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Amyloidosis (1) 

Ç AMYLOIDOSIS 

ü The term amyloid is used to describe a substance with homogeneous eosinophilic 
appearance by light microscopy, a green birefringence on polarizing microscopy, a 
characteristic b-pleated sheet appearance by X-ray difraction and electron microscopy 
reveals of the fibrillar ultrastructure 

Å amyloid consists of rigid linear, nonbranching aggregated fibrils 

Å Congo red is considered the most specific stain, but all types of amyloid also stain 
with metachromatic dyes such as methyl violet or crystal violet 

Å the amyloid fibrils are typically resistant to proteolytic digestion 

Å deposited amyloid fibrils lead to disorganization of tissue architecture and the loss 
of normal tissue elements 

ü Despite the uniform appearance, there are many different types of amyloid, composed of 
different proteins, that can be characterized biochemically and immunologically 

Å the fibrils in AL-primary amyloidosis consist of variable portion of monoclonal light             
chain (l or k) 

Å the fibrils of 

īAA ï secondary amyloidosis consist of protein A, a nonimmunoglobulin  

ī familial amyloidosis are composed of a mutated transthyretin (prealbumin) 

ī senille systemic amyloidosis consists of normal transthyretin 

Å amyloid associated with long-term dialysis consists of b2-microglobulin  

ü Amyloid has been classified 

Å by the associated clinical disorders 

Å by the chemical composition of amyloid fibrils 



Amyloidosis ï guide for nomenclature and classification (2)  
(R.A.Kyle, Mayo Clinic, Rochester) 

Clinical disorder Amyloid protein Protein precursor Related disease or involved 

tissues 

Reactive (secondary) 

Familial Mediterranean fever 

AA 

(amyloid protein) 

Apo SAA 

(SAA-serum amyloid A 

related protein) 

Chronic inflamation or 

infection 

Primary (idiopathic) 

Å myeloma or MW associated 

AL k, l - light chains Systemic/local 

Plasma cell clone 

associated 

Systemic senile amyloidosis ATTR Transthyretin Old age 

Amyloidosis associated with 

chronic dialysis 

Ab2M b2-microglobulin Chronic dialysis 

Amyloidosis in Alzheimer disease, 

DownËs sy 

Ab b Protein precursor 

 

Alzheimer disease (cerebral 

amyloid angiopathy) 

DownËs syndrome 

Amyloidosis in medullary carcinoma of 

thyroid 

ACal (pro) calcitonin Medullary Ca of thyreoid 

Isolated atrial amyloid AANF Atrial natriuretic factor Isolated atrial amyloid 

Amyloidosis in DM-II and insulinoma AIAPP Islet amyloid polypeptide Islets of Langerhans, DM-II, 

insulinoma 

Amyloidosis in scrapie, Creutzfeldt-

Jacob disease 

APrP PrP-cellular prion protein 

Amyloidosis in Familial amyloid 

polyneuropathy (Portuguese) 

- FA cardiomyopathy (Danish) 

ATTR - Transthyretin 

   e.g. Met 30 

   e.g. Met 111 

Fa polyneuropathy 

Fa cardiomyopathy 



Primary AL (70%) 

Secondary AA (3%) 

Familial (4%) 

Senile (4%) 

Localized (19%) 

Types of amyloidosis in 1315 patients                                    

(Mayo clinics 1981-1992) 



Amyloidosis ï clinical manifestation of various types (3) 

Ç AA-SECONDARY amyloidosis ï progressive and fatal disease 

Å AA present as renal insufficiency or nephrotic syndrome (90%) 

Å ~ 80% of all cases are undiagnosed 

Å in contrast to AL, the heart and peripheral nerves are rarely involved 

Å ¬ CRP, ¬ ESR, ¬ SAA, ® S-albumin, polyclonal hypergamaglobulinemia, ® renal functional tests, organ 
biopsy, histologic staining (Congo red and immunostaining MoAb against AA protein) 

Å the most common causes of AA are 

ī rheumatoid arthritis (50%), ankylosing spondylitis, Crohn
 

s disease, bronchiectasia 

Å chronic inflammation ­¬ serum AA protein level (SAP), the circulating precursor of AA amyloid fibrils 

Å AA-amyloid fibrils are deposited mainly in vital organs, leading to organ dysfunction and subsequently  
to death 

