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Background

The diagnosis of adults with Left Ventricular Noncompaction 
(LVNC) has been reported with increasing frequency in the 
literature. The diagnosis of this disorder depends largely on 
findings obtained in advanced cardiac imaging and further 
requires special considerations when treatment is pursued. 
A systematic review of the literature follows describing the 
rationale to management.

Introduction
 

LVNC, also known as spongy myocardium, is a distinct form 
of cardiomyopathy occurring in-utero when segments of 
spongy myocardium fail to transform into compact, mature 
musculature resulting in prominent myocardial trabeculae, 
deep intra-trabecular recesses, and decreased cardiac 
function (1). It has been proposed that LVNC results from 
arrest of the compaction process during the second month 
of embryological development. Prior to the development 
of the coronary arteries, there are prominent myocardial 
trabeculations, termed sinusoids, in the myocardium 
that allow for increased surface area for the diffusion 
of oxygen. After the coronary vasculature develops the 
sinusoids disappear and a transformation of the spongy 
myocardium into compact musculature typically takes 
place. For unknown reasons, in persons with LVNC this 
transition does not take place leading to the development 
of a thickened, non-compacted endomyocardial layer with 
prominent myocardial trabeculations that are continuous 
with the LV cavity without communication with the 
epicardial circulation, and a thin compacted epicardial 
layer (2). In this regard, LVNC differs from other patterns 
of “persisting sinusoids” often seen in association with 
congenital heart diseases, such as pulmonary atresia and 
its variants, in which the cardiac chamber communicates 

with the epicardial circulation (2,3). The changes associated 
with LVNC are most pronounced in the apex and lateral 
walls of the heart and occur in the absence of any coexisting 
congenital lesion (3-6). 

Epidemiology

LVNC was initially described by Chin and colleagues in 
1990 in a pediatric series, but the largest series’ to date 
involve adult patients (7-11). The true prevalence and 
incidence of adult LVNC among the general population 
is not known, and unlike in pediatric populations occurs 
more sporadically with less familial occurrences, 12-18%. 
LVNC in the pediatric populations can frequently co-exist 
with anatomical abnormalities although relationships and 
characterized syndromes are not identified (12-14). 

Clinical presentation

The clinical presentations of LVNC include heart failure, 
arrhythmias, and propensity for thromboembolism (21-24%). 
Heart failure remains the most common presentation 
with patients often developing progressive symptoms of 
exertional dyspnea, orthopnea and lower extremity edema.  
Furthermore, patients with LVNC are particularly at 
increased risk of developing cardiac arrhythmias, both atrial 
(5-29%) and ventricular (18-47%) (8,15,16). Additionally, 
the myocardial trabeculations in LVNC predispose 
the formation of ventricular thrombi and arrhythmias 
(Figure 1). The areas of noncompaction often display wall 
motion abnormalities on imaging. Additionally, abnormal 
vasodynamic responses within the native vessels are believed 
to lead to progressive micro-ischemia and progressive 
dilatation of the ventricle (2,13,16).

The increased risk for thromboembolism is believed 
to be multi-factorial; and is due to the combination of 
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impaired LV function, perhaps simultaneous occurrence of 
atrial fibrillation, and the presence of abnormal myocardial 
trabeculae. Systemic arterial emboli occur with the greatest 
frequency, whereas pulmonary embolism and isolated RV 
thrombi (6-9%) are less likely. LVNC associated paradoxical 
emboli have never been described (7-9,15,18). 

Diagnostic cardiovascular imaging

The diagnosis of LVNC may be pursued once the more 
common etiologies for heart failure are excluded. The work 
up for new onset LV dysfunction is traditionally achieved 
upon further evaluation by echocardiography, cardiac 
catheterization, and cardiac MRI (CMR). Echocardiography 
often provides the first clue to diagnose LVNC and is 
used with other modalities in concert including contrast 
ventriculography, Cardiac Computed Tomography and CMR. 
Imaging features typically include LV systolic dysfunction 
with depressed ejection <40% fraction and wall motion 
abnormalities involving the regions of noncompaction.

