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Left Ventricular Noncompaction

Common denominator for Terminology, 
etiology, pathogenesis, diagnosis, and 

management:

no consensus

מציג
הערות מצגת
Actually, no consensus exists about the definition of
LVHT. At least six different definitions have been proposed
[9, 19, 21, 100, 104, 129]. Four definitions rely on
echocardiographic findings [9, 21, 100, 129], one on cardiac
magnetic resonance imaging (MRI) [104], and one on
pathoanatomic findings [19].
The criteria of Sto¨llberger and Oechslin are the most
widely applied. According Sto¨llberger’s criteria, LVHT is
present if apically to the papillary muscles more than three
coarse prominent trabeculations that have the same echogenicity
as the myocardium, move synchronously with it,
are not connected to the papillary muscles, and are surrounded
by intertrabecular spaces, which are perfused from
the ventricular cavity, are present.
According to the criteria of Oechslin et al. [100], LVHT
is present if the ratio (noncompacted layer thickness/compacted
layer thickness) is more than 2 in adults [100] or
more than 1.4 or 1.3 in infants [107] at endsystole and if
deep endomyocardial spaces exist, with evidence on color
Doppler imaging that they are perfused from the ventricular
side.
Terminology
Left ventricular noncompaction (1990)
Hypertrabeculated left ventricle
Spongy myocardium
Immature myocardium 
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Definition

מציג
הערות מצגת
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Left Ventricular Noncompaction
Definition

At least six different definitions: 
4 echo, 1 Autopsy, 1 angio

Pignatelli’s
 

criteria (modification of Oechslin)

noncompacted/compacted layer 
thickness >2 in adults  or >1.4 infants 
at endsystole

deep endomyocardial
 

spaces exist, 
with evidence on color Doppler that 
they are perfused

 
from the 

ventricular
 

side.

Pignatelli RH, McMahon CJ, Dreyer WJ, Denfield SW, Price J, Belmont JW, 
Craigen WJ, Wu J, El Said H, Bezold LI, Clunie S, Fernbach S, Bowles NE, Towbin
JA. Clinical characterization of left ventricular noncompaction in children: a 
relatively common form of cardiomyopathy. Circulation. 2003 Nov 
25;108(21):2672-8  

מציג
הערות מצגת
Actually, no consensus exists about the definition of
LVHT. At least six different definitions have been proposed
[9, 19, 21, 100, 104, 129]. Four definitions rely on
echocardiographic findings [9, 21, 100, 129], one on cardiac
magnetic resonance imaging (MRI) [104], and one on
pathoanatomic findings [19].
The criteria of Sto¨llberger and Oechslin are the most
widely applied. According Sto¨llberger’s criteria, LVHT is
present if apically to the papillary muscles more than three
coarse prominent trabeculations that have the same echogenicity
as the myocardium, move synchronously with it,
are not connected to the papillary muscles, and are surrounded
by intertrabecular spaces, which are perfused from
the ventricular cavity, are present.
According to the criteria of Oechslin et al. [100], LVHT
is present if the ratio (noncompacted layer thickness/compacted
layer thickness) is more than 2 in adults [100] or
more than 1.4 or 1.3 in infants [107] at endsystole and if
deep endomyocardial spaces exist, with evidence on color
Doppler imaging that they are perfused from the ventricular
side.
40
30 30
27
16
11
7
4 3 2 2 2 2 2 1 1 1 1 1 1 1 1 1
0
5
10
15
20
25
30
35
40
45
MID
Barth-syndrome
hCMP (MYH7)
hCMP (ACTA1)
Zaspopathy
Mytonic dystrophy 1
Dystrobrevinopathy
hCMP (MYBPC3)
Dystrophinopathies
EDMD (LMNA)
SCN5A
Melnick-Fraser syndrome
Noonan syndrome
MLS/MIDAS syndrome
MD2
MADA-deficiency
CMT1A
hCMP (TNNT2)
Beals-Hecht syndrome
Leopard syndrome
Cobalamine-C-deficiency
NPS
Congenital adrenal hypoplasia
Fig. 1 Number of patients in
whom left ventricular
hypertrabeculation (LVHT) was
associated with a genetic defect;
mt, mitochondrial
660 Pediatr Cardiol (2009) 30:659–681
123



