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Introduction
Cardiac amyloidosis (CA) is a condition where 
there is extracellular deposition of amyloid fibrils 
in the myocardium.1 The prevalence of the CA 
varies considerably depending on the population 
studied: rates of CA range from 0.2% of patients 
undergoing bone scans for non-cardiac reasons to 
43% of people aged 75 years or older at autopsy.2 
It is an underdiagnosed disease entity that may be 
found incidentally or more often cause cardiac 
symptoms such as dyspnoea, palpitations, chest 

pain, presyncope, syncope and features of heart 
failure or systemic symptoms such as dyspepsia, 
nausea, constipation and symptoms related to 
neuropathy.3 CA is a restrictive cardiomyopathy 
which is broadly classified according to the type 
of amyloid protein either as light-chain CA (AL-
CA) or transthyretin CA (ATTR-CA), which can 
be further subdivided into its hereditary or wild-
type forms. Both forms tend to lead to progressive 
heart failure and are associated with significantly 
reduced survival.4 A clinical challenge is that 
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many patients experience diagnostic delay and by 
the time diagnosis is made quality of life is often 
poor.5

Diagnosis of CA
Once a patient is referred for clinical assessment 
there are many features which may prompt suspi-
cion for a diagnosis of CA. AL amyloidosis may 
clinically manifest as renal dysfunction, proteinu-
ria, cardiomyopathy, hepatic dysfunction, orthos-
tatic hypotension, peripheral neuropathy, 
gastrointestinal abnormalities, hypothyroidism, 
macroglossia and periorbital purpura.6 ATTR 
amyloidosis may present with cardiomyopathy, 
orthostatic hypotension, peripheral neuropathy, 
carpal tunnel syndrome, lumbar spinal stenosis, 
gastrointestinal abnormalities, spontaneous 
biceps tendon rupture and ocular floaters.6 The 
diagnostic algorithm for the diagnosis of CA 
which calls for suspicion of the diagnosis if the left 
ventricular wall thickness is greater than 12 mm 
alongside one or more ‘red flags’ which could be 
a clinical symptom or sign such as peripheral pol-
yneuropathy or skin bruising, a diagnosis such as 
bilateral carpal tunnel syndrome, abnormal eleva-
tions of plasma troponin levels, finding on imag-
ing such as subendocardial or transmural late 
gadolinium enhancement or extracellular volume 
on cardiac magnetic resonance (CMR) imaging, 
electrocardiographic findings such as reduced 
QRS voltage to mass ratio, atrioventricular (AV) 
conduction disease and a possible family his-
tory.7,8 Confirmation of the diagnosis can then be 
made using the non-invasive algorithm for CA of 
ATTR type (established when there is grade 2 or 
3 uptake at 3,3-diphosphono-1,2-propanodicar-
boxylic acid (DPD) scintigraphy in association 
with negative free light chains and negative serum 
and urine immunofixation and echocardiographic 
and/or CMR imaging supportive of CA) or via 
invasive methods for all amyloid types with car-
diac biopsy that is positive for amyloid or extra-
cardiac biopsy that is positive for amyloid and 
echocardiographic and/or CMR imaging support-
ive of CA.7,9 Other key findings from investiga-
tions that may point to a diagnosis of CA include 
low-voltage QRS (more typical for AL), poor 
R-wave progression, pathological ‘pseudo’ 
Q-waves, atrial fibrillation, AV conduction abnor-
malities, bundle branch block and QT prolonga-
tion on electrocardiogram; and echocardiographic 
findings of unexplained left ventricular hypertro-
phy, atrial dilatation, right ventricular free wall 

hypertrophy, thickened aortic valve and septum, 
diastolic left ventricular dysfunction, abnormal 
left ventricular global longitudinal strain with api-
cal sparing and low-flow, low-gradient aortic ste-
nosis.6 In addition, patients may have elevated 
serum cardiac biomarkers (NT-proBNP and tro-
ponin) which are helpful with staging and prog-
nosis as well as to guide response to therapy.10 
Within ATTR-CA there is the further division of 
hereditary-type ATTR and wild-type ATTR, 
based on genetic testing which dependent on the 
TTR variant determines the phenotype and has 
implications for treatment and prognosis.11 Once 
the diagnosis is made, there are further prognostic 
staging scores that then can be applied for AL 
amyloidosis12,13 and ATTR amyloidosis.14,15

