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Medical Use of Training Materials Disclaimer

• This information is provided by Pfizer Global Medical to help healthcare professionals 
better understand the latest developments in related disease areas.

• This information is intended for health care professionals only for learning purposes and 
should not be forwarded to non-medical professionals.

• This document does not replace professional medical guidance in any way and is also 
considered a diagnosis and treatment recommendation.

• When medical professionals prescribe any drug involved in the document, please strictly 
follow the instructions for use approved for the drug in China.
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What is heart failure?
• HF is a complex syndrome of signs and symptoms that suggest the efficiency of the heart 

as a pump is impaired
• The prevalence of HF is approximately 1‒2% of the adult population in developed countries, 

which rises to ≥10% in those aged over 70 years

• It is caused by structural and/or functional abnormalities of the heart, which lead to 
reduced cardiac output and/or high filling pressures at rest or with stress

1. Ponikowski P, et al. Eur Heart J 2016;37:2129–200.

HF, heart failure.
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Signs and symptoms 
of heart failure are 
often non-specific

Symptoms of HF are often non-specific; 
however, routine investigations can 
provide crucial information as to the 

etiology of HF1

1. Ponikowski P, et al. Eur Heart J 2016;37:2129–200.

Typical signs 
and symptoms

Signs

Laterally 
displaced 

apical 
impulse

Third heart 
sound (gallop 

rhythm)

Elevated 
jugular 
venous 

pressure

Symptoms

Orthopnea

Edema

Rapid/irregular 
heartbeat

Fatigue

Dyspnea/ 
paroxysmal 
nocturnal 
dyspnea

Cough

Pulmonary 
rales

Hepatojugular 
reflux

HF, heart failure.
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Patient with suspected HF1

(non-acute onset)

1. Clinical history:
• History of CAD (MI, revascularization)
• History of arterial hypertension
• Exposition to cardiotoxic drug/radiation
• Use of diuretics
• Orthopnea/paroxysmal nocturnal dysponea

2. Physical examination:
• Rales
• Bilateral ankle edema
• Heart murmur
• Jugular venous dilation
• Laterally displaced/broadened apical beat

3. ECG:
• Any abnormality

NATRIURETIC PEPTIDES
• NT-proBNP ≥125 pg/mL
• BNP ≥35 pg/mL

Assessment of 
natriuretic peptides not 

routinely done in 
clinical practice

≥1 present
All absent

No

Yes

HF unlikely:
consider other diagnosis

Normal
ECHOCARDIOGRAPHY

If HF confirmed (based on all available data):
determine etiology and start appropriate treatment

Assessment of HF probability

1. Ponikowski P, et al. Eur J Heart Fail 2016;18(8):891–975.

BNP, B-type natriuretic peptide; CAD, coronary artery disease; 
ECG, electrocardiogram; HF, heart failure; MI, myocardial 
infarction; NT-proBNP, N-terminal pro-BNP.
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Heart failure classification
• The main terminology used to describe HF is historical and is based on measurement of the LVEF 
• HF comprises a wide range of patients, from those with normal LVEF (typically considered as 

≥50%; HFpEF) to those with reduced LVEF (typically considered as <40%; HFrEF)
• Patients with an LVEF in the range of 40–49% are defined as HFmrEF

European Heart Journal (2016) 37, 2129–200.

Type of HF HFrEF HFmrEF HFpEF
CRITERIA 1 Symptoms ± signs Symptoms ± signs Symptoms ± signs

2 LVEF <40% LVEF 40–49% LVEF ≥50%

3 – 1. Elevated levels of natriuretic peptides
2. At least one additional criterion:
a. Relevant structural heart disease 

(LVH and/or LAE)
b. Diastolic dysfunction

1. Elevated levels of natriuretic peptides
2. At least one additional criterion:
a. Relevant structural heart disease 

(LVH and/or LAE)
b. Diastolic dysfunction

  

EF, ejection fraction; HF, heart failure; HFmrEF, HF with mid-range EF; HFpEF, HF with preserved EF; HFrEF, HF with reduced EF; 
LAE, left arterial enlargement; LVEF, left ventricular EF; LVH, left ventricular hypertrophy.
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Heart failure – is the 
origin always obvious?

Routine cardiac investigations 
following HF may reveal key 

indicators, such as ventricular wall 
thickening, which could be caused 

by a number of different conditions:1

1. Ponikowski P, et al. Eur Heart J 2016;37:2129–200;; 2. Fulton N & Rajiah P, Insights Imaging 2017;8:279–93.

Heart failure

Routine 
investigation

Ventricular 
thickening2

Pressure 
overload Infiltrative cardiomyopathies

(e.g. amyloidosis, or genetic mutations 
such as Anderson-Fabry disease and 

Pompe disease) 

Cancer 
metastasis (rare)

Adaptive responses 
(e.g. athletic activity)

Non-infiltrative 
cardiomyopathies
(e.g. hypertrophic 
cardiomyopathy)

Volume overload

HF, heart failure.
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There are numerous and varied causes of 
heart failure
• Coronary artery disease is the most common         

cause of HF1

• Many patients have previously had at least one 
of these:1 

• Myocardial infarction
• Coronary artery disease 
• Hypertension

• Abnormalities of the valves, pericardium, endocardium, 
heart rhythm and conduction disturbances can all cause 
HF; multiple impairments are often present2

1. Mayo Clinic: Heart Failure. Available at www.mayoclinic.org/diseases-conditions/heart-failure/symptoms-causes/syc-20373142. 
Accessed 29th May 2018; 2. Ponikowski P, et al. Eur Heart J 2016;37:2129–200.