Echocardiography criteria

LVNC on echocardiogram typically is characterized as a 

two-layered myocardial structure with a thin, compacted 
outer (epicardial) band and a much thicker, non-compacted 
inner (endomyocardial) layer and deep myocardial 
trabeculae, particularly in the apex and free wall of the 
left ventricle (Figure 2) (11). Color Doppler imaging 
demonstrates at least 3 deep intra-trabecular recesses that 
communicate with the ventricular cavity (15,19). Finally, 
the 2-layered structure of the myocardium will have an 
increased noncompacted (NC) endomyocardial layer 
depth compared to the compacted (C) epicardial layer. A 
NC/C ration >2.0 in adults when measured in systole is 
considered diagnostic for LVNC (9). Three-dimensional 
echocardiography may play a role in the future however its 
role currently remains anecdotal (20).

LVNC is often difficult to differentiate from severe 
forms of left ventricular hypertrophy and hypertrophic 
or dilated cardiomyopathy (HCM, DCM). However, in 
hearts with prominent myocardial trabeculae from other 
causes, the thickness ratios between trabeculated and 
normal myocardium do not reach a ratio >2. In addition 
the trabeculated regions associated with LVNC tend to 
be segmental rather than diffuse as might occur in LVH. 
The cardiac segments (Table 1), most affected in LVNC 
are the LV cavity involving the apex, lateral, inferior wall 

Figure 1 Describes the clinical manifestation encountered in LVNC and the overlap seen regarding risk of thromboembolism. Adapted from (17)
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(91-100%), mid-cavity (78%) while the basal segments 
were least affected (21%) (7-11,15,18,21). The differences 
in segmental prevalence suggest an interruption in normal 
progression of myocardial compaction from the basal-septal 
to the apical-lateral segments during early development. 

Cardiac MRI criteria

CMR is particularly useful in patients in whom the apex 
is difficult to visualize with echocardiography. CMR 
provides greater spatial resolution by imaging in all 
planes. The specifications for CMR are outlined by the 
American Heart Association. Their recommendations 
include a minimum magnet strength of 1.5 Tesla in order 
to provide visualization of both long and short axis views in 
approximately 17 segments (22,23). To diagnose LVNC on 
CMR it is recommended to take three diastolic long axis 
views and choose the myocardial segment with the most 
prominent myocardial trabeculations to measure the NC/C  
ratio (22,24) (Figure 3). In contrast to echocardiography, 
the NC/C ratio on CMR is higher, NC/C >2.3, and the 
measurements are taken at the end of diastole (Table 2) (25). 
The diagnostic value from CMR is highly sensitive (86%) 
and specific (99%) for the diagnosis of LVNC. Like color 
doppler echocardiography, CMR black blood imaging 

may detect increased signal intensity, an indication of 
stagnant blood flow, within the myocardial trabeculae 
and therefore support the diagnosis of LVNC (26-28). An 
unexplored area of investigation is whether determining 
the degree of noncompaction, as defined by CMR, offers 
added prognostic and therapeutic insights. CMR faces some 
barriers for longitudinal use in prognostication, namely the 
contraindication after implanted devices. 

Genetic basis

A substantial proportion of LVNC has a defined genetic 
basis. The earliest reports are with mutations in genes 
encoding taffazin, LIM domain binding protein 3/ZASP 
(LDB3), and alpha-dystrobrevin (29). Mutations have been 
reported in three genes; β-myosin heavy chain (MYH7), 
α-cardiac actin (ACTC), and cardiac troponin T (TNNT2). 
MYH7 and ACTC are associated with familial occurrence 
but sporadic mutations of MYH7 as well as TNNT2 have 
also been identified in LVNC (30). Individuals carrying 
identical sarcomeric gene mutations display a phenotypic 
spectrum that may span from those with early-onset lethal 
disease, to those without clinical symptoms. Variations in 
expressivity of these genes may give insight into differences 
in disease severity as well finding a common link for LVNC, 
HCM, and DCM (31).

