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Objectives

• Review epidemiology and workup of cardiac amyloidosis
• Systemic manifestations
• Common misconceptions
• Examine novel treatment strategies in ATTR amyloidosis



Case

• 70 year old white male
• Symptoms of leg swelling and dyspnea with recent HF admission



What is amyloidosis?

• Protein misfolding disorder



Over 30 Amyloidogenic Proteins





Pathology: Diffuse involvement

• Increase in LV mass without dilatation

• Atrial infiltration impairing atrial contraction

• Conduction system / valves

• Microvascular ischemia



Normal heart Cardiac amyloid



HCM

HTN heart w/ renal failure Fabry disease

Amyloid



2 Main Types of Systemic Amyloidosis

Wild type
or

Mutant

AA  < 5%
Isolated atrial (ANF)
Apolipoprotein A1
Other hereditary

AL
Light chain 
amyloidosis

ATTR
Transthyretin
amyloidosis



AL Amyloidosis ATTR Amyloidosis
Which type of amyloidosis is this?



Why do you need to tell the amyloid 
subtype?

Different treatments
Different prognosis
Genetic component



Prognosis and treatment in amyloidosis



2 Types of Amyloid that Affect the Heart
AL

Light chain 
amyloidosis



Immunoglobulins
i.e. antibodies

SPEP

Free kappa+lambda light chains

Serum immunofixation

Urine immunofixation

SPEP/UPEP



MGUS

Waldenstrom
Macroglobulinemia

AL Amyloidosis

Multiple 
Myeloma

20%

IgM MGUS

Non-IgM MGUS
Light chain MGUS



Serum Free-Light Chain Assay 
- Useful for Diagnosis, Prognosis, Response Assessment

Principle

Free lambda dominates

Free kappa+lambda light chains serum

Serum immunofixation

Urine immunofixation

SPEP/UPEP
99%



2 Types of Amyloid that Affect the Heart

Wild type
or

Mutant

ATTR
Transthyretin
amyloidosis



Production Circulation

Deposition

ATTR _  TherapyTransthyretin (TTR)
“Prealbumin”

Transport protein for thyroxine and retinol

Homotetramer:  4 identical monomers 127 amino acids each
> 100 mutations described:  single amino acid substitutions



ATTRwt =  amyloid transthyretin wild type

“Wild type transthyretin amyloidosis”
“Senile systemic amyloidosis” (SSA)
“Senile cardiac amyloidosis”
Median age 73
Bilateral carpal tunnel / spinal stenosis common
Median survival about 4 years

ATTRm = amyloid transthyretin mutant

“Hereditary transthyretin amyloidosis”
“Familial amyloid cardiomyopathy (FAC)
“Familial amyloid polyneuropathy (FAP)
Age of onset different depending upon mutation
Most common mutation V122I seen in 3.5% AA*
Median survival for V122I mutation 2.5 years

*Quarta, NEJM 2015



Phenotype“Neurologic” “Cardiac”

V122I
I68L

L111M
T60AS77Y

E89L

I107VF64L
E89Q

T49A

V30M
early 
onset

V30M
late onset

Familial Amyloid Cardiomyopathy = FAC

G47A
112+ mutations causing disease

A97S



THAOS registry



AL
• Age 40s-70s
• Men = women
• Proteinuria
• Macroglossia, periorbital purpura, 

petechiae
• Carpal tunnel syndrome
• Orthostatic hypotension!
• GI involvement (diarrhea)

ATTR
• Age 60s-80s
• Men > women
• African Americans (V122I mutation)
• HFpEF
• Low-flow low-gradient AS
• Bilateral carpal tunnel syndrome
• Spinal stenosis
• Peripheral neuropathy (in some 

variants)



AL Amyloidosis

ATTR Amyloidosis



Non cardiac manifestations
• Polyneuropathy

• Small fiber neuropathy most common
• Carpal tunnel syndrome

• Autonomic neuropathy
• Hypotension, orthostatic hypotension
• GI motility issues

• Tendon/ligament issues
• Carpal tunnel syndrome
• Biceps tendon rupture
• Trigger finger
• Spinal stenosis



• 98 patients
• 12% of men ≥ 50 and women ≥ 60 years old with bilateral carpal tunnel 

syndrome undergoing carpal tunnel release had amyloid deposits in the 
wrist

• 2 had previously unknown cardiac involvement
• 1 had previously unknown hATTR neuropathy (Leu58His)
• 1 had Ala81Thr mutation without cardiac or neuropathic involvement





Non cardiac manifestations
• Renal

• Proteinuria
• Nephrotic syndrome

• Gastrointestinal
• Liver infiltration
• Autonomic GI neuropathy
• Direct GI mucosal infiltration



Donnelly, 
CCJM 2017
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Pseudoinfarct pattern, Low voltage *



Echo – wall thickness

Phelan, Sperry et al. AJC 2017



Echo






Apical Sparing Pattern: “Relative strain”

Phelan et al. Heart 2012
Sperry et al. Heart 2016

Apical    _
Basal + mid 

> 1.0



Donnelly, 
CCJM 2017



“Bone Scintigraphy enables the diagnosis of ATTR to 
be made reliably without the need for histology in 

patients who do not have a monoclonal gammopathy.”