A detailed history is needed to 
identify the underlying cause of HF2

• Coronary artery disease and myocardial 
infarction

• Hypertension
• Valve dysfunction
• Congenital heart disease
• Obesity
• Myocarditis
• Arrhythmia
• Diabetes
• Cardiomyopathy

• This can have multiple causes e.g. genetic, 
infection, alcohol or drug abuse among others

Potential causes of HF include:1,2

HF, heart failure.
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Heart failure with preserved 
ejection fraction
• Approximately 50% of all patients with HF have a 

specific form of HF, known as HFpEF1

• Patients with CA often present with HFpEF4

• Although the prevalence of CA is unknown,5 one 
study has demonstrated one form of CA in 13% of 
patients with HFpEF6

1. Zakeri R & Cowie MR. Heart 2018;104:377–84; 2. Mayo Clinic Ejection Fraction. Available at https://www.mayoclinic.org/ejection-
fraction/expert-answers/faq-20058286 (October 2018); 3. Ponikowski P, et al. Eur Heart J 2016;37:2129–200; 4. Donnelly JP & Hanna 
M. Cleve Clin J Med 2017;84(12 Suppl 3):12–26; 5. Maurer MS, et al. Circulation 2017;135:1357−77; 6. González-López E, et al. Eur 
Heart J 2015;36:2585–94; 7. Ton VK, et al. Clin Med Insights Cardiol 2015;8(Suppl 1):39–44; 4; 8. Seward JB, & Casaclang-Verzosa 
G. J Am Coll Cardiol 2010;55:1769–79

• HF in which the left ventricle expels a normal 
proportion of the blood that fills it (a preserved 
EF).2 In this case, HF is likely to be caused by 
abnormal filling of the left ventricle3

• HFpEF is characterized by:3

• Normal or mildly abnormal left ventricular 
systolic function

• Evidence of diastolic dysfunction 
(abnormal left ventricle relaxation or 
diastolic stiffness)

• The exact mechanism by which CA causes 
HFpEF is unknown but it is hypothesized that 
deposition of amyloid impacts diastolic 
function4,7,8

What is HFpEF?

Patients with HFpEF may represent an 
enriched population for CA

CA, cardiac amyloidosis; EF, ejection fraction; 
HF, heart failure; HFpEF, HF with preserved EF.
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Treatments for HF, such as ACE inhibitors and beta-blockers, which are 
first-line treatments in some patients with HF, are actually not appropriate 

in certain instances of HF2,3

The importance of identifying the cause of 
heart failure
Different causes of HF require different treatment and management strategies
• Identifying the underlying cardiac problem is vital as the precise pathology 

determines the specific treatment used1

1. Ponikowski P, et al. Eur Heart J 2016;37:2129–200; 2. Aus dem Siepen F, et al. Amyloid 2017;24:132–3; 3. Donnelly JP & 
Hanna M, Cleve Clin J Med 2017;84(12 Suppl 3):12–26. For reactive use only

ACE, angiotensin-converting enzyme; HF, heart failure.
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Cardiac amyloidosis: 
An infiltrative cardiomyopathy

• CA is an infiltrative disorder caused by extracellular 
deposition of misfolded protein that has formed 
insoluble amyloid fibrils1,2

• The amyloid fibrils cause structural damage to the 
heart and impair its function1

• CA frequently presents as HF3

• The pathogenesis, prevalence and prognosis of CA 
depend on the subtype4–6

• CA is frequently misdaignosed3

1. González-López E, et al. Rev Esp Cardiol 2017;70:991–1004; 2. Donnelly JP & Hanna M. Cleve Clin J Med 2017;84(12 Suppl
3):12–26; 3. Halwani O & Delgado DH. Expert Rev Cardiovasc Ther 2010;8:1007−13. 4. Siddiqi OK, et al. Trends Cardiovasc Med 
2018;28:10–21; 5. Ruberg FL & Berk JL. Circulation 2012;126:1286–300; 6. Fikrle M, et al. Cor Vasa 2013;55:e60–e75; 
7. Rapezzi C, et al. Heart Fail Rev 2015;20:117−24;74. 8. Sławek S, et al. BMC Cardiovasc Disord 2016;16(1):222.

Use of 
insufficiently 

sensitive 
tests

Perceived 
rarity

Risks 
associated 
with tissue 

biopsy8

Reasons for 
misdiagnosis7

Misconceptions 
around 

diagnosis

Fragmented 
knowledge 

about disease

Intrinsic 
phenotypic 

heterogeneity

CA, cardiac amyloidosis; HF, heart failure.
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Investigations that 
can raise a suspicion 
of cardiac amyloidosis
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Certain types of CA are more common in males aged 65 years or over,2 although 
their prevalence in women may be under-recognized3

A high degree of suspicion is required to appropriately diagnose CA6

Clues from clinical examination that might suggest 
cardiac amyloidosis is the cause of heart failure

• HF with symptoms of other organ dysfunction, such as abnormalities in:1
• The peripheral and autonomic nervous system
• Kidneys and gastrointestinal tract
• Autonomic function

• History of bilateral carpal tunnel syndrome4

• Family history of HF2

• Unresponsive to HF treatment e.g. ACE inhibitors or beta-blockers4

1. Siddiqi OK, et al. Trends Cardiovasc Med 2018;28:10−21; 2. Dubrey SW, et al. Heart 2011;97:75–784; 
3. Grogan M, et al. J Am Coll Cardiol 2016;68(10):1014−20; 4. Banypersad M, et al. J M Heart Assoc 2012;1:e000364; 5. 
Donnelly JP & Hanna M, Cleve Clin J Med 2017;84(12 Suppl 3):12–26; 6. Maurer MS, et al. Circulation 2017;135:1357−77. 

