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Cardiac involvement can be found in all types of amyloidosis, 

but is most frequent in AL amyloidosis. Severity of cardiac in-

fi ltration is by far the most relevant prognostic determinant. 

Once the heart is aff ected, amyloidosis carries a poor progno-

sis. Diagnosis is based on non-invasive testing such as ECG, 

echocardiography and cardiac MRI (CMR). However, en-

domyocardial biopsy is needed to unequivocally confi rm car-

diac infi ltration and for immunohistochemical diff erentiation. 

Th erapy primarily aims to reduce amyloid precursor proteins 

and treat end-organ failure. Specifi c cardiologic therapy is 

largely restricted to diuretics, anticoagulation and pacemaker 

implantation. In rare cases urgent heart transplantation fol-

lowed by high-dose chemotherapy and stem cell transplanta-

tion can be considered.

Keywords: Cardiac amyloidosis, infi ltrative cardiomyopathy, 

heart failure, diastolic dysfunction. 

Introduction

Amyloid disease of the heart is the prototype of infi ltrative 

heart diseases, a heterogeneous group of cardiomyopathies 

characterised by abnormal deposits causing ventricular wall 

thickening and progressively rigid walls that impede ven-

tricular fi lling and result in diastolic dysfunction [1].

While other infi ltrative cardiomyopathies usually aff ect 

children (e.g. Fabry disease, mucopolysaccharidosis), pa-

tients with cardiac amyloidosis most often present as adults 

and mostly beyond the fourth decade in age. Diastolic heart 

failure that results in dyspnoea and congestion is a leading 

symptom in all infi ltrative cardiomyopathies. However, sys-

temic involvement and thus morphological, cognitive and 

functional characteristics diff er among disease entities. 

Cardiac amyloidosis is characterised by the extracellu-

lar deposition and accumulation of relatively insoluble fi bril-

lary proteins, with destruction of normal tissue structure and 

function [2–5]. Th ere are at least 21 diff erent precursor pro-

teins for amyloid, and systemic organ involvement varies 

 between the diff erent types of amyloidoses [6]. Of these, light 

chain amyloidosis (AL), transthyretin amyloidosis (ATTR) 

and senile systemic amyloidosis (SSA) are most frequent. 

Secondary or reactive amyloidosis (AA) is not only more 

prevalent in developing countries due to the predominance 

of chronic infections [7], but is also associated with familiar 

Mediterranean fever and autoimmune diseases [8, 9].

Light chain amyloidosis (AL)

Light chain disorders are as frequent in women as in men and 

patients usually present beyond the fourth decade [10, 11]. 

Although almost any B-cell dyscrasia including lymphoma 

and macroglobulinaemia may result in AL amyloidosis, the 

majority of cases occur in the context of multiple myeloma 

[10]. Interestingly, most cases are associated with subtle and 

“benign” monoclonal gammopathies [10], and bone marrow 

aspirates of patients with AL amyloidosis usually show a 

5–10% pool of clonal plasma cells. Th e paraprotein of these 

clones is misfolded and deposited in the tissue as amyloid. 

Th e ratio of kappa to lambda light chains (1:3) is nearly the 

reverse of the ratio usually seen for multiple myeloma (3:2) 

[7].

Being a systemic disease, AL amyloidosis can aff ect 

nearly every organ system and cardiac amyloidosis can be 

seen in up to 90% of patients [10]. Other organs aff ected are 

the kidneys (74%), liver (27%) and autonomic nervous system 

(18%) [7]. Involvement of the peripheral nervous system fre-

quently results in carpal tunnel syndrome and painful sen-

sory polyneuropathy. In rare cases relevant pulmonary 

involvement is reported [10, 12]. Purpura, especially perior-

bital ecchymoses as well as macroglossia, is less frequent but 

highly specifi c for the disease [13].

