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A B S T R A C T   

Background: The Petersen’ index reflects an excess of myocardial trabeculation which is not a specific morpho- 
functional feature of left ventricular non-compaction (LVNC) cardiomyopathy, but a “phenotypic trait” even 
observed in association with other myocardial diseases and over-loading conditions. The present study was 
designed to evaluate the relation between a critical thinning of compact layer and the development of systolic 
dysfunction and LVNC cardiomyopathy. 
Methods: We compared CMR morpho-functional features and measurements of LV wall thickness using a 17 
segment model of a cohort of patients fulfilling the Petersen criterion for LVNC with LV systolic dysfunction 
versus those of a cohort of age- and sex-matched controls with LVNC and preserved LV systolic function. All the 
study patients had an “isolated” LVNC defined as positive Petersen criterion in the absence of other diseases such 
as hypertrophic and dilated cardiomyopathy, valvular heart disease, or congenital heart disease and over-loading 
conditions. 
Results: he study population included 33 patients with “isolated” LVNC: 11 consecutive index patients with a 
reduced LV ejection fraction (LVNCrEF) and 22 controls with a preserved LVEF (LVNCpEF). The compact 
myocardial layer was thinner in patients with LVNCrEF than in those with LVNCpEF patients, both in mid- 
ventricular and apical LV segments. On linear regression analysis, there was a linear correlation between me-
dian thickness of mid-ventricular free wall segments and left ventricular ejection fraction (r = 0.51, p = 0.005). 
On the ROC curves analysis, ≥2 segments with a compact myocardial layer <5 mm in the free wall mid- 
ventricular segments showed the best accuracy for reduced LVEF (100% sensitivity and 60% specificity; AUC 
0.81, p < 0.01). The negative predictive value for LV systolic dysfunction of <2 free wall mid ventricular seg-
ments <5 mm was 100%. On quantitative analysis, the mass of papillary muscles was lower in patients with 
LVNCrEF [1.2 (0.8–1.4) versus 1.6 (1.1–1.8) g/mq; p = 0.08]. Conclusions: A thinned compact layer of mid- 
ventricular segments of the LV free wall was associated with a reduced systolic function and “isolated” LVNC 
cardiomyopathy.   

1. Introduction 

Left ventricular non-compaction (LVNC) is a developmental anomaly 

of the ventricular myocardium occurring during the embryogenesis 
[1,2]. The altered myocardial structure of LVNC phenotype is charac-
terized by a 2-layered left ventricular (LV) wall: an outer “compact” 
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ventricular non compaction with preserved ejection fraction. 
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myocardial layer and an inner layer with excessively prominent trabe-
culation and deep intertrabecular recesses (referred to as “non-compact” 
myocardial layer) [1]. Cardiac magnetic resonance (CMR) is considered 
the gold standard imaging technique for diagnosis of LVNC and the 
generally accepted CMR criterion proposed by Petersen et al. for diag-
nosis of LVNC is fulfilled in the presence of an end-diastolic non-com-
pacted/compacted wall ratio > 2.3 [3]. However, the Petersen index 
mostly reflects the excessive trabeculation of the LV wall, which is not 
disease-specific and may be observed in patients with heart diseases 
other than LVNC such as dilated and hypertrophic cardiomyopathies, 
neuromuscular disorders and congenital heart malformations. More-
over, increased trabeculation may be observed in healthy individuals 
(physiologic phenotypic variant), during pregnancy or after sustained 
athletic activity (physiologic response to increased and reversible ven-
tricular overload) [2]. These findings make differential diagnosis be-
tween “hypertrabeculation phenotype”, “non-compaction phenotype” 
and “LVNC cardiomyopathy” a challenging task [4]. The presence of LV 
systolic dysfunction in association with a positive Petersen index for 
“excessive LV trabeculation” may be considered a key feature for diag-
nosing a true “LVNC cardiomyopathy” [4]. Previous studies failed to 
demonstrate a relation between the extent of trabeculation and LV 
systolic dysfunction [5–7]. Hence, the present study was designed to 
evaluate the pathophysiologic role of a critical thinning of compact layer 
to the development of systolic dysfunction with LVNC cardiomyopathy. 
In our case-control study, we compared a cohort of patients fulfilling the 
Petersen criterion for LVNC with LV dysfunction to a cohort of age- and 
sex-matched controls with LVNC but no LV dysfunction. We tested the 
hypothesis that the underdevelopment of the compact layer, rather than 
the excessive trabeculation of the noncompact layer, impacts on the 
contractile performance of the LV by a disease-specific pathophysiologic 
mechanism. 