Å median survival after diagnosis is 4-8 years 

ü Therapy of AA amyloidosis 

Å currently ï there is no specific therapy for AA amyloidosis 

Å treatment of underlying inflammatory disease ï supporting declining organ function 

Å cytotoxic drugs (chlorambucil or cyclophosphamid) and colchicine may be beneficial in some patients  

Å amyloid deposits can regress and organ function stabilise or improve when SAA levels are maintained  
< 10 mg/L 

Å anti TNFs may also show an impact on SAA production 

Å 10-30% of cases are refractory to all treatments 

Å now is the time to monitor patients prospectivelly for AA amyloidosis 

ī patients with long-standing inflammatory diseases, especially those with symptoms of renal 
dysfunction should be tested 

 













Amyloidosis ï clinical manifestation of various types (4) 

Ç SENILE SYSTEMIC amyloidosis 

Åmost often presents with congestive heart failure or atrial fibrilation 

Å echocardiography reveals findings consistent with amyloidosis 

Åappropriate biopsy shows amyloid consisting of normal transthyretin 

Ç DIALYSIS ï ASSOCIATED amyloidosis 

Åpain involving the shoulders, hand, wrists,  hips and knees, carpal tunel 
syndrome 

Å radiolucencies from amyloid deposition of amyloid are often seen in the 
bones 

Å this amyloidosis occurs with long-term hemodialysis 

Ç FAMILIAL AMYLOIDOSIS 

Å is most commonly manifested by 

īsensorimotor peripheral neuropathy (low extremities), as well as 
autonomic dysfunction 

īGIT and bladder dysfunction 

īcarpal tunnel syndrome 

Å symptoms may occur in the sixth or seventh decade of life 

Å in some families, the heart is the major organ of amyloid deposition 

Å in other families ï renal insufficiency or nephrotic syndrome occur 



AL- systemic amyloidosis (5) 

Ç SYSTEMIC AL AMYLOIDOSIS 

ü is a protein conformation disorder associated with a clonal plasma cell dyscrasia 

Å multiple organ disease results from the extracellular deposition of monoclonal 

immunoglobulin light chain fragments in an abnormal insoluble fibrillar form 

Å amyloid fibrils associate in vivo with the normal plasma protein serum amyloid P 

component (SAP) 

Å accumulation of amyloid progressively disrupts the normal tissue structure and 

ultimately leads to organ failure, frequently including 

īthe kidneys 

īheart 

īliver 

īperipheral nervous system 

Å there is a poor correlation between amount of amyloid and the degree of 

impairtment of organ function 

Å the natural history is progressive and fatal within 2 years in about 80% of patients 

Å however, treatments substantially reduce the supply of monoclonal LCH ­ result in 

the stabilization or regression of amyloid deposits and improvement in the functions 

of organs infiltrated by amyloid 



AL ï amyloidosis, pathophysiology, incidence (6) 

Ç AL ï PATHOPHYSIOLOGY 

ü AL amyloidosis may be associated 

Å with myeloma or other (15%) B-cell malignancy, e.g. Waldenstrºm's 
macroglobulinaemia 

Å but in most cases is the underlying PC-dyscrasia subtle and non-proliferating, 
analogous to MGUS 

ü AL amyloid fibrils are derived 

Å from the N-terminal region of MIG LCH and consists of the whole or part of the 
variable (VL) domain 

Å once the process Ăamyloidogenesisñ has started, Ăseedingñ may also play 
facilitating role 

īso that amyloid deposition may progress exponentially as expansion of the 
amyloid template Ăcapturesñ further precursor molecules 

Å only a small proportion of monoclonal LCH are Ăamyloidogenicñ 

Ç AL-INCIDENCE 

Å AL-amyloidosis incidence is difficult to define precisely 

Å in the USA is estimated to be between 5.1 and 12.8 per million persons per year 

Å M/F ratio is equal 

Å median age at diagnosis of AL is 64 years 

Å 60-70% patients are between 50-70 years at diagnosis, only 10-15% < 50 years, 
4% < 40 years 





AL ï amyloidosis, clinical features (7) 

ü The most common clinical features at diagnosis are 

Å nephrotic syndrome with or without renal insufficiency (25%) 

Å congestive amyloid cardiomyopathy (20%) 

Å sensorimotor and/or autonomic peripheral neuropathy (20%) 

Å carpal tunnel syndrome (20%) 

