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Introduction

Left Ventricular Non-Compaction (LVNC) is a congenital car-
diomyopathy characterized by an alteration of myocardium
structure secondary to incomplete embryogenesis. Usually the
Left Ventricle (LV) is dilated and hypokinetic with a spongy ap-
pearance of the myocardium, consisting in protruding trabecu-
lae separated by crypts, located at the apex and lateral wall [1].
Recent publications consider excess of trabeculations as a phe-
notype more than a disease [2]. Indeed, the phenotype "excess
of trabeculation” could be found in hypertrophic or dilated form
of cardiomyopathy, and several morphologic cardiac imaging
criteria [3] of trabeculated, Non-compact (NC) and compacted
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myocardium (C) such as a NC/C ratio of >2.3 at cardiac magnetic
resonance imaging (Petersen criterion), the trabeculated LV
mass (Jacquier criterion), the trabeculated LV volume (Choi cri-
terion), and the trabeculated LV mass and distribution (Grothoff
criterion) have been proposed to isolate LVNC among these
phenotypes. Hence, in vivo recognition of LVNC is somewhat
difficult, even with the use of ultrasound and Cardiac Magnetic
Resonance Imaging (CMR) parameters, and correct diagnosis is
often missed because insufficient knowledge of this uncommon
disease. Clinical consequences of misrecognition may be desas-
trous, leading to cardiac failure and dilated cardiomyopathy.
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The potential of cardiac Computed Tomography (CT) has sel-
dom been tested in the diagnosis of LVNC [4-5], in particular
using a 3D virtual gross pattern approach [6-7]. Therefore, the
purpose of this study was to determine the feasibility of cardiac
CT angiography associated to virtual 3D reality to validate the
diagnosis of LVNC.

Material and Methods

In 19 patients with Jenni’s criteria of LVNC: A NC/C ratio> 2 at
end-systole, a thin epicardial layer and a thick endocardial non-
compacted layer with prominent trabeculations and deep inter-
trabecular recesses deeply perfused at color Doppler, and nor-
mal LV volumes at echocardiography [3-4], contrast-enhanced
ECG-gated Cardiac CT Angiography (CTA) was performed at the
arterial phase of iodine injection (Xenetix 350, Guerbet, France)
on a 64 or higher detector CT system. Anonymized images were
reconstructed on a Vitrea workstation (Vital Images, Minneton-
ka, USA) and compared to anonymized cardiac CT images of 19
matched controls, selected on the basis of a normal examina-
tion after ruling out coronary artery disease by cardiac CTA. No
control displayed dilated or hypertrophic cardiomyopathy. Five
controls had moderately hypertrophic LV trabeculations with a
NC/C ratio< 2 at cardiac ultrasonography.

All images were reviewed in a standard cineloop axial, bidi-
mensional (2D) Multiplanar (MPR) and Three-Dimensional (3D)
Volume Rendering (VRT) mode. This last mode was used in a
navigator mode to better assess papillar muscle abnormalities,
as it provides images looking like open surgery.

Trabeculations thickness was measured perpendicular to the
compact myocardium on MPR views and their orientation was
assessed both on short-axis MPR and VRT angioscopic views.
The inner dimensions of the LV were calculated (telediastolic
base-apex distance, and transverse diameter 1cm close to the
mitral valve) and resulted in the definition of an eccentricity in-
dex [8]. Papillary muscle morphology was assessed semi quan-
titatively as normal, dysmorphic or absent, both on 2D MPR and
3D angioscopic images.

Statistical analysis was performed to exhibit significant dif-
ferences between patients and controls. The quantitative val-
ues were presented as means + standard deviations.

The differences in the quantitative results were assessed us-
ing Wilcoxon signed-rank test. Mc Nemar’s x2 test was used to
compare qualitative variables. A p value < 0.05 was considered
statistically significant.

This study was designed as a retrospective analysis of pa-
tients treated at a single institution. Informed consent was
waived with the approval of the institutional review board.

Results

Main LVNC patterns (Table) were an abnormal LV geometry
(Figure 1a) with ballooning and papillar muscles dysmorphism
(n=9) or absence (complete, n=6; partial, n=4), and presence of
trabeculations parallel to the endocardium or anarchic (n=19),
most of them being thinner than 2 mm (n=15). In controls (Fig-
ure 1b), trabeculations when present were perpendicular to
the endocardium in a radial distribution and were thicker than
3 mm. Differences in eccentricity indexes and papillar muscle
features (Figure 2) between LVNC and controls were significant
(Table), including controls with hypertrabeculations (p < 0.001
for all).

Virtual 3D angioscopy helped exhibit papillary muscle dys-
morphism and fiber disorganization that were hardly analyzable
on MPR reformations in 8 LVNC subjects and 3 controls.

(1a)

LAO4 CAU4

Figure 1: Virtual 3D surgery in long axis CT view. Dense
non-compact fibrillar meshwork without any papillary muscles
identified in LVNC (a), and normal papillar muscle architecture in
a control (b).
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Figure 2: Histogram comparing papillary muscle assessment
between LVNC subjects and controls, according to the CT recon-
struction mode.

VRT=3D angioscopic volume rendering technique; MPR=2D multi-
planar reformations.

Table 1: Distinctive features between LVNC and controls.

LVNC n=19 | Controls n=19 | Significance
LV eccentricity index 0.66+0.06 0.54+0.08 p<0.0001
Papillary muscles characterization
- Present and normal 1(5%) 16 (84%)
) p<0.0001

- Present and dysmorphic 11 (58%) 3 (16%)
- Absent 7 (37%) 0
Trabeculations
- Perpendicular 14 (74%)

. ) p<0.0001
- Disorganized 13 (68%)
- Both 6 (32%) 5 (26%)
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Discussion

LVNC is characterized by prominent endocardial hypertra-
beculations and deep recesses within the left ventricle. At au-
topsy, the absence of well-formed papillary muscles is a clue to
the diagnosis, even when intertrabecular recesses are micro-
scopic [1-5].

Echocardiography and CMR are currently used to confirm
this specific morphological feature, both techniques displaying
a ratio NC/C 22 [9]. Indeed on 2D imaging, it is often difficult to
differentiate the papillary muscles and trabeculations from false
tendons and aberrant bands [10]. The present results show that
3D VRT achieved virtual 3D images of cardiac chambers that
allowed an overall characterization of papillary muscles and
trabeculations. In particular, the absence of normal papillary
muscles was quite pathognomonic of LVNC patients. Cardiac
CT with 3D virtual angioscopy can further provide a gross anat-
omy equivalent to autopsy, which is a specific advantage over
other techniques. CT could be a useful adjunct to these other
methods at the price of limited radiation exposure according to
recent CT systems. Along with the measurement of the eccen-
tricity index, it could improve the diagnostic accuracy; a recent
report [8] indicated geometric alterations such as LV eccentric-
ity as a robust auxiliary landmark in LVNC.

Conclusion

CT VRT can help display the outer shape of papillary mus-
cles and trabeculations. Improvements in spatial resolution are
mandatory to achieve proper cardiac fibers evaluation.
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