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Abstract

Background: Ultrasonography is commonly used to diagnose left ventricular noncompaction (LVNC). A ratio of
noncompacted to compacted myocardium (NC/C ratio) > >2 is often used to diagnose LVNC. However, a large
proportion of patients with noncompact myocardium have NC/C < 2, and the prognosis of these patients have not
been studied.

Methods: We included children diagnosed with LVNC between 0 and 15 years of age from January 2007 to
December 2018. LVNC was diagnosed based on Stollberger standard when over three trabeculae were found to be
associated with the interventricular recesses. A maximal end systolic ratio of noncompacted to compacted layers
was NC/C ratio. Outcomes for LVNC subjects with NC/C < 2 and NC/C > 2 were compared using Kaplan-Meier
methods.

Results: There were 124 newly diagnosed LVNC cases, classified as isolated (i-LVNC, n =47) or non-isolated (ni-
LVNC, n=77) LVNC and NC/C> 2 (n=43) or <2 (n=81). The median (interquartile range) follow-up duration was
12 (3-30) months for all patients and 16 (6-36) months for survivors. Sixteen patients with i-LVNC died during
follow-up. Patients with i-LVNC and NC/C > 2 had worse survival than those with NC/C < 2 (p =0.022).

Conclusions: In conclusion, during a 12-month follow-up, patients with i-LVNC with NC/C < 2 had a benign
prognosis and better outcomes than those with NC/C > 2, suggesting that the former could have a more active
and routine lifestyle.
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Left ventricular noncompaction (LVNC) is increasing in
prevalence and is a type of cardiomyopathy classified by
an extensive trabeculated myocardium, which was sepa-
rated into two distinct layers composed of compacted
and noncompacted myocardium [1, 2]. The American
Heart Association classifies it as a genetic cardiomyop-
athy caused by arrested myocardial development [2, 3].
LVNC can be detected among individuals of all ages,
ranging from fetuses to nonagenarians, and those with
left ventricles that are normally sized and well-
contracting or dilated and poorly contracting [4, 5].
However, the exact mechanisms underlying the LVNC
pathophysiology remain unclear, especially considering
the wide age range in which the phenotype presents [6].
Clinical symptoms range from asymptomatic to signs of
heart failure, including life-threatening arrhythmias,
sudden death, or stroke [7-9]. Despite advancements in
medical technology, there are no genetic or imaging
modalities that can diagnose LVNC with absolute
certainty [10]. Usually, ultrasound is used for diagnosis,
and the three most commonly cited echocardiographic
criteria include the depths of intertrabecular recesses
[11], ratio of noncompacted to compacted myocardium
(NC/C ratio) [12], and the number of trabeculations [13]
However, none of these diagnostic criteria are optimal in
terms of sensitivity and accuracy [7, 14—16].

At our hospital, the diagnosis of LVNC was based on
the Stollberger standard when more than three trabecu-
lae were found to be associated with the interventricular
recesses [13]. We also measured the NC/C ratio because
we consider it as a critical diagnostic factor, and
relatively more patients had an NC/C ratio <2. Some
researchers suggested that overdiagnosis was probably
due to the inappropriate implementation of the diagno-
sis criteria [17]. It is unclear whether patients with an
NC/C ratio < 2 have different clinical manifestations and
whether they should be treated the same as those with
an NC/C ratio > 2. Early diagnosis and correct manage-
ment of LVNC patients are crucial. Therefore, in this
study, we analyzed the late outcomes among children
with LVNC (using the Stollberger criteria) and com-
pared the clinical features as well as patient prognosis
based on the NC/C ratio.

