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Systemic amyloidoses: protein misfolding diseases 

Merlini & Bellotti NEJM 2003

• Intrinsic propensity

• Increased propensity
(mutations)

• Increased 
concentration

(increased synthesis
reduced clearance)

• Cell death

• Tissue damage

•Organ dysfunction



The main types of systemic amyloidosis have overlapping clinical presentations

Amyloid Type Precursor protein

Major organ involvement

Heart

(bone tracers uptake)
Kidney Liver PNS ANS ST

AL amyloidosis (acquired)
Immunoglobulin light 

chain

+++

(usually absent,

can be intense)

+++ ++ + + ++

ATTRv amyloidosis 

(hereditary)
Mutated transthyretin

+++

(usually intense, can be 

absent in some variants)

- - +++ +++ -

ATTRwt amyloidosis 

(acquired)
Wild type transthyretin

+++

(usually intense)
- - - - +

ApoAI amyloidosis 

(hereditary)
Mutated apolipoprotein AI

+

(present)
+ +++ - - -

AA amyloidosis (acquired) Serum amyloid A protein + +++ + - + -

ALECT2 (acquired)
Leukocyte chemotactic 

factor 2
- +++ + - - -

Palladini, et al. Blood 2020



Diagnosis of systemic amyloidosis

Signs and symptoms of 
amyloid organ involvement

Is a monoclonal 
component present?

Serum & urine IFE + FLC

Diagnostic workup for non-AL 
amyloidosis:
• cardiac scintigraphy with bone tracers in 

patients with heart involvement
• DNA testing
• tissue diagnosis and typing

Tissue diagnosis
• Abdominal fat (sensitivity 80% at referral 

centers), bone marrow (sensitivity 70%), 
minor salivary gland (sensitivity 80%).

• Biopsy of organ involved.

and tissue typing with adequate technology
• mass spectrometry
• immuno-electron microscopy
• light microscopy IHC with custom-made 

antibodies

Assessment of clonal disease, organ 
involvement, staging and risk stratification
• s&u IFE, FLC, BMPC iFISH, skeletal survey;
• NT-proBNP (or BNP), cardiac troponin, ECG, 

Holter ECG, echocardiography, cardiac MRI;
• 24h proteinuria, creatinine (with eGFR);
• liver function tests
• evaluation of comorbidities

No

Yes

Palladini, et al. Blood 2020



→ TTR tetramer disassembly is the key and rate-limiting 
step for TTR aggregation and fibrillogenesis

Pathobiology of ATTR amyloidosis: tetramer dissociation

Ruberg, et al. J Am Coll Cardiol 2019



ATTRv amyloidosis* ATTRwt and ATTRv amyloidosis*

ATTR amyloidosis: clinical manifestations and disease burden

Nativi-Nicolau & Maurer, Curr Opin Cardiol 2018
Muchtar, et al. J Intern Med 2021



ATTRv amyloidosis1

• Inherited, rapidly progressive disease caused by 
TTR gene mutation

• Multisystem disease that manifests with a 
combination of polyneuropathy, cardiomyopathy, 
GI, renal, and ocular dysfunction

ATTRv amyloidosis

Nativi-Nicolau & Maurer Curr Op Cardiol 2018
Rapezzi, et al. Eur J Heart Fail 2022



ATTRv amyloidosis: genotype/phenotype correlations

• Some variants associated with an exclusive cardiac phenotype are indistinguishable from ATTRwt amyloidosis1,2

• A mixed neurologic and cardiac phenotype predominates in non-endemic areas

• Rapid disease progression and worse prognosis in patients with mixed phenotype

Maurer MS, et al. Circ Heart Fail 2019
Scirpa R, et al. Front Cardiovasc Med 2023



Obi, et al. Methodist Debakey Cardiovasc J 2022

Genetics of ATTRv amyloidosis



31 different mutations

Genetics of ATTRv amyloidosis

Russo, et al. Amyloid 2020



ATTRwt amyloidosis2

•Non-hereditary, progressive disease 

• Predominantly manifests as 
cardiomyopathy 

Nativi-Nicolau & Maurer, Curr Opin Cardiol 2018
Muchtar, et al. J Intern Med 2021
Rapezzi, et al. Eur J Heart Fail 2022

Images adapted from Rapezzi C, et al. Eur J Heart Fail 2022;24(12):2364–6 
and Nativi-Nicolau J, Maurer MS. Curr Opin Cardiol 2018;33(5):571–79.

ATTRwt amyloidosis



ATTRwt amyloidosis: pathways to diagnosis

• Tini, et al. Eur J Heart Failure 2023



Aimo, et al. Eur J Heart Fail 2022;24(12):2342–51.

