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Objectives

Review epidemiology and workup of cardiac amyloidosis

Systemic manifestations

Common misconceptions

Role of multimodality imaging

Novel treatment strategies in ATTR amyloidosis



Amyloidosis

Protein misfolding disorder.

First described by Rudolf Virchow in 1858 describing the 
reaction of tissue deposits with iodine and sulfuric acid.

Donnelly and Hanna; Cleveland Clinical Journal of Medicine; Dec 2017





Types of Cardiac Amyloidosis

AL

ATTR(wt, m, v)

Why do you need to tell the 
amyloid subtype?

Different treatments

Different prognosis

Genetic component; different 
phenotypes  and implications 
for screening family.

Donnelly and Hanna; Cleveland Clinical Journal of Medicine; Dec 2017
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Sperry et al; Subtype-Specific Prognosis in Cardiac Amyloidosis - J Am Heart Association - 2016

Prognosis in Cardiac Amyloidosis



Pathology
Both AL/TTR cause diffuse amyloid deposition (both ventricles); 
pattern AL (subendo, diffuse) vs TTR (patchy and transmural)

Increase in LV mass without dilatation (ASH in TTR ?HCM)

Atrial changes: Atrial infiltration is universal impairing atrial contraction; 
interatrial septal thickening and AFib (TTR>AL)

Conduction system (AVB, BBB TTR>AL)

Valves: Thickened, mild to mod regurgitation.

Microvascular ischemia (deposition in small intramural          
coronaries; angina AL>TTR)

Pericardial involvement (effusion, usually mild)

Donnelly and Hanna; Cleveland Clinical Journal of Medicine; Dec 2017



Clinical manifestations

Heart failure: Diastolic heart failure >> 
Systolic HF; (L&R HF)

Lightheadedness and syncope 
(Brady arrhythmias, AV block, Atrial 
fibrillation, and autonomic dysfunction)

Fatigue and weakness (low CO; ?? 
aging)

Afib or embolic stroke as a first 
presentation (TTRwt)

Cardiogenic shock (diffuse ischemia)

Low flow low gradient aortic 
stenosis (preserved EF and low SVI)

AL - Plasma cell dyscrasia

Age 40s-70s

Men = women

Macroglossia, periorbital purpura, 
petechiae

Renal failure/Proteinuria

Bilateral Carpal tunnel syndrome

Orthostatic hypotension!

GI involvement (diarrhea) or alternating 
constipation; weight loss

ATTR

Age 60s-80s

Men > women (3:1)

African Americans (Val122I mutation)

HFpEF, Low-flow low-gradient AS

Bilateral carpal tunnel syndrome

Spinal stenosis (ligamentum flavum)

Peripheral neuropathy (in some 
variants)

Spontaneous biceps tendon rupture.

An elderly patient with a new diagnosis 
of HCM

Normalization or low blood pressure in 
a previously hypertensive patient.



Misconceptions

1. Cardiac Amyloidosis is a rare disease.



The Changing Landscape of 
Cardiac Amyloidosis

The prevalence of AL-CA has remained stable 
(~8 cases per million; ~3000 cases per year). 

Recent data shows substantially higher 
prevalence in the HFpEF population. 

TTR-CA remains a largely underdiagnosed 
disease; 

More emphasis on early diagnosis is critical 
to afford the best efficacy of therapies.

Median survival is lower than most 
malignancies in advanced stages.

Ruberg et al. JACC Vol.73, No 22; 2019; Transthyretin Amyloid Cardiomyopathy



Misconceptions

It is no longer a rare disease: 
§ Under-appreciated and under-recognized

§ 13% of patients admitted with HFpEF and septal thickness >12mm
§ 16% of patients undergoing TAVR (22% of men undergoing TAVR)
§ 30% of patients with LFLG AS with LVEF <50%
§ 12% of patients with bilateral carpal tunnel syndrome undergoing carpal tunnel 

release (among men ≥ 50 and women ≥ 60 years)
§ The most common ATTRv in the US is Val 122 Ile (3.4% of African Americans; 

1.5 million allele carriers)

EHJ (2015) 36, 2585-2594; Castano et al EHJ 2017; Treibel et al Circ Imaging 2016; Sperry et al JACC 2018



Misconceptions

1. Cardiac Amyloidosis is a rare disease.
2. Low voltage on ECG is a good screening test



EKG in Cardiac Amyloidosis
a. Low voltage complex (limb>>precordial)

b. Pseudoinfarct pattern (qS pattern in 2 consecutive 
leads)

c. Voltage to mass ratio (whenever there is a disconnect, 
think of infiltrative process; poor prognosis)

Wide QRS complexes - TTR

Limb lead voltages are low (AL)

Remember: > 50% of patients do not have any typical EKG changes.



