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Functional assessment in left ventricular
non-compaction cardiomyopathy in multimodality
imaging era might improve the definition
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Abstract: Left ventricular non-compaction (LVNC) is an increasingly recognized phenotype. The current definition of
the LVNC does not mention LV dysfunction as an absolute criterion in addition to morphological criteria. LV dilatation and
decreased LV ejection fraction (LVEF) are often late manifestations of the disease and correlate with the occurrence of car-
diovascular complications. However, to define LVNC as a cardiomyopathy, functional criteria must be fulfilled, in addition to
the morphological ones. Multimodality imaging, such as myocardial deformation and myocardial work analysis derived from
speckle tracking echocardiography (STE), in combination with cardiac magnetic resonance (CMR) might improve diagnosis
and characterization of non-compaction, exposing earlier signs of LV systolic dysfunction. We present two comparative
cases of LVNC in order to highlight the idea of subclinical dysfunction even in apparently benign forms with preserved LVEF,
and also the importance of multimodality imaging approach.
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Rezumat: Non-compactarea de ventriculul sting (NCVS) este un fenotip din ce in ce mai recunoscut. Definitia actuala a
NCVS nu mentioneaza disfunctia VS ca un criteriu absolut, aditional criteriilor morfologice. Dilatarea VS si scaderea fractiei
de ejectie a VS (FEVS) sunt adesea manifestari tardive ale bolii, ce se coreleaza cu aparitia complicatiilor cardiovasculare.
Pentru a defini NCVS ca si cardiomiopatie, trebuie sa fie indeplinite si criterii functionale, aditional celor morfologice.
Imagistica multimodala, ce include analiza deformarii miocardice si a lucrului mecanic cardiac derivata din ecocardiografia
speckle tracking (STE), in combinatie cu rezonanta magnetica cardiaca (RMC) ar putea imbunatati diagnosticul si caracte-
rizarea non-compactarii, demascand semne precoce ale disfunctiei sistolice de VS. Prezentam doua cazuri comparative de
NCVS pentru a evidentia ideea prezentei disfunctiei subclinice chiar si in forme aparent benigne cu FEVS prezervata si, de
asemenea, importanta abordarii imagistice multimodale.

Cuvinte cheie: non-compactare, cardiomiopatie, imagistica multimodala, lucru mecanic cardiac, fibroza.

INTRODUCTION

LVNC is a cardiac phenotype characterized by a bi-
layered myocardium, consisting of a thin, compacted
epicardial layer (compacted myocardium - CM) and a
much thicker, non-compacted endocardial layer (non-
compacted myocardium - NCM), with trabeculations
and deep intertrabecular recesses'. It was classified as ~ Solute criterion, but only non-standardized morpho-
a distinct primary genetic cardiomyopathy by the Ame- logical criteria®”, thus creating multiple controversies.
rican Heart Association in 2006, and as an unclassified ~ Chin et al.? defined LVNC by echocardiography when

cardiomyopathy by the European Heart Association in CM/(NCM + CM) is <0.5, assessed at end-diastole on
2008'2. short-axis parasternal views. Jenni et al. redefined the

According to last guidelines, cardiomyopathies are
defined by structural and functional abnormalities of
the ventricular myocardium that are unexplained by
flow limiting coronary artery disease or abnormal loa-
ding conditions®. However, the current definition of
LVNC does not mention the LV dysfunction as an ab-
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criteria as a NCM/CM ratio >2 at end-systole on short
axis parasternal view*. The trabecular anatomy repre-
sents a true cardiac fingerprint?, which can vary greatly
from one ethnic group to another, from women to
men, from children to adults. In this line, the echocar-
diographic criteria were later refined by Stollberger
et al.°>. They proposed to diagnose LVNC considering
the presence of >3 trabeculations along the LV en-
docardial border visible in end-diastole, distinct from
the papillary muscles, false tendons, and aberrant mus-
cle bands, which move synchronously with the CM.
According to Stollberger, the perfusion of intertrabe-
cular spaces from the ventricular cavity is better visu-
alized at end-diastole, while the bilayered myocardium
is better assessed at end-systole. Regarding the CMR,
two main different criteria were proposed, by Peter-
sen et al.%, as a NCM/CM ratio of 22.3 in end-diastole
on long axis images, at a site with the most prominent
trabeculations, and Jacquier et al.’, as the presence of
a NCM mass greater than 20% of the global LV mass
in a short axis end-diastolic image.

