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Abstract

The presence of myocardial noncompaction (NC), regardless of the criterion used, does not identify cardiomyopathy per se. The
distinction between a morphological variant and the presence of an NC cardiomyopathy is challenging. However, thanks to larger
cohorts of patients and longer periods of follow-up, better clinical characterization and prognostic evaluation are becoming
available. Indeed, the physician is required to integrate the evidence of NC with the clinical history of the patient, which is
supplemented by necessary advanced instrumental investigations before a definite diagnosis of NC cardiomyopathy can be made.
Therefore, we extensively revised the current literature in order to help the clinicians to identify clinical features which are pivotal
supporting diagnostic element for the correct recognition of Left ventricular noncompaction cardiomyopathy and thus highlight-
ing the difference between a form of cardiomyopathy and a mere intraventricular hypertrabeculation.

Keywords Left ventricular noncompaction - Cardiomyopathy - Echocardiography - Cardiac magnetic resonance - Late
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Introduction

Left ventricular noncompaction cardiomyopathy (LVNC) is a
rare heart muscle disease characterized by pronounced ventric-
ular trabeculation, due to the arrest of the normal compaction
process of the myocardial wall during fetal development [1].
Morphologically, the left ventricle (LV) is characterized by the
presence of a noncompacted (NC) subendocardial layer, with
trabeculae separated by deep recesses, and a thin compacted (C)
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epicardial layer. The inferolateral and apical regions of the LV
are frequently affected [1]. However, the right ventricle (RV)
may be affected as well [2-5], and RV involvement may occur
with hypertrabeculation, dilatation, and dysfunction, the latter
most likely due to coexistent left ventricular dysfunction [5].
The variability in the phenotypic expression and absence of
gold standard diagnostic criteria make the prevalence difficult
to estimate. However, current data report a prevalence of 0.1—
0.3% in the adult population of this condition [6-8].
Moreover, the only presence of a phenotype characterized
by pronounced NC subendocardial layer is insufficient to
identify a LVNC cardiomyopathy and a correct diagnosis can-
not be established using morphological criteria alone without
a careful clinical characterization [9]. Indeed, there is the risk
of over diagnosing the condition because several physiologi-
cal circumstances characterized by volume overload, such as
pregnancy [10], athleticism [11-13], African ethnicity [14],
and pathological condition of volume overload [15], are often
associated with a LVNC-like phenotype. On the other hand,
LVNC can frequently be found in primary (dilated, hypertro-
phic, arrhythmogenic, and restrictive cardiomyopathy) as well
as in acquired cardiomyopathies [14]. Even congenital heart
diseases are often characterized by ventricular noncompaction
[16-18]. A family history of LVNC, coexisting
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neuromuscular disorders, abnormal 12-lead ECG findings,
presence of arrhythmia, heart failure, and previous occurrence
of thromboembolism are pivotal supporting diagnostic ele-
ments [19]. We extensively reviewed the current literature in
order to help clinicians in the identification of morphological
and clinical features useful for the correct distinction between
LVNC cardiomyopathy and forms of mere intraventricular
hypertrabeculation.

Diagnostic criteria

Since the 1990s, a number of morphological criteria have been
proposed (Table 1) [20-28].

Among the echocardiographic criteria, those proposed by
Jenni’s [21] are the most widely used. According to these
criteria, an end-systolic NC/C ratio greater than 2 in the
parasternal short axis view is supportive of LVNC. In 2005,
Petersen et al. [24] proposed new cardiac magnetic resonance
(CMR) criteria for diagnosing LVNC: an NC/C ratio greater
than 2.3 in a long axis end-diastolic image, in at least two
consecutive segments.

Several studies have proposed additional criteria to im-
prove the diagnostic sensitivity and specificity (see Table 1)
[25-28].

Most of these studies have been generated integrating
Jenni’s criteria [21] in association with one or more clin-
ical aspects such as family history, neuromuscular disease,
heart failure, arrhythmias, syncope, and previous throm-
boembolic events. Jacquier et al. [25] have proposed to
define LVNC based on the presence of a NC to C mass
ratio greater than 20% in a short axis end-diastolic cine
CMR image. Grothoff et al. [26] increased the complexity
of the diagnostic criteria introducing the concept of the
NC mass indexed by body surface area. Captur et al.
[27] studied the complexity of distribution of the NC
myocardium using a mathematical model based on fractal
analysis. Finally, Stacey et al. proposed using the ratio
between NC to C layers at end-diastole and end-systole
on cine CMR images [28].