Left Ventricular Noncompaction

Adults-
 

triad of heart failure symptoms, arrhythmias and 
embolic events

Largest pediatric series-
 

TCH*

36, M/F 20/16

Collected over 5y. 9.5% of CM

Age 90d, F/U 3.2y

5(14%) dysmorphic: 1 22q11 (nl
 

heart), 1 CAH

7(19%)-
 

1st

 

degree DCM. 2 (5%) with G4.5 mutation

5(14%)-
 

associated CHD

Clinical Presentation

*Pignatelli

 

RH, McMahon CJ, Dreyer WJ, Denfield

 

SW, Price J, Belmont JW, Craigen

 

WJ, Wu J, El 
Said H, Bezold

 

LI, Clunie

 

S, Fernbach

 

S, Bowles NE, Towbin

 

JA. Clinical characterization of left 
ventricular noncompaction

 

in children: a relatively common form of cardiomyopathy. Circulation. 2003 
Nov 25;108(21):2672-8

מציג
הערות מצגת
The Z-disc forms the borders of individual
sarcomeres (see boxed diagram). In addition to the well-known thin filaments (F-actin) and thick filaments
(myosin) of the sarcomere, two other filament complexes are present at the Z-disc, made up of the giant
proteins titin and nebulin. The Z-discs largely consist of a-actinin homodimers organised in an antiparallel
fashion and providing a backbone for the insertions of actin filaments, as well as titin and nebulin. Proteins
whose genes are mutated in myofibrillar myopathies are shown in red. Desmin filaments surround the
Z-disc; they interconect the filaments to each other, and link the myofibrils to the sarcolemma and nuclear
membrane. aB-crystallin binds to desmin. Myotilin interacts with several Z-disc proteins, including a-actinin,
filamin C, F-actin, and FATZ. Filamin C binds to actin filaments, and interacts with several proteins, including
g and d sarcoglycans (not shown), myotilin, FATZ and b1 integrin. ZASP binds directly to a-actinin. For
further details, see Ref. 145. Abbreviations: FATZ, ‘filamin-, actinin-, and telethonin-binding protein of the
Z-disc’; MLP, muscle LIM protein; ZASP, ‘Z-band alternatively spliced PDZ-motif-containing protein’.
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Largest pediatric series-
 

TCH*

Clinical Presentation

*Pignatelli

 

RH, McMahon CJ, Dreyer WJ, Denfield

 

SW, Price J, Belmont JW, Craigen

 

WJ, Wu J, El 
Said H, Bezold

 

LI, Clunie

 

S, Fernbach

 

S, Bowles NE, Towbin

 

JA. Clinical characterization of left 
ventricular noncompaction

 

in children: a relatively common form of cardiomyopathy. Circulation. 2003 
Nov 25;108(21):2672-8

מציג
הערות מצגת
Electrocardiographic Findings
A high prevalence of ECG abnormalities in affected subjects
was noted; with 27 patients (75%) manifesting ECG abnormalities.
The most prominent feature was marked biventricular
hypertrophy in 10 patients (28%), with extreme QRS
voltage similar to that seen in Pompe’s disease (Figure 1).
Other patterns included isolated or diffuse T-wave inversion
in 7 patients (19%), Wolff-Parkinson-White syndrome
(WPW) in 6 patients (17%), and premature atrial and ventricular
contractions in 2 patients each (11%) (Table 2). Two
patients with WPW had documented supraventricular
tachycardia (SVT), and 1 child underwent radiofrequency
ablation for refractory supraventricular tachycardia. An intracardiac
defibrillator was implanted in another child with
recurrent ventricular tachycardia.
Left ventricular
systolic function was depressed in 30 patients (83%) at
diagnosis, with a median ejection fraction of 30% (range,
15% to 66%)
Mitral inflow velocities demonstrated
a decrease in E/A ratio consistent with restrictive left ventricular
physiology in 15 patients (42%). There was only 1
patient with evidence of left ventricular thrombus identified



Left Ventricular Noncompaction
Clinical Course

*Pignatelli

 

RH, McMahon CJ, Dreyer WJ, Denfield
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WJ, Wu J, El 
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LI, Clunie

 

S, Fernbach

 

S, Bowles NE, Towbin

 

JA. Clinical characterization of left 
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in children: a relatively common form of cardiomyopathy. Circulation. 2003 
Nov 25;108(21):2672-8

25% (9) improved during 1st

 

year! 