Moreover, with increasing awareness and advan-
ced imaging techniques, two major forms have been
identified: LVNC with reduced LVEF and LVNC with
preserved LVEF?'?, the functional impact of NC being
questionable.

Myocardial work (MW) by STE, a new parameter
that takes into account deformation as well as after-
load through interpretation of strain in relation to
dynamic non-invasive LV pressure'!, might help iden-
tifying the functional implications in LVNC. It has alre-
ady shown incremental value to myocardial deforma-
tion to identify the responders to cardiac resynchroni-
zation therapy'?, acute coronary occlusion in patients
with non-ST-elevation acute coronary syndrome'®,
and prognostic value in cardiac amyloidosis't. MW
related indices consist of myocardial constructive
work (CW), as MW performed during LV shortening
in systole and LV lengthening during the isovolumic
relaxation, contributing to LV ejection during systole,
myocardial wasted work (WW), as MW performed
during LV lengthening in systole and shortening during
the isovolumic relaxation phase that does not contri-
bute to LV ejection, and MW efficiency (MWE), calcu-
lated as the ratio between CW/(CW + WW)'!,

In order to evaluate the functional implication of
NC, we present a comparative multimodality ima-
ging assessment of two cases with a clear diagnosis of
LVNC and heart failure (HF) with both preserved and
reduced ejection fraction.
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CASE |

A 56-year-old woman with history of hypertension
and hypothyroidism presented with progressively low
exhertional dyspnea in the past 2 years, associated
with palpitations. She has a history of sudden deaths
in her family, a niece at 23 and a nephew at 40. On cli-
nical examination, she had bradycardia and increased
blood pressure of 180/100 mmHg. ECG showed infe-
rior atrial rhythm, left anterior fascicular block, with
fragmented QRS in inferior leads and slightly increased
QTc interval of 458 ms. NTproBNP was elevated at
349 pg/ml. 24-hour Holter ECG monitoring revealed
background sinus bradycardia, with multiple supra-
ventricular extrasystoles (6449/24h) and rare isolated
premature ventricular complexes (PVC) (53 /24h).

Transthoracic echocardiography (TTE) showed a
non-dilated left ventricle (end-diastolic volume = 55
ml/m?), LVEF of 60% and grade | diastolic dysfunction,
with prominent trabeculations of the LV myocardium
(Figure |A, Video ), fulfilling both Stollberger and
Jenni criteria for LVNC (NCM/CM ratio=3). She had
no significant valvulopathies. CMR confirmed the dia-
gnosis of LVNC (Figure |B, Video 2), meeting both the
Petersen (NCM/CM ratio=4.15) and Jacquier criteria
(NCM mass=50.33%) and LVEF of 53.8%.

Global longitudinal strain was normal (GLS = -22%),
with a slightly decreased basal and mid septal defor-
mation, but with preserved apical deformation (Figure
I C). However, the MW analysis revealed the real dys-
functional myocardium. We found a decreased MWE,
in addition to the septal segments, at the level of NC
apical segments (Figure | D-E), with an increased WW
and a preserved CW in the posterior and lateral apical
NC segments (Figure |E).

In line with this findings, myocardial T1 mapping by
CMR also showed the highest native T| values in the
apical segments up to | 180 ms (normal values 950+21
msec'?), with substantial expanded extracellular volu-
me of up to 35.1% (normal values 25+4%'®), sugges-
ting myocardial fibrosis. No areas of focal fibrosis have
been identified with late gadolinium enhancement.

Bradycardia and the preserved LVEF limited the
medical treatment. She was started on ACE inhibitors
and low dose of diuretics. She was followed-up cli-
nically every 6 months, with a favorable response to
therapy and similar LVEF after 2 years.

CASE 2

A 7l-year-old male, with history of HF, hypertensi-
on, dyslipidemia, paroxysmal atrial fibrillation, ische-
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Figure |. LVNC with preserved LVEF.