Currently, only the Captur criteria [27] appear to be
really strict and relatively precise. Indeed, Kawel et al.
[29] demonstrated a lack of specificity of Petersen’s
criteria, with a positivity of 43% in a large cohort (N =
1000) of healthy volunteers. A subsequent study by Weir-
MccCall JR et al. [30] showed a 15% positivity for at least
one of Petersen’s [24], Jaquier’s [25], Grotoff’s [26], and
Stacey’s [28] morphological criteria in a large cohort of
healthy volunteers (N = 1480).

These studies demonstrated that the use of numerical cutoff
alone may be a suboptimal criterion to establish a diagnosis of
LVNC. Therefore, more specific criteria are needed to im-
prove the diagnosis of this challenging entity.
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Pathogenetic considerations and morphologic
evaluation

Evolutionary changes during cardiac morphogenesis suggest
that LVNC reflects impaired/arrested compaction of the de-
veloping myocardium during intrauterine life [31].

The compaction process or trabecular remodeling gradual-
ly progresses from the epicardium to the endocardium, and
therefore the embryonic myocardial maturation and its arrest
during embryogenesis may determine the LVNC phenotype.
Thus, it could be useful searching for some NC characteristics
which may represent morphological traits capable of differen-
tiating a normal variant from a pathological myocardial struc-
ture with potential clinical relevance. Especially at CMR eval-
uation, the association of a thinner compact myocardial wall,
reflecting the expression of embryogenic arrest, with a
superimposed NC layer of the myocardium could differentiate
a pathological NC myocardium from intraventricular
hypertrabeculation representing a normal variant which is
characterized by NC within a normal myocardial thickness
(Fig. 1, panels a and b).

Electrocardiogram

Twelve-lead electrocardiogram (ECG) is often abnormal in
LVNC [19, 32] (see Table 2), and new alterations can emerge
over time as shown by Stolberger C. et al. [38].

Zhou H. et al. [39] found that a longer corrected QT interval
(QTc) was associated with more elevated native T1 values.
These data suggest that patients with prolonged QTc probably
have more fibrosis and QTc prolongation correlated inversely
with patient outcome.

Cetin MS et al. [40] evaluated the role of fragmented QRS
(fQRYS) in inferior and lateral leads in 88 patients. The fQRS
emerged as an independent predictor of arrhythmic events and
cardiovascular mortality in patients with LVNC.

Echocardiography

Echocardiography is the first imaging technique used in daily
practice in the diagnostic workup of patients with LVNC.

Potential technical pitfalls and potential confounding ele-
ments are off axis imaging, false tendons, aberrant bands, LV
apical thrombi, and cardiac tumors [41].

During the general evaluation of systolic and diastolic
function, an early marker of systolic impairment is a reduced
global longitudinal strain (GLS) [13].

Thanks to the high spatial resolution and accuracy in vol-
umetric quantification, three-dimensional echocardiography
has been demonstrated to be a feasible tool for the identifica-
tion of patients with LVNC and the assessment of the extent of
NC myocardium [35].
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Table 1  Morphological echocardiography and CMR criteria for LVNC definition
Method Number Morphologic criteria Cardiac Recommended section
phase
Chin et al. [20] ECO 8 Ratio X/Y <0.5 End-diastolic Parasternal long axis
X—Distance between the epicardial surface and Apical 4 chamber
through of intertrabecular recess
Y—Distance between epicardial surface and peak
of trabeculation
Jenni et al. [21] ECO 7 Ratio NC/C>2 End-systolic Parasternal
Color Doppler evidence of deep intertrabecular Short axis
recesses filled with blood from the left ventricular
cavity
Stollberger et al. [22] ECO 14 More than three trabeculations protruding from the left Not defined ~ Not defined
ventricular wall, located apically to the papillary
muscles and visible in one image plane
Belanger et al. [23] ECO 60 Planimetric area of NC and NC/C ratio Not defined  Apical four chamber view for
Mild: area<2.5 cm? and/or NC/C < 1 quantification of planimetric
Moderate: area 2.5-5 cm? and/or NC/C 1-2 area
Severe: area>5 ¢cm® and/or NC/C>2 NC/C not defined
Petersen et al. [24] CMR 7 Ratio NC/C>2.3 End-diastolic SSFP
Long axis
Jacquier et al. [25] CMR 16 Mass NC/C >20% End-diastolic SSFP
Short axis
Grothoffetal. [26] CMR 12 Mass NC/C >25% End-diastolic SSFP
Mass NC index on BSA > 15 g/m? Short axis
Ratio NC/C > 3:1 in all segment excluding apex
Ratio NC/C>2:1 in basal segment of inferior,
inferolateral, and anterolateral wall
Captur et al. [27] CMR 30 FD global > 1.26 End-diastolic SSFP

