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Key Learning Objectives

• Comprehensive understanding of the diagnostic work up
• Review treatment advances
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Question

The following tests are required to make a diagnosis of ATTR cardiac amyloidosis
1. FDG PET and serum protein electrophoresis. 
2. Echo and Cardiac MRI and Serum protein electrophoresis (SPEP). 
3. Echo or Cardiac MRI, and PYP and serum and urine protein electrophoresis with immunofixation, and 

serum free light chains
4. Cardiac MRI and FDG PET and serum and urine protein electrophoresis with immunofixation, and 

serum free light chains
5. PYP and and serum and urine protein electrophoresis with immunofixation, and serum free light chains
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Amyloid and Amyloidosis

• Group of complex diseases caused by protein misfolding 
and aggregation into highly ordered amyloid fibrils

• Deposit in tissues, resulting in progressive organ damage
• Localized deposition
• Systemic amyloidosis- at least 17 proteins identified

• Transthyretin (ATTR)
• Light Chain (AL)
• Reactive systemic amyloidosis – serum amyloid A 

protein (AA)

Falk et al. N Engl J Med 1998; 338:264-265
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Cardiac Amyloidosis

AA, 

Apolipoprotein AI-4, 

B2Microglobulin

Transthyretin

ATTR
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Light Chain

AL

Falk et al. N Engl J Med 1998; 338:264-265
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Modified from Patel and Hawkins J. Internal Med. 2015. 278: 126-144 

Infiltration                       

Infiltration

Light chain toxicity

Infiltration                                   Infiltration
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Epidemiology

• 3-12 per million person years

• MGUS- 0.25% per annum

• Myeloma- 10-38%

AL

• >80 yrs: 8-16% on autopsy

• >60 yrs, HFpEF, >12 mm: 7-13%

• TAVR: ~16%

ATTR

Merlini et al. Nat Rev Dis Primers. 2018;4(1):38
González-López et al. Eur Heart J. 2015;36(38):2585-94.
Castano et al. Eur Heart J. 2017;38(38):2879-2887.
Lane et al. Circulation. 2019;140(1):16-26.

National Amyloidosis Center, UK
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Extracellular deposition of amyloid in the heart

Heart Failure
Heart Block

/ Conduction 
System Disease

Angina

Atrial 
Fibrillation
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Clinical clues: ATTR

• Older males
• Carpal Tunnel Syndrome
• Spinal Stenosis
• Biceps Tendon Rupture

ATTRv
• Neuropathy

• Autonomic and/or peripheral

Geller et al. JAMA. 2017;318(10):962-963.
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Clinical Clues: AL

Male=Female
From 5th decade

Cardiac predominant
• Heart Failure
• Exercise intolerance
• Fatigue

Neuropathy
• Autonomic
• Peripheral

Renal
• Nephrotic Syndrome

GI 
• Diarrhea
• Weight loss
• Early satiety
Skin
• Petechiae, ecchymoses, 

periorbital purpura
Soft tissue
• Macroglossia
Erectile Dysfunction
Jaw Claudication

Falk et al. J Am Coll Cardiol. 2016;68(12):1323-41
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Clinical Clues and Complementary Tests in the 
Investigation of Cardiac Amyloidosis

Kittleson et al AHA Scientific Statement Circulation 2020.

Physical Exam
• Orthostatic hypotension

• HF findings

• Biceps Tendon Rupture

• Purpura, Macroglossia, Salivary gland 

swelling

Medicines

• β-blocker intolerance

• Vasodilator intolerance

ECG
• Dissociation between low voltage ECG 

with ECHO increased wall thickness

• Atrial fibrillation/Flutter

• Atrioventricular block

• Pseudoinfarction pattern
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Diagnosing and Typing Cardiac Amyloidosis in a Patient 
With Unexplained Heart Failure

Falk RH, et al. J Am Coll Cardiol 2016;68(12):1323-1341.

