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History

         

          First described by Rokitansky         
o in 1842

o Term first used by Rudolf Virchow 
in 1854 based on the color after 
staining it with crude iodine-
staining techniques.

o Later recognized as Protein by 
Friedreich and Kekule 5 years 
later.

“Amylum” (in Latin), “Amylon” (in Greek)
Amyloid = starch like

R.Virchow



AMYLOİDOSİS

Definition: Amyloid refers to insoluble,  
abnormal protein fibrils, accumulate in 
tissue and organs. This condition of 
deposition of amyloid in tissue is known as 
Amyloidosis

Electron microscopy of amyloid fibrils

leopard print amyloid deposits (in an iodine solution)



o Group of protein-folding disorders in which >1 organ is 
infiltrated by proteinaceous deposits known as amyloid

o The deposits are derived from 1 of several amyloidogenic 
precursor proteins, and the prognosis of the disease is 
determined both by involved the organ(s) and the type of 
amyloid

o Amyloid involvement of the heart (cardiac amyloidosis) carries 
the worst prognosis of any involved organ, and light-chain (AL) 
amyloidosis is the most serious form of the disease

AMYLOİDOSİS



oMore than 30 proteins can form amyloid 
material

o5 amyloidogenic proteins cause myocardial 
involvement (AL, ATTR, AA, ApoA-I, AH)

oMost cases  (> 98%) correspond to: 

-Immunoglobulin light chain- AL-CA 

-Transthyretin amyloidosis- ATTR-CA

AMYLOIDOSIS IN HEART

DOI: https://doi.org/10.3949/ccjm.84.s3.02

Hereditary (ATTRv) Acquired (ATTR wt)





DEFINITION AND PHYSIOPATHOLOGY

Amyloid Fibrills Organs Infiltration Human Disease

Amyloid fibrills: > 30 Proteins
Non Immunogenic +++
Associated with Aging Process

Dynamic Progress+++

Extracellular infiltration

Cellular Death
Stiffness: CMR
Thickness:LVH

Stroke volume
Cardiac Output

Extracardiac SD

Heart Failure
Conduction D
Rhythm D
Death

Merlini, NEJM 2003 Ternacle J, JACC 2019



65%                                75%                             17%

o AL-Amyloidosis: Over production of one type of light chain 
(Lambda>Kappa) by Lymphocytes 

o AL-CA with HF symptoms without treatment = DEATH in 
6months 

o AL-CA = EMERGENCY! 
o PROGNOS = MAYO STAGING

AL- AMYLOIDOSIS

https://www.nejm.org/doi/pdf/10.1056/NEJMoa054494



TRANSTHYRETIN- CA

DISSOCIATION

HEREDITARY –ATTRv (VARIANT)

o Autosomal dominant
o 120 mutations
o HEART>>>nerve
o ≈ 75 y.o

SENIL TYPE-ATTRwt

o “Cardiac Alzheimer”
o 1/4 of 80 y.o TTR amyloid involve the heart
o ≈83 y.o



        Is Cardiac Amyloidosis Rare?



o AL-CA 8-12/  per million

o ≈3000 newly diagnosed cases of AL 
amyloid per year in USA

o 30% to 50% have symptomatic cardiac 
involvement

o The population prevalence of ATTR-CA remains 
uncertain.

o It is often overlooked as a cause of common 
cardiovascular conditions in older adults, such as 
HFpEF, low-flow aortic stenosis, and atrial fibrillation.

https://www.ahajournals.org/doi/epub/10.1161/CIRCULATIONAHA.116.024438



In whom should one consider Cardiac Amyloidosis?



 IF YOU DON’T THINK OF IT YOU WON’T DIAGNOSE IT



 IF YOU DON’T THINK OF IT YOU WON’T DIAGNOSE IT

RED FLAGS FOR AL

o HfpEF+Nephrotic Syndrome
o Macroglossia and/or periorbital purpura
o Orthostatic Hypotension
o Peripheral Neuropathy

RED FLAGS FOR ATTR
o White male age>60 with HFpEF +  carpal tunnel syndrome and
    or/spinal stenosis
o African American age>60 with HFpEF without history of HTN
o New diagnosis of hypertrophic cardiomyopathy in an elderly patient
o New diagnosis of low flow, low gradient aortic stenosis in an elderly patient
o Family history of ATTR amyloidosis



Amyloidosis Diagnosis

“The only way to diagnose 
amyloidosis is to consider the  
             diagnosis.” 



SUSPECT

CONFİRM 
/RULE OT

IDENTİFY THE 
TYPE

START 
TREATMENT





I STEP:
SUSPECT



II step: 

ECG

ECHO

CHEST RADIOGRAPHY

LABORATORY MARKERS



• Low QRS voltage  - in s.d

• Pseudoinfarction patterns

• AV block

• AF

AV block I d.

