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Abstract Background: Noncompaction of the left ven-
tricular myocardium is an important cause of cardio-
myopathy. There is no clear consensus about its
diagnostic criteria or the diagnostic test of choice. MRI
is increasingly used in the pediatric cardiac field because
of its superior and objective image quality. Objective: To
compare the echocardiographic and MRI findings in
four patients with recently diagnosed ventricular non-
compaction. Materials and methods: We compared the
extent of myocardial involvement shown at MRI and
echocardiography in four individuals, two patients with
echocardiographic diagnosis of left ventricular non-
compaction, and two family members of one of the
patients. Results: In all patients, MRI showed wider area
of involvement than echocardiography. A definite
diagnosis was entertained in only two patients by
echocardiography but in all by MRI. Cine imaging was
diagnostic of the disease in all patients. Black-blood
pool imaging with double-inversion recovery sequence
also helped to visualize the abnormal areas by showing
slow flow artifacts in the four- and two-chamber images.
Conclusion: MRI provided better delineation of the
extent of the abnormal trabeculation in patients with
noncompaction of the left ventricular myocardium.
It was particularly useful when the myocardial involve-
ment was subtle, as in the asymptomatic family
members.
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Introduction

Noncompaction of the left ventricular (LV) myocardium
is an uncommon disorder characterized by increased
trabeculations and deep intertrabecular recesses [1]. It
can present as an isolated disorder or it can be associ-
ated with other congenital cardiac malformations. This
condition is being diagnosed with increasing frequency.
This is probably a result of increasing awareness of the
characteristic echocardiographic features. Furthermore,
there is more familiarity with some of the clinical man-
ifestations, including ventricular dysfunction, sub-
sequent heart failure, life-threatening arrhythmia and
thromboembolism [1–6]. This myocardial disorder is still
considered an unclassified cardiomyopathy by WHO
definition [7].

Echocardiography has been used as the main diag-
nostic tool for this disease [1, 8, 9]. Recently, it has been
suggested that MRI can be used as an alternative diag-
nostic method with a better yield [10–13]. The aim of this
study was to compare the echocardiographic and MRI
findings in four patients with recently diagnosed ven-
tricular noncompaction.

Materials and methods

The study population consisted of two patients with a
suspected diagnosis of LV myocardial noncompaction
and two family members of one of the patients. All four
underwent echocardiography and MRI within a 12-week
period.

The first patient, patient 1, was a 17-year-old girl who
presented with syncope and was found to have dilated LV
with increased trabeculations on echocardiography. The
second patient, patient 2, was a 17-year-old boy who had
been treated for congestive heart failure since 4 months of
age. His condition was initially believed to be secondary
to viral myocarditis; however, the diagnosis was changed
to familial dilated cardiomyopathy when his sister was
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diagnosed with a similar disease. His 12-year-old sister,
patient 3, was diagnosed as having a dilated cardiomy-
opathy when she presented with tachycardia at 1 month
of age, at which time she was observed to have mild LV
dilatation on echocardiography. Another sibling, a 14-
year-old asymptomatic boy, patient 4, was screened at the
age of 2 years for dilated cardiomyopathy and also found
to have mild dilatation of his LV.

Transthoracic echocardiographic studies were per-
formed using an HP Sono 5500 (Hewlett Packard,
Andover, Mass.) or ATL HDI 5000 system (Philips
Ultrasound, Bothell, Wash.). Videotaped echocardio-
grams were blindly reviewed by two experienced pedi-
atric cardiologists. MRI studies were performed using
1.5 T scanner (GE CV/i; General Electric Medical Sys-
tems, Milwaukee, Wis.) by using electrocardiographic-
gated white-blood pool, cine imaging with steady-state
free precession sequences and static black-blood pool
imaging with double-inversion recovery sequences.
Electronic MR images were blindly reviewed at an MRI
workstation by an experienced cardiac radiologist.

The reviewers were asked to describe the pattern and
extent of the LV trabeculations as well as the ratio of the
compacted to the noncompacted myocardial thickness.
For the assessment of the extent of involvement, the LV
wall was divided into nine segments: one apical, four

mid-ventricular and four basal (septal, anterior, lateral,
and inferior) [3]. Each reviewer was asked to describe
whether the degree of trabeculations was heavy, mod-
erate or few. The LV function was evaluated by mea-
suring the ejection fraction by M-mode from the
parasternal long-axis echocardiographic images, and by
measuring the LV end-systolic and end-diastolic vol-
umes from the short-axis MR images. The final diag-
nosis of myocardial noncompaction was entertained
when the maximum ratio of the thickness between the
noncompacted and compacted layers in end systole was
‡2:1 by either echocardiography or MRI.