Transthyretin amyloidosis (ATTR)

ATTR amyloid deposits are derived from mutant transthyre-

tin (mut-TTR) or wild-type transthyretin (wt-TTR), both origi-

nating in the liver [14]. Th ere are about 100 diff erent TTR 

mutations. Interestingly, the most common mutation, which 

is a substitution of isoleucin for valine (V122I), is almost 

 exclusively recognised in African Americans [15, 16]. Th e 

 predominant clinical manifestation of mut-ATTR is sensomo-

toric and/or autonomic neuropathy. Interestingly, symptoms 

of heart failure are often mild in mut-ATTR, even when severe 
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cardiac infi ltration is present [16]. It is therefore suspected 

that ATTR amyloid is less toxic than light chain deposits [17]. 

In patients with non-mutant wt-ATTR renal involvement is 

sparse and clinically relevant neuropathy is almost absent. 

Since this type of amyloidosis is frequently found in the eld-

erly, it is commonly referred to as senile cardiac or senile sys-

temic amyloidosis. Intriguingly, the male-to-female ratio for 

wt-ATTR is 20:1 [18].

Reactive amyloidosis (AA)

Th e precursor fi brils in AA are formed from the acute-phase 

reactant serum amyloid A and thus reactive amyloidosis is a 

sequela of chronic infl ammation. It has become increasingly 

rare due to a decrease in chronic infections such as bron-

chiectasis, tuberculosis or leprosy [19, 20]. Nowadays, AA 

amyloidosis is primarily associated with rheumatoid arthritis, 

infl ammatory bowel disease, sarcoidosis, seronegative 

spondyloarthropathy, as well as familial Mediterranean fever 

[21, 22]. In contrast to AL amyloidosis, cardiac infi ltration 

with AA is unusual and although AA may result in heart fail-

ure and arrhythmias it rarely causes death [23].

Clinical manifestations

Cardiac amyloidosis primarily causes progressive biventricu-

lar diastolic dysfunction. Consequently, signs of heart failure, 

especially right heart failure are frequently found. Symptoms 

such as fatigue and dyspnoea on eff ort might be slight and 

unspecifi c in the beginning. Congestion leading to pulmo-

nary eff usion, elevated jugular venous pressure, hepatomeg-

aly and profound peripheral oedema as well as ascites may 

follow later in the course of the disease. As the conduction 

system is usually aff ected, bradyarrhythmias resulting in diz-

ziness or syncope and atrial fi brillation are typical fi ndings. 

By contrast, complex tachyarrhythmias are rare, even in se-

vere cases of heart failure with low systolic ejection fraction 

[24]. Also, systemic embolism is frequent, even in the absence 

of atrial fi brillation [25].

Non-cardiac fi ndings are multiple and depend on the 

type of amyloidosis, with the most impressive appearance 

 occurring in AL amyloidosis. Table 1 summarises cardiac as 

well as non-cardiac fi ndings in amyloidosis.

Diagnosis of cardiac amyloidosis 

Top priority in diagnosing cardiac amyloidosis is to remem-

ber to give it consideration, particularly when typical fi ndings 

and organ manifestations are present (Fig. 1). A stepwise di-

agnostic approach including extended blood tests to search 

for monoclonal gammopathy is recommended whenever 

amyloidosis is suspected (Fig. 2). Since cardiac involvement 

is crucial for the prognosis and – in many cases – determines 

the therapeutic strategies, additional screening for cardiac 

amyloidosis is mandatory in all subtypes of amyloidosis. 

Although electrocardiographic fi ndings are not highly 

sensitive, they are typical and easily available. Pseudo-infarct 

pattern in anterior leads is a common fi nding (Fig. 1A). Low-

voltage ECG along with left ventricular wall thickening is 

highly suspicious for infi ltrative cardiomyopathies. Rhythm 

disorders such as atrial fi brillation or fl utter, sinus arrhythmia 

and various degrees of AV block can be found. Reduced heart 

rate variability on 24-h holter ECG has been shown to be of 

prognostic value in AL and AA amyloidosis [26].