Clinical and Echocardiogram or MRI suggestive of cardiac amyloidosis

Clinical and laboratory evaluation including: 
SPEP, UPEP, serum and urine immunofixation, and free light chain assay

Abnormal Labs

Myocardial uptake of 99mTcPYP/DPD assessment Bone marrow biopsy +/- cardiac or noncardiac biopsy

None or trace Strongly positive
Immunohistochemistry 

strongly positive for light 
chains and negative for 
transthyretin in amyloid 

deposits

Immunohistochemistry 
shows ambiguous results

Mass spectrometry 
confirms light chains in 

amyloid deposits

Is there a transthyretin (TTR) 
protein mutation present?

Cardiac amyloidosis is 
unlikely. IMPORTANTLY, 

proceed with endomyocardial 
biopsy if clinical suspicion of 

amyloidosis is still high
ATTRwt 

(nonhereditary 
form caused by 
wild-type TTR)

ATTRm 
(hereditary form 
caused a genetic 
mutation of TTR)

Light-chain 
(AL) 

amyloidosis 

N Y

YN
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Classical Features 
of Cardiac 

Amyloidosis

Biventricular Wall Thickening
Atrial dilation
Valve thickening

Pericardial and pleural effusions

Increased echogenicity/ echo-
bright appearance
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Echocardiography: Diastolic function and strain  

Mitral TDI
“5-5-5” sign

Low Flow
Low Gradient 

Aortic Stenosis

Restrictive 
filling pattern

Apical Sparing
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Classical findings not the Rule

Quarta et al,  Circulation. 2014;129:1840-1849.
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AI for Diagnosis

Grogan M, et al. Mayo Clin Proc. 2021 Nov;96(11):2768-2778
Goto, S. et al. Nat Commun 12, 2726 (2021).

ECG Echo
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Imaging: Cardiac MRI

ECV=26

ECV=56

Normal

Cardiac 
Amyloidosis

Late Gadolinium 
Enhancement (LGE)

Extracellular 
Volume (ECV)
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Dorbala, European Heart Journal (2023) 44, 2199–2201

Cardiac MRI

Cardiac MRI
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Hematology Referral

Poterucha et al. JACC Cardiovasc Imaging. 2021 Jun;14(6):1221-1231. 

SIFE= Serum immunofixation
UPEP = Urine Protein electrophoresis
SFLC = Serum Free Light Chains
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Bone-avid radiotracer Cardiac Scintigraphy for the Non-invasive 
Diagnosis of ATTR

• Tc-99mPYP, DPD, or HMDP

• Any uptake (grades 1, 2, and 3) >99% 
sensitive and 86% specific for detecting 
ATTR CA 

• Grades 2 or 3 myocardial radiotracer 
uptake and the absence of a monoclonal 
protein in serum or urine had a specificity 
and positive predictive value for ATTR CA 
of 100%, albeit with a significant drop in 
sensitivity (70%). 

Gillmore et al, Circulation. 2016;133(24):2404-12.
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• Light Chain Amyloidosis

• Hot blood pool

• Myocardial infarction

• Rib fractures, valvular/annular calcifications

• Hydroxychloroquine toxicity

• Breast implants

False positives

Chang CIRCImaging 2018

Grade 3

Grade 0

• hATTR – type A v’s type B fibrils
• Phe64Leu, Ser77Tyr, V30M-early onset

• wtATTR
• Early disease

False negatives
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Imaging Summary

• Classic imaging features on echo and CMR do not distinguish light chain amyloidosis from 
transthyretin amyloidosis.

• Myocardial bone-avid radiotracer uptake is highly specific for transthyretin cardiac 
amyloidosis when plasma cell dyscrasia has been excluded; replacing the need for biopsy 
in many patients.