Methods

This observational, single-center, and retrospective study
included all children, between 0 and 15years of age,
from the Children’s Hospital of Chongqing Medical
University diagnosed with LVNC from January 2007 to
December 2018. Medical records were reviewed to
document clinical presentations, including symptoms,
primary diagnosis, New York Heart Association
(NYHA)/Ross classification, associated dysmorphic
features, presence of arrhythmia, and a positive family
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history. Echocardiograms were analyzed for ejection
fraction, mitral and tricuspid inflow velocities, ventricu-
lar dimensions, and features of congenital heart disease.
GE ViVid-7Dimension ultrasonic diagnostic instrument
was used and the echoPAC Dimension external digital
workstation was equipped with 3V cardiac probe (GE
Healthcare, Boston, MA, USA). All performers who had
at least 8 months experience with echocardiography and
all records were reevaluated by one experienced cardi-
ologist to confirm the diagnosis. Holter monitors and
12-lead electrocardiograms (ECGs) were examined to
detect arrhythmia. In addition, for some patients, cine
cardiac magnetic resonance images (MRIs) were
analyzed to assist diagnosis. Standardized clinical and
echocardiographic data were obtained for patients who
were followed regularly. All patients were called by
telephone to procure information regarding mortality
and reason of death, last functional capacity, syncope,
cerebrovascular events, or hospitalization for heart
failure. Ethical approval was obtained from the ethics
committee of Children’s Hospital of Chongqing Medical
University (Approval number: no. 24 of 2015), and
informed consents were obtained from parents or guard-
ians on the behalf of participants.

LVNC was diagnosed based on two criteria: (1) more
than three trabeculations protruding from the ventricu-
lar wall, apically to the papillary muscles and visible in a
single image plane as well as (2) intertrabecular spaces
perfused from the ventricular cavity and visualized on
color Doppler imaging [18]. Further, apical short-axis
and four-chamber views was measured in all patients. A
maximal end systolic ratio of noncompacted to com-
pacted layers was NC/C ratio [12]. (Fig. 1). Patients who
did not have coexisting cardiac abnormalities were diag-
nosed with isolated LVNC (i-LVNC) [12]. Children with
structural heart disease and other myocardium disease
were classified as non-isolated LVNC (ni-LVNC). The
primary endpoint was patient death. Heart failure classi-
fication was defined by its notation in the medical record
by the attending cardiologist and/or the NYHA or Ross
classifications, if present in the records.

All statistical analyses were performed using the IBM
SPSS  statistic  Version 19(International Business
Machines Corporation; Armonk, NY, USA). Images were
made using GraphPad Prism Version 6 (GraphPad, San
Diego, CA, USA). Continuous variables were expressed
as medians (interquartile ranges) and compared using
the Wilcoxon sum-rank test, where appropriate.
Categorical variables were expressed as proportions and
compared using the chi-squared test. Event-free rates
were calculated using the Kaplan-Meier methods.
Distributions of time to event analyses, categorized by
phenotype, were compared using the log rank test. The
median follow-up time was defined as the last access to



Gan et al. BMC Pediatrics (2020) 20:430

Page 3 of 8

(double-headed arrow)

Fig. 1 Diagnostic criteria of left ventricular noncompaction, as proposed by Stollberger: more than three trabeculations in one imaging plane
below the level of the papillary muscles. (single-side arrow). End-systolic assessment of noncompaction (NC) layer to compaction(C) layer.

patient data. Owing to the relatively low number of
cases, univariable Cox regression analysis was performed
to examine the association between variables and
outcome of death. Variables evaluated using the univari-
able regression analysis included age at presentation,
presence of heart failure, family history, arrhythmia,
ejection fraction, fractional shortening, and NC/C ratio.
All p-values < 0.05 were considered significant.

Results

During the 10-year study period, there were 124 newly
diagnosed cases of LVNC which included 57 boys and
67 girls. Forty-seven (37.9%) and 77 (62.1%) patients
were diagnosed with i-LVNC and ni-LVNC, respectively.
Forty (51.9%) patients with ni-LVNC had multiple heart
defects, with the most frequent lesions being patent
ductus arteriosus, atrial septal defects, ventricular septal
defects, or single ventricular or aortic stenosis. Further-
more, 43 (34.7%) patients had an NC/C ratio > 2, and 81
(65.3%) had an NC/C ratio<2 (Table 1). Additional
LVNC was confirmed using characteristic findings of left
ventricular angiography in six patients and by using MRI
in 10.