FD apical > 1.3

Short axis

Adapted from Negri F. et al. Make a point on left ventricular noncompaction. G Ital Cardiol (Rome). 2018 Jun;19 (6):371-378

N number of patients, SSFP steady-state free precession (or cine imaging), F'D fractal dimension

Cardiac magnetic resonance

CMR provides both morphological evaluation and noninva-
sive tissue characterization and has been widely used in
LVNC [33, 37] (Fig. 2).

Nucifora et al. [36] in 2011 described the CMR findings in a
cohort of LVNC patients (N = 42). Hypertrabeculation was more
frequent at the apex and at the middle segments of the anterolat-
eral and inferolateral walls; LV systolic dysfunction was present
in about half of the cases; 55% of patients showed mid-wall late
gadolinium enhancement (LGE), which did not closely correlate
with the NC areas. At multivariate analysis, LGE was the only
independent predictor of systolic LV impairment.

Recently, in a prospective multicenter study from Andreini
et al. [4], LV dilatation and systolic dysfunction and the pres-
ence of LGE were identified as independent predictors of poor
outcome. Interestingly, the degree of LV trabeculation did not
have a significant prognostic impact. Similarly, Ivanov et al.
[42] did not attribute a prognostic value to Petersen [24],
Jacquier [25], and Grothoff [26] morphological criteria. The
analysis was inconclusive for Captur criteria [27] with few
patients analyzed. However, both studies included only adult
patients; therefore, the concept of a poor prognostic value of

the presence of NC cannot be translated to infants and children
with extensive area of NC. LV trabeculation, however, seems
to be correlated with reduced myocardial deformation index-
es, even in the presence of a normal ejection fraction. Nucifora
et al. [43] demonstrated that children/adolescents with LVNC
and normal ejection fraction have a significant impairment of
myocardial deformation parameters compared to controls,
suggesting an early onset of the ominous effects of the disease
on LV function. Similar results were obtained by Cai et al. [44]
in a population of apparently healthy subjects.

These observations underline the usefulness of myocardial
deformation imaging as a more sensitive technique for the
evaluation of LV function, compared to LVEF, and imply that
a subclinical impairment of myocardial deformation proper-
ties occurs quite early in the course of the disease and raise the
question of whether subtle changes of myocardial deformation
parameters may predict the development of overt cardiomy-
opathy. Further studies, ideally with a longitudinal design and
with long-term follow-up, are needed to address this issue.

Native T1 mapping has emerged as a useful tool to
identify the presence of diffuse myocardial fibrosis with-
out the use of a paramagnetic contrast agent in several
cardiac diseases [45—47].
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Fig. 1 Transthoracic
echocardiogram. Panel a and b
applications of Jenny’s criteria;
red dash noncompacted layer,
white dash compacted layer NC/
Cc>2