• SPEP & UPEP with Immunofixation and serum free lights required to exclude AL



25

Tissue Biopsy

• Tissue biopsy is still the gold standard for diagnosis 

• For diagnosis of AL biopsy proof of amyloid deposition is needed

• If the SPEP/UPEP/IFX/SFLC are abnormal: Most centers will do a bone marrow biopsy & 
fat pad fine needle aspirate (FNA) or biopsy or skin punch biopsy.

• Fat pad FNA is sensitive for AL (~84%), but a lot less for ATTR (45% hATTR, 15% wtATTR)
• If negative, biopsy involved organ = endomyocardial biopsy

• Congo red staining, Sulfated Alcian Blue detect amyloid deposition 
• Immunofluorescence types the amyloid precursor protein 
• Mass Spectrometry is the gold standard for typing (sensitivity of 88% & specificity of 96%)

Quarta et al. Eur Heart J. 2017;38:1905–1908.

Kittleson M, Ruberg F, et al. J Am Coll Cardiol. null2023, 0 (0)
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Case: Septal Myectomy detected Amyloid Deposition
76-year-old woman with severe Aortic Stenosis: SAVR and myectomy

Kurian A, et al. Circ Cardiovasc Imaging. 2025 Feb 25:e017807.



Treatments
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ATTR

Falk RH, EHJ 2019;40(12): 1009-1012.

Stabilizers
Gene 

Silencers

CRISPR/
Cas9

Monoclonal 
Ab

Effective therapies
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ATTR: How Far we have come

Cuddy AHA Scientific Sessions 2024

2012 2018 2021 2023 202420161970/80’s

Clinical 
significance of 
wild type ATTR 

established

Diflunisal 
 TTR stabilizer

Tafamidis TTR stabilizer 
in ATTR-CM

Cardiac 
Scintigraphy with 
PYP/DPD/HMDP 

validated

TTR gene silencers in 
vATTR-Polyneuropathy 

(PN)

Acoramidis TTR 
stabilizer

TTR gene silencer, 
vutrisiran in ATTR-

CM

Nex-Z in ATTR-
CM

ATTR Antibody 
Phase 1 study

NTLA-2001 
(Nex-Z) in 
vATTR-PN
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ATTR

• Diflunisal
• Tafamidis
• Acoramidis

Falk RH, EHJ 2019;40(12): 1009-1012.
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Maurer et al N Engl J Med 2018;379:1007-1016

Tafamidis

• 441 Randomized 2:1:2
• Tested 2 doses 

• 80 mg and 20 mg

• 30 months
• Lower all-cause mortality 

• 29.5% vs. 42.9%; HR 0.7

• Reduced hospitalizations
• Relative risk ratio of 0.68 
• 0.48 per year vs. 0.70 per year 

(95% CI, 0.56 to 0.81).

ATTR-ACT
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Acoramidis

ATTRibute-CM

• 632 Randomized 2:1 

• 800 mg BID

• 30 months

Gilmore et al N Engl J Med 2024;390:132-142
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ATTR

• Patisiran>Vutrisiran
• Inotersen>Eplontersen

Falk RH, EHJ 2019;40(12): 1009-1012.
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HELIOS-B is a phase 3 randomized trial was to evaluate the efficacy and safety of vutrisiran, a SC-administered RNAi therapeutic, 
compared with placebo among patients with ATTR-CM

Vutrisiran in ATTR-CM
HELIOS-B Study Design

Fontana M, et al. European Society of Cardiology Congress 2024, London, UK.
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Fontana et al. NEJM 2024 
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Light Chain (AL) Amyloidosis

High Dose 
Melphalan

+ ASCT

Proteasome 
Inhibitors

Bortezomib

CD38 directed 
monoclonal Ab
Daratumumab

Monoclonal 
Ab
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Treatments

Mel= Melphalan
Cy = cyclophosphamide
Bor = Bortezomib (Velcade)
D = Dex = Dexamethasone

Red is more 
commonly used

Green is less 
commonly used

Bianchi et al. JACC CardioOnc 2021
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Andromeda Trial: Daratumumab

Kastritis et al. N Engl J Med. 2021;385:46–58.