Moreover, 32 patients with ni-LVNC underwent
surgery during the follow-up period. Noncompaction
was not found after surgery in 18 patients but did
not change in the remaining 11 patients. One patient
with atrial septal defects showed spontaneous healing

Table 1 Classification of all LVNC patients (n = 124)

NC/C<2 NC/C>2

(n=281) (n=43)
i-LVNC(n =47) 23 (18.5%) 24 (19.5%)
ni-LVNC(n =77) 58 (46.8%) 19 (15.3%)

LVNC left ventricular noncompaction. NC/C
noncompaction-to-compaction ratio

but did not show changes in noncompact layer.
Additionally, 16 patients with i-LVNC died during
follow-up; a patient who drowned unexpectedly was
considered lost to follow-up. Eleven (73.3%) of these
patients died within 1year. Freedom from death was
68.1% (95% confidence interval [CI], 52.9-80.9) for
patients with i-LVNC. The median (interquartile
range) follow-up duration was 12 (3-30) months for
all patients and 16 (6-36) for survivors. Figure 2
shows the survival for all cases of i-LVNC. Table 2
shows the association between clinical factors and
time to death, as determined by the univariable Cox
regression analysis. In this study, no factor was found
to significantly affect prognosis. However, the presen-
tation of family history, arrhythmia, and heart failure
seemed to show poor prognosis. Patients with NC/
C<2 had NYHA /Ross classification of III/IV, which
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Fig. 2 Long-term freedom from death of all 47 i-LVNC subjects. i-
LVNG, isolated left ventricular noncompaction
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Table 2 Univariable predictors of death after diagnosis of i-LVNC (n =47)

Variable HR 95% Confidence interval p value
Male 1.001 0.99-1.01 0.845
Presentation with heart failure 147 0.33-6.58 0613
Family history of cardiomyopathy 3.88 047-31.85 0.207
Arrhythmia/abnormal findings on electrocardiography 203 0.63-6.55 0.236
Baseline EF 1.01 0.97-1.06 0.573
Baseline FS 1.03 0.95-1.12 0.498
NC/C ratio 1.72 0.90-3.29 0.098

EF ejection fraction, FS fractional shortening, HR hazard ratio, i-LVNC isolated left ventricular noncompaction, NC/C ratio noncompaction-to-compaction ratio

p < 0.05 shows statistical significance

was significantly lesser than the patients with NC/C >
2 (p=0.029). Significantly more abnormal ECG find-
ings were observed in patients with NC/C>2 than
among those with NC/C<2 (p=0.01). Left ventricular
ejection fraction and fractional shortening were not
significantly different between the groups (Table 3).
In addition, Kaplan-Meier estimate of cumulative
freedom from death to follow-up time revealed that
patients with i-LVNC and NC/C ratio>2 had worse
survival than those with NC/C<2 (Log Rank p=
0.022) (Fig. 3).

Discussion

We present the first retrospective study on NC/C <2
in LVNC patients so far, and found that patients with
i-LVNC and NC/C <2 had good prognosis than those
with NC/C<2 (p=0.022) and three cases of deaths
suggested that i-LVNC patients with NC/C <2 were
not always benign. Over the past decade, there have
been remarkable technological advances in image
resolution in 2D echocardiography, leading to better
diagnosis of LVNC. This study reviewed all hospital-
ized patients diagnosed with LVNC in the past 10

Table 3 Comparison between NC/C > 2 and NC/C < 2 of patients with i-LVNC

Characteristics NC/C<2 NC/C>2 p-
n=23 n=24 value
Age of diagnosis (months) 7.2 (2.2-34) 6.8 (3.5-44.5) 052