Echocardiography plays a key role in the diagnosis of 

infi ltrative cardiomyopathy and reveals several typical fi nd-

ings in amyloid heart disease. Above all, concentric left ven-

tricular wall thickening in the absence of arterial hypertension 

is highly diagnostic (Fig. 1B). A marked increase of the inter-

ventricular / interatrial septum, particularly when granular or 

sparkling appearance is evident, is typical and should sensi-

tise to cardiac amyloidosis [27]. Except in severe stages, systo-

lic left ventricular function is usually preserved. Th e hallmark 

of echocardiographic diagnosis is diastolic dysfunction, with 

a restrictive pattern on Doppler mitral infl ow (Fig. 1C). Tissue 

Doppler is even more sensitive in detecting diastolic dysfunc-

tion and strain rate imaging is highly sensitive in detecting 

impaired longitudinal contraction, even in early stages [28, 

29]. Biatrial dilatation, valvular thickening and pericardial ef-

fusion are more frequent later in the course of the disease 

[30]. Right ventricular dysfunction as determined by tricuspid 

annular plane systolic excursion (TAPSE) indicates disease 

Tab. 1: Clinical, morphologic and laboratory findings in cardiac amyloidosis

Examination Findings
Medical history Chronic fatigue, weakness, dyspnoea, nocturia, dizziness, postural hypotension, resolution hypertension, syncope, peripheral 

polyneuropathic pain, chest discomfort, joint pain, diarrhoea and GI tract disturbance, family history of severe neuropathy, heart 
failure at young age 

Physical examination & 
clinical presentation

Signs of heart failure: peripheral oedema, ascites, elevated venous pressure hepatomegaly, 3rd or 4th heart sound, skin lesions: 
petechia & bruising, nail dystrophy, “panda eyes”, carpal tunnel syndrome, sensomotoric/autonomic polyneuropathy (ATTR) 
macroglossy, vitreous opacities

ECG profile Low-voltage, pseudo-infarct pattern, sinus arrhythmia, atrial fibrillation/flutter, various types of AV block, reduced heart rate 
variability (24hour ECG), late after-potentials 

Echocardiography Wall thickening, granular “sparkling” appearance, thickened valves, thick interatrial septum, bi-atrial dilatation, normal to small 
ventricular chamber size, signs of diastolic heart failure: E/A ratio >2, reduced deceleration time (<150msec), reduced ventricular 
long axis shortening, normal to low systolic ejection fraction, pericardial & pleural effusion, atrial thrombi

MRI Typical anatomic findings, normal or low ejection fraction, widespread delayed gadolinium enhancement including right ventricle 
and atria

Laboratory tests Monoclonal gammopathy, free light chain elevation, plasma cell dyscrasia in bone marrow aspirates (AL), elevated serum troponin 
and/or BNP, proteinuria, renal impairment (nephrotic syndrome) coagulopathy, DNA analysis (familial types)
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progression and was shown to be associated with poor prog-

nosis [31]. 

CMR is the gold standard in the armamentarium of 

non-invasive cardiac diagnostics. Cardiac amyloidosis has 

been shown to be associated with global and subendocardial, 

as well as localised or transmural late gadolinium enhance-

ment in cardiac MRI (Fig. 1D) [32]. CMR provides excellent 

specifi city, correlates with clinical fi ndings or serological 

markers of heart failure and shows a high sensitivity in small 

cohorts [32–36].

Endomyocardial biopsy (EMB) should be performed 

whenever amyloid heart disease is suspected from non-in-

vasive testing. EMB is safe in skilled hands, and its sensitivity 

in detecting amyloid is virtually 100% (Fig. 1F) [21]. It is of 

particular importance for the immunohistochemical evalua-

tion of the underlying amyloid and hence plays a crucial role 

in therapeutic decision-making and risk stratifi cation 

(Fig. 1G). 

Prognosis and risk stratifi cation

Although all types of amyloidosis may be associated with car-

diac involvement, severity of cardiac symptoms and progno-

sis diff er signifi cantly between subtypes. 