Diagnostic delay in CA
Diagnostic delay in patients with CA has been 
highlighted previously.5,8,16 Historically, 
ATTR-CA was under-recognized with a typical 
patient attending hospital a median of 17 times in 
the 3 years prior to diagnosis. There is emerging 
evidence that the diagnosis is now being made 
earlier16 helped by improved clinician awareness 
following the release of recent guidelines prompt-
ing consideration of the ATTR-CA in patients 
with aortic stenosis, heart failure with preserved 
ejection fraction and in those with a history of 
carpal tunnel syndrome, lumbar spinal stenosis, 
biceps tendon rupture and/or autonomic or sen-
sory polyneuropathy.17 Although in the United 
Kingdom, the median duration of symptoms 
before diagnosis has fallen from 36 months 
between 2002 and 2006 to 12 months between 
2017 and 2021, there is still room for improve-
ment.16 An important factor permitting early 
diagnosis of ATTR-CA is the ability to access 
99mtechnetium-labelled bone radiotracer scintig-
raphy which has a high sensitivity and specificity 
when this result is integrated with the non-biopsy 
diagnostic algorithm.9,18

Treatment of AL-CA
The management of AL-CA involves risk strati-
fication and treatment with chemotherapy agents 
and/or autologous stem cell transplantation 
together with supportive therapies.19 Agents 
such as bortezomib, melphalan, cyclophospha-
mide and dexamethasone may be used and sup-
portive therapy includes salt restriction, 
diuretics, fitted stockings and midodrine for 
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hypotension, pacemaker insertion and defibrilla-
tors for recurrent arrhythmias, gabapentin or 
pregabalin for neuropathic pain and nutritional 
support for adequate caloric intake.14 While 
cardiac transplantation was once considered to 
be contraindicated due to high morbidity and 
mortality rates, the increased therapeutic 
options for amyloidosis and improved pre-
transplantation screening practices has led to 
improvements in transplant outcomes over the 
past 10–15 years.20,21

Treatment of ATTR-CA
Over the last few years, there has been significant 
interest in the early diagnosis of CA because new 
treatments have transformed this once incurable 
disease to a potentially treatable disease.4 For 
many years, liver or combined heart and liver 
transplantation were the only available treatments 
for patients with mutations causing ATTR and 
CA but now there are several pharmacological 
agents available or in the process of being tested.22 
There are three broad classes of TTR-ocused 
treatment, which can be classified as TTR stabi-
lizers, TTR knockdown therapies and TTR 
removal therapies.

TTR stabilizers
Tafamidis is a drug which binds to transthyretin 
which prevents tetramer dissociation and amy-
loidogenesis. In the ATTR-ACT double-blind 
placebo controlled randomized controlled trial 
of 441 patients with transthyretin amyloid car-
diomyopathy, tafamidis treatment was associ-
ated with lower all-cause mortality (29.5% 
versus 42.9%) compared to placebo at 30 months 
follow-up.23 At longer-term follow-up (median 
59 months), there were fewer deaths in the 
group on continuous tafamidis compared to pla-
cebo (44.9% versus 62.7%).24 In real-world set-
tings, an evaluation of 107 patients with ATTR 
with a median age of 84 years and 59% receiving 
tafamidis reported significantly higher median 
survival with treatment compared to no  
treatment (median survival 6.70 years versus 
1.43 years, p < 0.001).25 Another propensity 
match retrospective observational study using 
the TriNetX research network found that tafa-
midis therapy was associated with approxi-
mately 38% reduction in both heart failure 
exacerbation and all-cause mortality.26 Changes 
in peak VO2 and baseline minute ventilation/