0-1(Y) 13 (56.5%) 15 (62.5%) -

1-15 (V) 10 (43.5%) 9 (37.5%) 0.68
Sex ratio (female: male) 48:52 (11:12) 50:50 (12:12) 0.88
Weight — median (IQR), kg 6.5 (55-12.3) 75 (54-11.3) 057
NYHA class/ Ross at diagnosis — n (%)

| 5(21.7%) 4 (16.7%) -

Il 9 (39.1%) 3(12.55) -

11l 6 (26.1%) 7 (29.2%) -

v 3 (13%) 10 (41.7%) 0.03
Arrhythmia/abnormal findings on electrocardiography 9 (39.1%) 18 (75%) 0.01
Thromboembolic 0 (0%) 1 (4.2%) 032
Family history 1 (4.3%) 1 (4.2%) 0.97
LVEF-median (IQR) 46.5 (36.3-51) 35 (31-44.5) 0.07
FS-median (IQR) 22.5(17.5-26) 16 (14.5-22) 0.07
NC/C ratio: median (IQR) 15(14-1.8) 24 (2.2-3.1) <0.01
Number of deaths 3 12° 0.01
Median (IQR) duration of follow-up, months 12 (6-24) 10 (1-42.3) 0.69

i-LVNC isolated left ventricular noncompaction, IQR interquartile range, LVEF left ventricular ejection fraction, FS fractional shortening, NC/C ratio noncompaction-

to-compaction ratio, NYHA New York Heart Association

Data are expressed as median (IQR) or as number (percentage). p < 0.05 shows statistical significance

@Another patient death occurred, which was not included in the analysis
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Fig. 3 Kaplan-Meier estimate of the cumulative freedom from death
to follow-up. The i-LVNC patients with an NC/C ratio > 2 have worse
survival than those with an NC/C ratio < 2 (p = 0.022). i-LVNC,
isolated left ventricular noncompaction; NC/C,
noncompaction-to-compaction ratio.

years and examined late outcomes in these patients
based on the NC/C ratio.

Left ventricular noncompaction is characterized by
trabeculations in the inner layer of the myocardium
and a thinner than usual external compact myocardial
layer. This abnormality is often associated with other
congenital cardiac defects, such as ventricular defects
and aortic constriction [19, 20]. Furthermore, LVNC
may be more common in children with congenital
heart disease [21]. In our study, more than half of the
patients with LVNC had congenital heart disease;
incomplete trabeculation was the secondary change
following other myocardial diseases [22]. There are
three commonly cited echocardiographic definitions
to identify LVNC, including the depths of intertrabe-
cular recesses, NC/C ratio, and number of trabecula-
tions. All of them have been widely used in clinical
settings, with them having known limitations [23, 24].
Kohli et al. studied these criteria and found that there
was a poor correlation between them, with only
29.8% of patients fulfilling all three criteria; these
parameters were also found to be highly subjective
[24]. In addition, the diagnosis of LVNC is prone to
interobserver variability. Even when using the same
definition, experienced echocardiographers from
different laboratories disagreed in 35% of cases, and
after mutual review, 11% of cases remained question-
able [25]. In our study, diagnosis was based on echo-
cardiographic criteria proposed by Stollberger [13].
Considering that the NC/C >2 standard proposed by
Jenni [12] has also been widely used, we combined
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two different diagnostic criteria to analyze the
patients in our study. In most of the research,
patients with NC/C<2 were generally excluded from
LVNC and has not been systematically studied so far
[12]. However, we found that patients with LVNC< 2
accounted for about half of the patient group in this
research. Some researchers have suggested that
technological advances in image resolution have led
to a more intricate visualization of the left ventricular
myocardium, resulting in overdiagnosis of LVNC [26].
The important question posed by this study was
whether the high proportion of patients fulfilling the
current diagnostic criteria for LVNC with an NC/C
ratio < 2 was explained by a genuine congenital abnor-
mality or an exaggeration of the normal trabeculation
patterns.

According to our classification, more than half of
patients were ni-LVNC with cardiac structural
changes. Noncompaction was no longer present after
reversal of structural heart defects in some patients.
Genetic mutation(s) and nongenetic factors, such as
loading conditions (volume/pressure load), contribute
to ventricular remodeling (concentric remodeling,
concentric/eccentric hypertrophy) and the myocardial
phenotype seen in LVNC [23, 24]. Noncompaction in
these cases may be attributed to the high-pressure
exposure of the ventricle, causing the changes to
disappear after treatment of the primary disease. This
is consistent with the findings of a study by Robert
H. Andersen, which indicated that increased cardiac
afterload could cause transient noncompaction [22].
However, noncompaction with structural heart dis-
eases owing to genetic abnormalities may persist after
treatment. It remains to be fully determined whether
LVNC is a physiological or a pathological phenotype
of the myocardium. As LVNC may have an important
impact on morbidity and mortality, differentiating be-
tween variants and LVNC is important, and a reliable
diagnosis is crucial.