25 mm/s 10 mm/mV 40 Hz 005D 12SL HEART 541 Cerat: 23ˇ EID: 56 EDT: 12:30 03-JUN-2008 AUFTR:

Fig. 1: Clinical and morphological fi ndings in cardiac amyloidosis. (A) ECG: low-voltage and pseudo-infarct pattern. (B) Transthoracic echocar-
diography: four-chamber view with ventricular wall thickening, sparkling appearance and pericardial effusion. (C) Doppler echocardiography: E/A 
ratio >2, shortened E wave deceleration time in mitral valve infl ow. (D) CMR at mid-ventricular level showing late enhancement, pericardial and 
pleural effusion. (E) Heart from autopsy showing marked left ventricular wall thickening. (F) Congo Red staining of endomyocardial biopsy with 
typical extracellular deposits. (G) Anti-κ immunoperoxidase staining of endomyocardial biopsy
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Median survival of patients with symptomatic cardiac 

amyloidosis is less than two years, irrespective of the underly-

ing subtype. AL amyloidosis clearly has the worst prognosis, 

with a median survival of less than six months after fi rst man-

ifestation of heart failure [37]. In AA amyloidosis prognosis is 

mostly related to the underlying disease, and the course in 

hereditary amyloidosis is distinctively associated with the un-

derlying mutation [7, 10]. Reduction of left and/or right ven-

tricular systolic function on echocardiography indicates poor 

prognosis [31]. Moreover, elevation of traditional risk factors 

such as BNP/NT-proBNP and troponins has been shown to 

be associated with poor outcome [38–40]. Staging of cardiac 

amyloidosis according to whether or not BNP and/or tropon-

in are elevated is recommended [41]. Patients are at greatest 

risk (cardiac stage III) when troponin (TnT >0.035 μg/L or 

TnI >0.1 μg/L) and BNP (BNP >332 ng/L) are elevated. Pa-

tients are designated as being at medium risk (cardiac stage 

II) when they have at least one of the two markers above the 

cut-off , and patients with neither of the biomarkers elevated 

are considered to be at low risk (cardiac stage I) [41]. Most 

recently, the degree of late gadolinium enhancement in CMR 

was established as a potential risk marker [32].

Therapeutic options in cardiac amyloidosis

Th erapy in cardiac amyloidosis aims to reduce amyloid pre-

cursor proteins and to treat end-organ failure.

AL amyloidosis

Reduction of amyloid precusor proteins is crucial for disease 

prognosis. During recent years various chemotherapeutic re-

gimes were introduced for AL amyloidosis. Details on this is-

sue are clearly beyond the scope of this review and can be 

found elsewhere in this issue. Basically, therapy is based on 

age, pre-existing organ dysfunction, performance state and 

organ involvement, in particular the presence of cardiac infi l-

tration. Because of its eminent prognostic importance and 

the fact that cardiac involvement often limits therapeutic op-

tions, critical evaluation of cardiac function must always pre-

cede therapeutic decisions. In patients with signifi cant 

cardiac involvement highly urgent heart transplantation fol-

lowed by high-dose chemotherapy and stem cell transplanta-

tion seems to be the only virtually curative option [42]. Since 

this approach is associated with high morbidity, relevant 

multiorgan involvement must be excluded. Fig. 3 gives an al-

gorithmic approach for therapeutic decisions in patients with 

AL amyloidosis For detailed information on available thera-

peutic options we refer to the corresponding article in this is-

sue of the Journal.

ATTR amyloidosis

In ATTR amyloidosis the only specifi c treatment is liver trans-

plantation. In rare cases of mut-ATTR amyloidosis concurrent 

transplantation of the heart and liver may be considered [42]. 

Suspected amyloidosis
Heart failure, low-voltage ECG, LV-hypertrophy, etc.

Serum electrophoresis/Immunofixation and free light chain assay in serum and urine
Screen for underlying plasma cell disorder

Underlying plasma cell dyscrasia? Evaluation of frequently involved organs
Bone marrow biopsy AL amyloidosis unlikely - screen for other types

confirmation of amyloid in
cardiac or non-cardiac biopsy

If highly suspicious-
biopsy affected organ

Systemic involvement?