Misconceptions

1. Cardiac amyloidosis is a rare disease.
2. Low voltage on ECG is a good screening test.
3. Fat pad biopsy has high sensitivity.





Misconceptions

1. Cardiac amyloidosis is a rare disease.
2. Low voltage on ECG is a good screening test.
3. Fat pad biopsy has high sensitivity.
4. Need invasive and risky endomyocardial biopsy for diagnosis.



Non invasive diagnosis with bone scintigraphy (Tc99mPYP) alone is enough 
to diagnose TTR-CA, in the absence of monoclonal proteins.

For AL amyloidosis, will need some tissue diagnosis; non cardiac options = bone 
marrow, fat pad, skin lesion, kidney or any organ of involvement.



Misconceptions

1. Cardiac amyloidosis is a rare disease - X
2. Low voltage on ECG is a good screening test - X
3. Fat pad biopsy has high sensitivity - X
4. Need invasive and risky endomyocardial biopsy for diagnosis - X
5. Everyone dies, so it is not worth diagnosing.



Treatments

AL cardiac amyloidosis
Bortezomib + cyclophosphamide + dexamethasone (CyBorD)
Daratumumab
CyBorD+ Daratumumab
High dose melphalan + ASCT considered in patients with less cardiac involvement
Doxycycline, turmeric/curcumin
Advanced therapies

ATTR cardiac amyloidosis
Tafamidis(oral) for ATTRwt and hATTRcardiomyopathy
Patisiran(IV infusion) or Inotersen(SQ injection) for ATTRm neuropathy
Vutrisiran(SQ injection, once in 3 months) – ATTRm neuropathy
Green tea extract (EGCG 600-800mg/day), doxycycline/TUDCA, turmeric (curcumin)
Several ongoing Clinical trials
Advanced therapies (Vutrisiran, Akcea-TTR-LRx(newer version of inotersen)



“The only way to diagnose Cardiac Amyloidosis 
is to consider the diagnosis”



Echocardiogram in Cardiac Amyloidosis

1. Increased wall thickness >12 mm in the absence of hypertension; usually symmetrical; 
rarely LVOTO.
Remember – “both LV and RV thickening”
Average septal thickness: 15 mm (AL); 18 mm (TTR)

2. Sparkling, granular (speckling) texture of myocardium.

Look at renal function: 
If no severe CKD or ESRD, sparkling appearance (especially with severely decreased 
longitudinal function), think infiltrative, most commonly amyloid.



Echocardiogram in Cardiac Amyloidosis

P Garcia-Pavia et al; EJHF April 7, 2021. Diagnosis and treatment of cardiac amyloidosis. A position statement of the ESC Working Group on Myocardial and Pericardial Diseases

Differentials:

Hypertension
HCM
Fabry’s disease (XL-R)
LV Non-compaction
Danon disease (XL-D; 
LAMP2 gene)

ESC:

Proposed Screening 
for Amyloidosis



Echocardiogram in Cardiac Amyloidosis

Apical sparing LV strain pattern and the GLS

Relative Strain

Apical › 2 
 Basal



Left atrial strain and strain rate.

Like LV Strain, RA strain is to look for a highly reproducible pattern of impaired reservoir function



Echocardiogram in Cardiac Amyloidosis

Severely reduced Longitudinal tissue doppler velocities
The “5-5-5” sign



Wang TKM et al. Multi-modality imaging of cardiac amyloidosis. W J of Radiology June 2020





Echocardiogram in Cardiac Amyloidosis – contd.

● Increased LV wall thickness
● Atrial involvement
● Atrial septal involvement (0.5mm)
● Pericardial effusion – late manifestation, and poor prognosis
● Diastolic dysfunction
● Elevated RAP and PASP
● Abnormalities in Tissue doppler velocities
● Longitudinal LV strain rate
● Longitudinal strain map (Bull’s eye)



Guidelines



Reporting: An overall interpretation of 
the echo findings into 3 categories.