For reactive use only

ACE, angiotensin-converting enzyme; CA, cardiac amyloidosis; HF, heart failure.
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Extra-cardiac 
symptoms associated 
with cardiac 
amyloidosis
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Liver and spleen1,5,6

• Hepatomegaly 
without scan defects

• Elevated alkaline 
phosphatase, gamma 
glutamyl 
transpeptidase

• Splenomegaly

Gastrointestinal tract1,6

• Diarrhea and/or constipation
• Early satiety, weight loss
• Bleeding

Ophthalmological4
• Glaucoma
• Intravitreal deposition
• Scalloped pupils

Nervous system1,2,5,6

• Peripheral neuropathy; 
sensorimotor polyneuropathy and 
neuropathic pain

• Autonomic dysfunction: orthostatic 
hypotension, gastroparesis, 
erectile dysfunction

Pulmonary1,6

• Diffuse alveolar infiltrates
• Nodules and 

tracheobronchial 
involvement

• Pleural effusions
• Breathlessness, cough

Soft tissue infiltrations1,6

• Macroglossia
• Rash
• Bilateral carpal tunnel 

syndrome
• Muscle pseudohypertrophy
• Amyloid lymphadenopathy
• Arthropathy

Amyloidosis: 
A systemic, 
multi-organ disease

• CA may represent only one aspect of a 
systemic disease with multi-organ 
involvement1

• Almost any tissue can be affected by 
deposition of amyloid fibrils2

• This contributes to the high rate 
of misdiagnosis

• Patients with CA may seek medical 
attention for neurological, renal or 
ophthalmological issues rather than 
cardiac complaints3

1. Siddiqi OK, et al. Trends Cardiovasc Med 2018;28:10−21; 2. Mohty D, et al. Arch Cardiovasc Dis 2013;106:528−40; 
3. Rapezzi C, et al. Heart Fail Rev 2015;20:117−24; 4. González-López E, et al. Rev Esp Cardiol 2017;70:991-1004; 
5. Milani P, et al. Mediterr J Hematol Infect Dis 2018;10:e2018022; 6. Mollee P, et al. Intern Med J 2014;44:7−17.

CA, cardiac amyloidosis.
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When to suspect cardiac amyloidosis
A high index of suspicion is required for diagnosis of CA1

Some patient populations should be considered as being at higher risk of having an underlying CA, including those:

1. Maurer MS, et al. Circulation 2017;135:1357–77; 2. Dubrey SW, et al. Heart 2011;97:75–784; 3. Gioeva Z, et al. Amyloid
2013;20:1–6; 4. Nakagawa M, et al. Amyloid 2016;23:58–63; 5. Longhi S, et al. JACC Cardiovasc Imaging 2016;9:325–7; 6. 
Yanagisawa A, et al. Mod Pathol 2015;28:201–7; 7. Sperry BW, et al. JACC Cardiovasc Imaging 2016;9:904–6.

• With HFpEF with increased wall thickness1

• Elderly, who have HF with unexplained LV wall 
thickness and a nondilated LV, especially in the 
absence of hypertension1,2

• For whom there is a suspicion of hypertrophic 
cardiomyopathy in combination with infiltrative 
features (e.g. pericardial effusion, AV block, interatrial 
septal and vascular thickening and apical sparring)1, 
or HF symptoms2

• With a discordance between LV thickness and 
QRS voltage1 

• An absence of low QRS voltage does not rule out 
CA1

• With a family history of CA2

• Who are elderly with monoclonal gammopathy1

• With LV hypertrophy showing cMRI T1 signal 
abnormalities and marked extracellular volume 
expansion, or those in whom LGE distribution is 
heterogeneous and sub-endocardial enhancement is 
not the only pattern1

• With a history of bilateral carpal tunnel syndrome1,3,4

• Having had a recent referral for a pacemaker2

• With aortic or spinal stenosis5–7

AV, atrioventricular; CA, cardiac amyloidosis; cMRI, cardiac magnetic resonance imaging; HF, heart failure; 
HFpEF, HF with preserved ejection fraction; LGE, late gadolinium enhancement; LV, left ventricle.
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Types of cardiac amyloidosis
CA can be caused by deposition of several different precursor proteins:1

1. Donnelly JP & Hanna M. Cleve Clin J Med 2017;84(12 Suppl 3):12–26; 2. Kholova I & Niessen HWM. J Clin Pathol
2005;58(2):125–1333; 3. Fikrle M, et al. Cor Vasa 2013;55:e60–e75.

Presence and severity of cardiac amyloidosis is the major factor 
influencing prognosis for all types of systemic amyloidosis3

CA

AL amyloidosis

Others including:
Serum amyloid A
Apolipoprotein A1

Immunoglobulin heavy chain
Fibrinogen α chain2

Gelsolin2

ATTR-CM

Account for over 95% 
of all cardiac 
amyloidosis diagnoses1

For reactive use only

AL, light chain; ATTR-CM, transthyretin amyloid cardiomyopathy; CA, cardiac amyloidosis.
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Immunoglobulin light 
chain amyloidosis
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Light chain amyloidosis
• Historically the most frequently diagnosed amyloidosis; 

Approximately 70% of patients with amyloidosis have 
AL amyloidosis1

• Global data from the United States and Europe estimates the annual 
incidence at 8–12 cases per million3

• In the United States, there are approximately 10,000 individuals 
currently affected with AL amyloidosis, with 3,000 new cases 
per year2,3