2. Methods 

The study cohort consisted of a single-center population of patients 
who underwent contrast-enhanced CMR and received a diagnosis of 
“isolated” LVNC. Isolated LVNC was diagnosed based on a positive 
Petersen criterion (noncompacted (NC) to compacted (C) myocardium 
ratio in diastole >2.3) in the absence of other diseases such as hyper-
trophic and dilated cardiomyopathy, valvular heart disease, or 
congenital heart disease [3]. 

The study was approved by the local institutional review board and 
because of its retrospective nature no consent was required. The datasets 
analysed during the current study are available from the corresponding 
author on reasonable request. 

2.1. Cardiac magnetic resonance protocol 

All CMR images were performed on a 1.5 T scanner (Magnetom 
Avanto Siemens AG, Germany) using a protocol including postc-ontrast 
sequences accordingly with SCMR current recommendations [8,9]. 
Biventricular morpho-functional assessment was performed by a set of 
steady-state free precession sequence cine loops in sequential short-axis 
views and long-axis views as previously reported [10]. After 10 min 
since administration of gadolinium-based contrast agent (gadobenate 
dimeglumine, Multihance or gadobutrol, Gadovist, typically 0.2 mmol/ 
kg of body weight), 2-dimensional segmented fast low-angle short 
inversion recovery sequences were acquired in the same views of the 
cine images, covering the entire ventricles (repetition time, 5.4–8.3 ms; 
echo time, 1.3–3.9 ms; average in-plane spatial resolution, 1.4–1.5 ×
2.2–2.4 mm; 6-mm slice thickness; 2-mm gap; and flip angle, 20◦–25◦). 
Inversion times were adjusted to null normal myocardium using a Look- 
Locker sequence, and images were repeated in 2 separate phase- 
encoding directions to exclude artefacts. 

Global ventricular volumes, systolic function were calculated from 
the short-axis cine images, excluding papillary muscles from the 

myocardium, using a computer-aided analysis package (CMR42; Circle 
International ®) [11]. In all patients, the end-diastolic thickness of the 
compact and noncompact layers was measured according to a previously 
reported protocol [3]. The 2 layered wall thickness was systematically 
measured in long-axis view for all LV segments according to the AHA- 
17-segments model (with the exclusion of the 17th segment i.e., the 
apex). The number of segments with a NC/C ratio > 2.3 and the mini-
mum value of thickness of the compact layer were assessed at basal, mid 
and apical level. 

2.2. Follow-up 

All patients underwent annual clinical evaluation, including medical 
history, physical examination, basal 12‑lead ECG and 24-h Holter 
monitoring, and control echocardiographic examination; a control CMR 
was performed in those patients showing a worsening of echocardio-
graphic LV systolic function during follow-up. 

2.3. Statistical analysis 

Data are expressed as median with 25th to 75th percentiles because 
normality could not be assumed for any variable. Categorical differences 
among groups were evaluated by the χ2 test or the Fisher exact test, as 
appropriate. Differences among continuous variables were compared 
using the two-sample Z Kolmogorov-Smirnov test. Linear regression 
analysis was performed to study the correlation between median 
thickness of mid-ventricular free wall segments and left ventricular 
ejection fraction. 

Receiver operating curve characteristics were used to generate the 
most accurate cut-off values of compact layer thickness and its 
segmental extent for LV systolic dysfunction. 

A 2-tailed probability value of 0.05 was considered statistically sig-
nificant. All analyses were performed using SPSS 23 (SPSS Inc., Chicago, 
IL). 

3. Results 

Of 2454 CMR studies performed at the University Hospital of Padua 
during the study period 2017–2022, 196 (11%) fulfilled the Petersen 
criterion for LVNC. Of these 196 patients, 11 (5,6%) index patients 
fulfilled the Petersen criteria for LVNC and had a reduced LV ejection 
fraction LVEF (< 50%) (LVNCrEF). The final study population, included 
a total of 33 patients with isolated LVNC which consisted of the 11 index 
patients with LVNCrEF and 22 age-and gender matched controls ful-
filling the Petersen index for LVNC with a preserved LVEF (LVNCpEF). 
Baseline clinical characteristics of the entire study population and sub-
groups of patients with reduced LVEF and those with preserved LVEF are 
reported in Table 1. 