388 randomized 
Median follow-up was 11.4 months
Exclusion Criteria: 
• Previous therapy for AL amyloidosis 
• Symptomatic MM 
• Eastern Cooperative Oncology Group 

performance-status score > 2 eGRF < 20 
ml/min/1.73 m2 

• Severe cardiovascular condition including 
• NT-proBNP > 8500 n/L, 
• Systolic BP < 90 mm Hg, 
• NYHA IIIB or IV at screening.

Daratumumab + CyBorD
Vs

CyBorD
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ASCT Eligibility Criteria
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Parameter Complete 
Response 
(CR)

Very Good 
Partial 
Response 
(VGPR)

Partial 
Response 
(PR)

FLC Normal ratio dFLC<40mg/L dFLC >50% 

SPEP & IFE No M spike. 
Negative IFE 

NA NA

UPEP & 
IFE 

No M spike. 
Negative IFE

NA NA

Hematological Response Organ Specific Response

Cardiac 

NT-proBNP decrease of >30% AND >300 pg/mL from 
baseline *

2 NYHA functional class improvement from baseline **

Renal

Decrease in proteinuria by >30% or to <0.5 g/24 h ***

* From baseline NT-proBNP over 650 ng/L. 
** Must be NYHA functional class 3 or 4 at diagnosis
*** In the absence of eGFR decline by 25% or more

Monitoring Response to Therapy 

Criteria for deep hematological response: 
iFLC ≤20 mg/L regardless of FLCr
dFLC<10 regardless of FLCr.

Muchtar E, et al. Leukemia. 2019;33(3):790-94
Manwani R, et al. Blood. 2019;134(25):2271-228
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Take Home Messages

• Increasing awareness of disease, with improved diagnostic tools, leading to increase in 
detection in ATTR, but also AL

• ATTR: heart, tendons and ligaments, with PNS and ANS involvement in some forms of 
hATTR

• AL: systemic disease, cardiac involvement has worst prognosis. 
• Tissue biopsy proof still needed for AL amyloidosis and in the presence of a monoclonal 

gammopathy 
• When a monoclonal gammopathy is ruled out; ATTR can be diagnosed by grade 2 or 3 

uptake with bone-avid radiotracer (PYP/HMDP/DPD) cardiac scintigraphy & typical 
echocardiographic or MRI features are seen. 

• Advances in therapies in last several years for ATTR and AL
• Tafamidis, Acoramidis and Vutrisiran
• Daratumumab with Bortezomib (Velcade), cyclophosphamide and dexamethasone is 

first line therapy in AL
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Questions

The following tests are required to make a diagnosis of ATTR cardiac amyloidosis
1. FDG PET and serum protein electrophoresis. 
2. Echo and Cardiac MRI and Serum protein electrophoresis (SPEP). 
3. Echo or Cardiac MRI, and PYP and serum and urine protein electrophoresis with immunofixation, and 

serum free light chains
4. Cardiac MRI and FDG PET and serum and urine protein electrophoresis with immunofixation, and 

serum free light chains
5. PYP and and serum and urine protein electrophoresis with immunofixation, and serum free light chains.

Rationale: Grade 2 or 3 uptake on a PYP scan, with typical features seen on echo or MRI, in the absence of 
a plasma cell dyscrasia is diagnostic for ATTR amyloidosis. SPEP alone is not sufficient. It is important that 
typical features of cardiac amyloidosis are seen on echo or MRI to avoid false positives. FDG-PET is used to 
aid the detection of cardiac sarcoidosis, but is a non-specific tracer. 

Reference: Gillmore JD, Maurer MS, Falk RH, et al. Nonbiopsy diagnosis of cardiac transthyretin 
Amyloidosis. Circulation. 2016;133:2404–2412.
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