• Prognosis/survival if untreated:
• With cardiac involvement: <6 months2

• Without cardiac involvement: approximately 4 years4

• Prognosis/survival if treated:
• Chemotherapy: up to 5 years5

• Stem cell transplantation for patients with cardiac involvement: 
>10 years6

1. Milani P, et al. Mediterr J Hematol Infect Dis 2018;10:e2018022; 2. Donnelly JP & Hanna M. Cleve Clin J Med 2017;84(12 Suppl
3):12–26; 3. Maurer MS, et al. Circulation 2017;135:1357–77; 4. Banypersad SM, et al. J Am Heart Assoc 2012;1:e000364; 5. Mohty 
D, et al. Arch Cardiovasc Dis 2013;106:528–540; 6. Siddiqi OK, et al. Trends Cardiovasc Med 2018;28:10-21; 7. Dubrey SW, et al. 
Heart 2011;97:75-84; 8. Witteles RM, et al. JACC Heart Fail. 2019;7:709-716

AL amyloidosis patient profile

Age7

• >50 years

Extra-cardiac signs6

Multi-organ infiltration, 
including:
• Diarrhea/constipation
• Polyneuropathy and 

autonomic dysfunction
• Macroglossia
• Muscle 

pseudohypertrophy
• Periorbital ecchymosis
• Bleeding diathesis

Cardiac signs3

• Conduction disorders
• Low QRS voltage
• Restrictive 

cardiomyopathy

Male/female 
distribution7

• Equal

Due to poor prognosis and availability of therapy, ruling out of AL amyloidosis should be a clinical priority, 
achieved through measuring the proportion of kappa:lambda light chains with the serum FLC assay, and 

testing for immunofixation electrophoresis of serum and urine8

AL, light chain.
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Transthyretin amyloid 
cardiomyopathy 
(ATTR-CM)
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Transthyretin amyloidosis
• TTR protein is mainly produced in the liver. TTR is composed of four 

subunits, which can dissociate, misfold and aggregate into amyloid 
fibrils.1–3 Age and point mutations can increase the rate of misfolding2

• TTR is also produced in the retinal epithelium and choroid plexus4,5

• Pattern of organ involvement depends on the subtype, but may 
include:3

• Heart: ATTR-CM

• Nervous system, peripheral and/or autonomic system: ATTR polyneuropathy

• Less common signs include:2,5,6

• Age of onset/clinical manifestations varies depending on the variant 
of TTR, sex, parental gene transmission and geographical area7

1. Donnelly JP & Hanna M. Cleve Clin J Med 2017;84(12 Suppl 3):12–26; 2. González-López E, et al. Rev Esp Cardiol 2017;70:991–
1004; 3. Siddiqi OK, et al. Trends Cardiovasc Med 2018;28:10–21; 4. Ikeda SI. Brain Nerve 2013;65(7):831–42; 5. Coelho T, et al. N Engl
J Med 2013;369(9):819–29; 6. Petersen RB, et al. Ann Neurol 1997;41(3):307–13; 7. Mohty D, et al. Arch Cardiovasc Dis 2013;106:528–
540.

• Glaucoma • Renal disease

• Vitreous opacities • Leptomeningeal involvement

3

4

TTR is produced in the 
liver as a tetrameric 

protein1

The tetramer can dissociate 
into monomer subunits1

The monomers can misfold 
and reaggregate into toxic 
dimers and oligomers, and 
insoluble amyloid fibrils1

The amyloid fibrils 
are deposited 

extracellularly in the 
interstitial space of 
the myocardium1

Liver1

2

How transthyretin amyloid affects the heart
Reprinted with permission from: Donnelly JP & Hanna M. Cardiac amyloidosis: An update on 

diagnosis and treatment. Cleve Clin J Med 2017;84(12 suppl 3):12-26. doi:10.3949/ccjm.84.s3.02.1
Copyright © 2017 Cleveland Clinic Foundation. All rights reserved.

ATTR-CM, transthyretin amyloid  cardiomyopathy; TTR, transthyretin.
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ATTR-CM has two subtypes
The subtypes of ATTR-CM are defined by the amino acid sequence of the TTR protein that misfolds to 
cause amyloidosis:
• ATTRwt amyloidosis,1 also called senile systemic amyloidosis.2 Age-related changes in wild-type TTR protein 

result in instability and misfolded monomeric proteins3

• ATTRv amyloidosis.1 There are >120 known heritable (autosomal dominant) mutations in the TTR gene, which 
result in unstable TTR protein and production of monomers that misfold3

1. Donnelly JP & Hanna M. Cleve Clin J Med 2017;84(12 Suppl 3):12–26; 2. Rapezzi C, et al. Heart Fail Rev 2015;20:117–24; 
3. González-López E, et al. Rev Esp Cardiol 2017;70:991–1004.

ATTR-CM

ATTRwt

ATTRv

ATTR-CM, TTR amyloid cardiomyopathy; ATTRv, hereditary mutant TTR amyloidosis; ATTRwt, wild-type TTR amyloidosis; TTR, transthyretin.
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Common characteristics in ATTR-CM 
subtypes include

Age
• >60 years

Male/female distribution
• Up to 80% of patients are male but may be 

underdiagnosed in female patients

Cardiac findings
• HF (53–86%)   
• Conduction disorders   
• Atrial fibrillation (43–67%)   
• Degenerative aortic stenosis

Extra-cardiac signs
• Carpal tunnel syndrome
• Spinal stenosis
• Atraumatic biceps tendon rupture

ATTRwt
Age
• Varies depending on the causative mutation

Male/female distribution
• Predominantly male patients, who may also 

have a more aggressive phenotype than in 
females

Cardiac findings
• Conduction disorders
• Heart failure   
• Infrequent atrial fibrillation (10%) 

Extra-cardiac signs
• Polyneuropathy
• Dysautonomia
• Eye involvement

ATTRv

For reactive use only

González-López E, et al. Rev Esp Cardiol 2017;70:991–1004.