carbon dioxide production slope in patients 
with CA after initiation of tafamidis has been 
reported and those patients with stable or 
improved peak VO2 with therapy showed more 
pronounced improvements in physical perfor-
mance which highlights the importance of treat-
ment with less advanced disease at baseline and 
the need for early diagnosis.27 Despite the evi-
dence from trials and real-world settings, the 
annual cost of tafamidis is approximately 
$250,000/year and a cost-effectiveness analysis 
shows that making tafamidis affordable will 
require a 92.6% reduction in its listed price.28 
As a result, in its initial review, the National 
Institute for Clinical Excellence (NICE) in the 
United Kingdom did not recommend the use of 
tafamidis for treating transthyretin amyloidosis 
with cardiomyopathy.29 Acoramidis, is another 
oral TTR stabilizer which has been shown to be 
safe and effective for ATTR amyloid cardiomy-
opathy. The encouraging results of the phase III 
ATTRibute-CM trial were recently presented at 
a hotline European Society of Cardiology (ESC) 
session but are not yet published.30,31

TTR knockdown therapy
TTR knockdown therapy aims to reduce pro-
duction of transthyretin in the liver and includes 
several drugs such as Patisiran, Inotersen, 
Vutrisiran, Eplontersen and NTLA-2001. 
Patisiran is a small interfering RNA (siRNA) 
drug which blocks TTR synthesis and in the 
APOLLO randomized control trial of 225 
patients, was associated with significant improve-
ments in quality of life, walking, nutritional sta-
tus and activities of daily living.32 Inotersen is an 
antisense oligonucleotide which has been shown 
to slow disease progression and help maintain 
quality of life scores in patients with hereditary 
ATTR polyneuropathy.33 Eplontersen has also 
been shown in a phase III trial to improve neuro-
logical function in association with a reduction 
in level of TTR protein.34 Vutrisiran, another 
RNA drug of the same class as Patisiran (second 
generation siRNA) has been shown to demon-
strate similar benefits and has the advantage of 
being given subcutaneously only once every 
3 months.35 Finally, novel CRISPR-Cas9 in vivo 
gene technology has provided a modular plat-
form to develop therapies such as NTLA-2001, 
designed to inactivate the TTR gene and thereby 
reduce production of the transthyretin protein. 
NTLA-2001 was tested in six patients with 
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Figure 1. Ideal pathway for patients with underlying cardiac amyloidosis.
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Figure 2. Realities that arise in real-world settings which result in deviation from ideal pathway.

hereditary ATTR amyloidosis and achieved a 
greater than 90% sustained reduction in circu-
lating TTR protein concentration through tar-
geted knockout of TTR and a phase III trial is 
now planned.36

TTR removal therapy
Amyloid removal therapy is the third class of 
drugs for ATTR-CA. A phase I, double-blind 
trial evaluated NI006 a recombinant human 
anti-ATTR antibody for the treatment of 
patients with ATTR cardiomyopathy and heart 
failure.37 Treatment had an acceptable safety 
profile and appeared to be associated with a 
reduction in surrogate markers of TTR cardiac 
amyloid such as extracellular volume on CMR 
imaging.

There is significant interest in recent years in 
therapeutics for ATTR CA, but early diagnosis 
is important as there may only be a window of 
opportunity where patients are suitable for 
treatment after which therapies may be less 
effective.

Importance of pathways in CA
The concepts of patient pathways and missed 
opportunities can be applied to patients with CA. 
Patient pathways are the series of clinically rele-
vant events that take place over time.38 The key 
difference between the patient and care pathway 
is the patient decision making that is present in 
the patient pathway but not factored into the care 
pathway, and starts when the patient is seen by a 
healthcare professional.39 As demonstrated previ-
ously in heart failure, the missed opportunities 
may relate to diagnosis and treatment.40,41 In gen-
eral, as shown in Figure 1 the ideal scenario for 
patients with symptoms who are not incidentally 
found to have CA is that they present to health-
care professionals and the diagnosis is suspected 
and confirmed and appropriate treatment is 
started (Figure 1).