Å orthostatic hypotension 

ü Fatigue and weight loss are extremely common presenting symptoms 

ī but the diagnosis is rarely made until symptoms referable to a particular organ appear 

ü Althouht multiple organs are generally affected, dysfunction of one particular organ is usually 
predominant 

Å patients are said to have dominant renal or cardiac involvement 

Å some patients will also have the features of associated myeloma 

Ç PRESENTING SIGNS and SYMPTOMS 

Å weakness or fatigue and weight loss  
 

   hepatomegaly, splenomegaly (5%) 

Å purpura, particularly periorbital (Ăraccoon eyesñ)  
 

  macroglossia (10%) 

Å dysphnoea and pedal edema (heart failure) 
 

  the skin is often fragile, or thickening 

Å paresthesias, light-headedness and syncope  
 

  malabsorption 

Å impotence    
 

  pseudo-obstruction of the small bowel 

Å hoarsness or weakness of the voice   
 

  GIT bleeding 

Å infrequent are ascites, lymphadenopathy, adrenal gland or thyroid infiltration and hypofunction 

Å painful seronegative arthropathy 

Å any organ other than the brain can be involved 

ü The presence of some of these symptoms and/or signs, and a M-protein in the serum/urine 
is a strong indication of the presence of AL and requires appropriate biopsies for 
diagnosis 

 



AL amyloidosis, associated with MM 



AL amyloidosis ï periorbital and skin purpura (Ăraccoon eyesñ)  



AL amyloidosis ï macroglossia with dental indentations  



AL amyloidosis (amyloid muscular infiltration Ămuscular pseudohypertrophy) 



AL amyloidosis (carpal tunnel syndrome with muscular atrophy) 



AL amyloidosis (amyloid Ăvasculopathyñ) 



AL amyloidosis, laboratory features (8) 

ü Blood picture 

Å anemia ï is not prominent unless: renal insufficiency, MM, GIT bleeding 

Å WBC and differencial counts are usually normal 

Å Thrombocytosis (>500x109/l occurs in 10%) 

ü Renal insufficiency (50%), nephrotic syndrome 

ü Malabsorption (® vit. B12 or b-carotene values) 

Å ¬ AP (25%) 

Å ® S-albumin concentration 

Å > prothrombin time, thrombin time (isolated deficiency of f. X occur) 

Å S-elfo patterns ï a localized band or spike in about one half of patients 

ī its size is low (?) (median 10.4 g/l) 

ī hypogamaglobulinemia (20%) 

ī S-immunofixation shows S-MIG (M-protein/paraprotein) in 70% 

Å Bence-Jones free proteinemia (free light chain) only in 25% of patients  

ī 70% lambda light chain 

Å B-J - uria in 70% 

Å the M-protein is found in the serum or urine at the time of diagnosis almost in 90% of patients with 

AL amyloidosis 

ü The bone marrow 

Å monoclonal plasma cells 

Å < 10% plasmocytes in 60% of patients 

Å histological presence of amyloid deposition 

ü 10-15% patients with AL amyloidosis have multiple myeloma 



AL ï amyloidosis, diagnostic procedures I (9) 

Ç DIAGNOSIS 

ü histologic demonstration of amyloid deposits in tissue 

Å the most universaly stain is Congo red (apple-green birefringence under polarizing light) 

Å amyloid fibrils ï electron microscopy  

ü bone marrow biopsy 

Å number of plasma cell ï monoclonal population (k/l ratio in immunophenotyping) 

Å amyloid stain positivity (immunohistochemical staining ~ 50%) 

ü abdominal fat aspiration ï positive in 80% 

Å 90% of patients with AL amyloidosis have amyloid in the fat or in the bone marrow (BM) at 
diagnosis 

ü if BM and fat aspirate are normal 

Å biopsy of the rectum or gingiva 

Å or a suspected involved organ (kidney, liver, heart or sural nerve) 

ī renal biopsy results are abnormal in AL amyloidosis with proteinuria  

ī salivary gland biopsy 

ī biopsy of the liver ï is often positive 

ī tissue obtained at carpal tunnel decompression is usually positive 

ī in peripheral neuropathy ï sural nerve biopsy 

ī endomyocardial biopsy ï minimal risk of complication 

Á results are almost always positive with AL involving the heart 

Ç The presence of amyloid in any tissue and of M-protein in the serum or urine or a monoclonal proliferation of 
BM-plasma cells confirms the diagnosis of AL amyloidosis 

