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• 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.



Aims and objectives

 Provide a brief overview of transthyretin amyloid cardiomyopathy (ATTR-CM), 
its subtypes and symptoms

 Highlight the potential for misdiagnosis and implications of delayed diagnosis
 Describe the proposed clinical scenarios and “red flags” for ATTR-CM that warrant 

screening in patients with ATTR-CM
 Understand the need for a timely and definitive diagnosis of ATTR-CM and how this 

can be achieved 



ATTR-CM: Disease background



Cardiac amyloidosis: 
An infiltrative cardiomyopathy
Cardiac amyloidosis (CA) is an infiltrative disorder caused by extracellular deposition 

of misfolded proteins that have formed insoluble amyloid fibrils1,2

The majority of cases of CA are caused by two protein precursors:3,4

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

3. Maurer MS, et al. Circulation 2017;135:1357–77;
4. Siddiqi OK, Ruberg FL. Trends Cardiovasc Med 2018;28:10–21.
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ATTR-CM: Etiology
 ATTR-CM is caused by deposition of transthyretin (TTR), a 

plasma protein primarily produced in the liver and 
secondarily in the retinal epithelium and choroid plexus1,2

 TTR is responsible for transporting thyroxine and 
retinol-binding protein1‒3

 TTR is composed of four subunits, which can dissociate, 
misfold and aggregate into amyloid fibrils1,4,5

 In ATTR-CM, amyloid fibrils mainly deposit in the interstitial 
space of the myocardium leading to increased wall 
thickness and diastolic dysfunction that can result in heart 
failure (HF) and arrhythmias2

1. González-López E, et al. Rev Esp Cardiol (Engl Ed) 2017;70:991–1004;
2. Arbustini E, Merlini G. J Am Coll Cardiol Cardiovasc Imaging 2014;7:511–4;
3. Hamilton JA, Benson MD. Cell Mol Life Sci 2001;58(10):1491‒521.
4. Donnelly JP, Hanna M. Cleve Clin J Med 2017;84:12–26;
5. Siddiqi OK, Ruberg FL. Trends Cardiovasc Med 2018;28:10–21.
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Transthyretin 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
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How transthyretin amyloid affects the heart4



ATTR-CM: Etiology
The subtypes of ATTR-CM are defined by the amino acid sequence of the TTR protein that 
misfolds to cause amyloidosis:

 Hereditary ATTR (ATTRv) amyloidosis is caused by the presence of a mutation in the transthyretin gene 
(TTR), resulting in a less stable TTR protein

Wild-type ATTR (ATTRwt) amyloidosis is a result of age-related changes in wild-type TTR stability

González-López Eet al. Rev Esp Cardiol (Engl Ed) 2017;70:991–1004.
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Extra-cardiac signs of ATTR-CM

 Although ATTR-CM commonly presents with 
symptoms of HF or arrhythmias, 
amyloidosis is a systemic disease and 
can cause various extra-cardiac symptoms1–3

 Almost any tissue can be affected by 
deposition of amyloid fibrils2

1. Maurer MS, et al. Circulation 2017;135:1357–77; 
2. Mohty D, et al. Arch Cardiovasc Dis 2013;106:528–40;
3. Siddiqi OK, et al. Trends Cardiovasc Med 2018;28:10−21; 
4. González-López E, et al. Rev Esp Cardiol 2017;70:991−1004.
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Extra-cardiac signs
 Polyneuropathy
 Dysautonomia: 

Orthostatic hypotension, 
diarrhea and / or 
constipation, erectile 
dysfunction

 Eye involvement: 
Glaucoma, intravitreal 
deposition

ATTRwt4

Extra-cardiac signs
 Carpal tunnel syndrome
 Spinal stenosis
 Biceps tendon rupture



Delay to diagnosis and 
misdiagnosis of ATTR-CM



ATTR-CM is overlooked as a cause of common 
cardiovascular conditions in older people4

High rates of ATTR-CM among individuals diagnosed with: 
 Heart failure with preserved ejection fraction (HFpEF) (13%)2

 Low-flow aortic stenosis (16%)3

Autopsy data suggests ATTR-CM prevalence may be as high as 25% among adults 
≥85 years of age4