ATTR-CM, transthyretin amyloid cardiomyopathy; ATTRv, hereditary mutant transthyretin amyloidosis; ATTRwt, wild-type transthyretin amyloidosis; HF, heart failure..
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• Atrial arrhythmias are very common in patients with ATTRwt but are less common in ATTRv; the first manifestation 
of the disease may also be stroke2

• Infiltration of the atrioventricular and sinoatrial nodes, along with bundle branch and/or complete heart block1,2

• This may also necessitate pacemaker implantation1,2

• Cardiac conduction abnormalities, which may be the first cardiac manifestation in 7% of patients2

• Low-flow, low-gradient aortic stenosis in elderly patients1

• Angina with normal coronary arteries1

• Cardiogenic shock due to diffuse ischemia (although rare)1

Manifestations of ATTR-CM include:

ATTR-CM: 
Cardiac symptoms
Although traditionally considered a cause of restrictive cardiomyopathy, the clinical spectrum of 
ATTR-CM is actually broader and more heterogeneous;2

However, ATTR-CM does not always present as HFpEF because, as more amyloid is deposited, 
the systolic function of the heart worsens2

1. Donnelly JP & Hanna M. Cleve Clin J Med 2017;84(12 Suppl 3):12–26; 2. González-López E, et al. Rev Esp Cardiol 2017;70:991–1004.

For reactive use only

Patients with CA typically 
exhibit symptoms of HFpEF1

ATTR-CM, transthyretin amyloid cardiomyopathy; CA, cardiac amyloidosis; HFpEF, heart failure with preserved ejection fraction.
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Extra-cardiac signs of ATTR-CM
ATTRwtATTRv

• Atraumatic biceps 
tendon rupture (32%)3

• Lumbar 
spinal stenosis3

• Bilateral carpal tunnel 
syndrome (33–49%),3
which may be present 
5–7 years before 
cardiac signs 
and symptoms7

Ophthalmological
• Dry eye, red eye, painful eye, conjunctivitis1

• Intravitreal deposition,3 floaters in eyes, 
decreased visual acuity1

• Glaucoma3

• Scalloped pupils (rare but pathognomic)3,4

Nervous system
• Peripheral neuropathy: sensorimotor polyneuropathy 

sometimes accompanied by painless ulcers. May 
be bilateral lower-to-upper limb, lower-limb (e.g. late-
onset V30M) or primarily upper-limb neuropathy 
(e.g. I84S, L58H)1

• Autonomic dysfunction: orthostatic hypotension, 
urinary retention, incontinence, gastroparesis, 
erectile dysfunction1,4

Liver and kidney
• Hepatomegaly (advanced disease)1

• Renal disease (rare)6

Gastrointestinal tract
• Diarrhea and/or constipation1,4,5

• Nausea and vomiting, and early satiety, 
leading to weight loss1,5

Central nervous system (rare)
• Nystagmus and pyramidal signs, with 

spastic paraparesis1

• Leptomeningeal and cerebrovascular 
deposits: seizures, subarachnoid 
hemorrhages, dementia1,4

• Isolated leptomeningeal TTR disease 
(rare): can have hearing loss and 
cerebellar ataxia1

Soft tissue infiltrations
• Purpura (advanced disease)1

• Bilateral carpal tunnel syndrome/weakness 
or paresthesias of one or both hands (less 
common than in ATTRwt)1–3

For reactive use only

TTR gene sequencing is recommended in ATTR amyloidosis because ATTRv cardiomyopathy 
and ATTRwt cardiomyopathy cannot be distinguished by clinical profile alone7

1. Roberts JR. Medscape 2017. https://emedicine.medscape.com/article/335301 (June 2018); 2. Donnelly JP & Hanna M. Cleve Clin J Med 
2017;84(12 Suppl 3):12–26; 3. González-López E, et al. Rev Esp Cardiol 2017;70:991–1004; 4. Rapezzi C, et al. Nat Rev Cardiol 2010;398–
408; 5. Ando Y, et al. Orphanet J Rare Dis 2013;8:31; 6. Fikrle M, et al. Cor Vasa 2013;55:e60–e75; 7. Maurer MS, et al. Circulation
2017;135:1357–77; 8. Béquignon E, et al. Amyloid. 2017;24(2):96–100. For reactive use only

• Hearing loss8

ATTR-CM, transthyretin amyloid cardiomyopathy; ATTRv, hereditary mutant transthyretin amyloidosis; ATTRwt, wild-type transthyretin amyloidosis.
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For reactive use only

*Monoclonal gammopathy of undetermined significance (MGUS) may be present in patients with 
cardiomyopathy and may obscure recognition of ATTR-CM7

Symptom overlap can lead to misdiagnosis

1.Maurer MS, et al. Circulation 2017;135:1357–77 2. Roberts JR. 2017, https://emedicine.medscape.com/article/335301, (January 2021); 
3. Donnelly JP & Hanna M. Cleve Clin J Med 2017;84(12 Suppl 3):12–26; 4. Gertz MA, et al. J Am Coll Cardiol 2015;66:2451–66; 
5. Hoigné P, et al. Int J Cardiol 2006;111:413–22;  6. Mayo Clinic: Spinal stenosis: mayoclinic.org/diseases-conditions/spinal-
stenosis/symptoms-causes/syc-20352961 (July 2018); 7. Mayo Clinic: Peripheral neuropathy: mayoclinic.org/diseases-conditions/peripheral-
neuropathy/symptoms-causes/syc-20352061 (July 2018); 8. Roof L, et al. Aperito J Cell Mol Biol 2014;1:pii:102; 9. Ruberg FL & Berk JL. 
Circulation 2012;126:1286–300. 