(EF-
 

2547%)

But…
 

at 3y-
 

47%
 

23%

 5(14%) died: 1 VT, 4 CHF

 4(11%) OHT

מציג
הערות מצגת
Nine patients who presented in the first year of life with
depressed left ventricular function had a significant improvement
in left ventricular ejection fraction with near
normalization. Their median ejection fraction at diagnosis
was 25% (18% to 32%), which improved to 47% (39% to
59%), with later deterioration to 23% (18% to 29%) at a
median age of 6.3 years (range, 3 to 12 years). There were
no reported episodes of systemic embolism. Five patients
(14%) died during the study period (Figure 5). One patient
had a history of ventricular tachycardia, and despite being
treated with sotalol, died suddenly, presumably secondary
to arrhythmia. Four children died of CHF and/or multiorgan
failure despite maximal intravenous inotropic support.
Necropsy was performed in 3 patients, which confirmed
LVNC. Four patients underwent orthotopic heart transplantation
(patients 7, 12, 20, and 32; Table 2). Overall
survival on follow-up at a mean follow-up duration of 3.2
years was 78%.
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Adults-
 

triad of heart failure symptoms, arrhythmias and 
embolic events

Largest pediatric series-
 

TCH*

36, M/F 20/16

Collected over 5y. 9.5% of CM

Age 90d, F/U 3.2y

5(14%) dysmorphic: 1 22q11 (nl
 

heart), 1 CAH

7(19%)-
 

1st

 

degree DCM. 2 (5%) with G4.5 mutation

5(14%)-
 

associated CHD

1(3%)-
 

LV thrombus, 0 systemic emboli (all on ASA)
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מציג
הערות מצגת
The Z-disc forms the borders of individual
sarcomeres (see boxed diagram). In addition to the well-known thin filaments (F-actin) and thick filaments
(myosin) of the sarcomere, two other filament complexes are present at the Z-disc, made up of the giant
proteins titin and nebulin. The Z-discs largely consist of a-actinin homodimers organised in an antiparallel
fashion and providing a backbone for the insertions of actin filaments, as well as titin and nebulin. Proteins
whose genes are mutated in myofibrillar myopathies are shown in red. Desmin filaments surround the
Z-disc; they interconect the filaments to each other, and link the myofibrils to the sarcolemma and nuclear
membrane. aB-crystallin binds to desmin. Myotilin interacts with several Z-disc proteins, including a-actinin,
filamin C, F-actin, and FATZ. Filamin C binds to actin filaments, and interacts with several proteins, including
g and d sarcoglycans (not shown), myotilin, FATZ and b1 integrin. ZASP binds directly to a-actinin. For
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Z-disc’; MLP, muscle LIM protein; ZASP, ‘Z-band alternatively spliced PDZ-motif-containing protein’.



Left Ventricular Noncompaction

CHF therapy if needed

ASA !!!

Antiarrhythmics
 

if needed

“Metabolic cocktail”
 

including coenzyme Q10, thiamine, 

riboflavin, and carnitine

OHT if needed and available

Treatment
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מציג
הערות מצגת
Five patients underwent skeletal muscle biopsy during the
study period. In all patients, there was evidence of mitochondrial
proliferation and morphological abnormalities, including
inclusions with myopathic changes (Figure 4). In one
patient there was confirmed partial deficiencies in complexes
I-III of the mitochondrial respiratory chain in association with
elevated citrate synthase and succinate dehydrogenase