Biopsy of cardiac/non-cardiac tissue

Apo All, Gelsolin, etc.

Genetic testing
if AA amyloidosis unlikely

ATTR amyloid Non-ATTR amyloid

AA Amyloidosis
Rare familial typeswt-ATTR

amyloidosis
mut-ATTR

amyloidosis

AL amyloidosis

Positive Negative

NegativePositive

Genetic testing

Fig. 2: Diagnostic algorithm outlining the evaluation of a patient with suspected cardiac amyloidosis; adapted from Falk 2005 [21]
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no

Yes

Yes

Yes No YesNo

AL Amyloidosis

Screening for cardiac involvement
- Physical examination
- ECG
- Echokardiographie
- MRI
- Endomyocardial biopsy 

Therapy     
- Immunmodulatory
- Low dose CTx
- HDM/ASCT
- Bortezomib

Cardiac risk stratifikation
NT-proBNP, Troponin

Non-high risk
NT-proBNP < 332 ng/l

or
TnT < 35 ng/l

ASCT eligible?Multiorgan 
involvement?

High risk
NT-proBNP ≥332ng/l

&
TnT ≥35ng/l

oHTx and ASCT 
eligible?

Therapy     
- Immunmodulatory
- Low dose CTx
- Bortezomib
- Supportive care

Therapy     
- HDM/ASCT
- Immunmodulatory
- Low dose CTx
- Bortezomib
- Close cardiac follow-up

oHTX

HDM/ASCT

Fig. 3: Therapeutic algorithm in AL amyloidosis. CTx = chemotherapy; Immunmodulatory therapy = thalidomide, lenalidomide, pomalidomide; 
HDM/ASCT = high-dose melphalan and autologous stem cell transplantation; oHTx = orthotopic heart transplantation

Recently, green tea and its derivate epigallocatechin-3-gallate 

were suggested to reduce TTR amyloid deposits [43]. For pa-

tient convenience, polyphenol epigallocatechin-3-gallate is 

now also available in capsule form. Green tea may also be 

considered in AL amyloidosis, but must not be administered 

in parallel with chemotherapy [44]. Novel approaches includ-

ing small-molecule ligands to stabilise transthyretin for pre-

vention and therapy of ATTR amyloidosis are currently under 

investigation [16].

Secondary AA amyloidosis

Causal treatment in secondary amyloidosis aims to treat the 

underlying infl ammatory disease. New biological agents that 

inhibit TNF-alpha or IL-1 potentially suppress the  acute-phase 

response in rheumatoid arthritis, Crohn’s disease or seron-

egative spondyloarthropathies [8]. In familial Mediterranean 

fever colchicine reduces the rate of AA amyloidosis [9]. 

 Notably, the prognosis for AA amyloidosis is essentially better 

than for AL amyloidosis [16].

Cardiologic management

Th erapy in cardiac amyloidosis diff ers substantially from 

standard heart failure treatment. Specifi c therapeutic options 

are rare and evidence from randomised trials evaluating 

standard heart failure therapy in this entity does not exist. 

Beta blocker therapy represents a cornerstone in heart failure 

treatment but seems not to be eff ective in amyloid heart dis-

ease. Beta blocker may be useful for controlling heart rate in 

atrial fi brillation but on the other hand may result in signifi -

cant bradycardia based on pre-existing or developing infi ltra-

tion of the conduction system. ACE inhibitors and angiotensin 

receptor blockers are usually poorly tolerated and even low 

dosages may cause severe hypotension. Also glycosides 

 (digoxin, digitoxin), which are recommended in symptomatic 
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heart failure, are potentially harmful in cardiac amyloidosis. 

It has been shown that digoxin toxicity is increased because 

of interaction with amyloid fi brils, and even normal plasma 

levels may result in signifi cant bradycardia [16]. Moreover, re-

nal failure may further aggravate adverse eff ects. Considering 

the limited therapeutic options, symptomatic therapy with 

diuretics remains the cornerstone of cardiologic therapy in 

amyloid heart disease. Exact fl uid management is challeng-

ing and close clinical follow-up as well as frequent adapta-

tions of dosage is necessary to gain optimal balance between 

congestion, hypotension and renal impairment. Sequential 

nephron blockade with loop diuretics, thiazides and/or al-

dosteron antagonists are advised when progressive diuretic 

resistance ensues. 