Seventy-three percent were male with a median-age of 25 years (IQ 
19–42). Median LVEF and LV EDV were 55% (IQ 48–58) and 100 ml/m2 
(IQ 89–104), respectively. Median LV EF in the index patients was 45% 
(42–48%) and 57% (55–59%) in the control subjects. Baseline clinical 
and imaging characteristics of the study population are reported in 
Table 1. 

3.1. Correlation between thickness of compaction layer and LV EF 

On standard CMR, patients with LVNCrEF had a statistically signif-
icantly higher value of the Petersen’s criterion compared with patients 
with LVNCpEF [median NC/C ratio 3.5 (IQ 2.8–3.7) versus 2.5 (IQ 
2.4–3.0); p = 0.01]. 

Segmental analysis of thickness based on the AHA17-segments 
model is reported in Table 2. There was no statistically significant dif-
ference between patients with LVNCrEF and those with LVNCpEF with 
regard to the number of the involved myocardial segments fulfilling the 
Petersen’s NC/C thickness ratio > 2.3 [6 (IQ 3–7) vs 4 (IQ 1–5) 

M. De Lazzari et al.                                                                                                                                                                                                                            



International Journal of Cardiology 397 (2024) 131614

3

segments, p = 0.29]. 
The two patients groups did not differ with regard to the thickness of 

the noncompact and the compact layers in the basal LV segments [me-
dian 5.6 mm (IQ 4.7–7.2) in LVNCrEF patients versus 6.5 mm (IQ 6–7.3) 
in LVNCpEF patients; p = 0.10]. The overall value of thickness of the 
compact layer (both septal and free wall segments) in LVNCrEF patients 
was significantly lower than that of LVNCpEF patients at apical level 
[3.4 mm (IQ 2.8–4.3) vs 5.1 mm (IQ 3.8–5.7), p = 0.01] and was of 
borderline statistical significant at mid-ventricular level [4.9 mm (IQ 
4.2–5.2) vs 5.6 mm (IQ 5–6.6); p = 0.09]. The wall thickness of non-
compact layers at both apical and mid-ventricular level (both septal and 
free wall segments) did not show any statistically significant difference 
among the two patients subgroups (Figs. 1, 2). 

A subanalysis of the association between wall thickness and systolic 
dysfunction at mid-ventricular segments, showed that the thickness of 
the compact layer in the four free-wall mid-ventricular segments was 
significantly lower in patients with LVNCrEF than in those with 
LVNCpEF [median 4.3 mm (IQ 3.9–4.9) vs 5.5 mm (IQ 5–6.5), p < 0.01]; 
by comparison, the thickness of the two septal mid-ventricular segments 
did not show any significant association with reduced LV ejection 
fraction [median 6.0 mm (IQ 5–6.5) in LVNCrEF vs 5.9 mm (IQ 5.1–6.9) 
in LVNCpEF;p = 0.84]. 

On linear regression analysis, there was a linear correlation between 
median thickness of mid-ventricular free wall segments and left ven-
tricular ejection fraction (r = 0.51, p = 0.005) (Fig. 3). 

On the ROC curve analysis, a thickness of the compact layer <5 mm 

Table 1 
Baseline clinical characteristics   

Overall 
(n = 33) 

LVNCrEF 
(n = 11) 

LVNCpEF 
(n = 22) 

P 
value 

Age (years) 25 (19–42) 25 (18–44) 24 (19–42) 1.00 
Male, n (%) 24 (73) 8 (73) 16 (73) 1.00 
Caucasian ethnicity 33 (100) 11 (100) 20 (100) – 
Body surface area (mq) 1.75 (1.66–2.03) 1.71 (1.61–1.8) 1.8 (1.66–2.07) 0.45 
Family history of SCD, n (%) 4 (12) 2 (18) 2 (9) 0.58 
Family history of CM, n (%) 7 (21) 3 (27) 4 (18) 0.66 
Symptoms     

Chest Pain, n (%) 4 (12) 3 (27) 1 (5) 0.10 
Dyspnea, n (%) 7 (21) 4 (36) 3 (14) 0.14 
Palpitation, n (%) 15 (45) 7 (63) 8 (36) 0.13 

ECG     
Interventricular conduction defect, n (%) 8 (24) 4 (36) 4 (18) 0.39 
Repolarization abnormalities, n (%) 4 (12) 1 (9) 3 (14) 1.00 
Echocardiographic criteria for LVNC, n (%) 33 (100) 11 (100) 22 (100) – 

24-h-ECG Holter     
Atrial arrhythmias, n (%) 0 (0) 0 (0) 0 (0) – 
NSVT, n (%) 3 (9) 2 (18) 1 (5) 0.25 

