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CONFLITTI D’INTERESSI: NESSUNO 



MIOCARDIO	
  NON	
  COMPATTO	
  

A. Angelini, P. Melacini, F. Barbero, G. Thiene. Evolutionary Persistence of 
Spongy Myocardium in Humans. Circulation. 1999;99:2475. 



PATOGENESI	
  	
  
E	
  ANATOMIA	
  PATOLOGICA	
  	
  I	
  

◆  Durante il primo mese di vita fetale, prima dello 
sviluppo dell’albero coronarico, il miocardio 
embrionale è costituito da una rete “spugnosa” di 
f i b r e i n t r e c c i a t e c o n p r o f o n d i r e c e s s i 
intertrabecolari. 

 
◆  Questi recessi comunicano con le camere 

ventricolari che vengono irrorate attraverso gli spazi 
intertrabecolari medesimi (vascolarizzazione degli 
animali a sangue freddo).). 



PATOGENESI	
  	
  
E	
  ANATOMIA	
  PATOLOGICA	
  	
  II	
  

Durante la vita fetale (5a → 8a settimana di vita fetale) si 
verificano due processi paralleli: 

  
1.  Graduale “compattazione” del miocardio con 

trasformazione dei recessi intertrabecolari in capillari. 
2.  Sviluppo della circolazione coronarica. 
 
Il processo di compattazione progredisce  

 epicardio → endocardio 
 base → punta 
 setto → parete laterale 

  



EMBRIOGENESI	
  CARDIACA	
  

Abundant fine trabeculae are  
present at six weeks. 
 

The trabeculae start to solidify at  
their basal area, contributing to  
added thickness of the compact  
layer, at 12 weeks 
 

The compact layer forms most of the  
myocardial mass after completion of  
compaction in the early fetal period. 
 

Semdera D et al, Developmental Patterning of the Myocardium  
Anat Rec 258;2000:319–337. 



PATOGENESI	
  	
  
E	
  ANATOMIA	
  PATOLOGICA	
  	
  III	
  
◆  Noncompaction of the ventricular myocardium” si 

riferisce ad un arresto del normale processo di 
compattazione delle fibre miocardiche. Ciò dà luogo 
alla persistenza di trabecolature ventricolari 
prominenti con ampi recessi intertrabecolari. 

 
◆  Tale entità (detta anche “miocardio spugnoso”) 

interessa principalmente il VS (il coinvolgimento 
associato del VD si ha in < 50% dei casi) 



FILOGENESI	
  CARDIACA	
  

 ← Cuore di pesce-zebra adulto 

↑ 
Cuore di uomo adulto  



NVM:	
  QUADRI	
  CLINICI	
  	
  	
  
◆  Scompenso cardiocircolatorio 

secondario a disfunzione 
sistolica/diastolica VS.  

◆  Tachiaritmie (FA, aritmie 
ventricolari maligne → morte 
improvvisa), difetti di 
conduzione (BB), WPW.  

◆  Eventi cardioembolici 
(FA,trombosi intratrabecolare). 

◆  Nulla 

La diagnosi viene fatta con metodiche di imaging, in primis 
con ecocardiografia 



NVM:	
  IMAGING	
  

◆  Trabecolature multiple e prominenti. 
◆  Multipli recessi intertrabecolari comunicanti con la 

camera ventricolare (Color Doppler - Contrasto). 
 

TALI REPERTI SONO MAGGIORMENTE RAPPRESENTATI NELLE 
PORZIONI MEDIO-APICALI DEI VENTRICOLI. 

IL VS È SEMPRE INTERESSATO, IL VD PUÒ ESSERLO IN 
ASSOCIAZIONE. 

Diagnosi differenziale: 
1) Accentuazione della normale trabecolatura (normalmente ≤ 3 

trabecole) 2) CMP ipetrofica 3) CMP dilatativa 4) Trombo apicale VS 
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J Am Soc Echocardiogr 2012;25:363-75 



IL	
  CONFINE	
  TRA	
  NORMALE	
  	
  
E	
  PATOLOGICO	
  

“Accordingly, prominent left ventricular trabeculations are 
considered to be common variants of the normal human heart. 
Their size, shape and location may lead to their being 
misinterpreted, possibly as mural thrombi, by two-dimensional 
echocardiography.” 

