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Background: Left ventricular hypertrabeculation (LVHT), also termed noncompaction LVHT, is diagnosed
by echocardiography or cardiac magnetic resonance imaging (CMRI), and associated with neuromuscular
disorders (NMD). The aim of this study was to assess if LVHT can be diagnosed by CMRI applying
echocardiographic definitions.

Methods and Results: The CMRI images of 19 echocardiographically diagnosed LVHT patients were re-
evaluated (10 female, 14-67 y of age). Left ventricular hypertrabeculation was diagnosed by CMRI in 9 cases.
Patients with CMRI-diagnosed LVHT were more often females (67% versus 40%), experienced heart failure
more often (100% versus 50%), had an LV end diastolic diameter >57 mm (67% versus 40%), had an LV
fractional shortening <25% (89% versus 40%), and had a larger extension of LVHT than patients without
CMRI-diagnosed LVHT. The prevalence of NMD (87%) did not differ between both groups.

Conclusions: Echocardiographic definition for CMRI yielded the diagnosis of LVHT in only 47%. When looking
for LVHT by CMRI, LV size, function, and extension of LVHT have to be considered.
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Introduction

Left ventricular hypertrabeculation (LVHT), also termed
noncompaction LVHT, is a rare cardiac abnormality charac-
terized by prominent trabeculations and deep intertrabec-
ular recesses of the left ventricle, and is associated with
neuromuscular disorders (NMD) in up to 82% of cases.!
Left ventricular hypertrabeculation is mainly diagnosed by
echocardiography,? and different echocardiographic diag-
nostic criteria for LVHT are applied.® Left ventricular
hypertrabeculation can also be visualized by cardiac mag-
netic resonance imaging (CMRI),* computed tomography,®
or ventriculography.® For CMRI, no specific diagnostic
criteria are available. It is generally assumed that echocar-
diographic criteria also applies to CMRL”~1? There are only
small series comparing echocardiography and CMRI in the
diagnosis of LVHT.1112 No systematic investigation on the
applicability of echocardiographic criteria to CMRI has been
carried out so far. Echocardiographically, only slight differ-
ences are found between LVHT patients with and without
NMD.3 It is unknown, however, if LVHT visualized by
CMRI is different in patients with and without NMD.

This study was carried out to assess if an echocardio-
graphic definition of LVHT is useful for CMRI.

Methods and Material

Included in the study were all patients in whom LVHT had
been diagnosed in the echocardiographic laboratory of the
Second Medical Department of the Rudolfstiftung Hospital

(Vienna, Austria) between June 1995 and May 2004, and
who underwent CMRI from 2001 to 2004. During this period,
LVHT was diagnosed echocardiographically in 81 patients.
The findings of 77 of these patients have been previously
published.’® The echocardiographic examinations were
performed from 1995 to 1997 by an Aloka 870 (Aloka Co.
Ltd., Tokyo, Japan), and from 1998 to 2004 by a Vingmed
System FiVe (GE, Vingmed, Horten, Norway) and 2.5-3.6
MHz transducers. At transthoracic 2-Dimensional (2-D),
M-mode, and Doppler echocardiography the following
parameters were evaluated: LV end diastolic diameter,
left ventricular wall thickness, LV fractional shortening,
and valvular abnormalities. Additionally, it checked for
LVHT. In order to differentiate between trabeculations,
false tendons, and aberrant bands, the transducer had
to be angulated and pictures in atypical views best
delineated LVHT. Left ventricular hypertrabeculation was
echocardiographically defined as more than 3, prominent
trabeculations protruding from the LV wall, apically to
the papillary muscles, visible in 1 imaging plane, and
intertrabecular spaces perfused from the ventricular cavity,
as visualized on color Doppler imaging. Trabeculations
were defined as structures with the same echogenicity,
like the myocardium, and moving synchronously with
the ventricular contractions.! In addition, all the patients
fulfilled the criterion of >2 noncompacted/compacted
layers in the most hypertrabeculated segment at end
systole.3
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Of the 81 patients in whom LVHT was diagnosed by
echocardiography, 19 (10 females, aged 14-67y) under-
went CMRI. Indications for CMRI in these 19 patients
were confirmation of the diagnosis (n = 11), differentia-
tion of LVHT from thrombi (n = 5), from apical type of
hypertrophic cardiomyopathy (n = 2), and from cardiac
metastases (n = 1). The radiologist performing the investi-
gation was not blinded to the echocardiographic diagnosis.
Cardiac magnetic resonance imaging was performed by
using a Siemens Magnetom Sypmpony 1.5 T high-field
system (Siemens, Erlangen, Germany) using quantum high-
speed gradients. No dedicated cardiac imaging coils were
used. The protocol included T1 and T2 weighted turbo spin-
echo (TSE), dark blood in the axial axis, true fast imaging
with steady-state precession (TrueFISP) gradient echos T1,
bright blood in the 4-chamber view and the short and long
axis, and a cine sequence (FLASH 2D T1 bright blood) in the
short axis. Initially, the CMRI diagnosis of LVHT was based
on the morphologic impression of a hypertrabeculated left
ventricle, and no distinct diagnostic criteria were applied.
Applying this procedure, CMRI confirmed LVHT in all 19
cases in whom it was echocardiographically diagnosed.