1. Maurer MS, et al. Circulation 2017;135:1357–77;
2. González-López E, et al. Eur Heart J 2015;36:2585–94;

3. Castaño A, et al. Eur Heart J 2017;38(38):2879–87;
4. Tanskanen M, et al. Ann Med 2008;40:232–9. 
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Delayed diagnosis of ATTR-CM

1. Maurer MS, et al. Circulation 2017;135:1357–77;
2. Lousada I, et al. Orphanet J Rare Dis 2017;2(Suppl 1):P7;
3. González-López E, et al. Eur Heart J 2017;38:1895–904;
4. González-López E, et al. Rev Esp Cardiol (Engl Ed) 2017;70:991–1004; 
5. Rapezzi C, et al. Heart Fail Rev 2015;20:117–24; 
6. Maurer MS, et al. J Am Coll Cardiol 2016;68:161–72.

A high index of clinical suspicion is 
paramount to facilitate early and 

accurate diagnosis5,6

Reasons for underdiagnosis / misdiagnosis1,4,5

Fragmented knowledge about disease

Multisystem nature of the disease

Perceived rarity

Symptom overlap

Intrinsic phenotypic heterogeneity

ATTR-CM

 Diagnosis is often delayed due to low 
disease awareness or misdiagnosis1

 Over 50% of ATTRv and 39% of ATTRwt patients 
received a misdiagnosis2

 Of those, 76% and 75%, respectively, received 
treatment for the misdiagnosed condition2

 A study showed that 35% of patients with ATTRwt
had been previously misdiagnosed3

 Hypertensive heart disease was the most 
common misdiagnosis3



Delayed diagnosis of ATTR-CM

Early diagnosis of ATTR-CM is key
Prognosis worsens rapidly with continued amyloid deposition and subsequent 

advancing organ dysfunction1

1. Maurer MS, et al. Circulation 2017;135:1357–77; 
2. González-López E, et al. Rev Esp Cardiol (Engl Ed) 2017;70:991–1004; 

3. Transthyretin-Related Amyloidosis. Available at https://emedicine.medscape.com/article/335301 
(Accessed April 2019);

4. Voice of the Patient. Available at www.arci.org/voice-of-the-patient/ (Accessed April 2019).

Impact of delayed diagnosis2–4

Prolonged time to appropriate management

Inappropriate therapies

Clinical worsening

Lower quality of life

ATTR-CM



Perceived as rare1 Prevalence of ATTR-CM is likely 
higher than initially thought4

Endomyocardial biopsy needed for 
definitive diagnosis1,2

A simple, non-invasive diagnosis 
is an option for many patients5

Limited treatment options (symptom 
relief or liver and / or heart 
transplantation)3

Emerging therapies potentially offer 
future treatment options6

Rationale for a broader screening for ATTR-CM

1. Rapezzi C, et al. Heart Fail Rev 2015;20:117–24;
2. Siddiqi OK, Ruberg FL. Trends Cardiovasc Med 2018;28:10–21; 

3. González-López E, et al. Rev Esp Cardiol (Engl Ed) 2017;70:991–1004; 4. Gillmore JD, et al. Circulation 2016;133:2404–12; 
5. Papantoniou V, et al. Hell J Nucl Med 2015;18:42–50; 6. Grogan M, et al. J Am Coll Cardiol 2016;68:1014–20; 

7. Witteles RM, et al. JACC Heart Fail Jul 2019; DOI: 10.1016/j.jchf.2019.04.010 [Epub ahead of print].

ATTR-CM

Providing a framework of clinical scenarios suggestive of ATTR-CM 
will offer guidance in the identification of those at-risk7

PresentPast



Screening for ATTR-CM:
Clinical scenarios



Process of developing a screening tool to aid in the 
recognition of a disease

One should consider:

 The disease prevalence

 The ease, impact and accuracy of diagnostic testing

 The potential for effective treatment

Based on the above, a framework of clinical scenarios in which screening for 
ATTR-CM is recommended was proposed by a group of experts in the field of 
ATTR amyloidosis

Witteles RM, et al. JACC Heart Fail Jul 2019; DOI: 10.1016/j.jchf.2019.04.010 [Epub ahead of print].