LVNC

מציג
הערות מצגת
Several disease loci have been identified in humans:
(1) G4.5
Mutations in G4.5 gene located at Xq28 are associated
with Barth syndrome, an X-linked disorder that
presents in infant males with dilated cardiomyopathy
(DCM), LVNC, neutropenia, abnormal cholesterol
metabolism, lactic acidosis, elevated 3-methylglutaconic
acid and 2-ethylhydracrylic acid and cardiolipin
abnormalities [14]. G4.5 encodes members of the
tafazzin (TAZ) group of proteins, which are expressed
primarily in heart and muscle cells and are thought to
have acyltransferase functions within mitochondria.
(2) ZASP
ZASP is a cardiac and skeletal muscle Z-line
protein that is expressed in the cytoplasm. The
protein localizes together with actin and interacts
with the C-terminus of a-actinin-2 via a PDZ domain.
The PDZ domain-containing proteins interact with
each other in the cytoskeletal structure and contribute
to the assembly of membrane proteins. Thus,
ZASP has an important role in the maintenance of the
normal architecture of the myocytes. It is not surprising,
therefore, that mutations in ZASP are responsible
for DCM. The exact mechanism by which
mutations result in LVNC is unclear [15].
(3) a-dystrobrevin
a-dystrobrevin (DTNA) is a cytoskeletal protein
component of the dystrophin-associated glycoprotein
complex (DAPC), which is composed of three
subcomplexes: the dystroglycan complex, the sarcoglycan
complex and the cytoplasmic complex, which
includes the syntrophins and dystrobrevins. These
groups of proteins link the extracellular matrix to the
dystrophin cytoskeleton of the muscle fibre. A mutation
in theDTNA gene has been associated withLVNC
[16], but, as in other genetic cardiomyopathies, there
is significant variability in disease phenotype and
severity.
(4) Lamin A/C
Lamins are major protein components of the
nuclear lamina, the meshwork underlying the inner
nuclear membrane. Mutations in the lamin A/C gene
have been causally linked to different diseases [17]
such as DCM with conduction system disease, limb
girdle muscular dystrophy (LGMD), autosomal
dominant variant of Emery–Dreifuss muscular dystrophy
(EDMD) and partial lipodystrophy. The
identification of isolated LVNC in a carrier of the
lamin A/C mutation [18] does not explain the role of
this protein in the pathogenesis of the disorder.
(5) Sarcomeric protein genes
Mutations in the genes encoding the thick and
thin filaments of the cardiac sarcomere can cause
hypertrophic cardiomyopathy (HCM) and DCM.
Recent data from case reports and a large series of
patients suggest that mutations in the same genes
may be associated with an LVNC phenotype. Actin
proteins are essential for the generation and maintenance
of cell morphology and polarity. LVNC is
described in association with an actin reported to
cause apical hypertrophy. The same gene defect
was also associated with an interatrial septal defect
[19], an observation suggestive of the role of ACTC in
cardiac morphogenesis.
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מציג
הערות מצגת
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מציג
הערות מצגת
The Z-disc forms the borders of individual
sarcomeres (see boxed diagram). In addition to the well-known thin filaments (F-actin) and thick filaments
(myosin) of the sarcomere, two other filament complexes are present at the Z-disc, made up of the giant
proteins titin and nebulin. The Z-discs largely consist of a-actinin homodimers organised in an antiparallel
fashion and providing a backbone for the insertions of actin filaments, as well as titin and nebulin. Proteins
whose genes are mutated in myofibrillar myopathies are shown in red. Desmin filaments surround the
Z-disc; they interconect the filaments to each other, and link the myofibrils to the sarcolemma and nuclear
membrane. aB-crystallin binds to desmin. Myotilin interacts with several Z-disc proteins, including a-actinin,
filamin C, F-actin, and FATZ. Filamin C binds to actin filaments, and interacts with several proteins, including
g and d sarcoglycans (not shown), myotilin, FATZ and b1 integrin. ZASP binds directly to a-actinin. For
further details, see Ref. 145. Abbreviations: FATZ, ‘filamin-, actinin-, and telethonin-binding protein of the
Z-disc’; MLP, muscle LIM protein; ZASP, ‘Z-band alternatively spliced PDZ-motif-containing protein’.
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We evaluated the role of Cypher/ZASP in the 
pathogenesis of dilated cardiomyopathy (DCM)
with or without isolated non-compaction of the 
left ventricular myocardium (INLVM).

מציג
הערות מצגת
OBJECTIVES We evaluated the role of Cypher/ZASP in the pathogenesis of dilated cardiomyopathy (DCM)
with or without isolated non-compaction of the left ventricular myocardium (INLVM).
BACKGROUND Dilated cardiomyopathy, characterized by left ventricular dilation and systolic dysfunction
with signs of heart failure, is genetically transmitted in 30% to 40% of cases. Genetic
heterogeneity has been identified with mutations in multiple cytoskeletal and sarcomeric
genes causing the phenotype. In addition, INLVM with a hypertrophic dilated left ventricle,
ventricular dysfunction, and deep trabeculations, is also inherited, and the genes identified to
date differ from those causing DCM. Cypher/ZASP is a newly identified gene encoding a
protein that is a component of the Z-line in both skeletal and cardiac muscle.
METHODS Diagnosis of DCM was performed by echocardiogram, electrocardiogram, and physical
examination. In addition, levels of the muscular isoform of creatine kinase were measured to
evaluate for skeletal muscle involvement. Cypher/ZASP was screened by denaturing high
performance liquid chromatography (DHPLC) and direct deoxyribonucleic acid sequencing.
RESULTS We identified and screened 100 probands with left ventricular dysfunction. Five mutations in
six probands (6% of cases) were identified in patients with familial or sporadic DCM or
INLVM. In vitro studies showed cytoskeleton disarray in cells transfected with mutated
Cypher/ZASP.
CONCLUSIONS These data suggest that mutated Cypher/ZASP can cause DCM and INLVM and identify a
mechanistic basis.
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Cypher/ZASP
a novel cardiac and skeletal muscle specific Z-line protein
Cypher knockout mouse develops a severe congenital 
myopathy