In May 2004, the CMRI images were collected for re-
evaluation. For re-evaluation of the CMRI images, the
following echocardiographic diagnostic criteria of LVHT
were applied: more than 3 prominent trabeculations with
the same signal intensity like the myocardium, protruding
from the LV wall, apically to the papillary muscles,
visible in one imaging plane, and communication of the
intertrabecular spaces with the LV cavity.! Re-evaluation
was done by 2 radiologists who, again, were not blinded
to the echocardiographic diagnosis. The TrueFISP images
were used (single frame as well as cine mode images)
were used for re-evaluation. In cases where the radiologists
failed to diagnose LVHT according to the diagnostic criteria,
the video recordings of the echocardiographic investigation
were reviewed with a cardiologist.

All patients underwent a baseline cardiological exam-
ination during which medical history and cardiovascular
symptoms were assessed. A 12-lead electrocardiogram was
registered.

All patients were invited for a neurological investigation
comprising history and clinical neurological examination.
If there were indications for neuropathy, an established
screening program for neuropathy including blood, cere-
brospinal fluid investigation, and, if indicated, nerve biopsy
was carried out. If a myopathy was suspected, a screen-
ing program for myopathy was initiated including muscle
enzymes, electromyography, and muscle biopsy.

Results

Applying the diagnostic criteria, LVHT was diagnosed
by CMRI in 9 of the 19 cases (47%) (Table 1, Figures 1
and 2). Patients in whom LVHT was CMRI-diagnosed were
more often females (67% versus 40%), had experienced
heart failure more often (100% versus 50%), had an LV
end diastolic diameter >57 mm (67% versus 40%), and

had an LV fractional shortening <25% (89% versus 40%)
than patients in whom CMRI did not diagnose LVHT.
In patients with heart failure, CMRI diagnosed LVHT in
64% of patients, whereas CMRI diagnosed LVHT in 0% of
patients without heart failure. In left ventricles with an end
diastolic diameter >57 mm, CMRI diagnosed LVHT in 60%
of patients, whereas CMRI diagnosed LVHT in only 33% of
those patients. In cases with an LV fractional shortening
<25%, CMRI diagnosed LVHT in 62% patients, whereas
CMRI diagnosed patients in cases with an LV fractional
shortening >25% in only 17% of patients. In patients whom
CMRI diagnosed LVHT, LVHT extended over more parts
of the left ventricle compared with patients in whom LVHT
was not diagnosed by CMRI. Furthermore, re-evaluation of
the echocardiographic recordings of the 10 cases in whom
LVHT could not be diagnosed by CMRI revealed that LVHT
in these patients was of localized spongiform character,
and consisted of a fine trabecular meshwork rather than of
coarse trabeculations.

Fifteen of the 19 patients underwent a neurological
investigation. Neuromuscular disorders were diagnosed
in 13 of these 15 patients (87%). Nine patients were
diagnosed as suffering from nonspecific NMD, 2 from
myotonic dystrophy, 1 from mitochondriopathy, and 1 from
polyneuropathy. The prevalence of NMD did not differ
between patients with and without CMRI-diagnosed LVHT.

Discussion

This study showed that LVHT, according to an echocar-
diographic definition, could be diagnosed by CMRI in only
47% of the cases. Left ventricular hypertrabeculation by
CMRI was diagnosed more often in females than in males,
more often in patients with heart failure, and more often in
patients with LV dilatation, and systolic dysfunction than in
patients without these abnormalities, and was dependent on
the extension and morphology of LVHT.

Left ventricular hypertrabeculation is a cardiac abnormal-
ity of unknown etiology. At present, it is unknown if LVHT
is distinct cardiomyopathy or a morphologic abnormality
caused by different disorders. Left ventricular hypertrabec-
ulation is found in children as well as in adults.>1011 It can
be detected in dilated left ventricles with decreased systolic
function, as well as in well contracting normally sized left
ventricles.!=36.710 The prognosis of patients with LVHT is
dependent on cardiac comorbidity and systolic function.219

The low diagnostic yield of the applied definition to
diagnose LVHT by CMRI may be explained by the following
considerations:

(1) CMRI is not capable of visualizing LVHT in all
cases due to a lower image resolution of the applied
system than echocardiography. This is illustrated in
Figures 1and 2 by the less impressing CMRI images
compared with echocardiographic images (the true
number of trabeculations may have been reduced to
<3 by CMRI.
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TABLE 1: Clinical, echocardiographic, and neurologic findings of 19 patients with echocardiographically-diagnosed LVHT who underwent CMRI

No.