Standard CMR analysis     
LV EF (%) 55 (48–58) 45 (42–48) 57 (55–59) <0.01 
LV EDV (ml/mq) 100 (89–104) 100 (90–104) 101 (87–103) 0.97 
RV EF (%) 54 (51–58) 53 (47–58) 55 (51–59) 0.84 
RV EDV (ml/mq) 87 (80–98) 81 (75–92) 88 (84–98) 0.29 

LVNCrEF: Left ventricular non compaction with reduced ejection fraction; LVNCpEF: Left ventricular non compaction with preserved ejection fraction; SCD: sudden 
cardiac death; CM: cardiomyopathy; ECG: electrocardiogram; CMR: cardiac magnetic resonance; EF: ejection fraction; EDV: end diastolic volume; LV: left ventricle; 
NSVT: non-sustained ventricular tachycardia; RV: right ventricle. 

Table 2 
Segmental analysis of thickness  

Thickness of LV segments LVNCrEF LVNCpEF P value 

Segments with ratio of noncompaction/compaction thickness > 2.3 (n) 6 (3–7) 4 (1–5) 0.29 
Thickness of basal segments    

Compact layer (mm) 5.6 (4.7–7.2) 6.5 (6–7.3) 0.10 
Non-compact layer (mm) 0 0  

Thickness of mid-ventricular segments    
Compact layer (mm) 4.9 (4.2–5.2) 5.6 (5–6.6) 0.09 
Non-compact layer (mm) 7.9 (3.3–9.5) 5 (0–8.9) 0.65 

Thickness of apical segments    
Compact layer (mm) 3.4 (2.8–4.3) 5.1 (3.8–5.7) 0.01 
Non-compact layer (mm) 12 (9.5–13.7) 11.8 (9.8–13.8) 1.00 

Thickness of compact layer of mid-ventricular segments    
Septal mid ventricular segments (mm) 6 (5–6.5) 5.9 (5.1–6.9) 0.84 
Free wall mid-ventricular segments (mm) 4.3 (3.9–4.9) 5.5 (5–6.5) <0.01 
Mid ventricular segments of free wall with thickness of compact layer <5 mm (n) 3 (3–4) 1 (0–4) 0.01 
Patients with ≥2 mid ventricular segments of free wall with thickness of compact layer <5 mm (n, %) 11 (100) 9 (41) <0.01 

Papillary muscles    
Papillary muscles mass (g/mq) 1.2 (0.8–1.4) 1.6 (1.1–1.8) 0.08 
Well-formed Papillary muscles (n, %) 5 (46) 13 (59) 0.48 

LVNCrEF: Left ventricular non compaction with reduced ejection fraction; LVNCpEF: Left ventricular non compaction with preserved ejection fraction; C: compact 
layer; NC: non compact layer; FW: left ventricle free wall. 
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in the free-wall mid-ventricular segments showed the best accuracy for 
differentiating between LVNCrEF patients versus LVNCpEF patients 
(AUC 0.83, p = 0.02) (Supplemental online Fig. 1). Patients with 
LVNCrEF had a greater number of free-wall segments with a thickness of 
compact layer <5 mm compared to those with LVNCpEF [3 (IQ 3–4) 
versus 1 (IQ 0–4) segment(s); p = 0.01]. On the ROC curves analysis, ≥2 
segments with thickness of compact layer <5 mm in the free wall mid- 
ventricular segments showed 100% sensitivity (11/11 patients) and 
60% specificity for reduced LVEF (AUC 0.81, p < 0.01) (Supplemental 

online Fig. 2). The presence of <2 segments with thickness of compact 
layer <5 mm in the free wall mid-ventricular segments had a 100% 
negative predictive value for LV systolic dysfunction. 

3.2. Mass of papillary muscles 

On quantitative analysis, the mass of papillary muscles was lower in 
patients with LVNCrEF than in those with LVNCpEF [1.2 (IQ 0.8–1.4) 
versus 1.6 (IQ 1.1.-1.8) g/mq], although the difference was of borderline 

Fig. 1. A representative example of a patient with LVNCrEF. Diastolic frames of kinetic images in both four-chamber long axis and three-chamber long axis views 
showing a thinned compact layer with a thickness < 5 mm of the free-wall mid-ventricular segments. Note the free-wall to septum asymmetry of thickness. 