 
and dilated cardiomyopathy

Cardiac isoform-
 

16 coding exons

מציג
הערות מצגת
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genes causing the phenotype. In addition, INLVM with a hypertrophic dilated left ventricle,
ventricular dysfunction, and deep trabeculations, is also inherited, and the genes identified to
date differ from those causing DCM. Cypher/ZASP is a newly identified gene encoding a
protein that is a component of the Z-line in both skeletal and cardiac muscle.
METHODS Diagnosis of DCM was performed by echocardiogram, electrocardiogram, and physical
examination. In addition, levels of the muscular isoform of creatine kinase were measured to
evaluate for skeletal muscle involvement. Cypher/ZASP was screened by denaturing high
performance liquid chromatography (DHPLC) and direct deoxyribonucleic acid sequencing.
RESULTS We identified and screened 100 probands with left ventricular dysfunction. Five mutations in
six probands (6% of cases) were identified in patients with familial or sporadic DCM or
INLVM. In vitro studies showed cytoskeleton disarray in cells transfected with mutated
Cypher/ZASP.
CONCLUSIONS These data suggest that mutated Cypher/ZASP can cause DCM and INLVM and identify a
mechanistic basis.
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100 probands.  15/100 with LVNC, 85/100 DCM. 

מציג
הערות מצגת
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with or without isolated non-compaction of the left ventricular myocardium (INLVM).
BACKGROUND Dilated cardiomyopathy, characterized by left ventricular dilation and systolic dysfunction
with signs of heart failure, is genetically transmitted in 30% to 40% of cases. Genetic
heterogeneity has been identified with mutations in multiple cytoskeletal and sarcomeric
genes causing the phenotype. In addition, INLVM with a hypertrophic dilated left ventricle,
ventricular dysfunction, and deep trabeculations, is also inherited, and the genes identified to
date differ from those causing DCM. Cypher/ZASP is a newly identified gene encoding a
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examination. In addition, levels of the muscular isoform of creatine kinase were measured to
evaluate for skeletal muscle involvement. Cypher/ZASP was screened by denaturing high
performance liquid chromatography (DHPLC) and direct deoxyribonucleic acid sequencing.
RESULTS We identified and screened 100 probands with left ventricular dysfunction. Five mutations in
six probands (6% of cases) were identified in patients with familial or sporadic DCM or
INLVM. In vitro studies showed cytoskeleton disarray in cells transfected with mutated
Cypher/ZASP.
CONCLUSIONS These data suggest that mutated Cypher/ZASP can cause DCM and INLVM and identify a
mechanistic basis.
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מציג
הערות מצגת
Mutation detection in FDCM 066. (A) Denaturing high performance liquid chromatography (DHPLC) of exon 10 identifies an abnormal
DHPLC pattern in the proband (top panel) that is absent in controls (bottom panel). (B) The deoxyribonucleic acid (DNA) sequence analysis of genomic
DNA identifies a C to G base substitution at position 1056. (C) Pedigree of family FDCM 066 showing the nucleotides identified at 1056. The arrow
identifies the proband.
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100 probands.  15/100 with LVNC, 85/100 DCM. 

5 mutations in 6 probands
 

(6% of cases). 2 families, 4 sporadic. 
LVNC-

 
1 family, 3 sporadic ( 4/6)

Ǿ
 

in 400 ethnic-matched control chromosomes
all resulted in altered conserved amino acids, suggesting their functional 
importance.
In vitro studies showed cytoskeleton disarray in cells transfected

 
with 

mutated Cypher/ZASP.