Sperry et al, JNC 2020



Donnelly, 
CCJM 2017

+ Fat pad biopsy



Congo red – Apple green birefringence



MUST SUBTYPE THE AMYLOID!!
Congo Red only tells you if it is amyloid        

(What type, AL?  TTR?, other?)

- Prognosis
- Treatment

Immunofluorescence Mass Spectrometry



Common misconceptions

• Rare
• 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 EF <50%
• 12% of men ≥ 50 and women ≥ 60 years old with bilateral carpal tunnel 

syndrome undergoing carpal tunnel release

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



Common misconceptions

• Rare
• Under-appreciated and under-recognized cause of HFpEF

• Low voltage on ECG is a good screening test



Cyrille, Maurer et al. AJC 
2014



Common misconceptions

• Rare
• Under-appreciated and under-recognized cause of HFpEF

• Low voltage on ECG is a good screening test
• Many patients with amyloidosis do not meet low voltage criteria

• Fat pad biopsy has high sensitivity





Common misconceptions
• Rare

• Under-appreciated and under-recognized cause of HFpEF
• Low voltage on ECG is a good screening test

• Many patients with amyloidosis do not meet low voltage criteria
• Fat pad biopsy has high sensitivity

• 85% for AL, but only 15% for wild type ATTR
• SPEP is sufficient to exclude AL amyloidosis

• Usually NORMAL
• Cardiac amyloidosis is the great masquerader
• Need an invasive and risky endomyocardial biopsy for diagnosis

• Not for ATTR. For AL, will need some tissue diagnosis  non cardiac options = bone 
marrow, fat pad, skin lesion, kidney



Common misconceptions
• Everyone dies so it is not worth diagnosing



Treatments

• AL amyloidosis



AL Therapeutic Regimens



AL Amyloidosis Therapeutic Options
Decreased light chain production Fibril destabilizers

Steroids Proteasome
Inhibitors

Immunomodulatory
Drugs (IMiDs) Alkylating Agents Other Novel Agents

Prednisone Bortezomib
(Velcade)

Lenalidomide
(Revlimid)

Melphalan (oral) 
(Alkeran)

Daratumumab
(Darzalex)

CAEL-101 
(11-1F4)

Dex Carfilzomib
(Kyprolis)

Thalidomide 
(Thalomid)

Melphalan (IV) 
(Transplant)

Isatuximab
(SAR650984)

Dezamizumab
(GSK2398852)
(anti-SAP mAB)

Ixazomib
(Ninlaro)

Pomalidomide
(Pomalyst)

Cyclophosphamide 
(Cytoxan)

Venetoclax
(Venclexta) NEOD001

Marizomib Bendamustine
(Treanda)

Doxycycline / 
TUDCA

Oprozomib EGCG (Green tea 
extract)

Curcumin 
(Turmeric)





Treatments

• AL cardiac amyloidosis
• Bortezomib + cyclophosphamide + dexamethasone (CyBorD)
• Daratumumab
• CyBorD + daratumumab
• High dose melphalan + ASCT  considered in patients with less cardiac 

involvement

• ATTR cardiac amyloidosis



Patisiran

Inotersen

Tafamidis
AG10

Diflunisal

Turmeric
EGCG



• Placebo controlled RCT
• 441 patients
• 30 month follow up
• 30% RRR for mortality
• Lower rate of decline in 6MW 

and KCCQ scores



• IV infusion q3 weeks
• 225 patients  18 month follow up
• Results: difference in mNIS+7 (34 

points) and Norfolk QOL-DN (21 
points)

• Side effects: infusion reactions in 
20% of patients (10% in placebo)



• Placebo controlled RCT
• 172 patients
• 15 month follow up
• hATTR with polyneuropathy
• Weekly SQ inotersen
• Results: improved mNIS+7 (19.7 points) and 

Norfolk QOL-DN (11.7) neuropathy scores
• Side effects: 5 deaths in inotersen group, 

none in placebo.
• Glomerulonephritis (3%) and thrombocytopenia 

(3%)



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
• Green tea extract (EGCG 600-800mg/day), doxycycline/TUDCA, turmeric (curcumin)
• Patisiran (IV infusion) or Inotersen (SQ injection) for hATTR neuropathy
• Tafamidis (oral) for wtATTR and hATTR cardiomyopathy
• Clinical trials
• Advanced therapies



Research and Development
• AG10 (TTR stabilizer)
• Patisiran in cardiomyopathy
• Vutrisiran in cardiomyopathy
• Akcea-TTR-LRx (newer version of inotersen)



Summary
• High clinical suspicion for amyloidosis in the right situation
• Look for red flags
• Initial workup:

• Serum studies for AL  free light chains kappa/lambda, serum IFE, urine IFE
• CV myocardial PYP imaging (ie technetium pyrophosphate) for ATTR

• Don’t miss AL amyloidosis! Cardiac / hematologic emergency
• Novel treatment options



Saint Luke’s MAHI Amyloidosis Program
• www.saintlukeskc.org/amyloidosis
• amyloid@saintlukeskc.org

mailto:amyloid@saintlukeskc.org
mailto:amyloid@saintlukeskc.org


THANK YOU
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