Screening recommendations for ATTR-CM



Clinical scenarios that warrant screening for ATTR-CM

 The most common symptom of ATTR-CM is HF2

1. Witteles RM, et al. JACC Heart Fail Jul 2019; DOI: 10.1016/j.jchf.2019.04.010 [Epub ahead of print]; 
2. González-López E, et al. Rev Esp Cardiol (Engl Ed) 2017;70:991–1004;

3. Siddiqi OK, Ruberg FL. Trends Cardiovasc Med 2018;28:10–21;
4. Damy T, et al. Eur Heart J 2016;37:1826–34.

Patient populations deemed at-risk of ATTR-CM1

Heart failure OR 
presence of “red flag” 
signs and symptoms 

AND

Increased wall 
thickness ≥14 mm 

Male
>65 years

OR 

Female
>70 years

+

Screening recommendations for ATTR-CM

 Increased left ventricular wall thickness is a 
prominent characteristic of ATTR-CM3

 ATTRm amyloidosis has been observed in 
approximately 11% of patients aged 65–84 
with left ventricular wall thickness ≥15 mm4



Clinical scenarios that warrant screening for ATTR-CM
"Red flag" signs and symptoms

Reduction in longitudinal strain with apical sparing

Discrepancy between left ventricular thickness and QRS voltage (with a lack of left ventricular 
hypertrophy on electrocardiogram)

Atrioventricular block, in the presence of increased left ventricular wall thickness

Echocardiographic hypertrophic phenotype with associated infiltrative features, including increased 
thickness of the atrioventricular valves, interatrial septum and right ventricular wall

Marked extracellular volume expansion, abnormal nulling time for the myocardium or diffuse late 
gadolinium enhancement on cardiac magnetic resonance

Symptoms of polyneuropathy and / or dysautonomia

History of bilateral carpal tunnel syndrome

Mild increase in troponin levels on repeated occasions

Witteles RM, et al. JACC Heart Fail Jul 2019; DOI: 10.1016/j.jchf.2019.04.010 [Epub ahead of print].

Screening recommendations for ATTR-CM



Clinical scenarios that warrant screening for ATTR-CM

Witteles RM, et al. JACC Heart Fail Jul 2019; DOI: 10.1016/j.jchf.2019.04.010 [Epub ahead of print].

Screening recommendations for ATTR-CM

These clinical scenarios are 
expected to represent a 

significant rate of diagnosis, 
supporting the investigation of 
disease through screening of 

these patients

Patient populations deemed at-risk of ATTR-CM

Heart failure OR 
presence of “red flag” 
signs and symptoms 

AND

Increased wall 
thickness ≥14 mm 

Male
>65 years

OR 

Female
>70 years

+



Achieving a definitive diagnosis 
of ATTR-CM



Non-invasive diagnosis of ATTR-CM

1. Witteles RM, et al. JACC Heart Fail Jul 2019; DOI: 10.1016/j.jchf.2019.04.010 [Epub ahead of print].

Screening recommendations for ATTR-CM

Patient populations deemed at-risk of ATTR-CM1

Heart failure OR 
presence of “red flag” 
signs and symptoms 

AND

Increased wall 
thickness ≥14 mm 

Male
>65 years

OR 

Female
>70 years

+

Tests to diagnose ATTR-CM1

NON-INVASIVE DIAGNOSTIC APPROACH
Cardiac signal on bone scintigraphy

+ 
Normal serum free light chain ratio, and serum and 
urine protein electrophoresis with immunofixation*

*If any of these tests are abnormal / inconclusive, bone scintigraphy 
should not be used to make the diagnosis of ATTR amyloidosis, 

and biopsy is recommended 

 Once ATTR-CM is suspected, a timely, definitive diagnosis is recommended1

 Non-invasive approaches to diagnose ATTR-CM are available1



“Red flags” manuscript

Non-invasive diagnosis of ATTR-CM

Bone scintigraphy Ruling out 
AL amyloidosis Biopsy Genetic testing

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.