מציג
הערות מצגת
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BACKGROUND Dilated cardiomyopathy, characterized by left ventricular dilation and systolic dysfunction
with signs of heart failure, is genetically transmitted in 30% to 40% of cases. Genetic
heterogeneity has been identified with mutations in multiple cytoskeletal and sarcomeric
genes causing the phenotype. In addition, INLVM with a hypertrophic dilated left ventricle,
ventricular dysfunction, and deep trabeculations, is also inherited, and the genes identified to
date differ from those causing DCM. Cypher/ZASP is a newly identified gene encoding a
protein that is a component of the Z-line in both skeletal and cardiac muscle.
METHODS Diagnosis of DCM was performed by echocardiogram, electrocardiogram, and physical
examination. In addition, levels of the muscular isoform of creatine kinase were measured to
evaluate for skeletal muscle involvement. Cypher/ZASP was screened by denaturing high
performance liquid chromatography (DHPLC) and direct deoxyribonucleic acid sequencing.
RESULTS We identified and screened 100 probands with left ventricular dysfunction. Five mutations in
six probands (6% of cases) were identified in patients with familial or sporadic DCM or
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CONCLUSIONS These data suggest that mutated Cypher/ZASP can cause DCM and INLVM and identify a
mechanistic basis.
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מציג
הערות מצגת
Immunohistochemical analysis of Cypher/ZASP expression. Immunohistochemical analysis of C2C12 cells transfected with the pcDNA3.1/NTGFP-
TOPO vector (A to C), or with constructs expressing wild type Cypher/ZASP-1-GFP (D-F) or D117N-Cypher/ZASP-1-GFP (G to I). Actin
staining (red) is shown in the left panels, GFP (Cypher/ZASP ) staining (green) is shown in the middle panels, while the right panels are the overlay of the ZASP, actin and DAPI (nuclei) images. All images were obtained using 40 magnification.
identifies the proband.
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Pathogenesis

Arrest of myocardial morphogenesis?

absence of NC on fetal echo in 3 infants who were subsequently

diagnosed with LVNC

מציג
הערות מצגת
the myocardium is the trabecular network of
sponge like muscle, when myocardial blood is supplied by
diffusion from the intertrabecular spaces that communicate
with the heart chambers. Coronary vessels develop during
the second embryonic month, after cardiac looping is complete,
and after ventricular and atrial septation and valve
development have begun. Epicardial coronary growth is
associated with the disappearance of “sinusoids” and the
transformation of the spongy myocardium into compact
musculature.19–21