Results

There was no significant difference between the findings
of the two cardiologists. A definite diagnosis of
myocardial noncompaction of the LV was entertained in
only two patients by echocardiography but in all by
MRI (Table 1). In patients 3 and 4, who were siblings of
patient 2, echocardiography underestimated the degree
of LV trabeculations, the ratio of noncompacted to
compacted layer, and the extent of involvement (Fig. 1).
Echocardiography was sensitive in depicting abnormal-
ities of the apex and posterior wall of the LV, but it

Table 1 Comparison between the echocardiographic (Echo) and MRI findings (NC/C noncompacted/compacted, + disease present, 0
disease not present)

Patient Trabeculations NC/C ratio LV size LV ejection fraction (%) Diagnosis

Echo MRI Echo MRI Echoa MRIb Echo MRI Echo MRI

1 Moderate Heavy 2.9:1 3.3:1 4.6 88 53 56 + +
2 Heavy Heavy 3:1 3:1 6.1 116 56 53 + +
3 Few Moderate 1.8:1 2:1 4.8 91 53 55 0 +
4 Few Moderate 1.2:1 2:1 4.7 96 53 63 0 +

aLeft ventricular end-diastolic dimension in centimeters; normal value 3.5–5 cm
bLeft ventricular end-diastolic volume index in milliliters per meter squared; normal value 44–89 ml/m2

Fig. 1 Short-axis
echocardiogram and cine MR
image from patient 4.
Echocardiogram was reported
as normal. In the cine MR
image, myocardial
noncompaction is evident
(arrows)
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underestimated the involvement of the mid-septal region
in all (Table 2). Unlike echocardiography, MRI clearly
demonstrated not only the heavy but also the fine lacy
trabeculations (Fig. 2). Compared to echocardiography,
MRI showed a higher ratio of the noncompacted
to compacted myocardium in all but one patient
(Table 1). MRI revealed trabeculations that mainly
involved the apical part of the LV, with a variable degree
of extension toward the ventricular base (Fig. 2). In

both long- and short-axis views, a thin interrupted layer
of tissue demarcated the endocardial side of the non-
compacted myocardial layer. Thick and thin trabecula-
tions traversed the space between this thin layer and the
compacted myocardium. The hypertrabeculated area
showed slow flow artifact in double-inversion recovery
images in all patients (Fig. 3). All four patients had low
normal ejection fraction in the range 53–56%. The LV
end diastolic dimension was in the upper range of nor-
mal for three patients, while the fourth had a dilated LV.
There was a good correlation between the echocardio-
graphic and MRI measurements.

Discussion

Myocardial noncompaction of the LV is characterized
by abnormally prominent trabeculations and interven-
ing recesses in the endocardial side of the myocardium.
However, there is a wide variation in the extent and
depth of myocardial involvement. In addition, the clin-
ical presentation varies considerably, with some patients
showing no clinical symptoms and others presenting
with severe heart failure or arrhythmias [3–5]. It has

Table 2 Comparison between MRI and echocardiographic (Echo)
findings of abnormal trabeculation on the different LV segments
(+ number of patients in whom abnormal trabeculation was
observed, 0 none of the patients)

LV segment Echo MRI

Basal septum 0 0
Basal anterior wall 0 +
Basal lateral wall + ++
Basal inferior wall + ++
Mid-ventricular septum 0 ++
Mid-ventricular anterior wall + ++++
Mid-ventricular lateral wall ++ ++++
Mid-ventricular inferior wall ++ ++++
Apex ++++ ++++

Fig. 2 Cine MR images in horizontal long-axis plane from patients
1–4 show that myocardial noncompaction involved the apical part
of the LV in all patients and that there was variable degree of
extension toward the ventricular base. Note that a thin interrupted

membranous layer (arrows) delineates the endocardial aspect of the
noncompacted layer. Free wall involvement extends well to the
atrioventricular junction in patient 1

Fig. 3 Static black-blood pool
MR images with double-
inversion recovery sequence
from patients 2 and 4. Note the
high signal in the LV from slow
flow artifact between the
trabeculation (arrows).
Compare with the cine MR
images shown in Fig. 2
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been described both as an isolated abnormality and in
association with other cardiac morphological abnor-
malities [6]. The morphological features of hearts with
LV noncompaction appeared to be variable. Three basic
features have been described: (1) extensive spongy
transformation of the LV myocardium, (2) prominent
coarse trabeculations of the ventricular wall with deep
recesses of the ventricular cavity, and (3) dysplastic
appearance of the myocardium with thinned myocar-
dium and excessive trabeculations [6].