MT Boyd et al. Frequency and location of prominent left ventricular 
trabeculations at autopsy in 474 normal human hearts: implications for 
evaluation of mural thrombi by two-dimensional echocardiography J Am Coll 
Cardiol, 1987; 9:323-326 

∼ 70% of autopsied healthy hearts 
show some degree of noncompaction 



NVM:	
  CRITERI	
  DIAGNOSTICI	
  
ECOCARDIOGRAFICI	
  

◆  Criteri di Chin: stima del rapporto tra 
X e Y; X = distanza dall’epicardio al 
fondo del recesso intertrabecolare Y = 
distanza dall’epicardio al picco delle 
trabecole. 

◆  Un rapporto telediastolico X/Y ≤ 0.5 è 
considerato diagnostico. 

◆  Questo criterio si focalizza sulle 
trabecole dell’apice VS (asse corto 
apicale o apicale 4 camere) e sullo 
spessore telediastolico della parete 
libera del ventricolo sinistro. 

Chin TK, Perloff JK, Williams RG, Jue K, Mohrmann R. Isolated noncompaction of 
left ventricular myocardium. A study of eight cases. Circulation 1990;82:507-13 
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  CRITERI	
  DIAGNOSTICI	
  
ECOCARDIOGRAFICI	
  
◆  Criteri di Jenni: una struttura del miocardio 

a due strati, una zona esterna sottile e 
compatta (C) ed una zona interna più 
spessa, non compatta (NC). 

◆  Il rapporto tra le due zone viene calcolato in 
telesistole nella parasternale asse corto. 

◆  Un rapporto NC/C > 2 è considerato 
diagnostico. 

◆  Assenza di anomalie strutturali miocardiche 
associate  

◆  Numerose trabecole e profondi recessi 
intertrabecolari. 

◆  Recessi intertrabecolari perfusi dal sangue 
intraventricolare (Color Doppler o ecografia 
con mezzo di contrasto transpolmonare). 

Jenni R, Oechslin E, Schneider J, Attenhofer Jost C, Kaufmann PA. Echocardiographic and pathoanatomical characteristics of isolated left 
ventricularnon-compaction: a step towards classification as a distinct cardiomyopathy. Heart 2001;86:666-671 
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J Am Soc Echocardiogr 2012;25:363-75 



NVM:	
  CRITERI	
  DIAGNOSTICI	
  
ECOCARDIOGRAFICI	
  

◆  Criteri di Stollberger: più di tre trabecolazioni che sporgono 
dalla parete ventricolare, distalmente rispetto al piano dei 
muscoli papillari, con la medesima ecogenicità della 
muscolatura ventricolare e visibili in una singola proiezione,. 

◆  Recessi intertrabecolari perfusi dal sangue intraventricolare 
(Color Doppler o ecografia con mezzo di contrasto 
transpolmonare). 

Stollberger C, Finsterer J, Blazek G. Left ventricular hypertrabeculation,noncompaction 
and association with additional cardiac abnormalities and neuromuscular disorders. 
Am J Cardiol 2002;90:899–902. 



NVM:	
  RIPRODUCIBILITA’	
  	
  
DELLA	
  DIAGNOSI	
  ECOCG	
  

(A-1) A newborn with coarctation of the aorta and a 
ventricular septal defect before repair without evidence 
for LVNC. Three months after ventricular septal defect 
closure and arch repair, his myocardium changed in 
appearance (A-2), consistent with hypertrabeculation. 



NVM:	
  CONCORDANZA	
  CRITERI	
  
DIAGNOSTICI	
  ECOCG	
  

◆  La concordanza tra i tre metodi 
diagnostici è bassa. 