Symptoms overlapping with 
other conditions1

Misdiagnosis/condition treated instead 
of underlying CA

Dyspnea, fatigue, peripheral edema
• Restrictive cardiomyopathy2

• Non-specific symptoms of aging3

• Aortic stenosis3

Palpitations, weakness, fatigue, dyspnea • Atrial fibrillation3

• Aortic stenosis3

Thickened ventricles
• Hypertensive cardiomyopathy4

• Hypertrophic cardiomyopathy, with or without obstruction3,4

• Fabry disease5

Abnormal heart rhythm • Bundle branch block/complete heart block leading to 
pacemaker implantation3

Numbness or tingling, muscle weakness, bowel and/or bladder 
dysfunction and problems with co-ordination and balance • Spinal stenosis6,7

Cardiomyopathy in combination with plasma cell disorder* • AL amyloidosis8,9

AL, light chain; ATTR-CM, transthyretin amyloid cardiomyopathy; CA, cardiac amyloidosis; MGUS, monoclonal gammopathy of undetermined significance.
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Misdiagnosis of ATTR-CM:
Delaying appropriate patient management

1. Maurer MS, et al. Circulation 2017;135:1357–77; 2. Arbustini E & Merlini G. J Am Coll Cardiol 2014;7:511–4; 
3. Plante-Bordeneuve V. J Neurol. 2014;261:1227–33; 4. Roberts JR. 2017, https://emedicine.medscape.com/article/335301 
(June 2018); 5. Adams D, et al. Curr Opin Neurol 2016;29 Suppl 1:S14–26. 

The result of misdiagnosis is a prolonged time to 
appropriate patient management strategies4,5

For reactive use only

• A high index of clinical suspicion is required for appropriate diagnosis of all forms of CA1

• In regions where disease prevalence is lower, diagnosis of ATTR amyloidosis may be 
delayed by 3–4 years2

• Early, appropriate diagnosis is key, as prognosis worsens rapidly with continued 
amyloid deposition and advancing organ dysfunction1,3

ATTR-CM, transthyretin amyloid cardiomyopathy; CA, cardiac amyloidosis.
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The road to differential diagnosis
Step 1 – Raising a suspicion of CA
• A number of different clinical signs can raise suspicion of CA

1. Maurer MS, et al. Circulation 2017;135:1357–77; 2. Mollee P, et al. Intern Med J 2014;44:7–17; 3. Rapezzi C, et al. Heart Fail Rev. 
2015;20:117–24.

Increased suspicion of CA

Cardiac involvement, as indicated by 
abnormalities in:1

• ECG 
• ECHO
• cMRI
• Cardiac biomarkers

• Troponins
• Brain natriuretic peptides

Given its systemic nature, non-cardiac 
signals can also raise a suspicion of CA, 
as indicated by:2,3

• Neurologic questionnaires
• Ophthalmologic assessments
• Gastrointestinal work-up
• Renal concerns
• Patient/family history

CA, cardiac amyloidosis; cMRI, cardiac magnetic resonance imaging; ECG, electrocardiogram; ECHO, echocardiogram.
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Electrocardiogram
ECG features that should raise a suspicion of 
CA include:
• Discordance between the left ventricular wall thickness 

and QRS voltage2 

• A low QRS voltage in combination with increased left 
ventricle thickness is a classic feature of CA1,2

• However, prevalence of low QRS voltage varies with CA 
etiology, ranging from 60% in AL amyloidosis to 20% 
in ATTR-CM

• Pseudoinfarction patterns in up to 70% of cases1,2

• Conduction disease2

• Atrioventricular block in up to 22% of cases1,2

1. Siddiqi OK, et al. Trends Cardiovasc Med 2018;28:10–21; 2. Maurer MS, et al. Circulation 2017;135:1357–77.

“RED FLAG”
Discordance between left ventricle 

wall thickness and QRS voltage

ECG readout in a patient 
with hereditary ATTR-CM

Courtesy of 
Dr Daniel Judge, MUSC

AL, light chain; ATTR-CM, transthyretin amyloid cardiomyopathy; 
CA, cardiac amyloidosis; ECG, electrocardiogram.
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Echocardiogram
Nearly all ECHO signals are non-specific, but in context 
they can be highly suggestive of CA1

Classic signs of CA include:

• Thickening of the atrioventricular valves and interatrial septum1

• Speckled, granular appearance of the myocardium1

• Impairment of relaxation1

• Normal or near-normal left ventricular ejection fraction (despite 
abnormal function)2

Signs of advanced CA include:1

• Symmetrical thickening of the left ventricle and the free right wall 
of the right ventricle

• Restrictive left ventricular pathophysiology

• Pericardial effusion

1. Maurer MS, et al. Circulation 2017;135:1357–77; 2. Rapezzi C, et al. Heart Fail Rev 2015;20:117–24.

“RED FLAG”
Concentric left ventricular hypertrophy, 

valve thickening, atrial dilation and a 
bright ‘sparkling’ myocardium1

Echocardiogram showing 
characteristic signs of CA. 

Image courtesy of 
Dr Daniel Judge, MUSC

CA, cardiac amyloidosis; ECHO, echocardiogram.
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Investigations that can raise a suspicion 
of cardiac amyloidosis: Blood biomarkers
• Plasma concentration of NP can be used as an initial diagnostic test for HF1 

• As there are many cardiovascular and non-cardiovascular causes of elevated 
NP, other tests must also be used1

• NT-proBNP is universally elevated in CA2

• Troponin T and/or troponin I may be chronically elevated in CA2

• In the context of a thickened ventricle and HF, elevated troponin should trigger a 
suspicion for CA2

• Biomarker levels can be used to stratify patients with HF and predict risk of 
hospitalization and mortality3

• Blood biomarkers have also been used to predict prognosis in patients with 
certain types of CA4,5

1. Ponikowski P, et al. Eur Heart J 2016;37:2129–200; 2. Donnelly JP & Hanna M. Cleve Clin J Med 2017;84(Suppl 3):12–26; 3. Gaggin
H & Januzzi J. Biochim Biophys Acta 2013;1832:2442–50; 4. Gillmore JD, et al. Eur Heart J 2017;0:1–8; 5. Grogan M, et al. J Am Coll 
Cardiol 2016;68:1014–20.