Due to the increased risk for cardioembolic events anti-

coagulation is advised, even in the absence of additional risk 

factors [21]. Basically, the indication for pacing is not diff er-

ent from that for other cardiac diseases, but the threshold for 

pacemaker implantation is often lower due to the progressive 

character of the disease. Sudden cardiac death is frequent in 

amyloidosis, although ventricular tachycardia may occur in 

the later stage of the disease. However, ICD implantation has 

not been shown to improve survival since death is usually 

due to electromechanical dissociation or progressive heart 

failure [24]. Heart transplantation as the fi nal therapeutic op-

tion is limited to a select group of younger patients exclusive 

of multiorgan involvement. 

Summary and perspectives

Cardiac involvement limits prognosis and therapeutic strate-

gy in amyloidosis. Comprehensive cardiac assessment and 

risk stratifi cation including biomarkers, non-invasive imag-

ing and exact histopathologic defi nition of amyloid deposits 

are of paramount importance in the management of amy-

loidosis. Early diagnosis off ers strategies with potential long-

term survival like combined heart transplantation with 

concomitant high-dose chemotherapy followed by autolo-

gous stem cell transplantation in AL amyloidosis or combined 

liver and heart transplantation in ATTR amyloidosis. Novel 

chemotherapeutic regimens may off er improved prognosis, 

even in advanced stages of AL amyloidosis, and drugs to sta-

bilise transthyretin may reduce disease progression.

Confl ict of interest

Th e authors declare that there is no confl ict of interest.

References

 [1] Seward JB, Casaclang-Verzosa G. Infi ltrative cardiovascular diseases: 
cardiomyopathies that look alike. J Am Coll Cardiol, 55(17): 1769–79, 
2010.

 [2] Sousa MM, Cardoso I, Fernandes R, et al. Deposition of transthyretin 
in early stages of familial amyloidotic polyneuropathy: evidence for 
toxicity of nonfi brillar aggregates. Am J Pathol, 159(6): 1993–2000, 
2001.

 [3] Andersson K, Olofsson A, Nielsen EH, et al. Only amyloidogenic in-
termediates of transthyretin induce apoptosis. Biochem Biophys Res 
Commun, 294(2): 309–14, 2002.

 [4] Brenner DA, Jain M, Pimentel DR, et al. Human amyloidogenic light 
chains directly impair cardiomyocyte function through an increase 
in cellular oxidant stress. Circ Res, 94(8): 1008–10, 2004.

 [5] Loo DT, Copani A, Pike CJ, et al. Apoptosis is induced by beta-amy-
loid in cultured central nervous system neurons. Proc Natl Acad Sci 
U S A, 90(17): 7951–5, 1993.

 [6] Merlini G, Bellotti V. Molecular mechanisms of amyloidosis. N Engl J 
Med, 349(6): 583–96, 2003.

 [7] Dubrey SW, Hawkins PN, Falk RH. Amyloid diseases of the heart: as-
sessment, diagnosis, and referral. Heart, 97(1): 75–84, 2011.

 [8] Gottenberg JE, Merle-Vincent F, Bentaberry F, et al. Anti-tumor 
necrosis factor alpha therapy in fi fteen patients with AA amyloidosis 
secondary to infl ammatory arthritides: a followup report of toler-
ability and effi  cacy. Arthritis Rheum, 48(7): 2019–24, 2003.

 [9] Zemer D, Pras M, Sohar E, et al. Colchicine in the prevention and 
treatment of the amyloidosis of familial Mediterranean fever. N Engl 
J Med, 314(16): 1001–5, 1986.

[10] Selvanayagam JB, Hawkins PN, Paul B, et al. Evaluation and manage-
ment of the cardiac amyloidosis. J Am Coll Cardiol, 50(22): 2101–10, 
2007.