The prognosis of patients with ni-LVNC is more
affected by its concomitant disease, so that we analyzed
the clinical characteristics and prognosis of patients with
i-LVNC independently. We found that freedom from
death was 68.1% for patients with i-LVNC in a median
follow-up period of 12 (3-30) months. This result is
consistent with the reported 10-year transplant-free sur-
vival rate (60-86%) in studies from Toronto and Texas
[27, 28]; however, our rate was lower than the 93-95%
obtained in studies from Japan and Cincinnati [6, 29].
These differences are likely due to backgrounds of the
study patients. Lower mortality in our study may have
occurred because we classified patients with LVNC and
DCM into ni-LVNC, which have the prognosis similar
to that of pure DCM [6]. Furthermore, outcomes are
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generally better among children with i-LVNC than
among those with LVNC with associated cardiomyopa-
thies [6]. The lower mortality in the Japanese study
might be reflective of a higher proportion of asymptom-
atic cases, which is due to the establishment of system-
atic  childhood screening programs in Japan.
Additionally, the lower mortality in Cincinnati may be
due to the exclusion of patients with arrhythmias. Based
on a recent retrospective single institution report,
arrhythmias are a significant factor in predicting poor
patient outcomes [30]. In our study, most children with
i-LVNC died within 1 year of diagnosis, which is consist-
ent with results of a previous study [31]. Cox regression
analysis revealed no significant prognostic factors, con-
sistent with findings of another single-center study [32].
However, several studies have demonstrated that youn-
ger age at diagnosis, higher immediate left ventricular
end diastolic diameter, and noncompact segments, as
seen in ECG were associated with poor prognosis [12].
As in other studies, the severity of the systolic dysfunc-
tion was the most important predictor of survival at any
time during follow-up [31]. Consistent with that finding,
the NYHA class of most patients who died (73.3%) was
II/TV. The lack of statistical significance for this result
may be related to the small number of patients who had
follow-up.

The number of patients in the two groups was similar,
making it impossible to ignore patients with an NC/C
ratio < 2. Although baseline echocardiographic measure-
ments were similar among the groups, abnormal find-
ings on ECG and occurrence of thrombo-embolic events
was higher among patients with NC/C >2 than among
patients with NC/C < 2. Multiple modes of LVNC inher-
itance have been described in the literature; X-linked
recessive or autosomal dominant are the most common,
while autosomal recessive and mitochondrial inheritance
have also been described [27]. In our study, two (4.3%)
patients with i-LVNC had a positive family history of
cardiomyopathy, which was much lower than 16-44%
reported in published studies [27, 29, 31]. This discrep-
ancy may be related to the lack of understanding of the
disease, inadequate screening for immediate family
members, and unpopular nature of the domestic gene
test. Routine genetic testing is critical for establishing a
genotype—phenotype correlation and moving to the next
step, which involves the genetically confirmed diagnosis
of LVNC [23]. Long-term outcomes were much better
for children with i-LVNC with an NC/C ratio<2
compared to those with NC/C>2, according to the
Kaplan-Meier estimate. The mortality rate was much
higher among patients with NC/C>2 than among
patients with NC/C < 2; there are two probable explana-
tions for this result. First, the NC/C ratio might be
related to disease severity, indicating that the low
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mortality in this group may reflect a high proportion of
asymptomatic cases because of technological advances in
image resolution. Some studies revealed that the NC/C
ratio was an independent predictor of left ventricular
systolic dysfunction [33]. However, in a study that in-
cluded a follow-up period of 7.2 years, heart transplant-
ation and death were not associated with the NC/C
ratio. Moreover, the NC/C ratio has a specific mutation
rate, and the reproducibility of measurements is poor
[16]. Second, technological advances in image resolution
have led to a more intricate visualization of the left ven-
tricular myocardium, resulting in overdiagnosis of LVNC
[17]. However, 3 of 23 patients with an NC/C ratio <2
died, suggesting that patients with this NC/C ratio do
not always have benign outcomes or better prognosis.
Most studies excluded the NC/C patients from the
study, and the treatment of these patients was often
neglected [12, 32, 33]. According to our study, we sug-
gest that this group of patients also need to be followed
up regularly, and the interval can be relatively extended,
so that the prognosis can be accurately determined by
long-term follow-up evaluation. Using MRI, genetic test-
ing, and clinical data examinations, further clarification
is required regarding overdiagnosis of LVNC in patients
with an NC/C ratio < 2.