A.Transthoracic ecocardiography, apical 4 chamber view, and B. cardiac magnetic resonance, short axis view: bilayered myocardium, with a thick non-
compacted myocardium (NCM) endocardial layer (green line-panel A-B), with broad myocardial trabeculations and deep intertrabecular recesses, commu-
nicating with the left ventricular cavity (blue arrows-panel B), and a thinner compacted myocardium (CM) epicardial layer (red line-panel A-B). C. Speckle
tracking ecocardiography: slightly decreased deformation of the basal and mid septal segments, with normal apical deformation D-E. Myocardial work
analysis: decreased myocardial work efficiency (MWE) in the septal segments and also in the apical non-compacted segments, dominantly in the posterior
and lateral ones, by increasing the wasted work (WW), with a preserved constructive work (CW).
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Figure 2. LVNC with reduced LVEF

A. 2D transthoracic ecocardiography, apical three chamber view, and B. 3D transthoracic ecocardiography, focused on sections apically to the insertion
of the papillary muscles, showing a bilayered myocardium, with a thin epicardial CM layer (red lines-panel B) and a sponge-like NCM endocardial layer
(green lines-panel B), gradually increasing in thickness from papillary muscles level to the apex. C. Speckle tracking ecocardiography: gradually decreased
deformation from basal anterior and septal segments to mid apical posterior and lateral segments, in a “yin yang” pattern, corresponding to NC segments.
D-E. Myocardial work analysis: severely decreased myocardial work efficiency (MWE) in the same segments with reduced deformation, with the collapse
of constructive work (CW) and significantly increased wasted work (WW), especially in mid posterior and lateral NC segments.
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mic stroke, chronic kidney disease (CKD), ankylosis
spondylitis, and mild hypochromic normocytic anemia,
presented with orthopnea and chest pain for about 2
months. Physical examination showed blood pressure
of 140/90 mmHg, mitral systolic murmur grade 11/VI,
mild basal crackles and bilateral pedal edema. ECG re-
vealed sinus rhythm with grade | atrioventricular block
and major right bundle branch block. NTproBNP was
severely elevated (>30000 pg/ml) with an increase of
hs-cTnl up to 159 ng/l. 24-hour Holter ECG moni-
toring revealed also rare isolated PYC (79/24h) with
short episodes of atrial fibrillation.

2D and 3D TTE showed LVEF of 38%, with diffu-
se hypokinesia, and a bilayered LV, with a sponge-like
appearance of the endocardial layer due to the small
interlacing trabeculae, with perfused intertrabecular
recesses, suggestive for LVNC (Figure 2 A-B, Video
3-5). The NCM/CM ratio was 3.16. Mild mitral and
aortic insufficiencies were also observed. GLS was
significantly reduced to -12%, with significant defor-
mation impairment, gradually from basal anterior and
septal segments to mid apical posterior and lateral NC
segments, in a ,yin yang” pattern (Figure 2C), with
corresponding significantly decreased MWE, increa-
sed WW and severely depressed CW, mainly in mid
posterior and lateral NC segments (Figure 2 D-E).
Coronarography did not revealed significant lesions.
We did not perform a CMR evaluation, because of
the CKD, and of the impossibility to maintain for a
long time a stable position (ankylosis spondylitis). He
was started on oral anticoagulants, beta-blockers, ami-
odarone, loop diuretics, ACE inhibitors and statins,
with significant improvement of HF symptoms from
NYHA class IV to NYHA class Il

DISCUSSION

Our cases illustrate the multimodality imaging findings
in two different phenotypes of LVNC, with similar gra-
des of NC, both symptomatic by HF, one with pre-
served and one with reduced LVEF. We also highlight
the idea that in LVNC cardiomyopathy, LVEF does not
depend only on the degree of NC, but also on the ex-
tension of functional changes in NC and C segments
of the LV. As in the case of hypertrophic cardiomyo-
pathy, it would be ideal to be able to distinguish at
the first sight between a real LVNC cardiomyopathy
and genetic or non-genetic phenocopies of myocardial
hypertrabeculation.