In CA, it is important that the patients present to 
healthcare professionals for there to be a chance 
of the diagnosis being made and the initiation of 
appropriate treatment. Some of the real-world 
realities that arise are shown in Figure 2. Patients 
are in the community and they or may not be 
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aware of their symptoms and their significance. 
For patients with early symptoms of cardiac dys-
function such as shortness of breath, orthopnoea 
or mild leg swelling, they may not present for 
evaluation and ignore these symptoms. This is 
notable as the missed opportunity relates to 
patient decision making rather than delays to 
diagnosis because of misdiagnosis related to clini-
cal professional decision making. The patients 
with these early symptoms may also be seen by 
professionals for other reasons such as other co-
existing medical or surgical problems and there 
could be an incidental opportunity at suspecting 
cardiac dysfunction and amyloidosis. It is also 
variable who the patient decides to present to, 
and it could be a general practitioner, emergency 
department or other healthcare professional in 
the community and they will have variable experi-
ence, expertise and understanding on how to 
manage a patient with underlying CA.

The need to consider clinical pathways in the 
diagnosis of ATTR cardiomyopathy (ATTR-CM) 
has been described in several studies. Tini et al.42 
described the diagnostic pathways leading to the 
diagnosis of ATTRwt-CM in a retrospective mul-
ticentre Italian study which included patients 
who had initially been referred with heart failure 
or a suspicion of hypertrophic cardiomyopathy, as 
well as patients presenting with incidental find-
ings.42 These types of studies are important as 
they provide a framework for constructing clinical 
pathway decision tools that can be used to poten-
tially aid cardiologists in making an early diagno-
sis of ATTR-CM.43 It has been suggested that 
implementation of a clinical amyloidosis pathway 
can serve to increase physician awareness leading 
to decreases in diagnostic delay.44 Pathways are 
important to diagnosis and need to take into 
account the complex interplay between racial and 
genetic differences, comorbidities and health dis-
parities which can all influence the presentation 
of patients with ATTR-CM.45 The recent expert 
consensus decision pathway produced by the 
American College of Cardiology suggests that the 
subtleties in the history of presentation of patients 
with CA are important to recognize, and that an 
early suspicion and referral to skilled subspe-
cialists requires attention as misdiagnosis may 
have catastrophic consequences for patients.46 
Ideally, there should be adoption of an accurate 
diagnostic algorithm,9 timely identification  
of multisystem involvement with appropriate 
multidisciplinary collaboration, and disease 

management strategies to optimize both survival 
and quality of life outcomes in patients with 
amyloidosis.47

A treatment algorithm would be ideal for patients 
diagnosed with CA, but the reality is that the 
delivery of disease modifying treatments (i.e. 
TTR-directed therapy) will differ depending on 
the level of resource and services available specific 
to each country. As a result, although it is possible 
to refer to a diagnostic algorithm,9 a treatment 
pathway needs to be tailored to the local setting. 
For example, in the United Kingdom at present 
tafamidis is not available for use in patients with 
ATTR-CM although the drug is in the process of 
undergoing a re-evaluation by the NICE. 
However, there are siRNA-directed therapies 
already approved for use in patients with heredi-
tary ATTR amyloidosis and nerve involvement.47 
The National Amyloidosis Centre is currently 
commissioned by NHS National Specialised 
Services and funded by the Department of Health 
to provide a diagnostic and management advice 
service for the entire UK’s national caseload of 
patients with amyloidosis and related disorders. 
Patients with CA may or may not be referred from 
local clinicians for input to this service depending 
on the awareness of the individual clinician, their 
clinical judgement and the patient’s willingness or 
ability to travel. It is possible that patients with 
mild symptoms or those in more advanced stages 
of disease may not be referred. Patients with CA 
may or may not be referred from local clinicians 
for input to this service depending on the aware-
ness of the individual clinician, their clinical judge-
ment and the patient’s willingness or ability to 
travel. It is possible that patients with mild symp-
toms or those in more advanced stages of disease 
may not be referred. To address these barriers, 
there needs to be agreement between non-special-
ists and specialist centres on how they expect 
patients to be identified and where they are man-
aged, together with agreement regarding patient 
monitoring and what types of treatments can be 
instigated. Due to increasing demand and a surge 
in the number of patients being referred, there is 
now an onus on the NHS to roll out the develop-
ment of a UK network perhaps in the form of a 
hub-and-spoke model.