 Bone scintigraphy is a highly sensitive imaging technique used to evaluate the distribution of active bone formation1

 Radiolabels localize to TTR cardiac amyloid deposits, although the molecular basis for this remains unknown2

 A number of tracers have demonstrated high sensitivity and specificity for imaging TTR cardiac amyloid, including:2

 Technetium-99m pyrophosphate (99mTc-PYP)

 Technetium-99m 3,3-diphosphono-1,2-propanodicarboxylic acid (99mTc-DPD)

 Technetium-99m-hydroxymethylene diphosphonate (99mTc-HMDP)

 Cardiac localization of radiolabels can occur in a small proportion of patients with AL amyloidosis, which can 
confound the distinction between cardiac amyloidosis etiologies2

Screening recommendations for ATTR-CM



“Red flags” manuscript

Non-invasive diagnosis of ATTR-CM

Bone scintigraphy Ruling out 
AL amyloidosis Biopsy Genetic testing

1. Witteles RM, et al. JACC Heart Fail Jul 2019; DOI: 10.1016/j.jchf.2019.04.010 [Epub ahead of print]; 
2. Donnelly JP, Hanna M. Cleve Clin J Med 2017;84:12–26; 

3. Maurer MS, et al. Circulation 2017;135:1357–77; 
4. Gillmore JD, et al. Circulation 2016;133:2404–12.

Ruling out AL amyloidosis is a clinical priority1

 The survival of untreated patients may be less than 6 months2

Testing for AL amyloidosis1  The combination of serum and urine immunofixation and 
quantification of serum free light chains has a 99% sensitivity 
for identifying AL amyloidosis3

Serum free kappa:lambda light chains ratio

Immunofixation electrophoresis 
of serum and urine

+ In the absence of a detectable monoclonal protein or an 
abnormal serum free light chain ratio, the specificity of grade 

2‒3 radiotracer uptake on bone scintigraphy 
for ATTR-CM is 100%4

Screening recommendations for ATTR-CM



“Red flags” manuscript

Non-invasive diagnosis of ATTR-CM

Bone scintigraphy Ruling out 
AL amyloidosis Biopsy Genetic testing

 Although the historic gold standard for diagnosis of ATTR-CM has been endomyocardial biopsy, it 
requires expertise and carries potential risks1–3

 Extra-cardiac biopsies, such as abdominal fat pad, may be preferred, but the diagnostic accuracy can be 
particularly low in ATTR amyloidosis4,5

 Currently, histologic confirmation is still needed in cases where both bone scintigraphy and tests for 
monoclonal protein (suggestive of possible AL amyloidosis) are abnormal / inconclusive, to confirm 
and type amyloid deposits by immunohistochemistry or mass spectrometry4,6

1. Siddiqi OK, Ruberg FL. Trends Cardiovasc Med 2018;28:10–21; 
2. Rapezzi C, et al. Heart Fail Rev 2015;20:117–24; 

3. Sławek S, et al. BMC Cardiovasc Disord 2016;16:222; 
4. Maurer MS, et al. Circulation 2017;135:1357–77; 5. Quarta CC, et al. Eur Heart J 2017;38:1905–8; 

6. Witteles RM, et al. JACC Heart Fail Jul 2019; DOI: 10.1016/j.jchf.2019.04.010 [Epub ahead of print]..

Screening recommendations for ATTR-CM



“Red flags” manuscript

Non-invasive diagnosis of ATTR-CM

Bone scintigraphy Ruling out 
AL amyloidosis Biopsy Genetic testing

 It is impossible to distinguish ATTRm and ATTRwt on clinical results alone1

1. Maurer MS, et al. Circulation 2017;135:1357–77;
2. González-López E, et al. Rev Esp Cardiol (Engl Ed) 2017;70:991–1004.

TTR gene sequencing is recommended to differentiate 
between hereditary and wild-type ATTR-CM2

Screening recommendations for ATTR-CM



Conclusions



 ATTR-CM represents a significant burden to patients and 
healthcare systems1

 Protracted diagnosis or misdiagnosis delays appropriate 
management strategies2

 Low levels of disease awareness coupled with heterogeneity of 
clinical manifestations have resulted in suboptimal recognition and 
identification of ATTR-CM1

 With the availability of scintigraphy as a non-invasive diagnostic tool, 
and the potential for disease-modifying therapies in the future, a 
more proactive approach to disease identification is now warranted1

Conclusions

1. Witteles RM, et al. JACC Heart Fail Jul 2019; DOI: 10.1016/j.jchf.2019.04.010 [Epub ahead of print];
2. Lousada I, et al. Orphanet J Rare Dis 2017;2(Suppl 1):P7.

Screening recommendations for ATTR-CM

These screening recommendations will potentially assist clinicians in 
recognizing patients at risk of having an underlying ATTR-CM, helping

reduce the time to diagnosis and the rate of misdiagnosis1
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