Prevalence of cardiac amyloidosis in screening studies



- 23.3% of patients with ATTR cardiac amyloidosis underwent lower extremity arthroplasty1

- On an average, arthroplasty occurred 7.2 years before ATTR cardiac amyloidosis diagnosis1

- History of CTS in 60% of patients with ATTRwt amyloidosis
- History of clinically significant spinal canal stenosis in 14% of patients with ATTRwt amyloidosis

ATTRwt amyloidosis and orthopedic surgery



Other musculoskeletal manifestations of ATTR amyloidosis

Trigger finger Distal biceps tendon rupture

• In 33.3% of patients with 
ATTRwt amyloidosis vs 2.5% of 
patients with other 
causes of HF2,3

Rotator cuff disease

• Common orthopedic manifestation 
of amyloidosis

• Biopsy of tenosynovium can detect 
amyloid1,3

• Common in patients with ATTRwt 
amyloidosis

• Can cause spontaneous or minimally 
traumatic rotator cuff rupture3

Sperry, et al. Am J Cardiol 2021
Geller, et al. JAMA 2017
Zhang, et al. J Am Acad Orthop Surg 2021



Cardiac amyloidosis in Pavia





Biomarker-based staging in ATTR amyloidosis

Staging is based on NT-proBNP (cutoff 3000 ng/L)
and troponin T (cutoff 0.05 ng/mL) with stage I, II, 
and III patients having 0, 1, or 2 markers above the 
cutoffs.

Grogan, et al. J Am Coll Cardiol 2016

Staging is based on NT-proBNP (cutoff 3000 ng/L)
and eGFR (cutoff 45 mL/min) with stage I, II, and III 
patients having 0, 1, or 2 markers above the cutoffs

Gillmore, et al. Eur Heart J 2017



Heart failure development during follow-upMedian age: 66 yrs

Gonzalez-Lopez, et al. JACC CardioOncol 2022

ATTR-CM without  heart failure symptoms: natural history

Images adapted from Gonzalez-Lopez E, et al. JACC CardioOncol 2022;4(4):442–54..



Variables N (%) – median (IQR)

Male sex 648 (93)

Age, years 77 (72-80)

NT-proBNP, ng/L 3150 (1726-5609)

Troponin I, ng/mL 0.078 (0.046-0.132)

Creatinine, mg/dL 1.13 (0.94-1.37) 

eGFR, mL/min 62 (48-77)

Alkaline phosphatase, U/L 84 (67-116)

IVS, mm 17.5 (15.5-19.3)

mLVW, mm 16.2 (14.5-18.0)

Perugini score 2 / 3 

(evaluable in 526 pts.)

103 (19) / 423 (80)

Fat aspirate positive 28 (4)

Positive IFE serum and/or urine 

and/or abnormal FLC ratio

229 (33)

I II III

16%17%

66%

93%

ATTRwt - Pavia cohort  (N=691 patients from 2006 to 2021)

Comorbidities N (%)

Atrial fibrillation/flutter 368 (53)

History of ischemic cardiopathy 108 (16)

Pacemaker/ICD implantation 133 (19)

Carpal tunnel syndrome 394 (57)

Hip/knee arthroplasty 167 (24)

Lower limb paresthesia 149 (21)

Lumbar spinal stenosis 28 (4)

NYHA class
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Overall median survival 58.7 months

Overall survival in systemic amyloidoses

ATTRwt – N. 691 AL amyloidosis – N. 1275

Overall survial according to the years of diagnosis

2020-2021
2015-2019
2010-2015
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Stage I, N=215: median survival 77 months

Stage II, N=226: median survival 58 months

Stage III, N=225: median survival 37 months

Stage I, N=278: median survival 77 months

Stage II, N=294: median survival 52 months

Stage III, N=91: median survival 27 months

P<0.001

P<0.001
P<0.001

P<0.001

NT-proBNP 3000 ng/L
cTnI 0.08 ng/L

NT-proBNP 3000 ng/L
eGFR 45 mL/min per 1.73 m2

ATTRwt - Mayo Clinic staging ATTRwt - UK/French staging
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Conclusion

• The prevalence of ATTR amyloidosis is increasing mainly because of more frequent diagnosis 
of ATTRwt-CA

• Diagnosis remains complex and, in some cases, requires referral to specialized centers

• The clinical manifestations are heterogeneous but can be recognized early

• Compared to AL amyloidosis the disease progresses more slowly also in patients with heart 
failure

• New disease-modifying therapies give hope for future improvements.
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