[11] Kholova I, Niessen HW. Amyloid in the cardiovascular system: a re-
view. J Clin Pathol, 58(2): 125–33, 2005.

[12] Lehtonen J, Kettunen P. Pulmonary hypertension as a dominant 
clinical picture in a case of amyloidosis and smoldering multiple 
myeloma. Int J Cardiol, 115(1): e29–30, 2007.

[13] Burroughs EI, Aronson AE, Duff y JR, et al. Speech disorders in sys-
temic amyloidosis. Br J Disord Commun, 26(2): 201–6, 1991.

[14] Westermark P, Sletten K, Johansson B, et al. Fibril in senile systemic 
amyloidosis is derived from normal transthyretin. Proc Natl Acad Sci 
U S A, 87(7): 2843–5, 1990.

[15] Connors LH, Lim A, Prokaeva T, et al. Tabulation of human transthy-
retin (TTR) variants, 2003. Amyloid, 10(3): 160–84, 2003.

[16] Falk RH, Dubrey SW. Amyloid heart disease. Prog Cardiovasc Dis, 
52(4): 347–61, 2010.

[17] Falk RH. Cardiac amyloidosis: a treatable disease, often overlooked. 
Circulation, 124(9): 1079–85, 2011.

[18] Ng B, Connors LH, Davidoff  R, et al. Senile systemic amyloidosis pre-
senting with heart failure: a comparison with light chain-associated 
amyloidosis. Arch Intern Med, 165(12): 1425–9, 2005.

[19] Lachmann HJ, Goodman HJ, Gilbertson JA, et al. Natural history and 
outcome in systemic AA amyloidosis. N Engl J Med, 356(23): 2361–
71, 2007.

[20] McAdam KP, Anders RF, Smith SR, et al. Association of amyloidosis 
with erythema nodosum leprosum reactions and recurrent neu-
trophil leucocytosis in leprosy. Lancet, 2(7935): 572–3, 1975.

[21] Falk RH. Diagnosis and management of the cardiac amyloidoses. 
Circulation, 112(13): 2047–60, 2005.

[22] Pras M. Amyloidosis of familial mediterranean fever and the MEFV 
gene. Amyloid, 7(4): 289–93, 2000.

[23] Gertz MA, Kyle RA. Secondary systemic amyloidosis: response and 
survival in 64 patients. Medicine (Baltimore), 70(4): 246–56, 1991.

[24] Kristen AV, Dengler TJ, Hegenbart U, et al. Prophylactic implanta-
tion of cardioverter-defi brillator in patients with severe cardiac amy-
loidosis and high risk for sudden cardiac death. Heart Rhythm, 5(2): 
235–40, 2008.

[25] Feng D, Edwards WD, Oh JK, et al. Intracardiac thrombosis and em-
bolism in patients with cardiac amyloidosis. Circulation, 116(21): 
2420–6, 2007.

[26] Reyners AK, Hazenberg BP, Reitsma WD, et al. Heart rate variability 
as a predictor of mortality in patients with AA and AL amyloidosis. 
Eur Heart J, 23(2): 157–61, 2002.

[27] Rahman JE, Helou EF, Gelzer-Bell R, et al. Noninvasive diagnosis of 
biopsy-proven cardiac amyloidosis. J Am Coll Cardiol, 43(3): 410–5, 
2004.

[28] Liu D, Niemann M, Hu K, et al. Echocardiographic evaluation of 
systolic and diastolic function in patients with cardiac amyloidosis. 
Am J Cardiol, 108(4): 591–8, 2011.

[29] Koyama J, Falk RH. Prognostic signifi cance of strain Doppler imaging 
in light-chain amyloidosis. JACC Cardiovasc Imaging, 3(4): 333–42, 
2010.

[30] Piper C, Butz T, Farr M, et al. How to diagnose cardiac amyloidosis 
early: impact of ECG, tissue Doppler echocardiography, and myocar-
dial biopsy. Amyloid, 17(1): 1–9, 2010.