Fig. 2. A representative example of a patient with LVNCpEF. Diastolic frames of kinetic images in both four-chamber long axis and three-chamber long axis views 
showing a thickness of compact layer ≥5 mm. 
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statistical significance (p = 0.08). 

3.3. Follow-up 

All patients underwent a clinical evaluation and control echocar-
diographic examination during a mean follow-up period of 46 ± 8 
months. No patients experienced overt heart failure, ventricular tachy-
cardia or thromboembolic events during the follow-up period. Among 
the 11 patients with LVNCrEF associated with ≥2 segments with a 
compact myocardial layer <5 mm in the free wall mid-ventricular seg-
ments, in 9 patients the mild systolic LV dysfunction on baseline echo-
cardiography remained unchanged on control echocardiographic 
examinations (mean 3.2); in the remaining 2 patients there was a further 
reduction of LV ejection fraction on control echocardiographic exami-
nations (from 49% and 47% to 44% and 43%, respectively) during 
follow-up. All 22 patients with LVNCpEF associated with a thickness of 
compact myocardial layer ≥5 mm in the free wall mid-ventricular seg-
ments showed a LV systolic function within normal limits on both 
baseline and repeat echocardiographic tests (mean 2.8) during follow- 
up. 

A control CMR was performed in the 2 patients with worsening of 
echocardiographic LV systolic function over follow-up and confirmed 
the further reduction of LV ejection fraction. 

4. Discussion 

Our study was designed to test the hypothesis that a critical under-
development of the compact layer represents a disease-specific deter-
minant of the reduction of LV systolic function in isolated LVNC 
cardiomyopathy. The thickness of the compact layer of the LV Bull’eye 
segments was measured on CMR imaging studies and compared in a 
consecutive series of index patients with LVNCrEF versus age and gender 
matched controls with LVNCpEF. The results of our CMR study showed 
that an insufficient development of the compact layer, rather than the 
excessive trabeculation as evaluated by the NC/C ratio, was significantly 
associated with the impairment of LV systolic function which charac-
terizes the LVNC cardiomyopathy. 

The study findings are in keeping with those of previous studies 
showing that an excessive trabeculation in isolation (i.e., in subjects 
without phenotypic features of other heart muscle diseases or congenital 
malformations) has no clinical and prognostic significance. Previous 

large population studies reported that Petersen criteria for LVNC were 
fulfilled in approximately 20% of healthy individuals of the general 
population and that increasing values of NC/C thickness ratio were non 
associated with LV systolic dysfunction and poor clinical outcome over a 
long term follow up [5,7,12]. Previous CMR studies, demonstrated that a 
reduced LV ejection fraction (<50%) and the presence of LGE/ 
myocardial fibrosis are predictors of poor clinical course in LVNC pa-
tients [6]. However, it remains unclear whether these prior studies 
enrolled patients with a “true” LVNC cardiomyopathy or patients with a 
variety of dilated cardiomyopathy (DCM) or other heart muscle diseases 
with an “excessive trabeculation” phenotype. To avoid confusion with 
overlapping diseases, by study design we enrolled only patients with 
“isolated” LVNC, excluding those patients who fulfilled the CMR 
Petersen criterion for excessive trabeculation (hypertrabeculation 
phenotype) in association with features diagnostic for other heart 
muscle disease including LV dilation or LGE/myocardial fibrosis. Our 
subset of patients with “isolated” LVNC had an expectedly low preva-
lence of clinically overt heart failure, ventricular tachycardia and 
thromboembolic events that instead represent relevant disease mani-
festations in patients with advanced cardiomyopathy [4]. 

In the context of “isolated” LVNC, the identification of cut-off values 
of the thickness of compact layer associated with a reduced LVEF, pro-
vided significant insights into the pathogenesis and CMR imaging 
diagnosis of true LVNC cardiomyopathy. Our study results indicated that 
the presence of >2 free wall mid-ventricular segments with a maximal 
thickness < 5 mm had a sensitivity of 100% for diagnosing patients with 
isolated LVNC and reduced LVEF. The absence of such reduced thickness 
values for critical under-development of the compact layer had a 100% 
negative predictive value for LVNC cardiomyopathy. Of importance, 
there was a free-wall to septal thickness asymmetry with thinning of 
mid-ventricular segments of the LV free wall (median 4.3 mm) and 
preserved thickness of mid-ventricular segments of the septum (median 
5.5 mm). This free-wall to septal thickness asymmetry is a peculiar 
morphologic feature that may further characterize the isolated LVNC 
cardiomyopathy phenotype and help a differentiation from dilated 
cardiomyopathy with secondary excessive trabeculation, in which the 
wall thinning in the context of “eccentric hypertrophy” is expected to 
affect symmetrically septum and free wall. 

