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Objectives:

1. Review pathophysiology of amyloidosis

2. Understand role of cardiac imaging in cardiac 
amyloidosis

3. Treatment of ATTR amyloidosis



ATTR amyloidosis

Caused by mutation of the transthyretin protein which is encoded by the TTR 
gene.

TTR is a protein which is present in the serum and CSF. It is synthesized in the 
liver, choroid plexus and retinal and ciliary pigment epithelia of the eye.

TTR is a tetrameric protein with four identical subunits with a central channel 
that contains two thyroxine binding sites.

ATTR amyloidosis is a protein misfolding disease. This is characterized by 
extracellular deposition of amyloid leading to organ dysfunction.



a | Sites of amyloid deposition 
(dark pink), sensory denervation 
(blue) and motor denervation 
(beige).
b | Sites of transthyretin 
production (red). 
c | Organs affected by autonomic 
neuropathy and those affected by 
autonomic denervation (green 
outlines).

Adams, Koike, Slama, Coelho, Hereditary transthyretin amyloidosis: a model of medical progress for a fatal 
disease, Nature Review Neurology 15, 387-404 (2019)





Transthyretin amyloid cardiomyopathy (ATTR-CM)

Under-recognized cause of heart failure in older adults

Disease is classified by the sequence of the TTR gene either wild type or 
hereditary transthyretin amyloid

More than 120 pathogenic mutations in the TTR gene have been described, 
resulting in a variable phenotypic presentation, ranging from pure 
polyneuropathy with autonomic dysfunction, to mixed neurological and cardiac 
presentation, and to selective cardiac involvement

Prevalence has been reported in 16% of patients undergoing valve replacement 
for aortic stenosis, 13% among patients with heart failure with preserved EF 
and up to 5% of patients of patients carrying diagnosis of hypertrophic 
cardiomyopathy.









Mayo clinic wtATTR-CM staging system

Stage I
Troponin T  < 0.05 and N-Terminal pro-BNP < 3000

Stage II
Troponin T > 0.05 or N-Terminal pro-BNP > 3000

Stage III
Both markers above threshold

Median survival
Stage I – 66 months

Stage II - 42 months

Stage III – 20 months

Wall thickness, LV mass, diastolic function have not been shown to be independent 
predictors of survival.

M. Grogan, C.G. Scott, R.A. Kyle, et al.Natural history of wild-type transthyretin cardiac amyloidosis and risk 
stratification using a novel staging system, J Am Coll Cardiol, 68 (2016), pp. 1014-1020



Biopsy

Accumulation of amyloid proteins and fibers in extracellular space

Staining with Congo Red shows apple-green birefringence under cross-
polarized light

M. Grogan, C.G. Scott, R.A. Kyle, et al.Natural history of wild-type transthyretin cardiac amyloidosis and risk 
stratification using a novel staging system, J Am Coll Cardiol, 68 (2016), pp. 1014-1020



Imaging for diagnosis

1. Cardiac MRI

2. Nuclear scintigraphy by Tecnetium-99m pyrophosphate scan



Findings with Cardiac MRI

Typically, late gadolinium enhancement is present in a pattern of either 
subendocardial or transmural enhancement.

High diagnostic accuracy of late gadolinium enhancement imaging with 
sensitivity of 85% and specificity of 92%. (2)

False negative rate 12%, false positive rate 10% (3)

2) L. Zhao, Z. Tian, Q. FangDiagnostic accuracy of cardiovascular magnetic resonance for patients with 
suspected cardiac amyloidosis: a systematic review and meta-analysis, BMC Cardiovasc Disord, 16 
(2016), p. 129
3) B.A. Austin, W.H. Tang, E.R. Rodriguez, et al.Delayed hyper-enhancement magnetic resonance imaging 
provides incremental diagnostic and prognostic utility in suspected cardiac amyloidosis, JACC 
Cardiovasc Imaging, 2 (2009), pp. 1369-1377





Nuclear scintigraphy using bone-avid radiotracers is the recommended 
imaging modality for diagnosis.

Three types have been evaluated for diagnosis of which Tecnetium-99m 
pyrophosphate (Tc-99m-PYP) is used in the United States.