CA, cardiac amyloidosis; HF, heart failure; NP, natriuretic peptides; NT-proBNP, N-terminal pro-B-type NP.
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The road to differential diagnosis
Step 2 – Diagnosis1

Once a suspicion of CA has been raised, a differential diagnosis can be achieved: 

1. Gillmore JD, et al. Circulation 2016;133:2404–12.

Suspicion of CA

Test to 
diagnos

e CA

Invasive approach

Biopsy + amyloid typing

Non-invasive approach

Bone scintigraphy with 
technetium + 

test for free light chain

If ATTR-CM is identified, genetic testing should be performed to determine 
the presence of ATTRv or ATTRwt

For reactive use only

ATTR-CM, transthyretin amyloid cardiomyopathy; ATTRv, hereditary mutant transthyretin amyloidosis; ATTRwt, wild-type transthyretin amyloidosis; CA, cardiac amyloidosis.
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An introduction to scintigraphy
• Bone scintigraphy is a highly sensitive diagnostic imaging technique used to 

evaluate the distribution of active bone formation in the skeleton1

• Patients may undergo scintigraphy for a number of reasons:
• Presence of bone disease, search for metastasis or malignancy, detection of inflammation, etc.1

• Radiolabels localize to cardiac amyloid deposits, although the molecular basis 
for this remains unknown.2 A number of tracers can be used for this purpose, 
including:2

• 99mTc-PYP
• 99mTc-DPD
• 99mTc-HMDP

• Patients undergoing an unrelated bone scan may be found to have 
unexpected cardiac tracer uptake, indicating the presence of CA2

1. Van den Wyngaert T, et al. Eur J Nucl Med Mol Imaging 2016;43:1723–38; 2. Gillmore JD, et al. Circulation 2016;133:2404–12.

Scan showing 
diffuse cardiac 

uptake of radiolabel 
consistent with 

ATTR amyloidosis
Image courtesy of 

Pablo García Pavía.

99mTc-DPD, technetium-99m 3,3-diphosphono-1,2-propanodicarboxylic acid; 99mTc-HMDP, technetium-99m-hydroxymethylene diphosphonate; 99mTc-PYP, technetium-99m 
pyrophosphate; ATTR, transthyretin amyloidosis; CA, cardiac amyloidosis.
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Scintigraphy to discriminate different 
types of cardiac amyloidosis
Scintigraphy radiotracer uptake is sensitive and specific for ATTR-CM1

1. Gillmore JD, et al. Circulation 2016;133:2404–12; 2. Perugini E, et al. J Am Coll Cardiol 2005;46:1076–84.

Unaffected control AL amyloidosis ATTR-CM

Cardiac localization of 
radiolabels can occur in a small 
proportion of patients with AL 
amyloidosis, usually at a low 
grade; this can confound the 
distinction between cardiac 

amyloidosis types1

The spectrum of 99mTc-DPD cardiac uptake among patients and healthy individuals2

Reprinted from Journal of the American College of Cardiology, 40/6, Perugini E, Guidalotti PL, Salvi F, Cooke RM, Pettinato C, Riva L, Leone 
O, Farsad M, Ciliberti P, Bacchi-Reggiani L, Fallani F, Branzi A, Rapezzi C, Noninvasive etiologic diagnosis of cardiac amyloidosis using 

99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid scintigraphy, 1076–84, Copyright 2018, with permission from Elsevier.

AL, light chain; ATTR, transthyretin amyloidosis; ATTR-CM, transthyretin amyloid cardiomyopathy; CA, cardiac amyloidosis; 
99mTc-DPD; technetium-99m 3,3-diphosphono-1,2-propanodicarboxylic acid.
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Selection of biopsy site

1. Gillmore JD, et al. Circulation 2016;133:2404–12; 2. Maurer MS, et al. Circulation 2017;135:1357–77; 3. González-López E, et al. 
Rev Esp Cardiol 2017;70:991–1004; 4. Siddiqi OK, et al. Trends Cardiovasc Med 2018;28:10–21; 5. Sławek S, et al. BMC Cardiovasc 
Disord 2016;16:222; 6. Mohty D, et al. Arch Cardiovasc Dis 2013;106:52840; 
7. Ruberg FL and Berk JL. Circulation 2012;126:1286–300.

• While radionucleotide bone scintigraphy is a non-invasive option for supporting the 
differential diagnosis of CA, a tissue biopsy may still be required in certain cases to aid 
diagnosis of ATTR-CM and to definitely diagnose AL amyloidosis1–3

• Cardiac amyloid deposits, when stained with Congo red dye and viewed under polarized 
light, show apple-green birefringence, changing from hyaline pink under normal light2

• Although the traditional gold standard for diagnosis of CA has been endomyocardial 
biopsy,2,4 these require sufficient expertise and carry potential risks, including hemo-
and pneumothorax5

• Therefore, extracardiac biopsies (such as abdominal fat pad, gingiva, skin, salivary gland 
or gastrointestinal tract) may be preferred, particularly in elderly patients2,6

• However, the diagnostic accuracy of an extracardiac biopsy depends on the type of amyloidosis and on the 
examined tissue2

AL, light-chaim amyloidosis; ATTR-CM, transthyretin amyloid cardiomyopathy; CA, cardiac amyloidosis.
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Non-invasive 
approach