ü Iodine I123 ï labeled human SAP (serum amyloid P-component) is useful for locating and monitoring the 

              extent of systemic amyloidosis 

ī the SAP-component is present in all types of amyloid 

ī radiolabelled SAP component localized rapidly and specifically to amyloid deposits in proportion to 
the quantity of amyloid present, amyloid distribution 

ī evaluation of the treatment effects 



AL amyloidosis (amyloid cardiomyopathy) 



AL amyloidosis (renal amyloidosis) 





AL ï results of organ biopsies (Mayo Clinic 1995, n-474) 
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AL ï amyloidosis, other diagnostic procedures (II) (10) 

Ç ECG (electrocardiogram) 

Å in cardiac amyloidosis ï low voltage in the limb leads or features consistent with Ăanteroseptal infarctionñ 
(Ăpseudoinfarctionñ) 

Å arrhythmias ï including atrial fibrillation, atrial or junctial tachycardia, ventricular premature contraction, 
or bundle branch block 

Ç ECHOCARDIOGRAPHY 

Å is a valuable technique for the detection and evaluation of amyloid cardiac disease 

ü the major features are 

Å increased thickness of the left and right ventricular wall, granular Ăsparklingñ, normal or small left 
ventricular cavity size 

Å normal or decreased left ventricular systolic function, abnormal ventricular diastolic function, ¬ 
thickness of the cardiac values, atrial enlargement (valvular regurgitation) and pericardial effusion 

Å Ăearly cardial amyloidosisñ ï abnormal relaxation whereas advanced involvement (wall thickness > 
15 mm) is characterised by restrictive hemodynamics 

Å reduced ejection fraction ­ short overall survival (OS) 

Ç CHEST X-RAY examination 

Å pulmonary amyloidosis may show reticulo-nodular shadowing 

Å the cardiac silhouette is often not enlarged 

ī clinical signs are mainly of right ï sided heart failure 

Ç HAEMOSTASIS  

Å haemorrhage is a freguent AL amyloidosis manifestation (1/3 patients) 

Å an abnormal clotting screen is present in about half patients 

Å ¬ vascular fragility (purpura due to endothelial amyloid deposits) 

Å life-threatening bleeding 

Ç NERVE CONDUCTION studies (EMG) 

Å is required where neuropathy is dominant symptom 



AL ï amyloidosis, other diagnostic procedures III (11) 

Ç IMMUNOHISTOCHEMISTRY 

Å antibodies are available against most known amyloid fibril proteins 

ī but definitive results are obtained in < 50% of AL amyloid patients (because light chains 

epitopes may be lost during fibril formation and tissue fixation) 

Å in contrast ï immunohistochemistry can confirm or exclude AA type in virtually all cases 

Ç DNA analysis 

Å this is principally used to distinguish AL from hereditary forms of amyloid 

Å hereditary amyloidosis ï is an autosomal dominant disorder caused by mutations in the genes for 

transthyretin, lysozyme or apolipoprotein AL 

Ç AMYLOID FIBRIL PROTEIN SEQUENCING 

Å amyloid fibrils can be isolated from tissue biopsy samples and characterized by amino acid 

sequencing 

Å this method can be performed when other methods have failed 

Ç SERUM FREE LIGHT CHAIN (FLC) estimation 

Å a new immunoassay can detect and quantify FLC in serum 

Å a positive result (¬level either k or l together with an altered ratio of free k/l in 98% of patients 

with systemic AL amyloidosis (including MIG ï negativity by conventional means) 

Ç Once a diagnosis of AL amyloidosis has been made, investigations are required to 

evaluate the extent and severity of organ involvement and exclude a multiple myeloma 

or other lymphoid malignancy. 

Ç DIFFERENCIAL DIAGNOSIS 

Å non-AL amyloidosis including hereditary forms and AA amyloidosis 

Å MGUS - coexistence of AL and MGUS 

Å localized AL amyloidosis 

Å other paraprotein ï associated diseases (MM, MW, NHL, etc.) 