Low voltage

AF

Low voltage

IS THE ECG USEFUL FOR IDENTİFYİNG CA?

o Low voltage varies with  ethiology (AL 60%, ATTR 20%)
o Abcense of Low QRS- does not exclude disease
o ATTR-( 30% patients LV hypertrophy+ LBBB)

LV hypertrophy+ older patient+AV block--→
-→ CA should always be considered



ECHOCARDİOGRAPHY
o Preserved EF
o Pericardial effusion
o LV/RV Hypertrophy , 
o ”granular sparkling”
o Diastolic disfunction
o Atrial dilatation

“cherry on top”

reduced strain in the basal and mid segments
relatively preserved in the apical region
Especiaaly in the early stages of disease



ECHO

• Increasing E/A ratio
• Normal E wave velocity
• Reduction A wave velocity

Reduction of mitral annular TD  velocities

• Diastolic disfunction progresses from relaxation impairment to restrictive pattern
• Advance DD, impact on ventricular performance
• Although normal LVEF, reduction DF

AL-CA tend to more restrictive, ATTR-CA tend to greater LV thickness



Apical sparing pattern …

o Apical sparing alone was not found highly 
sensitive neither specific imaging biomarkers

o Present 1/3 of non-CA patients
o 1/10 of healthy subjects

➢ CKD
➢ Dannon disease 
➢ Aortic Stenosis without CA-

Lower specifity of apical sparing conditions 



Chest Radiography

• Pleural effusion 

(bilateral)

Labortary tests

• Creatinin

• UA – protein+

• Troponin I     (apoptotic effect)

• NT – pro BNP (direct toxic effect)

Richards DB, Cookson LM, Berges AC, Barton SV, Lane T, Ritter JM, et al. Therapeutic 
clearance of amyloid by antibodies to serum amyloid P component. N Engl J Med 
2015;373:1106- 14

NT-pro-BNP
• biomarker of clinical response
• Progression of illness
• Response to therapy



AL-CA and Mayo Clinic Staging System

J Clin Oncol. 2012;30(9):989-995.doi:10.1200/JCO.2011.38.5724

Do Laboratory tests pedict Prognosis?

o NT-pro-BNP
o Cardiac troponin T
o sFLC

AL-CA prognosis
+++ point

NT-pro BNP≥ 1800𝑝𝑔/𝑚𝐿
Troponin ≥ 0.025ng/mL
FLC difference- ≥18mg/dL

Median survival is 3.5-4.1month



CMR-III STEP

• LV/RV hypertrophy

• Biatrial dilatation

• Atrial septal hiperyophy (>6mm-20% cases)

• Pericardial and pleural effusion

• Subendocardial/transmural fibrosis

• High T1 values and extracellular fibrosis 

    (T1, ECV)!!!!



Late Gadolinium Images

Sensitvity 85%, Specifity 92%
Transmural, circumferential LGE+ apical sparring

Normal subject

Amyloidosis

ECV

Nativ TI

Post contrast TI

Increased both native TI (1260msn) and ECV (76%)
Even in the absence of LGE informative
>44% prognostic for mortality



AL-type amyloidosis 

Normal health subject

TI scout images

o TI scout pattern always useful for diagnosing of CA by identifying abnormal gadolinium kinetics
o Myocardium contains GBCA, reaches null point earlier 

European Heart Journal - Cardiovascular Imaging (2020) 21, 833–844 
doi:10.1093/ehjci/jeaa063 



ATTR-no blood tests for TTR  identifying
AL-serum/urine immunofixation (99% sensitivity)

sFLC-
• Alone is not specific for AL 
• Increased in Renal failure

IV STEP:
Testing for monoclonal protein



o False positives in the PYP
o Light Chain Amyloidosis (AL)
o Hydroxychloroquine Toxicity
o Suboptimal Scintigraphy Technique



Who gets referred to PYP(pyrophosphate) imaging?

• Suspicious echo

• Suspicious CMR

• Aortic stenosis

• Relatives of ATTRv types

• Extra cardiac TTR- tendon rupture

                                    

Technetium-99m pyrophosphate bone scan at 1 h: (A) visual score 0; (B) visual score 1; (C) visual score 2; and (D) visual score 3.



o ATTR++++
o AL-/or mild+
o Grade II and III — that is, 

uptake equal to or greater than 
bone tissue — are diagnostic 
for ATTR-CA. 

o Sensitivity and specificity are 
100%."



Cardiac biopsy always the referenace standard?

Challenge 1

Challenge 2
• congo red does not identify the type
• Not the only step in the diagnosis

• Renal biopsy-+++
• Heart biopsy-has high risk, expensive and rarely 

performed
• Rectal biopsy-more invasive, not sensitive
• Abdominal fat aspiration-highly variable sensitivity
     (60-80% AL, 65-85% ATTR)

Cleveland Clinic Journal of Medicine December 2017, 84 (12 suppl 3) 12-26; DOI: https://doi.org/10.3949/ccjm.84.s3.02

NEGATIVE BİOPSY DOES NOT RULE OUT CA!!

Depends on operator, pathologist and how much tissue removed



What is the best imaging modality?

The most useful and appropriate method varies at each step of the patient pathway



What is the best imaging modality?

Multimodality imaging 

oMultimodality approach beyond the structure and function….

oInformation on tissue composition

European Heart Journal - Cardiovascular Imaging (2020) 21, 833–844 
doi:10.1093/ehjci/jeaa063 



Treatment Approaches

European Journal of Heart Failure (2021) 23, 512–

526 doi:10.1002/ejhf.2140



HF treatment in Amyloidosis





Treatment

Cleveland Clinic Journal of Medicine December 2017, 84 (12 suppl 3) 12-26; DOI: 

https://doi.org/10.3949/ccjm.84.s3.02



CONCLUSION

• Amyloidosis is a multisystemic disease, clinical presentation 
depending on the pattern of organ involvement

• ECG and Echo findings often  not typical

• Biopsies, considered the reference standard, high FP and FN 
rates

• Structure and function is not enough, information on the 
tissue composition important

• Multimodality imaging approach should be considered



" The truth and hidden 
beauty often await just  
      beyond a shift in   
          perspective."

THANK YOU FOR ATTENTION!
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