◆  In una popolazione di 199 pazienti con 
disfunzione sistolica VS afferenti ad un 
ambulatorio dello scompenso cardiaco il 
23% soddisfacevano i criteri diagnostici 
di NVM 

◆  Di questi, 79% soddisfacevano i criteri di 
Chin, 64% quelli di Jenni, 53% quelli 
della Stollberger. 

◆  La sovrapposizione di tutti e tre i criteri 
si aveva nel 30% dei casi. 

Kohli SK, Pantazis AA, Shah JS, Adeyemi B, Jackson G, McKenna WJ, Sharma S, Elliott PM. Diagnosis 
of left-ventricular non-compaction in patients with left-ventricular systolic dysfunction: time for a 
reappraisal of diagnostic criteria? Eur Heart J. 2008;29:89-95. 
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NVM:	
  NUOVI	
  CRITERI	
  
ECOCG 

Conclusions: Maximal systolic compacta thickness <8 mm 
is specific for LVNC and allows the differentiation of LVNC 
from normal hearts as well as those with myocardial 
thickening due to AVS. This observation may be particularly 
useful as an additional diagnostic criterion for preventing 
the overdiagnosis of LVNC.  
(J Am Soc Echocardiogr 2012;25:1050-7.) 

Conclusions: Because of high spatial resolution and 
accuracy in volumetric quantification, three-
dimensional echocardiography allows accurate 
measurement of the extent of noncompacted 
myocardium and identification of patients with 
LVNC.  
(J Am Soc Echocardiogr 2012;25:203-9.) 



NVM:	
  CRITERI	
  DIAGNOSTICI	
  	
  
MNR	
  

We analyzed magnetic resonance cine images, using the 17-segment model in 
45 healthy volunteers, 25 athletes, 39 patients with hypertrophic 
cardiomyopathy and 14 with dilated cardiomyopathy, 17 with hypertensive 
heart disease, and 30 with aortic stenosis, as well as images from 7 patients 
previously diagnosed with LVNC whose diagnoses were supported by 
additional features. Areas of non-compaction were common and occurred more 
frequently in all groups studied in apical and lateral, rather than in basal or 
septal, segments. A NC/C ratio of 2.3 in diastole distinguished pathological 
non-compaction, with values for sensitivity, specificity, and positive and 
negative predictions of 86%, 99%, 75%, and 99%, respectively. 
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LV volumes, LV ejection 
fraction, and trabeculated LV 
mass were measured in the 
four different populations. The 
percentage of trabeculated LV 
mass was almost three times 
higher in the patients with 
LVNC (32 +/- 10%), compared 
with those with DCM (11 +/- 
4%, P < 0.0001), HCM (12 +/- 
4%, P < 0.0001), and controls 
(12 +/- 5%, P < 0.0001). A value 
of trabeculated LV mass above 
20% of the global mass of the 
LV predicted the diagnosis of 
LVNC with a sensitivity of 
9 3 . 7 % [ 9 5 % c o n f i d e n c e 
interval (CI), 71.6-98.8%] and a 
specificity of 93.7% (95% CI, 
83.1-97.8%; kappa = 0.84). 

NVM:	
  CRITERI	
  DIAGNOSTICI	
  	
  
MNR 



Illustration of the described method for measuring 
the global and trabeculated left ventricular masses 
in patients with left ventricular non-compaction, 
dilated cardiomyopathy, hypertrophic 
cardiomyopathy, and controls: 
 
Ø Column A shows the short-axis end-diastolic cine 

images used for measurement without 
contouring.  

Ø Column B shows the inclusion of papillary 
muscles and the exclusion of left ventricular 
trabeculation for the measurements of the 
compacted left ventricular mass. 

Ø Column C shows inclusion of papillary muscles 
and trabeculation for the measurements of global 
left ventricular mass 
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OVERLAPPING	
  GENE	
  	
  
MUTATIONS	
  



OVERLAPPING	
  GENE	
  	
  
MUTATIONS 

Our findings support the 
hypothesis that there is a shared 
molecular etiology of different 
CMP phenotypes.  
It is increasingly realized that the 
current nomenclature fails to 
adequately describe the 
substantial overlap between the 
classic CMP syndromes.  
Indeed, this discordance 
between the etiology and the 
“clinical syndrome” is one of the 
main messages of our study. 