Uptake is compared with bone uptake of rib and graded from grade 0 which is 
no uptake to grade 3 where cardiac uptake exceeds rib uptake

92% sensitivity, 95% specificity (1)

An international collaboration with a large cohort of endomyocardial biopsy 
proven cases of ATTR-CM concluded that these tests conferred 100% 
specificity for ATTR-CM when grade 2 or 3 uptake was seen in the absence of 
a monoclonal protein in patients with heart failure and typical 
echocardiography of cardiac MRI findings of amyloidosis. (2)

(1) G. Treglia, A. Glaudemans, F. Bertagna, et al.Diagnostic accuracy of bone scintigraphy in the assessment of 
cardiac transthyretin-related amyloidosis: a bivariate meta-analysis, Eur J Nucl Med Mol Imaging, 45 (2018), 
pp. 1945-1955
(2) J.D. Gillmore, M.S. Maurer, R.H. Falk, et al.Nonbiopsy diagnosis of cardiac transthyretin amyloidosis, 
Circulation, 133 (2016), pp. 2404-2412



Ruberg, F, Ggrogan, M, Hanna, M, Kelly, J, Maurer, M, Transthyretin Amyloid Cardiomyopaty: JACC State-of-the-Art 
Review, Journal of the American College of Cardiology, 72, 22, 11June2019, 2872-2891

(A) A typical patient 
with ATTR-CM is 
depicted with grade 3 
tracer uptake on 
planar imaging.
(B) Increased heart to 
contralateral chest 
ratio of 1.79
(C) multiplanar single-
photon emission 
computed 
tomography showing 
myocardial (and not 
blood pool) tracer 
uptake, with some 
heterogeneity in 
uptake intensity. 









ATTR-ACT

Phase 3 multicenter international placebo-controlled, double blind randomized 
trial. Randomized patients with ATTR confirmed by biopsy to tafamidis 20mg, 
tafamidis 80mg or placebo.

Inclusion: Confirmed cardiac involvement with echo (septal wall thickness 
greater than 12mm, history of heart failure with at least 1 prior hospitalization 
for heart failure or clinical evidence of heart failure, nt pro-BNP > 600pg/ml,     
6 MWDT > 100m.

Exclusion: heart failure not due to ATTR, NYHA class IV heart failure, AL 
amyloidosis, history of liver or heart transplantation, implanted cardiac device, 
eGFR < 25, liver transaminases > 2 x upper limit of normal range, severe 
malnutrition

(1) Maurer, Schwartz, Gundapneni et al. Tafamidis Treatment for Patients with Tranthyretin Amyloid 
Cardiomyopathy, N Engl J Med, 2018, 379: 1007-1016









Patisiran, an RNAi Therapeutic for Hereditary Transthyretin Amyloidosis

RNA interference therapeutic agent, specifically inhibits hepatic synthesis of 
transthyretin.

Inclusion: Documented pathogenic variant in TTR, a diagnosis of hereditary 
transthyretin amyloidosis with peripheral neuropathy, with Neuropathy 
Impariment Score (NIS) of 5 to 130 with higher score indicating more-
impairment, adequate liver and renal function, a polyneuropathy disability 
score of IIIb or lower.

Exclusion: History of liver transplantation, NYHA class III or IV heart failure

(1) Adams, Gonzalez-Duarte, O’Riordan et al. Patisiran, an RNAi Therapeutic, for Hereditary Transthyretin 
Amyloidosis, N Engl J Med, 2018, 379: 11-21





















AL amyloidosis Case

PMHx of HTN, BPH and smoldering multiple myeloma

In his usual state of health until about 1.5 years ago when he noticed new 
shortness of breath with exertion when walking from parking lot into his 
workplace. About a half a year ago when his shortness of breath 
worsened. 

He also has lower extremity edema which he feels has not improved and 
worsens throughout the day before slight improvement overnight while 
sleeping. He reports some lightheadedness when he stands quickly. 
Denies chest pain. Reports orthopnea, PND, abdominal bloating. Has 
chronic cough productive of foamy white sputum.

He underwent evaluation with echocardiogram showing normal LV and 
RV systolic function, severe bi-atrial dilatation and speckling concerning 
for possible amyloidosis. 

Kappa light chain 17.1
Lambda light chain 1090.3
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