes Tafamidis significantly slowed decline in 6-minute walk distance

and quality-of-life scores (KCCQ) compared with placebo.
Tolerability Tafamidis was generally well tolerated, with an adverse event
profile similar to placebo.

These results led to regulatory approval by the Therapeutic Goods Administration (TGA) in Australia
and listing on the Pharmaceutical Benefits Scheme (PBS), making tafamidis accessible to eligible
patients.

6. Tafamidis in Australia — PBS Access and Eligibility Criteria
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In Australia, tafamidis (Vyndaqel®) is listed on the Pharmaceutical Benefits Scheme (PBS) under an
Authority Required pathway. This means that a specialist must apply for approval on your behalf
before treatment can be subsidised. Without PBS access, the cost of tafamidis is prohibitive, making
eligibility assessment a critical step.

The PBS listing criteria broadly reflect the patient population studied in the ATTR-ACT trial and are
designed to identify patients most likely to benefit from treatment. The key criteria are summarised

below.

Confirmed ATTR-CM
diagnosis

Exclusion of AL
amyloidosis

NYHA functional class

Genetic testing

Specialist prescribing

Continuation criteria

Diagnosis must be confirmed by ONE of the following:

* Tc-99m-labelled bone tracer scan (PYP, DPD, or HMDP) showing
grade 2 or 3 cardiac uptake WITH no monoclonal protein detected on
serum and urine protein electrophoresis and immunofixation (to
exclude AL amyloidosis), OR

+ Histological confirmation of amyloid on biopsy AND positive TTR
typing by immunohistochemistry or mass spectrometry

Serum and urine paraprotein studies (SPEP, UPEP, immunofixation,
and serum free light chains) must be negative or non-contributory
before initiating treatment. If a paraprotein is present, haematological
assessment is required to exclude AL amyloidosis.

Patient must be in New York Heart Association (NYHA) functional
class I, I, or Il at the time of initiating treatment.

Patients in NYHA class IV (severe, end-stage heart failure symptoms
at rest or with minimal activity) are NOT eligible for initial PBS-
subsidised treatment.

TTR gene sequencing is recommended in appropriate patients to
classify the disease as wild-type or hereditary. Both types are eligible
for PBS-subsidised tafamidis. If a pathogenic variant is identified,
referral for genetic counselling and cascade family testing is
recommended.

Treatment must be initiated by, or in consultation with, a cardiologist
with experience in the diagnosis and management of ATTR
cardiomyopathy. Prescription is Authority Required (written
application to the PBS).

To continue receiving PBS-subsidised treatment, the patient must not
have deteriorated to NYHA class IV. Reassessment is required at
each authority renewal to confirm ongoing eligibility.

/\ Important Note on PBS Criteria

The PBS listing criteria summarised above reflect the current listing as understood at the time of
preparation of this information sheet. PBS criteria can be updated, and the exact wording of
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/\ Important Note on PBS Criteria

eligibility requirements should always be confirmed with your prescribing cardiologist or by
consulting the current PBS Schedule (www.pbs.gov.au). Your cardiologist will manage the
Authority application on your behalf.

Why NYHA Class Matters
The NYHA classification describes the severity of heart failure symptoms:

Class | No symptoms with ordinary activity; no limitation Yes

Class I Mild symptoms (breathlessness, fatigue) with moderate Yes
exertion; slight limitation

Class Il Marked limitation of activity; comfortable at rest but Yes
symptoms with minimal exertion

Class IV Severe symptoms at rest or with any physical activity; No (initial PBS)
unable to carry on any activity without discomfort

The PBS restriction to NYHA class I-lll mirrors the ATTR-ACT trial, which enrolled patients in these
classes. There is less evidence for treatment benefit in NYHA class IV, and the drug is unlikely to
provide meaningful clinical benefit in patients with very advanced, end-stage disease.

7. Other Treatments and the Broader Management of ATTR
Amyloidosis

Tafamidis is the cornerstone of disease-modifying therapy for ATTR cardiomyopathy, but
management involves more than a single medication. A multidisciplinary approach is important,
particularly in hereditary disease where neuropathic, hepatic, and genetic considerations all play a
role.

Heart Failure Medications

Standard heart failure medications are used to manage fluid retention and symptoms. Diuretics
(water tablets such as furosemide or torsemide) are central to managing fluid overload. SGLT2
inhibitors (such as empagliflozin) are increasingly used in ATTR cardiomyopathy following trial
evidence of benefit in HFpEF. The role of beta-blockers and renin-angiotensin system agents may
be limited by haemodynamic constraints in advanced disease; individual decisions are guided by
your cardiologist.

RNA-Targeted Therapies (for ATTRv with Polyneuropathy)

For patients with hereditary ATTR with significant polyneuropathy, other disease-modifying agents
target TTR production at the RNA level:
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+ Patisiran (Onpattro®) — an RNA interference (RNAi) agent delivered intravenously every 3
weeks that silences TTR gene expression in the liver, dramatically reducing TTR protein
production.