Controversies

Recently the current diagnostic criteria for LVNC have 
been revisited. Several studies have re-examined the 
echocardiography and CMR based diagnostic criteria of 

Figure 2 LVNC’s appearance on echocardiography in the short axis (A) and four chamber (B) views display excessive lateral and apical wall 
trabeculations of the myocardium consistent for left ventricular noncompaction 
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Table 1 Frequency of zones of noncompaction

Location Frequency

Apex 91%

Mid-cavity 78%

Base 21%
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LVNC (32,33). The current echocardiographic classification 
maybe affected by subjectivity due to user inter-variability 
and may contribute to inappropriate diagnosis. In a cross-
sectional analysis, the echocardiography definitions for 
LVNC were seen to correlate poorly with only 29.8% 
having clinical disease. Likewise, NC/C ratio >2.3 were 
seen in 43% patients in one study without cardiac disease or 
hypertension. On the other hand however, slightly higher 
NC/C ratios were present in patients with elevated LVEDV 
(left ventricular end-diastolic volume) which could represent 
subclinical cardiomyopathy. Future considerations may call 
for revisions to the current guidelines. Incorporating new 
CMR approaches, such as automated segmentation of the 
myocardial trabeculae, may provide promise and perhaps be 

applied to the diagnosis of LVNC (34,35).

Clinical course and management

The largest series to date for adults with LVNC are 
small but include the most information pertaining to the 
natural history of disease (7-11,15). The clinical course of 
LVNC is variable but reported mortality from case series 
is high ranging from 35-47% over a 42- to 72-month 
follow-up period from diagnosis (8,15). Those affected 
succumb to end-stage heart failure, sudden cardiac death 
from arrhythmias, and complications associated with 
thromboembolism. 

The current recommendations for treatment follow 
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Figure 3 Cardiac MRI helps elucidate the regions of LVNC in greater spatial resolution. In panels A and B the short axis and coronal views 
demonstrate the zones of noncompaction involving the anterior, apical and lateral walls. The long axis views at end diastole and systole are 
visualized in panels C and D with the calculated NC/C ratio of 3.4 consistent with LVNC 

Table 2 Imaging criteria

Modality Ejection fraction Trabecular verification      NC/C ratio

Echocardiogram <40% Color doppler 2

Cardiac MRI <40% Black blood imaging 2.3
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the international guidelines of heart failure management. 
Treatment usually requires the combination of beta-
blockers, ACE inhibitors/ARB, diuretics and aldosterone 
antagonists. Implanted automated defibrillators are 
recommended in those with EF<35% or those with 
previously life threatening arrhythmias (3-6). Furthermore, 
lifelong systemic anticoagulation is indicated to obviate risk 
for thromboembolism. Lastly, 12% of patients with LVNC 
may go on to develop end stage heart failure and require 
orthotopic heart transplantation (5,8,9,15,36). 

Conclusions

LVNC is a rare cardiomyopathy leading to progressive 
heart failure, arrhythmias, and thromboembolic events. 
The myocardial apical-lateral segments are affected more 
commonly whereas basal-septal segments are least affected. 
This suggests that an interruption in the normal progression 
of myocardial compaction from the basal-septal to the 
apical-lateral segments during embryologic development. 

The cardiovascular imaging criteria reported from clinical 
series can be applied in making the diagnosis. Treatment 
strategies usually require combination guideline driven 
treatment for heart failure, recurrent arrhythmia as well as 
the risk for thromboembolism. 

The genetic basis for LVNC is well characterized and 
genetic testing may be offered. The spectrum of phenotypic 
variations in LVNC offers exciting insights regarding the 
pathophysiology of various cardiomyopathies. Genetic 
counseling can further provide family members with the risk 
for developing inherited LVNC as well as understanding 
the condition and management for future family planning. 
LVNC may be difficult to distinguish from other cardiac 
conditions characterized by prominent myocardial trabeculae 
including LVH, HCM, and DCM. 

Recently, the current classification guidelines for 
LVNC have been brought into question. Over diagnosis 
is one of the cited criticisms under the current LVNC 
classification. In recent studies surveying both the accuracy 
of echocardiography and CMR, weaker correlations were 
demonstrated with the current NC/C ratios for the diagnosis 
of LVNC. Although, LVNC is a clinically well described 
entity, a reevaluation of the diagnostic imaging criteria is 
currently under investigation.
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