It is noteworthy that patients without reduced thickness values of the 
compact layer maintained a preserved echocardiographic LV systolic 
function over time, whereas those with ≥2 free wall mid-ventricular 
segments with a maximal thickness < 5 mm showed during a long- 
term follow-up either persistent or worsened LV systolic function on 
serial echocardiographic examinations and, in some cases, on control 
CMR study. 

Our CMR study results confirm and extend previous echocardio-
graphic findings suggesting the potential pathophysiologic importance 
of the thinned LV compact layer. In a previous small case-control study, 
a thickness value of the compact layer <5 mm measured on echocar-
diography in diastole was more often observed in athletes with LVNC 
and reduced LVEF than in those with a LVNC and normal LVEF [13]. 
Among 36 athletes fulfilling echocardiographic criteria for LVNC, 3 with 
LV EF <50% were reported to have a thickness of compact layer <5 mm 
in systole and < 4 mm in diastole [14]. 

Failure of noncompaction layer thickness and noncompaction/ 
compaction layer thickness ratio to predict LV systolic dysfunction, is in 
keeping with the current perspective that the excess of trabeculation 
does not represent a distinctive morpho-functional marker for LVNC 
cardiomyopathy, but a non-specific “phenotypic trait” observed even in 
association with other diseases and over-loading conditions. In this re-
gard, current embryologic evidence does not support the old concept 
that the compact layer is the result of a compaction process of the tra-
beculated myocardium, but indicates that compact layer and trabecu-
lated layers develop independently each other according to an 
“allometric growth” [12]. 

Fig. 3. Relationship between thickness of mid-ventricular free wall seg-
ments and left ventricular systolic function. Linear regression analysis plot 
showing the correlation between thickness of mid-ventricular free wall seg-
ments and LV ejection fraction (r = 0.51, p = 0.005). 
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4.1. Study limitations 

The study was limited by the relatively small sample of index pa-
tients because of the low prevalence of LVNC cardiomyopathy in isola-
tion herein defined as LVNC with a reduced systolic function in the 
absence of LV dilatation or other phenotypic features of other known 
heart diseases. 

To avoid possible overlap between isolated LVNC cardiomyopathy 
and dilated cardiomyopathy with a hypertrabeculation phenotype, we 
excluded patients with LV dilation systolic dysfunction and positive 
Petersen criterion for LVNC. Therefore, our study identified only the 
subset of patients with isolated LVNC cardiomyopathy with a reduced 
LV ejection fraction and no dilatation. Whether the free-wall to septal 
thickness asymmetry of segments at mid-ventricular level may help to 
differentiate advanced isolated LVNC cardiomyopathy with dilatation 
from dilated cardiomyopathy with a hypertrabeculation phenotype re-
mains to be determined by future studies. 

As per study design, we reported an association between the thick-
ness of compact layer and the LV systolic dysfunction in isolated LVNC, 
but cause-effect relationships can not be provided. 

Molecular genetic data were not addressed because this was not a 
genotype–phenotype correlation study, but a CMR imaging study aimed 
to delineate the phenotypic features of LVNC cardiomyopathy and the 
relationship between tinned compact layer and systolic dysfunction. Of 
note, a genetic aetiology is unlikely to impact the disease phenotype as 
shown by previous study reporting that LVNC patients with pathogenic 
variants of sarcomeric genes are phenotypically not distinct from those 
with a negative molecular genetic testing [15]. 

5. Conclusions 

In conclusion, a thinned compact layer with a thickness < 5 mm of 2 
or more segments of the LV mid wall in diastole was associated with a 
true LVNC cardiomyopathy, herein defined as LVNC in isolation with a 
reduced systolic function in the absence of LV dilatation. The excessive 
trabeculation in the absence of thinning of the compact layer appears as 
a “phenotypic trait” rather than a “cardiomyopathic morphologic 
marker” and is deprived of clinical and prognostic significance. 

The results of the present study should be considered hypothesis- 
generating and are expected to stimulate future prospective in-
vestigations on larger patient populations with LVNC cardiomyopathy 
over a longer follow-up. Validation of our preliminary results by further 
studies focusing on the clinical and prognostic significance of the thin-
ning of compact layer rather than the excessive trabeculation may 
impact future management of patients with LVNC. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ijcard.2023.131614. 
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