AL ï amyloidosis, therapy I (12) 

Ç CHEMOTHERAPY 

ü Low dose of alkylating agents 

Å MP (melphalan ï prednisone) or CP (cyclophosphamide) 

īclinical benefit in ~ 20-30% of patients after 12-months therapy 

īpatients with cardiac amyloid rarely benefit from standard MP 

Å combination therapy ï VBMCP/VMCP is not more effective (response in 
30%) 

Å in patient in whom ID and HDT is not considered 

ü Intermediate dose 

Å VAD ï monthly courses (Vincristine, Adriamycin, Dexamethasone) 

īunofficial report of good response (~ 50% overal response) 

īVAD - < 70 years, without symptomatic cardiac failure, 
autonomic/peripheral neuropathy 

Å IDM ï intermediate dose melphalan 25 mg/m2 intravenous with  

          Dexamethasone 

īis beneficial in > 50% of patients 

ī82% of patients achieved an objective response and 30% complete 
hematological and clinical remision 

īmedian OS ï 37 months 

īIDM should be considered in patients not suitable or resistent for VAD 



AL ï amyloidosis, therapy  II (13) 

Ç CHEMOTHERAPY 

ü HDT (high dose therapy) + autologous BMT (ASCT) 

Å Melphalan 100-200 mg/m2 and autologous stem cell rescue 

Å has been reported to be a viable technique for the management of patients 

īwithout advanced cardiac involvement, symptomatic autonomic 
neuropathy, dialysis-dependent renal failure, > 70 years, > then 2 organ 
system involved 

īASCT may be considered in good risk patients 

īno cardiac involvement, or 1-2 involved organs only and GF rate  
> 50 ml/min. 

ü Other approaches 

Å pulsed HD-dexamethasone 40 mg/day on days 1-4, 9-12 and 17-20/montly for  
3 months 

ī~ 30-35% have overal response 

īconsidered in whom other regimens may not be feasible due to expected 
toxicity or refractory forms 

Åthalidomide (+Dex ­ Thal-Dex) with or without other agents 

īresponse rate > 30% in relapsed and refractory disease Thal-
Dex has response > 60% 

Å colchicine has no role in AL but effective in AA amyloidosis complicating familial 
Mediterranean fever 

Å interferon a (INF-a) ï no benefit 

Å I-DOX 4
 

- Iodo ï 4
 

deoxydoxorubicin 

īto bind and dissolve amyloid fibrils ­ potential to reverse amyloid deposition 

 





AL amyloidosis, I123 SAP whole body scintigraphy 



AL ï amyloidosis, supportive care and organ transplantation I (14) 

Å Organ function in amyloid is extremely brittle and renal or cardiac failure is 
easily precipitated by factors as intravascular fluid depletion or intercurrent 
infection 

ü Nephrotic syndrome and renal failure 

Å treatment with loop diuretics (+ thiazide adition and/or potassium sparing 
diuretics) 

Å ACE inhibitors in proteinuria and/or hypertension 

Å end-stage renal failure ï dialysis 

Å renal transplantation ï has rarely been used, Ăselectedñ situations 

ü Congestive cardiac failure 

Åis the most important factor affecting survival 
Å are contraindicated ,sudden death is common 

Å diuretics, but calcium ï channel blockers and b-blockers  

īit has not been established whether ACE inhibitors are beneficial, 
relative contraindication of digoxin 

Å cardiac transplantation ï in small number of patients (predominant 
cardiac amyloidosis) 

īchemotherapy used in association with cardiac and other organ 
transplantation is required to prevent reccurence (re-accumulation)  
of amyloid 



AL ï amyloidosis, supportive care and organ transplantation II (15) 

ü Orthostatic hypotension (OH) 

ÅOH ï frequently a feature of autonomic neuropathy  
(+ hyponatremia and cardiac amyloidosis) 

Åminimize hypovolaemia ï fludrocortisone, midodrine (a1-agonist) 
ï activation a-adrenergie receptors, ¬ vascular tone and 
elevation of blood pressure 

ü Bleeding 

īdue to amyloid vasculopathy 

īf. X deficiency, hypofibrinogenemia, DIC, fibrinolysis activation 
and fibrin polymerisation 

Åthrombocyte transfusion, clotting factors replacement, anti-
fibrinolytic agents 

Åconservative approach to surgery and organ biopsies  

īor made via the trans-jugular route 

ü GIT tract symptoms 

Åintestinal mucosal deposition of amyloid 

Åsevere diarrhoea ï may respond to octreotide 

Ånausea-cisapride and metoclopramide 
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