Table 2 Clinical presentation and
instrumental features in LVNC
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Main clinical and instrumental features in LVNC Prevalence (%) Reference
Family history of LVNC 10-18 [4, 33]
Neuromuscular disease 34 [4, 34]
Asymptomatic 50-69 [4, 33]
Heart failure 9-89 [4,7, 33, 35, 36]
Arrhythmias
Ventricular ectopic beats 3149 [33, 35]
SVT/NSVT 941 [4, 7,20, 33, 34, 37]
AF 10-29 [7, 33, 34]
Thromboembolic events 4-7 [4,37]
Abnormal ECG 57-94 [7, 20, 31, 33]
Echocardiography data
LV dilatation EDD > 60 mm 49-67 [7]
LVEF <50% and diastolic dysfunction>1II grade 63-100 [7,17, 20, 21]
Segmental kinetics abnormality of LV 100 [21]
RV NC 7-22 [2, 3]
Cardiac magnetic resonance
LV dilatation 53 [4]
LV dysfunction 40-73 [4, 33, 35, 36]
Late gadolinium enhancement (LGE) 10-55 [4, 33, 35, 36]
RV NC 9-18 [4, 5]
RV (dilatation, dysfunction, LGE) 1626 [4, 5]

Adapted from Negri F. et al. Make a point on left ventricular noncompaction. G Ital Cardiol (Rome). 2018 Jun;19

(6):371-378

LVNC left ventricular noncompaction, STV sustained ventricular tachycardia, NSVT nonsustained ventricular
tachycardia, AF atrial fibrillation, EDD end diastolic diameter (long axis view), LVEF left ventricular ejection

fraction, RV right ventricular
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Fig. 2 Cardiac magnetic
resonance. Panel a: four chamber
oblique view; left ventricular
noncompacted (NC) layer at
lateral and apical wall
demonstrated with cine CMR,
white arrows show very thin
compacted (C) layer. Panel b:
short axis view; white arrows
show the thin compacted layer.
Panels ¢ and d show reduce
global longitudinal strain (GLS)
in a LVNC patient, particularly at
the apex, as a marker of early
disease

Zhou et al. [48] have applied T1 mapping in 31 patients with
LVNC and without LGE. The study demonstrated that LVNC
patients have elevated native myocardial T1 values compared
with normal controls, suggesting that native T1 mapping may
be a more useful indicator of early-stage myocardial fibrosis than
LGE imaging in LVNC patients. The results of this study were
confirmed by Araujo-Filho JAB et al. [49].

Nevertheless, these findings need to be confirmed by larger
studies, in order to determine the prognostic value of this tech-
nique in this population. Finally, in whom CMR is not tolerated
or contraindicated [50], computed tomography (CT) has a role
in the study of patients in the context of LVNC providing
information of NC using Petersen criteria [51].

Genetics

Genetic characterization of LVNC is improving thanks to the
next-generation sequencing (NGS) technique. However, large
areas of uncertainty in the interpretation of the data [52] still
persist.

Many of the genetic mutations found in LVNC are shared
with other cardiomyopathies [34, 53—55], in particular dilated
cardiomyopathy [55].

In their study on 95 patients, Sedaghat-Hamedani et al. [55]
demonstrate that the gene most frequently involved in LVNC
was Titin (TTN) with truncating variants, followed by Lamin
A (LMNA).

In arecent report by Wang et al. [56] in 102 Japanese pediatric
patients with LVNC, the genes most frequently involved were (3-
myosin heavy chain (MYH?7) and Tafazzina (TAZ). This study
shows that patients with pathogenic variants have a worse prog-
nosis with an increased risk for the composite end point of death,
transplantation, and defibrillator implantation. Furthermore, the
same authors demonstrate that mutations in nonsarcomeric genes
carry a worse prognosis compared to those in sarcomeric genes.
Finally, the study [56] demonstrates that patients with several
pathogenic variants have a worse prognosis compared to patients
with a single pathogenic variant.

In a multicenter study carried out in four centers in the
Netherlands, Waning et al. [57] investigated the prognostic
role of genetic mutations in patients with LVNC. The study
included 52 children and, for the first time, a large cohort of
adult (275 patients) with a diagnosis of LVNC assessed by
echocardiography and CMR.