LVNC is a rare disease in children and our data, which
was a pilot study from a single center have local charac-
teristics that can represent disease characteristics in
southwest China. However, larger multicenter studies
are needed to validate these preliminary findings and
generate more conclusive diagnostic and prognostic
data. Outcomes from the present study cannot be gener-
alized to children who have noncompaction with other
phenotypes, those without symptoms diagnosed during
routine family screening, or those diagnosed using gen-
etic testing. The exact reason of death for some patients
were not available because they were followed up by
phone call. Not all patients underwent genetic and mito-
chondrial testing during the study period, and the lack
of availability of ultrasound several years ago led to an
underestimation of the actual morbidity and missed
family histories. The limited number of cases did not
allow for multivariable analysis to be conducted. Because
echocardiographic diagnosis of LVNC was partly
subjective, the lack of a central core echocardiogram
laboratory in this study was a limitation, which might
have resulted in the under-or overdiagnosis of LVNC in
our cohort. Only a small number of patients underwent
cardiac MRI, which is potentially a more effective
modality for diagnosing LVNC.

Conclusions
Our study indicated that ultrasonic examination was
very useful; however, MRI and genetic testing were also
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critical for confirming diagnosis. During a 12-month
follow-up, we found that patients with i-LVNC with an
NC/C ratio < 2 had better prognosis and better outcome
than those with an NC/C ratio > 2, suggesting that the
former can have a more active and routine lifestyle.
However, 3 out of 23 patients with the NC/C < 2 pheno-
type died after the diagnosis, suggesting that a variation
exists among these patients and that caution should be
exercised when treating these patients.

Abbreviations
LVNC: Left ventricular noncompaction; NC/C: Noncompaction to compaction
ratio; DCM: Dilated cardiomyopathy; NYHA: New York Heart Association

Acknowledgments

The authors thank Xvpei Huang from Florida Atlantic University for his
guidance to our research. We would like to thank Editage (www.editage.
com) for English language editing.

Authors’ contributions

All authors contributed substantially to the conception and design of the
study and to the critical review of the manuscript. JT and LIL helped us
obtain the clinical data and the subsequent follow-up of patients. LL helped
improve the design of experimental subjects. YG was a major contributor in
analyzing data and writing this article. TWL supervised the whole process of
experiment design, data analysis, article writing, and submission. All authors
read and approved the final manuscript. All persons who have made sub-
stantial contributions to the work reported in the manuscript, including
those who provided editing and writing assistance but who are not authors,
are named in the Acknowledgments section of the manuscript.

Funding

This research was funded by the National Natural Science Foundation of
China (Grant Number: 81570218). National Natural Science Foundation of
China was not directly involved in study design, collection, analysis, and
interpretation of the data, writing of the manuscript, or the decision to
submit the article for publication.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by the local ethics committees of the Children'’s
Hospital of Chongging Medical University (Approval number: no. 24 of 2015).
The patients provided signed written informed consent. The privacy rights of
human subjects were observed for patients and their family.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Cardiology; Ministry of Education Key Laboratory of Child
Development and Disorders; National Clinical Research Center for Child
Health and Disorders (Chongging); China International Science and
Technology Cooperation base of Child development and Critical Disorders,
Children’s Hospital of Chongging Medical University, Chongging, People’s
Republic of China. “Pediatric Department, Maternal and Child Health Hospital
of Hubei Province, Tongji Medical College, Huazhong University of Science
and Technology, Wuhan, People’s Republic of China. *Chongaing Key
Laboratory of Pediatrics, Chongqing, People’s Republic of China. “Ministry of
Education Key Laboratory of Child Development and Disorders, Chongging,
People’s Republic of China.