[31] Ghio S, Perlini S, Palladini G, et al. Importance of the echocardio-
graphic evaluation of right ventricular function in patients with AL 
amyloidosis. Eur J Heart Fail, 9(8): 808–13, 2007.

[32] Syed IS, Glockner JF, Feng D, et al. Role of cardiac magnetic reso-
nance imaging in the detection of cardiac amyloidosis. JACC Cardio-
vasc Imaging, 3(2): 155–64, 2010.

[33] Maceira AM, Prasad SK, Hawkins PN, et al. Cardiovascular magnetic 
resonance and prognosis in cardiac amyloidosis. J Cardiovasc Magn 
Reson, 10: 54, 2008.

[34] Mekinian A, Lions C, Leleu X, et al. Prognosis assessment of cardiac 
involvement in systemic AL amyloidosis by magnetic resonance im-
aging. Am J Med, 123(9): 864–8, 2010.



memo1/2012 Cardiac amyloidosis

review

10 © Springer-Verlag

[35] Ruberg FL, Appelbaum E, Davidoff  R, et al. Diagnostic and prog-
nostic utility of cardiovascular magnetic resonance imaging in 
light-chain cardiac amyloidosis. Am J Cardiol, 103(4): 544–9, 
2009.

[36] Vogelsberg H, Mahrholdt H, Deluigi CC, et al. Cardiovascular mag-
netic resonance in clinically suspected cardiac amyloidosis: nonin-
vasive imaging compared to endomyocardial biopsy. J Am Coll Car-
diol, 51(10): 1022–30, 2008.

[37] Kyle RA, Gertz MA. Primary systemic amyloidosis: clinical and labo-
ratory features in 474 cases. Semin Hematol, 32(1): 45–59, 1995.

[38] Dispenzieri A, Kyle RA, Gertz MA, et al. Survival in patients with 
primary systemic amyloidosis and raised serum cardiac troponins. 
Lancet, 361(9371): 1787–9, 2003.

[39] Kristen AV, Giannitsis E, Lehrke S, et al. Assessment of disease sever-
ity and outcome in patients with systemic light-chain amyloidosis by 
the high-sensitivity troponin T assay. Blood, 116(14): 2455–61, 2010.

[40] Palladini G, Campana C, Klersy C, et al. Serum N-terminal pro-brain 
natriuretic peptide is a sensitive marker of myocardial dysfunction in 
AL amyloidosis. Circulation, 107(19): 2440–5, 2003.

[41] Cohen AD, Comenzo RL. Systemic light-chain amyloidosis: advanc-
es in diagnosis, prognosis, and therapy. Hematology Am Soc Hema-
tol Educ Program, 2010: 287–94, 2010.

[42] Sack FU, Kristen A, Goldschmidt H, et al. Treatment options for 
severe cardiac amyloidosis: heart transplantation combined with 
chemotherapy and stem cell transplantation for patients with AL-
amyloidosis and heart and liver transplantation for patients with 
ATTR-amyloidosis. Eur J Cardiothorac Surg, 33(2): 257–62, 2008.

[43] Ferreira N, Cardoso I, Domingues MR, et al. Binding of epigallocate-
chin-3-gallate to transthyretin modulates its amyloidogenicity. FEBS 
Lett, 583(22): 3569–76, 2009.

[44] Mereles D, Buss SJ, Hardt SE, et al. Eff ects of the main green tea 
polyphenol epigallocatechin-3-gallate on cardiac involvement in 
patients with AL amyloidosis. Clin Res Cardiol, 99(8): 483–90, 2010.


	Cardiac amyloidosis
	Introduction
	Light chain amyloidosis (AL)
	Transthyretin amyloidosis (ATTR)
	Reactive amyloidosis (AA)

	Clinical manifestations
	Diagnosis of cardiac amyloidosis
	Prognosis and risk stratifi cation
	Therapeutic options in cardiac amyloidosis
	AL amyloidosis
	ATTR amyloidosis
	Secondary AA amyloidosis

	Cardiologic management
	Summary and perspectives
	References