The MRI findings in our four patients are interesting
in terms of morphology and pattern of involvement. The
process invariably involved the LV apex, with a variable
degree of extension toward the cardiac base along the
free wall and ventricular septum (Table 2). Similar to
the pathological description, the MRI appearance of the
involved area showed prominent coarse trabeculations
with deep intertrabecular recesses traversing between the
compacted layer of the myocardium and the LV cavity.
The thick trabeculations appeared thinner toward the
LV cavity (Fig. 2). The space between the trabeculations
invariably contained high signal intensity of slow flow
artifact on black-blood images obtained by using dou-
ble-inversion recovery sequences (Fig. 3). The sluggish
blood flow in the intertrabecular spaces might explain
why formation of a thrombus can complicate myocar-
dial noncompaction.

The above featureswere present in all threemembers of
the family with a variable degree of involvement. The
difference among them was the extent of involvement and
the depth of the space between the innermost layer and
compactedmyocardium. Themildest form noticed was in
patient 4, who was entirely asymptomatic. His echocar-
diographic studywas performed prior to hisMRI andwas
interpreted as being normal. However, his MRI
unequivocally demonstrated that he had LV noncom-
paction. This observation indicates that it is more
appropriate to use MRI as a screening tool for family
members of patients with an established diagnosis of
ventricular noncompaction. It also indicates that the
disease can have different presentationswithin one family.

Echocardiography has been the main diagnostic tool
for the diagnosis of noncompaction. However, echocar-
diographic diagnosis of this uncommon disease requires
experience as well as a high index of suspicion. Many
reported cases have been misdiagnosed and labeled as
dilated or hypertrophic cardiomyopathy [4]. The diag-
nosis can also be challenging in patients with difficult
echocardiographic windows. Color Doppler and contrast
agents can facilitate the diagnosis by demonstrating flow
in the deep intertrabecular recesses [8, 14–16].

There is no clear consensus about the diagnostic
criteria for this disease. Chin et al. [1] described a
quantitative approach to diagnosing noncompaction
using a trabeculation peak to trough ratio, but it has
not been used widely in clinical practice. Oechslin et al.
[3] and Jenni et al. [8] introduced different echocar-
diographic diagnostic criteria for this disease based on
the findings of a two-layer myocardium, with a non-

compacted to compacted ratio of more than 2:1, along
with evidence of color Doppler flow within the trabe-
culations. Pignatelli et al. [5] proposed slightly different
diagnostic criteria by including patients with structural
heart disease and using a ratio of 1.4:1 between the
noncompacted and the compacted myocardium. Our
experience raises the question as to whether the diag-
nosis of myocardial noncompaction should be made
based mainly on the ratio between the noncompacted
and compacted layers. We think that the diagnosis
should be suspected whenever echocardiography or
MRI demonstrates hypertrabeculation with two-layered
myocardium even if the ratio is less than 2:1. This
should be differentiated from other forms of cardio-
myopathies. In dilated cardiomyopathy, the myocar-
dium is usually thin with few thin trabeculations. In
hypertrophic cardiomyopathy, it is usually thick with
thick trabeculations but without two distinct layers of
compacted and noncompacted myocardium. This study
showed that MRI is superior to echocardiography in
defining the morphology and extent of myocardial
noncompaction. It showed that myocardial noncom-
paction involves the ventricular apex, the LV free wall
and the interventricular septum. We found that fast
cine imaging with steady-state free precession sequence
and static black-blood imaging with double-inversion
recovery sequence are adequate in the evaluation of
myocardial noncompaction. There was a good corre-
lation between the hypertrabeculated areas shown at
cine imaging and the areas showing slow flow artifact
at static black-blood imaging.

In summary, MRI is a very useful tool in the diagnosis
of suspected left ventricular myocardial noncompaction.
It was found to be superior to echocardiography in
screening family members of patients with an established
diagnosis. The disease can have different presentations
among family members. Slow flow artifact at black-blood
imaging by using double-inversion recovery is helpful in
defining the disease extent.

This study was limited by the small number of pa-
tients. Further prospective study is necessary to correlate
the extent of the disease involvement and the severity of
the clinical symptoms related to myocardial dysfunction.
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