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Cardiopatie a fenotipo ipertrofico 

not be recognized. In advanced disease, exertional
syncope, which is most likely due to a low and fixed
cardiac output, can occur, and this has a particularly
poor prognosis (20). Jaw claudication, leg claudica-
tion, and angina may all occur due to small vessel
amyloid deposition (21).

Physical examination of the patient with heart
failure due to cardiac amyloidosis is little different
from that in a patient with other forms of heart fail-
ure. However, there are subtle clues that should raise
the possibility of this diagnosis. In AL amyloidosis,
signs of the noncardiac disease are commonly pre-
sent. Approximately 10% of patients have macro-
glossia, which may vary from obvious tongue
enlargement to subtle tooth indentation of the
tongue (Figure 4). Periorbital bruising in the setting of
heart failure is almost pathognomonic of AL
amyloidosis. Because it may be subtle, the eyelids
should be inspected for small bruises (Figure 4).
Jugular venous pressure frequently reveals an inspi-
ratory rise (Kussmaul sign), a sign that is shared with
patients with constrictive pericarditis. Unlike severe
heart failure caused by most other etiologies, a third
heart sound is uncommon in cardiac amyloidosis, as
is a fourth heart sound. Valvular dysfunction due to

amyloidosis is rarely severe, although on occasion,
tricuspid regurgitation can be severe. Hepatomegaly
usually reflects congestion, but an enlarged liver may
also be due to amyloid infiltration in patients with AL
amyloidosis. When hepatic infiltration occurs, the
liver is hard and nonpulsatile, and quite distinct from
the congested liver of heart failure. Nephrotic syn-
drome is a common manifestation of AL amyloidosis,
and a clinical clue to the presence of hypo-
albuminemia in a patient with anasarca is extensive
edema in the absence of an elevated jugular venous
pressure. The blood pressure in suspected cardiac
amyloidosis is frequently low, due to a combination
of reduced cardiac output and low peripheral tone. It
should always be measured both supine and stand-
ing, because autonomic nervous system dysfunction
may manifest as significant postural hypotension.
Peripheral neuropathy is also a feature of both AL
amyloidosis and familial TTR amyloidosis. It is sym-
metric, predominantly sensory, and may be missed if
the neurological examination is performed casually.
However, if questioned, patients will often describe
manifestations of early sensory neuropathy in the
lower limbs, such as numbness in the feet or a
sensation of “walking on rolled up socks.” Numbness

FIGURE 5 Example of Typical Electrocardiograms in AL Amyloidosis

Electrocardiogram showing very low limb lead voltage with indeterminate axis and poor precordial R-wave progression in AL amyloid cardiomyopathy.
Coronary angiography was normal, and the echocardiogram showed a thick left ventricle and no pericardial effusion. This voltage/left ventricular mass
mismatch strongly suggests cardiac amyloidosis. Abbreviation as in Figure 1.

J A C C V O L . 6 8 , N O . 1 2 , 2 0 1 6 Falk et al.
S E P T E M B E R 2 0 , 2 0 1 6 : 1 3 2 3 – 4 1 AL Amyloidosis and the Heart
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•  The presence of LVH is not the end but only the beginning of the story. 
•  The correct diagnosis is important in therapy and prognosis. 

HCM 

Anderson-Fabry Amyloidosis AL 

Amyloidosis TTRm 



Contribu)on	of	Electrocardiogram	in	the	
differen)a)on	of	Cardiac	Amyloidosis	and	

Nonobstruc)ve	HCM	
Cardiac	Amyloidosis	
• Low	voltage	on	limb	
leads	(50%	vs	1,6%)	
• AV	block	(21%	vs	4%)	
• Pseudoinfarct	paMern	
(84%	vs	39%)	
• Longer	QRS	dura)on	(104	
vs	98	msec)	

	
	

•  R	wave	voltage	of	I	and/
or	aVR	<0.35	mV	

•  QRS	complex	voltage	of	
I	and/or	aVR	<0.45	mV	

J. Huang Int Heart J 2015 



Left ventricle hypertrophy :  
only phenotype, what else? 

•  Low QRS voltage pattern 
•  Psudoinfarction pattern 
•  AF 
•  Atrioventricular and 

interventricular block 
•  Unusual axis deviation 

Noninvasive diagnosis of biopsy-
proven cardiac amyloidosis. 
Joseph E Rahman,JACC 2004 
 

Electrocardiographic findings in primary 
systemic amyloidosis and biopsy-proven 
cardiac involvement. 
Grogan M. Am J Cardiol. 2005  
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Left ventricle hypertrophy :  
only phenotype, what else? 

•  Low	voltage	(46%)	
and	a	pseudoinfarct	
pa9ern	(47%)	were	
the	most	common	
findings.	Criteria	for	
le@	ventricular	
hypertrophy	were	
present	in	16%	of	
paCents		

Criteria	for	le@	
ventricular	hypertrophy	
were	present	in	16%	of	
paCents	

	
		

Electrocardiographic findings in primary systemic 
amyloidosis and biopsy-proven cardiac involvement. 
Grogan M. Am J Cardiol. 2005  
 

pseudonecrosis 

atrial fibrillation 

low voltage  



Left ventricle hypertrophy :  
only phenotype, what else? 