Children and adults were divided into three groups: pa-
tients with a gene mutation (genetic group; 32%), patients
with family history of LVNC without a pathogenic mutation
(probably genetic group; 16%), and patients without family
history and pathogenic mutation (sporadic group; 52%).
Among the patients of the genetic group, the most common
mutations involved MYH7, MYBPC3, and TTN genes.
Mutations were found more frequently in children, while
sporadic LVNC was more prevalent in adults. The presence
of probable mutation or multiple mutations was associated
with the occurrence of major adverse cardiac events

@ Springer
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Echocardiographic (recommended Jenni’s criteria) and
CMR* criteria: suspect of LVNC

!

! 1

l

ECG criteria Medical History criteria  Imaging Criteria
Abnormal 12-lead ECG  Heart Failure Echocardiography:
Long QTc; fQRS Arrhythmias (SVT; NSVT) LVEF <50%
Thromboembolic events LVEF 50-54% and GLS <15%
Unexplainded syncope Diastolic grade > IS
Neuromuscular disease CMR:
LGE +
High T1
GLS/GCR/GRS impairment

None of the above criteria

}

Physiological conditions (e.g. athlete, pregnancy, etc.)

Fig. 3 Proposed diagnostic algorithm. LVNC left ventricular
noncompaction, LVEF left ventricular ejection fraction, HCM
hypertrophic cardiomyopathy, DCM dilated cardiomyopathy, CHD
congenital heart disease, STV sustained ventricular tachycardia, NSVT

(MACE) during a median follow-up of 60 months in children,
while no difference in risk of MACE was observed among the
adults with genetic, probable genetic, and sporadic LVNC. In
the context of NC, left ventricular systolic dysfunction seems
to have an important prognostic role; indeed, it was associated
with an increased risk of MACE while genetic patients with
good LV function had a low risk of adverse cardiac events.

Clinical management

LVNC has a wide presentation range [58, 59] (see Table 2).
Ventricular tachycardia (VT) is reported in 38-47% of patients
with LVNC [32]. Muser et al. [60] demonstrated that the electro-
anatomic substrate of VT in patients with LVNC typically in-
volves the noncompacted mid-apical LV segments. In these sub-
jects, catheter ablation may be a safe and effective procedure to
achieve a good ventricular arrhythmia control during follow-up.

Thromboembolic events are described in 4—7% of patients
[4, 36, 37] and can significantly affect the prognosis and qual-
ity of life. Some authors suggest the use of oral anticoagulant
therapy in patients with LVNC with left ventricular dysfunc-
tion (ejection fraction <40%) and sinus rhythm [31, 61].
However, it is important to mention that evidence-based
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Presence of at least one of these conditions

Other cardiac disease excluded

LVNC

* Jacquier’s, Grothoff’s, recomendend criteria.
Captur’s criteria few data available.

Petersen’s criteria not recommended for risk of
over diagnosis LVNC.

§ If found in patients < 40 years old

nonsustained ventricular tachycardia, fQRS fragmented QRS, GLS
global longitudinal strain, GCS global circumferential strain, GRS
global radial strain

recommendations for the prevention of thromboembolic
events in LVNC have not been established.

Treatment of heart failure characterized by impaired
LV systolic function is based on optimal medical therapy
including angiotensin converting enzyme (ACE) inhibi-
tors and beta blockers according to international guide-
lines [62] and ICD implantation, when indicated [62].
The majority of studies report patients in NYHA class
I-II, while just a few studies report patients with ad-
vanced heart failure NYHA III-1V [7, 36, 37, 59].

Conclusions

From the early 1990s, emphasis has been placed on the mor-
phological criteria in order to better define NC cardiomyopa-
thy. Only recently, thanks to larger cohorts of patients and
longer periods of follow-up, common clinical features and
new elements (e.g. LGE; pathogenic mutation, T1 value, sys-
tolic impairment which include GLS) to define prognosis have
emerged. The physician is now called to integrate the evidence
of NC with the clinical history of the patient, supplemented by
appropriate instrumental examinations before a definite
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diagnosis of NC cardiomyopathy can be established. Finally,
we propose an algorithm (Fig. 3) to help in identifying LVNC
from a noncompaction condition that can be considered phys-
iological. However, many aspects are still not fully under-
stood: multicenter studies, registers, and observational studies
are needed for a better comprehension of the pathology, ade-
quate risk stratification, and targeted follow-up.
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