Page 7 of 8

Received: 5 November 2019 Accepted: 24 August 2020
Published online: 09 September 2020

References

1. Freedom RM, Yoo SJ, Perrin D, Taylor G, Petersen S, Anderson RH. The
morphological spectrum of ventricular noncompaction. Cardiol Young.
2005;15(4):345-64.

2. Lipshultz SE, Cochran TR, Briston DA, et al. Pediatric cardiomyopathies:
causes, epidemiology, clinical course, preventive strategies and therapies.
Futur Cardiol. 2013,9(6):817-48.

3. Jenni R, Oechslin EN, van der Loo B. Isolated ventricular non-compaction of
the myocardium in adults. Heart. 2007;93(1):11-5.

4. Stollberger C, Winkler-Dworak M, Blazek G, Finsterer J. Prognosis of left
ventricular hypertrabeculation/noncompaction is dependent on cardiac and
neuromuscular comorbidity. Int J Cardiol. 2007;121(2):189-93.

5. Stollberger C, Finsterer J. Survival in young patients with noncompaction
may not only depend on cardiac but also on neuromuscular comorbidity.
Circ J. 2017;81(8):1238.

6. Jefferies JL, Wilkinson JD, Sleeper LA, et al. Cardiomyopathy phenotypes and
outcomes for children with left ventricular myocardial noncompaction:
results from the pediatric cardiomyopathy registry. J Card Fail. 2015;21(11):
877-84.

7. Boban M, Pesa V, Beck N, et al. Supplementary diagnostic landmarks of left
ventricular non-compaction on magnetic resonance imaging. Yonsei Med J.
2018;59(1):63-71.

8. Oechslin EN, Attenhofer JCH, Rojas JR, Kaufmann PA, Jenni R. Long-term
follow-up of 34 adults with isolated left ventricular noncompaction: a
distinct cardiomyopathy with poor prognosis. J Am Coll Cardiol. 2000;36(2):
493-500.

9. Bhatia NL, Tajik AJ, Wilansky S, Steidley DE, Mookadam F. Isolated
noncompaction of the left ventricular myocardium in adults: a systematic
overview. J Card Fail. 2011;17(9):771-8.

10. Yubbu P, Nawaytou HM, Calderon-Anyosa R, Banerjee A. Diagnostic value of
myocardial deformation pattern in children with noncompaction
cardiomyopathy. Int J Cardiovasc Imaging. 2018;34:1529-39. https://doi.org/
10.1007/510554-018-1367-4.

11, Chin TK, Perloff JK, Williams RG, et al. Isolated noncompaction of left ventricular
myocardium. A study of eight cases. Circulation. 1990,82(2):507-13.

12. Jenni R, Oechslin E, Schneider J, et al. Echocardiographic and
pathoanatomical characteristics of isolated left ventricular non-compaction:
a step towards classification as a distinct cardiomyopathy. Heart. 2001;86(6):
666-71.

13. Stollberger C, Finsterer J. Left ventricular hypertrabeculation/
noncompaction. J Am Soc Echocardiogr. 2004;17(1):91-100.

14. Joong A, Hayes DA, Anderson BR, Zuckerman WA, Carroll SJ, Lai WW.
Comparison of echocardiographic diagnostic criteria of left ventricular
noncompaction in a pediatric population. Pediatr Cardiol. 2017;38(7):1493-504.

15. Punn R, Silverman NH. Cardiac segmental analysis in left ventricular
noncompaction: experience in a pediatric population. J Am Soc
Echocardiogr. 2010;23(1):46-53.

16.  Saleeb SF, Margossian R, Spencer CT, et al. Reproducibility of
echocardiographic diagnosis of left ventricular noncompaction. J Am Soc
Echocardiogr. 2012;25(2):194-202.