The mechanism of LVNC is widely believed to be arrest
of myocardial morphogenesis,1,19 and the morphological
similarity between florid examples of noncompaction and
the characteristics of the developing heart is striking.21
However, there has been no proof of an arrest in embryonic
endomyocardial morphogenesis. Bleyl et al reported the
absence of the characteristic features of noncompaction on
fetal echocardiography in 3 infants who were subsequently
diagnosed with LVNC,22 but it is unclear whether their findings
were related to limitations of fetal echocardiography
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מציג
הערות מצגת
The progression of normal myocardial
compaction occurs from the cardiac base toward the apex
and from the epicardium to the endocardium. As a result, in
LVNC there is a varied amount, location, and functional
impact of these noncompacted myocardial segments.
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מציג
הערות מצגת
The progression of normal myocardial
compaction occurs from the cardiac base toward the apex
and from the epicardium to the endocardium. As a result, in
LVNC there is a varied amount, location, and functional
impact of these noncompacted myocardial segments.
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מציג
הערות מצגת
tissue Doppler velocities in patients with
LVNC were significantly decreased compared with normal
children [43]. From a clinical perspective, a decreased Ea
tissue Doppler velocity at the lateral mitral annulus
\7.8 cm/s predicted children at risk for adverse clinical
outcome, including death and the need for cardiac transplantation,
as well as children at risk of significant heart
failure, thus requiring hospitalization.
Tissue Doppler velocities, however, cannot differentiate
between active contraction and passive motion, which is a
major limitation when assessing regional myocardial
function. Regional strain rate corresponds to the rate of
regional myocardial deformation and can be calculated
from the spatial gradient in myocardial velocity between
two neighboring points within the myocardium [4, 23, 30,
31, 38–40, 52, 53, 59, 66, 71, 76, 80]. Regional strain
represents the amount of deformation (expressed as a
percentage) or the fractional change in length caused by an
applied force and is calculated by integrating the strain rate
curve over time during the cardiac cycle. Strain measures
the total amount of deformation in either the radial or
longitudinal direction, whereas strain rate calculates the
velocity of deformation. These two measurements reflect
different aspects of myocardial function and therefore
provide complementary information. Compared with tissue
Doppler velocities, these newer indices of myocardial
deformation are not influenced by global heart motion or
tethering of adjacent segments and therefore are better
indices of true regional myocardial function [8, 27, 77].
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מציג
הערות מצגת
tissue Doppler velocities in patients with
LVNC were significantly decreased compared with normal
children [43]. From a clinical perspective, a decreased Ea
tissue Doppler velocity at the lateral mitral annulus
\7.8 cm/s predicted children at risk for adverse clinical
outcome, including death and the need for cardiac transplantation,
as well as children at risk of significant heart
failure, thus requiring hospitalization.
Tissue Doppler velocities, however, cannot differentiate
between active contraction and passive motion, which is a
major limitation when assessing regional myocardial
function. Regional strain rate corresponds to the rate of
regional myocardial deformation and can be calculated
from the spatial gradient in myocardial velocity between
two neighboring points within the myocardium [4, 23, 30,
31, 38–40, 52, 53, 59, 66, 71, 76, 80]. Regional strain
represents the amount of deformation (expressed as a
percentage) or the fractional change in length caused by an
applied force and is calculated by integrating the strain rate
curve over time during the cardiac cycle. Strain measures
the total amount of deformation in either the radial or
longitudinal direction, whereas strain rate calculates the
velocity of deformation. These two measurements reflect
different aspects of myocardial function and therefore
provide complementary information. Compared with tissue
Doppler velocities, these newer indices of myocardial
deformation are not influenced by global heart motion or
tethering of adjacent segments and therefore are better
indices of true regional myocardial function [8, 27, 77].
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מציג
הערות מצגת
tissue Doppler velocities in patients with
LVNC were significantly decreased compared with normal
children [43]. From a clinical perspective, a decreased Ea
tissue Doppler velocity at the lateral mitral annulus
\7.8 cm/s predicted children at risk for adverse clinical
outcome, including death and the need for cardiac transplantation,
as well as children at risk of significant heart
failure, thus requiring hospitalization.
Tissue Doppler velocities, however, cannot differentiate
between active contraction and passive motion, which is a
major limitation when assessing regional myocardial
function. Regional strain rate corresponds to the rate of
regional myocardial deformation and can be calculated
from the spatial gradient in myocardial velocity between
two neighboring points within the myocardium [4, 23, 30,
31, 38–40, 52, 53, 59, 66, 71, 76, 80]. Regional strain
represents the amount of deformation (expressed as a
percentage) or the fractional change in length caused by an
applied force and is calculated by integrating the strain rate
curve over time during the cardiac cycle. Strain measures
the total amount of deformation in either the radial or
longitudinal direction, whereas strain rate calculates the
velocity of deformation. These two measurements reflect
different aspects of myocardial function and therefore
provide complementary information. Compared with tissue
Doppler velocities, these newer indices of myocardial
deformation are not influenced by global heart motion or
tethering of adjacent segments and therefore are better
indices of true regional myocardial function [8, 27, 77].
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מציג
הערות מצגת
tissue Doppler velocities in patients with
LVNC were significantly decreased compared with normal
children [43]. From a clinical perspective, a decreased Ea
tissue Doppler velocity at the lateral mitral annulus
\7.8 cm/s predicted children at risk for adverse clinical
outcome, including death and the need for cardiac transplantation,
as well as children at risk of significant heart
failure, thus requiring hospitalization.
Tissue Doppler velocities, however, cannot differentiate
between active contraction and passive motion, which is a
major limitation when assessing regional myocardial
function. Regional strain rate corresponds to the rate of
regional myocardial deformation and can be calculated
from the spatial gradient in myocardial velocity between
two neighboring points within the myocardium [4, 23, 30,
31, 38–40, 52, 53, 59, 66, 71, 76, 80]. Regional strain
represents the amount of deformation (expressed as a
percentage) or the fractional change in length caused by an
applied force and is calculated by integrating the strain rate
curve over time during the cardiac cycle. Strain measures
the total amount of deformation in either the radial or
longitudinal direction, whereas strain rate calculates the
velocity of deformation. These two measurements reflect
different aspects of myocardial function and therefore
provide complementary information. Compared with tissue
Doppler velocities, these newer indices of myocardial
deformation are not influenced by global heart motion or
tethering of adjacent segments and therefore are better
indices of true regional myocardial function [8, 27, 77].
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Significant number (~10% of CMs
 

!!!)

AHA 2006 scientific statement-
 

a separate form of CM

Frequently genetic, either mitochondrial, XL, AD or AR.