GENETIC	
  EVALUATION	
  OF	
  CMPs	
  



NVM:	
  PROGNOSI	
  



NVM:	
  PROGNOSI 

The natural history of LVNC is largely unresolved 



MALATTIE	
  RARE……	
  
PROGNOSI	
  INFAUSTA…….	
  

rare………………talora perché poco riconosciute. 
infauste………………talora perché poco conosciute. 



NVM:	
  PROGNOSI	
  

Conclusion This study demonstrates that LVNC is associated with a better prognosis than 
previously reported. In patients with familial disease, relatives may have features consistent 
with dilated cardiomyopathy rather than LVNC. 



NVM:	
  PROGNOSI 

◆  65 eligible patients were followed up for 6–193 months (mean 46 SD 
44). 

◆  In 53 (82%), IVNC was associated LV dilatation and hypokinesia, and in 
the remaining 12 (18%) LV volumes were normal 

◆  Diagnosis was symptom based in 48 (74%) and non-symptom based in 
17 (26%) (familial referral in 10). 

◆  No major cardiovascular events occurred in the non-symptom based 
group, whereas 15 of 48 (31%) symptomatically diagnosed patients 
experienced cardiovascular death or heart transplantation (p = 0.01, 
Kaplan–Meier analysis) 

◆  Independent predictors of cardiovascular death or heart transplantation 
were NYHA class III–IV, sustained ventricular arrhythmias and LA size. 
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REGISTRO	
  ITALIANO	
  NVM	
  

◆  181 adults; 108 ♂, 73♀ 
◆  Mean age at inclusion: 49.6 ± 17.6 (18 - 90) 

yrs.  
◆  Pts divided into two diagnostic subgroups:    
 

 - symptom-based (i.e., symptomatic   at 
enrollment; 90 pts, 50%) 

  

 - nonsymptom-based (familial screening or 
occasional finfing) 

Corrado G, Fazio G, Zachara E, Rapezzi C, Sormani L, Carerj S, Beretta S. Natural history of 
isolated noncompaction of the ventricular myocardium  in adults. Data from the Società Italiana di 
Ecografia Cardiovascolare (SIEC) registry.  
Circulation (Abs) 2008;118:S_948 
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REGISTRO	
  ITALIANO	
  NVM 
◆  Mean follow-up 64.2 ± 74.7 (2 - 360) months.  
◆  Major events (death, heart failure, thromboembolism, malignant 

ventricular arrhythmia): 69 pts (38%).  
◆  Most events occurred in the symptom-based diagnosis subgroup (62 vs. 

7 events; chi-square p<.0001)  
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NVM:	
  PRESENTE	
  E	
  FUTURO	
  

J Am Soc Echocardiogr 2012;25:363-75 



NVM:	
  COS’E? 

It is not clear whether LVNC is a separate cardiomyopathy, or merely a 
congenital or acquired morphological trait shared by many 
phenotypically distinct cardiomyopathies. 
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J Am Soc Echocardiogr 2012;25:363-75 
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NVM	
  ACQUISITA	
  	
  
(e	
  talora	
  reversibile..) 

◆  High trained athletes 
◆  Sickle cell anemia 

patients. 
◆  Pregnancy 

Gati S, Chandra N, Bennett RL, et al. Increased left ventricular 
trabeculation in highly trained athletes: do we need more stringent 
criteria for the diagnosis of left ventricular non-compaction in athletes? 
Heart 2013;99:401–8 
 
Gati S, Papadakis M, Van Niekerk N, et al. Increased left ventricular 
trabeculation in individuals with sickle cell anaemia: physiology or 
pathology? Int J Cardiol 2013;168:1658–60. 
 
Gati S, Papadakis M, Papamichael ND, et al. Reversible de novo left 
ventricular trabeculations in pregnant women: implications for the 
diagnosis of left ventricular noncompaction in low-risk 
populations. Circulation 2014;130:475–83 
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