Bone scintigraphy with 
technetium + 

test for free light chain

Invasive approach
Biopsy + amyloid 

typing

The road to differential diagnosis of 
ATTR-CM

1. Maurer MS, et al. Circulation 2017;135:1357–77; 2. Mollee P, et al. Intern Med J 2014;44:7-17; 3. Rapezzi C, et al. Heart Fail Rev 
2015;20:117–24; 4. Gillmore JD, et al. Circulation 2016;133:2404–12

Increased 
suspicion 

of CA

Cardiac involvement, 
as indicated by:1

• ECG
• ECHO
• cMRI
• Cardiac biomarkers

• Troponins
• Brain natriuretic peptides

Non-cardiac signals, 
as indicated by:2,3

• Neurologic questionnaires
• Ophthalmologic assessments
• Gastrointestinal work-up
• Renal concerns
• Patient/family history

Test to 
diagnose 

CA4

Patient with 
heart failure

For reactive use only

ATTR-CM, transthyretin amyloid cardiomyopathy; CA, cardiac amyloidosis; cMRI, Cardiac magnetic resonance imaging; ECG, electrocardiogram; ECHO, echocardiogram.
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Summary of management options for 
cardiac amyloidosis

1. Siddiqi OK, et al. Trends Cardiovasc Med 2018;28:10–21; 2. Donnelly JP & Hanna M, Cleve Clin J Med 2017;84(12 Suppl 3):12–26; 3. González-López E, 
et al. Rev Esp Cardiol 2017;70:991–1004; 4. European Medicines Agency: EMEA/H/C/002294 - X/0049/G, Vyndaqel EPAR – Product Information, 2020. 
https://www.ema.europa.eu/documents/product-information/vyndaqel-epar-product-information_en.PDF; 5. Macedo AVS, et al. Curr Treat Options Oncol. 
2020;21:36.

Treatment goals in CA are to relieve the symptoms of HF, and treat the underlying 
amyloidogenic process1

AL amyloidosis ATTR-CM

HF symptom relief2

Chemotherapy2

Heart transplant followed 
by autologous stem cell 

transplant in select 
patients2

Liver transplant with or without heart 
transplant (ATTRv) or heart 

transplant (ATTRwt)3

Aldosterone antagonists in 
combination with loop diureticsSodium restriction

Diagnosis of CA

One pharmacological therapy is 
currently approved 

for ATTR-CM4, with several under 
investigation5

Pacemaker when 
necessary

  

ATTR-CM, transthyretin amyloid cardiomyopathy; ATTRv, hereditary mutant transthyretin amyloidosis; ATTRwt, wild-type transthyretin amyloidosis; CA, cardiac amyloidosis; 
HF, heart failure.
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Symptom relief in cardiac 
amyloidosis
• Amyloid infiltration in the myocardium causes ventricular wall 

thickening, leading to diastolic dysfunction1–3

• A key challenge of relieving the subsequent symptoms of HF, 
commonly observed in CA, is meeting the appropriate filling 
pressures of a smaller, stiffer ventricle1–3

1. Donnelly JP & Hanna M, Cleve Clin J Med 2017;84(12 Suppl 3):12–26; 2. Siddiqi OK, et al. Trends Cardiovasc Med 2018;28:10–
21; 3. Ruberg FL & Berk JL. Circulation 2012;126:1286–300; 4. Varr BC, et al. Heart Rhythm 2014;11(1):158-62. 

Calcium channel blockers and 
classical neurohormonal 
antagonists, such as beta 

blockers and ACE inhibitors, are 
neither effective nor 

well-tolerated due to the risk of 
syncope and hypotension1

Optimization of fluid status can be 
achieved by loop diuretics combined 

with an 
aldosterone antagonist1,2

Pacemakers can be used for 
heart block or symptomatic 

bradycardia1

Digoxin can be used with caution 
for rate control in patients with 

atrial fibrillation1

Intracardiac defibrillator use is 
controversial but may be considered in 
selected patients with AL amyloidosis 

and ATTR-CM1,4

Symptom 
relief

        

        

ACE, angiotensin-converting enzyme; ATTR-CM, transthyretin amyloid cardiomyopathy; CA, cardiac amyloidosis; HF, heart failure.
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Suppression of TTR synthesis
• Liver transplantation 
• Gene silencing:  siRNA, ASO

TTR stabilizers 
• Non-selective
• Selective (Approved)

Amyloid fibril degradation +
macrophage activation 
• Antibodies anti SAP 
• Antibodies anti TTR

Small oligomers

Amyloid fibrils

Misfolded 
monomer

Folded 
monomer

Rate-limiting
tetramer
dissociation

Monomer
misfolding Aggregationx

TTR amyloidosis: 
Therapeutic opportunities

Donnelly JP & Hanna M. Cleve Clin J Med 2017;84(12 Suppl 3):12–26.

ASO, antisense oligonucleotide; SAP, serum amyloid P component; siRNA, small interfering RNA; TTR, transthyretin.
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Conclusions 
• HF is a complex syndrome with numerous and varied causes, including CA
• Signs and symptoms of HF and CA overlap and can cause delays and misdiagnosis.
• The most common types of CA are AL and ATTR
• A high index of suspicion based on clues from ECG, ECHO and biomarkers is required for 

appropriate diagnosis of CA and usually based on multidisciplinary approach
• Bone scintigraphy with testing for free light chains can definitively diagnose ATTR-CM
• Management of ATTR-CM includes symptom management with sodium restriction and 

diuretics and ATTR-CM specific pharmacotherapy
• If CA is suspected as the cause of HF, referral to an expert center is recommended

AL, light chain; ATTR, transthyretin amyloidosis; CA, cardiac amyloidosis; ECG, electrocardiogram; ECHO, echocardiogram; HF, heart failure.
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