1. Not suggestive: Normal LV wall 
thickness, normal LV mass, normal 
atrial size, septal or lateral tissue 
Doppler e’ velocity >10 cm/s.

2. Strongly suggestive: Increased 
LV wall thickness, increased LV 
mass, typical LV longitudinal strain 
pattern, mitral annular TDI <5cm/s, 
biatrial enlargement, small A wave 
in sinus rhythm, small pericardial 
and or pleural effusions

3. Equivocal: Findings not described 
above.



“The only way to diagnose Cardiac Amyloidosis 
is to consider the diagnosis”



Biochemical markers

Non-Specific:

1. NT-pro BNP.

2. Troponin T or I.

Specific:

1. Serum-free light chains (sFLC).

2. Serum Protein Immunofixation Electrophoresis (SPIE)

3. Urine Protein Immunofixation Electrophoresis (UPIE



Donnelly and Hanna; Cleveland Clinical Journal of Medicine; Dec 2017

Diagnostic Gold Standard



Pablo Garcia-Pavia; EJHF April 7, 2021. Diagnosis and treatment of cardiac amyloidosis. A position statement of the ESC Working Group on Myocardial and Pericardial Diseases





99m-Tc-PYP or PYP Scan (SPECT-CT)

Bone tracer

No specific preparation.

No fasting is required.

Rest Scan (1h or 3h)



Wang TKM et al. Multi-modality imaging of cardiac amyloidosis. W J of Radiology June 2020





PYP - Planar and SPECT/CT
Perugini Score



PYP Scan - Standardized Reporting



False positives and negatives in PYP Scintigraphy





Cardiac MRI in Cardiac Amyloidosis

1. LV function and morphology; tissue characterization.

2. Amyloid imaging - LGE imaging; myocardial signal suppression pattern

3. Amyloid quantification - Native T1 mapping & Post-contrast T1 (ECV)





Wang TKM et al. Multi-modality imaging of cardiac amyloidosis. W J of Radiology June 2020



Inversion scout images in two patients, upper row amyloid, lower row nonamyloid control. 
Dorbala et al. Circulation Cardiovascular Imaging 2021. Multimodality Imaging in Cardiac Amyloidosis, Part 1: Evidence Base and Standardized Methods. 



Dorbala et al. Circulation Cardiovascular Imaging 2021. Multimodality Imaging in Cardiac Amyloidosis, Part 1: Evidence Base and Standardized Methods. 



Seung-Pyo Lee; Contemporary Imaging Diagnosis of Cardiac Amyloidosis; JCVI. Dec 2018





Mutations in Hereditary TTR Amyloidosis



Sperry et al; Subtype-Specific Prognosis in Cardiac Amyloidosis - J Am Heart Association - 2016



FDA Approval

Patisiran: Aug 10, 2018
Inotersen Oct 8, 2018
Tafamidis: May 6, 2019

Zhang, K. W. et al. J Am Coll Cardiology Basic Trans Science. 2019: Emerging therapeutics in Amyloidosis
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Recent Case

● Late 2021 

66-year-old male, dizziness and chest pain, recently started on midodrine, due to orthostatic hypotension.
● 2014 - left foot drop, diagnosed as L5 radiculopathy
● 2015 - s/p spinal surgery, he had no relief
● 2017 - Mononeuritis multiplex. IgM spike (on SPEP); K/L ratio 0.26, 
 BM bx- lymphoplasmacytic lymphoma, 
 Confirmed as Waldenstrom macroglobu. (MYD88+ve/L265P mutation), s/p rituximab, improved IgM
● 2018 - IgM spike again; s/p Ibrutinib; developed side effects (diarrhoea, COP, and Afib)
● 2019 - Started diltiazem (for afib)
● 2020 - Zabrutinib
● 2021 - >7 g proteinuria; Oncology suspected AL amyloidosis with cardiac and neurologic; echo and 

cardiology referral (echo had findings)
● 2022 - We sent for PYP negative
● 2022 - MRI: EF 70%,  mild LVH (1.27cm), pre-contrast T1 1072 ms (950-1050ms), T2 mildly elevated 

(edema/toxic), difficulty in nulling, ECV increased, diffuse subendocardial enhancement, becoming near 
transmural in the basal inferior, inferolateral and anterolateral segments – infiltrative cardiomyopathy.