More patients in our cohort met low voltage criteria than in prior
studies [2,3]. Low Sokolow voltage was also slightly more prevalent
in the current study. In addition, voltage-to-mass ratio was similar
between amyloid subtypes, where prior study found that patients
with ATTR had higher voltage-to-mass ratios [2]. These findings
may be related to the proportion of patients with advanced disease;
about 62% of our cohort had NYHA class III-IV heart failure symptoms
at the time of diagnosis with a median survival of about 18 months.
Practitioners should be aware that low voltage criteria may be

more present that previously described in patients presenting with
heart failure symptoms.

4.1. Voltage assessment in wide QRS

While initial assessment of LVmass and ECG voltagemay increase
the index of suspicion for cardiac amyloidosis, there were previously
no data to guide practitioners in the setting of a wide QRS duration
N120 ms. Prior analyses have excluded this subset of patients

Fig. 1. Low voltage electrocardiography in cardiac amyloidosis. Example of low limb and Sokolow electrocardiographic voltage in patients with narrow QRS (A) and ventricularly paced
(B) rhythms.

Fig. 2. Scatter plots comparing voltage and LVmass index. Comparisons of limb (A) and Sokolow (B) voltage and left ventricular (LV)mass index in patients with QRS duration ≤120. Solid
line represents fit line showing no association between either index of ECG voltage and LV mass index.

Table 3
Multivariable linear regression model.

Limb voltage Sokolow voltage

Variable Β coefficient 95% CI p value Β coefficient 95% CI p value

Bundle branch block (vs narrow QRS)
LBBB 3.012 −0.502–6.525 0.093 2.188 −1.220–5.597 0.208
RBBB 5.222 2.699–7.746 b0.001 −4.923 −7.371–−0.739 b0.001
IVCD 0.959 −2.846–4.765 0.620 −1.498 −5.190–2.195 0.426
Paced 3.826 1.154–6.498 0.005 −8.111 −10.703–−5.518 b0.001

AL type (vs ATTR) −1.535 −3.377–0.306 0.102 −2.525 −4.312–−0.739 0.006
Age 0.031 −0.050–0.111 0.452 −0.009 −0.087–0.069 0.815
Male −1.244 −3.249–0.760 0.223 0.922 −1.023–2.867 0.352
Caucasian −0.742 −2.502–1.018 0.408 0.933 −0.774–2.640 0.283
Body surface area 1.133 −2.429–4.696 0.532 −2.759 −6.215–0.698 0.117
Hypertension −0.196 −1.845–1.452 0.815 −0.644 −2.243–0.956 0.429
Smoking −0.780 −2.335–0.775 0.325 −0.427 −1.936–1.082 0.578
LV mass index (per Δ10) 0.113 −0.052–0.278 0.179 0.068 −0.092–0.228 0.402

CI = confidence interval. Other abbreviations as in Tables 1 and 2.

480 B.W. Sperry et al. / International Journal of Cardiology 214 (2016) 477–481

•  Low	voltage	electrocardiography		coupled	with	increased	ventricular	wall	
thickness	is	the	hall-	mark	of	cardiac	amyloidosis.	30%	had	conduc)on	
delay	(QRS	N	120	ms).	In	those	with	narrow	QRS,	68%	met	low	limb,	72%	
low	Sokolow	and	57%	both	criteria,	with	lower	voltages	found	in	AL	vs	
ATTR.	Voltage	was	significantly	associated	with	mortality	(p	b	0.001	for	
both	criteria)	a]er	mul)variable	adjustment.		

Are classic predictors of voltage valid in cardiac amyloidosis? 
A contemporary analysis of electrocardiographic findings Brett 
W. Sperry Int J Cardiology 2016 
 

Low voltage in narrow QRS and ventricularly paced rhytm 



Gene)ca	e	etereogeneità	del	feno)po:	MYBC3	

	



Gene)ca	e	etereogeneità	del	feno)po:	MYBC3	



Atassia	di	Friedreich	

ECG	 Analisi	geneCca	
molecolare	



LVH	 Impaired	myocardial	perfusion	

Atassia	di	Friedreich	



Una	giovane	donna	con	ipertrofia	ventricolare	
sinistra	e	scompenso	cardiaco	a	funzione	

sistolica	ventricolare	normale	
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Una	giovane	donna	con	ipertrofia	ventricolare	
sinistra	e	scompenso	cardiaco	a	funzione	
sistolica	ventricolare	sinistra	normale	



A	pilot	study	for	LV	imaging	phenotype	of	ptz	over	
65	years	with	heart	failure	and	preserved	LVEF	:	the	

high	prevalence	of	amyloid	cardyomiopathy	

Int J Card Imaging 2016 



Cardiac magnetic resonance imaging in 
differentiating underlying causes of LVH 



Cardiac magnetic resonance imaging in 
differentiating underlying causes of LVH 

Familiar HCM Anderson-Fabry 

Amyloidosis Athlete’s heart 



Mimicking the phenotype 



Mimicking the phenotype 

HCM Hypertensive 
Heart disease 

Amyloid Mucopolisaccaridosis 

Cardiac oxalosis Friedreich ataxia 



Take	Home	Message	

•  LVH	is	only	the	beginnning	

•  EKG	and	laboratory	analysis	
•  Use	DNA	analysis		
•  Use	BEM	
…..	But	do	not	forget	.....	



A multiparametric diagnosis for a complex 
disease using multimodality imaging…. 
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A multiparametric diagnosis for a complex 
disease using multimodality imaging…. 



…..to get a specific therapy 

CHT and autologous 
stem cell 

transplantation in AL 
amyloidosis 

Diflunisal in TTR 

Tafamidis in TTR 

Doxiciclina 

Small RNA 
interfering 
molecules 