* Inotersen (Tegsedi®) — an antisense oligonucleotide (ASO) given by weekly subcutaneous
injection that similarly silences TTR production.
+ Eplontersen — a newer subcutaneous ASO with emerging data in both neuropathic and
cardiac ATTR.
These agents are primarily indicated for ATTRv polyneuropathy and have specific PBS criteria; their
use in cardiomyopathy-predominant disease is evolving.

Anticoagulation

Atrial fibrillation is common in ATTR amyloidosis. Anticoagulation decisions follow standard stroke-
risk assessment; the intracardiac thrombus risk may be elevated even in patients with sinus rhythm,
and this is an area of ongoing research.

Device Therapy

Pacemaker implantation is frequently required for progressive conduction disease. ICD implantation
for sudden cardiac death prevention requires careful consideration, as the mechanism of death in
advanced ATTR amyloidosis is often electromechanical dissociation rather than shockable
arrhythmia, which limits ICD efficacy.

8. Living With ATTR Amyloidosis

ATTR amyloidosis is a chronic, progressive disease, but with modern treatments and regular
specialist follow-up, many people maintain a good quality of life for many years after diagnosis.
Understanding what to expect and what to monitor for helps you remain actively engaged in your
own care.

+ Regular specialist review — typically with a cardiologist experienced in amyloidosis, at
intervals guided by disease stability. This will include monitoring of symptoms,
echocardiography, biomarkers (troponin, BNP/NT-proBNP), and reassessment of NYHA class.

* Report changes promptly — worsening breathlessness, increased leg swelling, palpitations,
dizziness on standing, or new neurological symptoms (numbness, tingling, loss of balance)
should be discussed with your cardiologist without waiting for the next scheduled review.

* Fluid and sodium management — your cardiologist or heart failure nurse may advise limiting
fluid or salt intake. Daily weight monitoring can help detect early fluid retention.

* Neurological monitoring — if you have hereditary ATTR, regular assessment by a neurologist
with amyloidosis expertise is recommended to track any progression of neuropathy.

+ Family screening — if a genetic mutation has been identified, your first-degree relatives
(children, siblings, parents) should be offered genetic counselling and testing. The finding of a
mutation does not mean disease is inevitable or imminent, but it enables earlier surveillance
and, if appropriate, earlier treatment.

* Vaccinations — keep up to date with influenza and pneumococcal vaccination, as respiratory
infections can be more serious with underlying cardiac disease.

* Medication review — some commonly prescribed medications can be harmful in ATTR
amyloidosis (for example, calcium channel blockers such as verapamil and diltiazem are
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generally avoided as they can worsen haemodynamics). Always inform any new prescriber that
you have ATTR amyloidosis.

Key Messages to Take Home

Here is what matters most about your ATTR amyloidosis:

+ ATTR amyloidosis is caused by the misfolding of the transthyretin (TTR) protein, which
deposits as amyloid in the heart and nerves. It can be wild-type (age-related) or hereditary
(genetic mutation in TTR).

« Diagnosis involves echocardiography, CMR, nuclear scintigraphy (Tc-99m bone scan),
genetic testing, and sometimes biopsy. Excluding AL amyloidosis before confirming ATTR is
essential.

+ Tafamidis (Vyndaqel®) is the main disease-modifying treatment for ATTR
cardiomyopathy. It works by stabilising the TTR tetramer, preventing it from breaking apart
and forming new amyloid fibrils.

» Tafamidis slows progression but does not reverse existing amyloid. Starting treatment
earlier in the disease course yields greater benefit.

+ PBS eligibility in Australia requires: confirmed ATTR-CM diagnosis (Tc-99m scan grade
2-3 with no paraprotein, OR biopsy-proven TTR amyloid), NYHA functional class I-lIl,
genetic testing performed, and specialist application for Authority.

+ Both wild-type and hereditary ATTR qualify for PBS-subsidised tafamidis. NYHA class IV
patients are not eligible for initial PBS treatment.

 If a genetic mutation is found, family members should be offered genetic counselling and
testing.

* Always tell any new prescriber about your diagnosis — some medications (e.g. verapamil,
diltiazem) should be avoided.

9. Useful Resources

*  Amyloidosis Australia: www.amyloidosis.org.au
» Amyloidosis Research Consortium: www.arci.org
» Heart Foundation Australia: www.heartfoundation.org.au | 1300 36 27 87

* Genetic counselling referral: Ask your cardiologist or GP for a referral to your nearest genetics
service

» PBS Schedule (current criteria): www.pbs.gov.au

+ Pharmaceutical Benefits Advisory Committee (PBAC) consumer information:
www.health.gov.au/pbac

This patient information sheet has been prepared by Dr Sam Tayeb, WA Cardiology, for educational purposes. It is
not a substitute for personalised medical advice. PBS criteria are subject to change; please confirm current eligibility
requirements with your specialist or at www.pbs.gov.au.
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