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Fig. 4. Kaplan-Meier curves for (A) cardiac death, (B) cardiac death and the use of MCS, and (C) composite outcomes according to the presence of LVRR. Kaplan-Meier curves
for (D) cardiac death, (E) cardiac death and the use of MCS, and (F) composite outcomes according to the maximum ratio of the non-compacted to the compacted layer in the
left ventricular myocardium. Composite outcomes were cardiac death, the use of mechanical circulatory support, and hospitalization of heart failure. LVRR, left ventricular
reverse remodeling; MCS, mechanical circulatory support; NC/C, the non-compacted to the compacted layer.

some patients with heart failure who have been subjected to an
increased cardiac preload, as described in our study.

The major complications of LVNC are heart failure, arrhythmia,
thromboembolic events, and sudden cardiac death [22,23]. How-
ever, little is known about the etiology, diagnostic criteria,
incidence, or clinical outcomes associated with LVNC in adults
[2]. In our study of adult patients with LVNC appearance, cardiac
death occurred in 7 patients (30%) during a follow-up period of
61 months. Oechslin et al. reported the characteristics and
outcomes in 34 adults with LVNC, among whom there were
12 deaths (35%) during a follow-up period of 44 months [5]. This
was similar to our results.

Previous studies of patients with LV systolic dysfunction found
that LVRR in those patients is associated with a favorable prognosis
[24-27]. Merlo et al. reported that LVRR in idiopathic dilated
cardiomyopathy patients was found in 89 of 242 patients (37%)
and patients with LVRR showed a better prognosis compared to
those without LVRR during 110 months [24]. However, there are no
data regarding the relationship between LVRR and prognosis in
patients with LVHT. In our study, patients with LVRR showed a
better prognosis compared to those without LVRR, and this
phenomenon is similar to those in patients with dilated
cardiomyopathy. A recent report about the prognostic impact of
LVHT in patients with dilated cardiomyopathy demonstrated that
the cardiovascular events did not appear to be influenced by the
degree of LVHT at baseline [28]. In our study, there was no
difference in the degree of LVHT between the patients with LVRR
and without at baseline. Therefore, it is difficult to elucidate the
prognosis for cardiovascular events only in terms of the baseline
LVHT degree. We firstly demonstrated that the regression of
the LVHT, assessed by changes in NC/C ratio and LVHT area, during

the follow-up period had a clinical impact on cardiovascular events
in patients with LVHT.

Jenni's echocardiographic criterion, namely a NC/C ratio of >2
obtained at end-systole in a parasternal short-axis view, is
the most commonly used criterion for the detection of LVNC
[10,29-31]. It has previously been validated against dilated
cardiomyopathy, hypertensive heart disease, and valvular heart
disease and showed good sensitivity and specificity [32,33]. For
this reason, we used Jenni's echocardiographic criteria for the
selection of the patients in our study.

Our findings demonstrated that some patients showed regres-
sion of LVHT, suggesting that LVHT could be reversible. However, it
is difficult to reconcile this with the view of LVNC as a primary and
genetic cardiomyopathy. Kohli et al. reported that 30 patients
(15%) fulfilled Jenni’s echocardiographic criteria for LVNC out of
199 patients with LV systolic dysfunction in a single center [4]. This
study demonstrated current echocardiographic diagnostic criteria
are too sensitive and result in over-diagnosis of LVNC in patients
with LV systolic dysfunction as shown in our study. Therefore, we
should consider that we might sometimes misclassify a transient
cardiomyopathy as LVNC with the use of current morphological
criteria alone [7].

Clinical implications

Our study demonstrated that patients without LVRR had a
worse prognosis. Patients without LVRR were older and the use of
cardiac resynchronization therapy and aldosterone antagonists at
6 months’ follow-up was significantly more common than in
patients with LVRR. Differences in the patients’ characteristics
might have been influenced by diagnoses in different phases of the
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Fig. 5. Receiver-operating characteristic (ROC) curves for predicting (A) cardiac
death, (B) cardiac death and the use of MCS, and (C) composite outcomes according
to the changes in the maximum ratio of the NC/C in the left ventricular myocardium
and the changes in LVHT area from baseline to 6 months’ follow-up. Composite
outcomes were cardiac death, the use of mechanical circulatory support, and
hospitalization of heart failure. LVHT area, left ventricular hypertrabeculation
area; MCS, mechanical circulatory support; NC/C, the non-compacted to the
compacted layer.

disease (lead-time bias) and have influenced the clinical course in
our study. Therefore, the high adverse outcome rate in patients
without LVRR necessitates early recognition and appropriate
therapeutic intervention, such as the optimal timing of cardiac
transplantation referral in patients without LVRR.

Study limitations

The major limitation of our study was being an observational
single center study with a small number of subjects; thus our
results should be interpreted cautiously until verified in large-
scale multicenter studies. We could not perform propensity

matched survival analysis and multivariate regression analysis
adjusting for confounding factors, including age, and treatment
agents because the small number of patients in each group would
not be favorable for the above statistical approach. Therefore, it is
hard to justify that improved functional and clinical outcomes are
related to LVRR in our study. Second, no other cardiac imaging
modalities for the quantification of LVHT or myocardial fibrosis,
such as cardiac magnetic resonance imaging, were used. We could
not perform cardiac magnetic resonance imaging because some
patients with LVHT already had cardiac resynchronization therapy
devices implanted. Third, our study did not allow speculation
about the pathophysiology of the regression of LVHT and the
prediction of LVRR. Indeed, we did not analyze the changes in LV
mass and regional LV systolic function using 2D echocardiography.
It was difficult to elucidate the changes in LV mass because there
was no appropriate measurement of LV myocardium mostly in the
non-compacted layer. Fourth, endomyocardial biopsy from the
right ventricle was performed in 20 patients mostly one time. We
might be unable to exclude completely inflammatory cardiac
diseases during the follow-up period. Despite these limitations,
our findings provide new insight into the relationship between the
regression of LVHT, improvement in cardiac systolic function, and
prognosis in patients with LVHT, which may be compatible with
the diagnosis of LVNC. It remains unclear whether the presence of
LVHT is sufficient to explain the influence of clinical outcomes in
adult patients with LVHT compared to those in patients without
LVHT. Further large-scale multicenter studies are needed to confirm
the prognostic significance of regression of LVHT in patients with LV
systolic dysfunction and to also perform multivariate analysis to
identify factors that predict patient prognosis.

Conclusions

Regression of LVHT is associated with improvement in LV
systolic function, and might be associated with a favorable
prognosis in patients with LVHT who fulfill the echocardiographic
criteria for LVNC.
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