17. Oechslin E, Jenni R. Nosology of noncompaction cardiomyopathy: the
emperor still wears clothes. Can J Cardiol. 2017;33(6):701-4.

18. Stollberger C, Wegner C, Finsterer J. Left ventricular hypertrabeculation/
noncompaction, cardiac phenotype, and neuromuscular disorders. Herz.
2019;44(7):659-65.

19. Dusek J, Ostadal B, Duskova M. Postnatal persistence of spongy
myocardium with embryonic blood supply. Arch Pathol. 1975,99(6):312-7.

20. Ozkutlu S, Ayabakan C, Celiker A, Elshershari H. Noncompaction of
ventricular myocardium: a study of twelve patients. J Am Soc Echocardiogr.
2002;15(12):1523-8.

21, Stahli BE, Gebhard C, Biaggi P, et al. Left ventricular non-compaction:
prevalence in congenital heart disease. Int J Cardiol. 2013;167(6):2477-81.

22. Anderson RH, Jensen B, Mohun TJ, et al. Key questions relating to left
ventricular noncompaction cardiomyopathy: is the emperor still wearing
any clothes. Can J Cardiol. 2017;33(6):747-57.

23. Oechslin E, Jenni R. Left ventricular noncompaction: from physiologic
remodeling to noncompaction cardiomyopathy. J Am Coll Cardiol. 2018;
71(7):723-6.


http://www.editage.com
http://www.editage.com
https://doi.org/10.1007/s10554-018-1367-4
https://doi.org/10.1007/s10554-018-1367-4

Gan et al. BMC Pediatrics (2020) 20:430 Page 8 of 8

24. Kohli SK, Pantazis AA, Shah JS, et al. Diagnosis of left-ventricular non-
compaction in patients with left-ventricular systolic dysfunction: time for a
reappraisal of diagnostic criteria. Eur Heart J. 2008;29(1):89-95.

25. Stollberger C, Gerecke B, Engberding R, et al. Interobserver agreement of
the echocardiographic diagnosis of LV Hypertrabeculation/noncompaction.
JACC Cardiovasc Imaging. 2015;8(11):1252-7.

26.  Nawaytou HM, Montero AE, Yubbu P, et al. A preliminary study of left
ventricular rotational mechanics in children with noncompaction
cardiomyopathy: do they influence ventricular function. J Am Soc
Echocardiogr. 2018;31(8):951-61. https://doi.org/10.1016/j.ech0.2018.02.015.

27. Pignatelli RH, McMahon CJ, Dreyer WJ, et al. Clinical characterization of left
ventricular noncompaction in children: a relatively common form of
cardiomyopathy. Circulation. 2003;108(21):2672-8.

28. Wald R, Veldtman G, Golding F, et al. Determinants of outcome in isolated
ventricular noncompaction in childhood. Am J Cardiol. 2004;94(12):1581-4.

29. Ichida F, Hamamichi Y, Miyawaki T, et al. Clinical features of isolated
noncompaction of the ventricular myocardium: long-term clinical course,
hemodynamic properties, and genetic background. J Am Coll Cardiol. 1999;
34(1):233-40.

30. Brescia ST, Rossano JW, Pignatelli R, et al. Mortality and sudden death in
pediatric left ventricular noncompaction in a tertiary referral center.
Circulation. 2013;127(22):2202-8.

31, Shi WY, Moreno-Betancur M, Nugent AW, et al. Long-term outcomes of
childhood left ventricular non-compaction cardiomyopathy: results from a
National Population-Based Study. Circulation. 2018;138(4):367-76.

32. Ozgur S, Senocak F, Orun UA, et al. Ventricular non-compaction in children:
clinical characteristics and course. Interact Cardiovasc Thorac Surg. 2011;
12(3):370-3.

33. Aras D, Tufekcioglu O, Ergun K; et al. Clinical features of isolated ventricular
noncompaction in adults long-term clinical course, echocardiographic
properties, and predictors of left ventricular failure. J Card Fail. 2006;12(9):
726-33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.echo.2018.02.015

	Abstract
	Background
	Methods
	Results
	Conclusions

	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