Missed opportunities in CA
We introduce the concept of missed opportuni-
ties as a mechanism to learn from real-world cases 

http://tac.sagepub.com


Volume 17

6 http://tac.sagepub.com

TherapeuTic advances in 
cardiovascular disease

through evaluation of the management of patients 
so that clinicians may be able to learn how care 
can be improved. As the pathways may involve 
multiple clinicians there may be both upstream 
(non-specialist)-related delay or misdiagnosis 
contributing to missed opportunities, together 
with those further downstream related to the 
activities of the specialist (delay to diagnosis or 
delay to treatment). We believe the risk-benefit of 
treatments need to be individualized to the 
patient.

Some of the missed opportunities related to 
patients with underlying CA are shown in 
Figure 3. A key question related to the likeli-
hood of identification of the underlying prob-
lems depends on the stage and pattern of disease 
but also which professional the patient presents 
to. Early symptoms and signs may be non-spe-
cific but later progression may result in more 
severe symptoms and more obvious signs of 
acute decompensated heart failure in CA, 
together with changes on cardiac imaging such 
as left ventricular hypertrophy with preserved 
ejection fraction and biatrial dilatation.48 In the 
community, it may be challenging without mul-
tiple consultations for a general practitioner to 
suspect a diagnosis which merits confirmation 
by a secondary/tertiary care specialist with rel-
evant expertise. Clinical encounters that take 
place in the emergency department may lead to 
diagnosis quicker because there is rapid access 
to tests such as bloods which may pick up 

underlying problems such as anaemia, hyper-
calcaemia, renal dysfunction or elevated 
NT-pro brain natriuretic peptide. There are 
also opportunities for incidental identification 
if patients with limited symptoms, but may have 
clinical signs of underlying CA such as inciden-
tal hydroxymethylene diphosphonate (HDP)  
myocardial tracer uptake in a patient with pro-
static carcinoma undergoing a bone scan. For 
the patient to be identified incidentally, it is 
important that healthcare professionals are 
aware of the condition and the potential com-
plications and treatments available that merit 
further referral for specialist review. Once, a 
patient presents to a healthcare professional for 
symptoms which may reflect underlying CA, 
they need to have access to the tests which may 
be helpful in suspecting the diagnosis. At an 
early stage, there should be access to specialists 
who can diagnose CA. For the screening and 
diagnosis of CA, basic investigations such as 
blood tests and echocardiography and more 
specialist investigations such as CMR imaging, 
DPD scans and cardiac biopsy need to be acces-
sible locally. Moreover, to have access to spe-
cialist treatment, there may be the need for 
referral pathways so that patients in rural areas 
or those seen in centres where there is not the 
level of expertise required can refer patients for 
specialist input. Once patients have been 
reviewed by a clinician it is not uncommon for 
patients to be initially misdiagnosed with CA 
and there may be delay to eventual diagnosis.49 

Haematology:
MGUS /myeloma clinic 

with abnormal echo

Heart failure:
HFpEF general heart 

failure clinics

Imaging:
Suspicion on echo

Urology:
Incidental uptake on 

bone scan

Imaging:
CMR diagnosis

Valvular heart disease:
TAVI work-up

Cardiac Devices:
PPM work-up

Neurology:
Peripheral neuropathy

Electrophysiology:
AF

Orthopaedics: Carpel 
tunnel syndrome, 

spinal canal stenosis, 
biceps tendon rupture

Figure 3. Common presentations and the sources of referrals to a specialist with an interest in cardiac 
amyloidosis.
AF, atrial fibrillation; CMR, cardiac magnetic resonance; HFpEF, heart failure with preserved ejection fraction;  
MGUS, monoclonal gammopathy of unknown significance; PPM, permanent pacemaker; TAVI, transcatheter aortic valve 
replacement.
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In particular, it is vitally important for clini-
cians to determine the type of amyloid as there 
are very different treatment approaches and 
recognition of the potential of dual amyloid 
types is highly clinically relevant.50 Diagnosis is 
important not only to attempt to educate the 
patient and modify the progression but also to 
prevent cardiac complications and manage 
potential comorbidities such as arrhythmias, 
heart failure, thromboembolism and aortic 
stenosis.