May have undulating phenotype

Ventricular dysfunction is not homogeneous

Myocartial
 

deformation imaging may help diagnosis & outcome prediction

Conclusion
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מציג
הערות מצגת
The Z-disc forms the borders of individual
sarcomeres (see boxed diagram). In addition to the well-known thin filaments (F-actin) and thick filaments
(myosin) of the sarcomere, two other filament complexes are present at the Z-disc, made up of the giant
proteins titin and nebulin. The Z-discs largely consist of a-actinin homodimers organised in an antiparallel
fashion and providing a backbone for the insertions of actin filaments, as well as titin and nebulin. Proteins
whose genes are mutated in myofibrillar myopathies are shown in red. Desmin filaments surround the
Z-disc; they interconect the filaments to each other, and link the myofibrils to the sarcolemma and nuclear
membrane. aB-crystallin binds to desmin. Myotilin interacts with several Z-disc proteins, including a-actinin,
filamin C, F-actin, and FATZ. Filamin C binds to actin filaments, and interacts with several proteins, including
g and d sarcoglycans (not shown), myotilin, FATZ and b1 integrin. ZASP binds directly to a-actinin. For
further details, see Ref. 145. Abbreviations: FATZ, ‘filamin-, actinin-, and telethonin-binding protein of the
Z-disc’; MLP, muscle LIM protein; ZASP, ‘Z-band alternatively spliced PDZ-motif-containing protein’.
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The Z-disc forms the borders of individual
sarcomeres (see boxed diagram). In addition to the well-known thin filaments (F-actin) and thick filaments
(myosin) of the sarcomere, two other filament complexes are present at the Z-disc, made up of the giant
proteins titin and nebulin. The Z-discs largely consist of a-actinin homodimers organised in an antiparallel
fashion and providing a backbone for the insertions of actin filaments, as well as titin and nebulin. Proteins
whose genes are mutated in myofibrillar myopathies are shown in red. Desmin filaments surround the
Z-disc; they interconect the filaments to each other, and link the myofibrils to the sarcolemma and nuclear
membrane. aB-crystallin binds to desmin. Myotilin interacts with several Z-disc proteins, including a-actinin,
filamin C, F-actin, and FATZ. Filamin C binds to actin filaments, and interacts with several proteins, including
g and d sarcoglycans (not shown), myotilin, FATZ and b1 integrin. ZASP binds directly to a-actinin. For
further details, see Ref. 145. Abbreviations: FATZ, ‘filamin-, actinin-, and telethonin-binding protein of the
Z-disc’; MLP, muscle LIM protein; ZASP, ‘Z-band alternatively spliced PDZ-motif-containing protein’.
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Epidemiology

Prevalence depends on definition
Adults‐

 
0.05%‐0.24%, children‐

Age‐

 
Fetal  94y

Sex‐

 
M>F

מציג
הערות מצגת
Actually, no consensus exists about the definition of
LVHT. At least six different definitions have been proposed
[9, 19, 21, 100, 104, 129]. Four definitions rely on
echocardiographic findings [9, 21, 100, 129], one on cardiac
magnetic resonance imaging (MRI) [104], and one on
pathoanatomic findings [19].
The criteria of Sto¨llberger and Oechslin are the most
widely applied. According Sto¨llberger’s criteria, LVHT is
present if apically to the papillary muscles more than three
coarse prominent trabeculations that have the same echogenicity
as the myocardium, move synchronously with it,
are not connected to the papillary muscles, and are surrounded
by intertrabecular spaces, which are perfused from
the ventricular cavity, are present.
According to the criteria of Oechslin et al. [100], LVHT
is present if the ratio (noncompacted layer thickness/compacted
layer thickness) is more than 2 in adults [100] or
more than 1.4 or 1.3 in infants [107] at endsystole and if
deep endomyocardial spaces exist, with evidence on color
Doppler imaging that they are perfused from the ventricular
side.
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מציג
הערות מצגת
Because LVNC affects certain regions of the myocardium
and relatively ‘‘spares’’ other regions, the assessment of
regional myocardial function may play an important role in
the diagnosis and clinical follow-up of patients with this
type of cardiomyopathy (Fig. 4). In a recently published
pediatric study, tissue Doppler velocities in patients with
LVNC were significantly decreased compared with normal
children [43]. From a clinical perspective, a decreased Ea
tissue Doppler velocity at the lateral mitral annulus
\7.8 cm/s predicted children at risk for adverse clinical
outcome, including death and the need for cardiac transplantation,
as well as children at risk of significant heart
failure, thus requiring hospitalization.
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