LVNC is presumed to be a rare disorder of en-
domyocardial morphogenesis'. However, acquired
and potentially reversible hypertrabeculations of LV,
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as forms of cardiac remodeling associated with other
cardiomyopathies or other conditions with volu-
me overload, raised questions regarding the role of
epigenetic and hemodynamics factors, complicating
the diagnosis of a true LVNC'%'¢!”. The presence of
hypertrabeculation fulfilling the LVNC criteria should
be a starting point for clinical investigations. The next
step should be the assessment of the functional impact
and clinical implications, and then, if confirmed, to per-
form family screening and genetic testing. Multimoda-
lity imaging approach using 2D TTE, 3D TTE, STE with
MW analysis, and CMR evaluation can solve the first
two essential steps in the diagnosis of LVNC.

To better understand the functional implication of
NC we need to look back at compaction process. It
has been shown that this process gradually progresses
from the epicardium to the endocardium, from the
base to the apex and from the septum to the free wall
in the LV'®. The coronary circulation develops con-
currently during this process, and the intertrabecular
recesses are reduced to capillaries'®. The timing of im-
pairment determines the severity and extension of the
LVNC, the LV apex being the most involved, as the
compaction process concludes in the apex®.

In line with all these findings, in both our patients,
NC was predominant in mid-apical postero-lateral
segments, with a reduced MWE in these segments,
with a lower magnitude in the patient with preserved
LVEF by comparison with the one with reduced LVEF.
However, the cause of a reduced apical systolic per-
formance in the first patient, with an apparently benign
LVNC phenotype with preserved EF and normal GLS,
could not have been clearly understood without using
CMR and MW analysis by STE.

In our opinion, in the case with preserved LVEF,
we found myocardial fibrosis detected by CMR at the
level of NC segments, generating functional changes
consisting only of an increased WW, without affecting
CW. This finding suggests that LVNC with preserved
LVEF is not just a normal and benign variant of LV
hypertrabeculation. In patient with reduced LVEF, as
we expected, we found significant deformation im-
pairment and reduced MWE, with severely depressed
CW and increased WW in NC segments, generating
more important functional changes.

Chin et al.® suggested that subendocardial perfusi-
on defects might be present in LVNC, despite of the
absence of epicardial coronary artery disease. These
have also been described by Soler et al. using CMR?'.
Moreover, Junga et al.”> demonstrated, in a positron
emission tomography (PET) study, restricted myocar-
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dial perfusion and decreased coronary flow reserve
(CFR) in areas of LVNC, which may be related to fa-
ilure of the coronary microcirculation to grow with
the increasing ventricular mass. An impaired CFR le-
ads to the development of small areas of necrosis and
replacement fibrosis, providing an arrhythmogenic
substrate. Moreover, De Melo et al.® recently eva-
luated myocardial perfusion and metabolism, by using
| 8F-fluoro-2-deoxyglucose dynamic PET (FDG-PET)
and P"Tc sestamibi single-photon emission computed
tomography (SPECT), and found out that LVNC was
associated with a diffuse reduction in myocardial glu-
cose metabolism, with a negative correlation betwe-
en myocardial glucose uptake (MGU) and NCM:CM
ratio, suggesting a worse LV remodeling over time in
patients with higher NCM:CM ratios. Based on these
findings, they suggested a different pathophysiology of
LVNC, by comparison with other cardiomyopathies,
in which higher rates of MGU have been observed.
More precisely, they suspected a mitochondrial dys-
function pathway, which has been recently showed to
exacerbate the biogenesis and development of fibro-
sis?.

All these findings might explain why CMR evaluati-
on with myocardial T| mapping showed higher native
T1 values and ECV in the apical NC segments in our
patient, suggesting myocardial fibrosis, which led to
secondary reduced apical systolic performance.

CONCLUSIONS

Our cases highlights that multimodality imaging by 2D
echocardiography with speckle tracking and myocardi-
al work analysis, 3D echocardiography, and CMR with
T1 mapping can define functional criteria into a futu-
re stepwise diagnostic algorithm in LVNC, confirming
impairment of non-compacted segments, by decrea-
sing work efficiency due to the progressive increase
of wasted work from the early stages and the decrea-
se of the constructive work in the late stages, on the
background of myocardial fibrosis.

It also emphasis that multimodality imaging can dis-
cern between benign hypertrabeculation and LVNC
cardiomyopathy with preserved EF, showing reduced
systolic performance and incipient myocardial fibrosis
in non-compacted segments, despite normal deforma-
tion.
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