Reducing missed opportunities in CA
A key consideration is whether the missed oppor-
tunity to make an early diagnosis could be 
avoided. The only way to influence patient deci-
sion-making is through education and public 
health measures to encourage the public to seek 
help and not ignore symptoms. Once patients 
seek an opinion from a healthcare professional, 
there is an expectation that the clinician should 
suspect a problem, but clinician awareness is 
determined by education of healthcare profes-
sionals. Screening tests that are readily available 
such as electrocardiogram, abnormal NT-proBNP 
or troponin and echocardiographic abnormalities 
should not be ignored. For example, a patients 
may have vague chest pains and found to have 
modestly elevated troponin but once their coro-
naries are examined and found to be normal, they 
may be discharged without investigation. 
Similarly, a patient with abnormal ECG such as 

high-grade AV block may present with syncope 
and receive a pacemaker but not checked for 
underlying amyloidosis. In addition, it is impor-
tant for clinicians to be aware of the relevance of 
incidental DPD uptake on bone scintigraphy in 
prostate cancer.51 To reduce diagnosis-related 
missed opportunities, education regarding CA 
may be necessary for echocardiographers who 
report scans and doctors to appropriately inter-
pret bloods, ECG and imaging tests. Examples of 
common presentations and the sources of refer-
rals to a specialist with an interest in CA are 
shown Figure 3. There may also be treatment-
related missed opportunities in CA. The key con-
sideration is whether the drug is available and 
how patients can be assessed if they are eligible 
for it. This is important as it may not be an avoid-
able missed opportunity if the health service does 
not provide the treatment, or the patient or 
healthcare service cannot afford to provide it as it 
is one of the most expensive drugs. Figure 4 
depicts the sources of potential missed opportuni-
ties in CA.

Care pathway development is key to providing 
high-quality local services. This may involve a spe-
cialist in the area taking an interest in CA so that 
referrals can be made to this specialist facilitating 
rapid access to investigations to confirm the diag-
nosis. Such services and pathways require invest-
ment of resources, so it is important that the 
burden of CA is significant in the location. In the 
United Kingdom, the NHS long-term plan high-
lights the importance of improving access for 
minority ethnicity, equality and diversity.52 For 
many of the patients with ATTR, they may be old, 
frail and those with V122I mutation are often of 
Afro-Caribbean ethnicity. There may also be 
companies who develop novel drug therapies to 
help establish such pathways as there may be 
missed opportunities for their products to be uti-
lized.53 In addition, collecting data on the care of 
patients with CA and examining whether care 
could have been improved retrospectively has 
value on a local level to learn from past experi-
ences. One means of doing this is the care path-
way audit which compared real-world activities 
for patients to a defined standard that is expected.36

Limitations
By the very nature of this article being a review, it 
does not provide new data. Given its authorship, it 
may also be biased towards a UK perspective. 
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Figure 4. Missed opportunities in cardiac 
amyloidosis.
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Nonetheless, this review has been conceived by 
researchers with experience in specialist amyloido-
sis care and patient and care pathways; its concept 
can be generalized and should prove helpful for 
planning further studies to better understand the 
real-world global activities related to the diagnosis 
and management of patients with CA. More stud-
ies are needed from around the world that explore 
the patient and care pathways for patients with CA.

Conclusion
ATTR-CA was once considered a condition with 
limited treatment options beyond supportive ther-
apy. There has been increasing interest in CA 
because of the many recent novel therapies which 
have been or are currently being developed. For 
patients to benefit most from treatment, early diag-
nosis is vital, and this relies on patients seeking 
opinion from healthcare professionals and for 
those clinicians to suspect the diagnosis. There are 
still unacceptable delays to diagnosis, which results 
in progression of the disease and adverse patient 
outcomes. Patient pathways are useful ways to 
consider how clinically relevant events over time 
may have an influence on eventual outcomes and 
receipt of treatment. This approach enables con-
sideration of missed opportunities for early diagno-
sis and timely initiation of appropriate therapy.
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