10

11

12

13

14

15

16

17

18

19

Age (y)/sex NYHA? LVEDD® (mm) LVFS® (%) Location of LVHT?
LVHT confirmed by CMRI
55/m I\ 62 19 Lateral
43/f v 48 17 Apex, lateral
48/f | 52 23 Apex, lateral
62/f 1] 72 15 Apex, lateral, anterior, posterior
63/f I\ 72 14 Apex, lateral
47/f v 66 13 Apex, lateral
55/m 1 76 19 Apex, lateral, posterior
43/m 1] 56 29 Apex, lateral
67/f \" 88 6 Apex, lateral
LVHT not confirmed by CMRI
43/f o 48 46 Apex
42/m 1 65 22 Lateral
28/m o 53 22 Apex
55/m 1 70 18 Apex
52/m 1] 68 20 Apex
56/m o 50 26 Apex, lateral
24/f o) 49 35 Lateral, inferior
14/f o 40 36 Lateral
55/m v 80 15 Apex, lateral
60/f 1 44 31 Apex, lateral, anterior

Neurologic diagnosis

ns NMD®

ns NMD

ns NMD
Polyneuropathy
Normal
Investigation denied
ns NMD

Myotonic dystrophy

ns NMD

ns NMD
Mitochondriopathy
ns NMD
Investigation denied
Investigation denied
Investigation denied
Normal

Myotonic dystrophy
ns NMD

ns NMD

INYHA class of heart failure. 2LVEDD measured by echocardiography. °LVFS measured by echocardiography. Abbreviations: CMRI = cardiac magnetic
resonance imaging; f = female; LVEDD = left ventricular end diastolic diameter; LVFS = left ventricular fractional shortening; LVHT = left ventricular
hypertrabeculation; m = male; NMD = neuromuscular disorder; ns = nonspecific; NYHA = New York Heart Association.
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Visualization of LVHT by CMRI may be dependent
on the systolic function and size of the left ventricle,
as suggested by our findings that CMRI visualizes
LVHT better in a dilated or poorly contracting left
ventricle than in a normally sized well contracting
left ventricle, possibly because the intertrabecular
spaces are wider and thus better vizualized.

Echocardiography, as a real-time imaging technique,
can provide multiple images of the left ventricle just
by slightly moving the transducer. When performing
CMRI, standard imaging planes are used but not
in real-time. Thus, the insertion and course of the

@

trabeculations and the recesses can be visualized
better by echocardiography than by CMRI, and
false tendons or aberrant bands can be better
differentiated from trabeculations. Possibly, this
technical limitation can be overcome by new CMRI
real-time sequences.

Left ventricular hypertrabeculation might be over-
looked by CMRI in patients with LVHT involving
only small areas of the left ventricle.

A currently used echocardiographic definition for LVHT
was not applied for the actual CMRI study,’ since it has
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Figure 1: Echocardiographic (left panel) and magnetic resonance (right panel) short-axis view of patient 3 visualizing LVHT of the LV posterior (arrow) and

lateral wall.

Figure 2: Echocardiographic (left panel) and magnetic resonance (right panel) 4-chamber view of patient 1 visualizing LVHT of the LV lateral wall (arrow),
which was only diagnosed by CMRI after reviewing the echocardiographic recording.

already been found by another CMRI study, that the ratio
of noncompacted to compacted myocardium cannot be
accurately assessed at end systole. This is because the
intertrabecular recesses are not visible during this part of
the cardiac cycle.!2 Also, echocardiographically, the differ-
entiation between noncompacted and compacted layers of
the myocardium at end systole is not always possible, espe-
cially in small well contracting left ventricles.1214 A further
difficulty in applying this definition for LVHT, either by
echocardiography or by CMR], is that the ratio of noncom-
pacted to compacted myocardium should be assessed in the
short-axis view. In the short-axis view, however, the differen-
tiation between trabeculations on the one side and papillary
muscles, false tendons, and aberrant bands on the other
side is sometimes problematic. The definition for LVHT
applied in our laboratory, on the contrary, uses anatomical

landmarks, excludes explicitely the papillary muscle, and
is applicable for the short axis, long axis, and 4-chamber
views. Overall, there is a need to unify the different currently
applied echocardiographic definitions by comparing them
with the gold standard of pathoanatomic findings.

A further problem of all definitions of LVHT is that at
present the pathologic significance of LVHT is unknown.
It is uncertain if LVHT is only a normal variant, if it
is a distinct entity, or if it is the common morphologic
endpoint of different disorders and pathologic processes.
The imaging quality of the echocardiographic machine
has improved considerably within the last years, and the
same is taking place with the CMRI technology. Therefore,
today we see much more within the cardiac cavity than in
previous years, and it is unknown whether these findings
are just innocent variants from normal or have pathologic
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significance. Only the correlation with clinical findings,
pathoanathomic studies, and follow-up studies of patients
with LVHT will clarify these issues.

Left ventricular hypertrabeculation has been shown to be
associated with NMD in 82% of the cases:! Becker mus-
cular dystrophy, metabolic myopathy, myotonic dystrophy
1, myoadenylatedeaminase deficiency, dystrobrevinopathy,
Cypher gene mutations, Barth syndrome, and other rare
genetic disorders.!>16 The visualization of LVHT on CMRI
was independent of the presence or absence, and the type
of NMD may be due to the high rate of NMD in LVHT or
the heterogenous aetiology of NMD.

Limitations of the study are that echocardiography was
considered the golden standard, and that no pathoanatom-
ical confirmation of the echocardiographic diagnosis was
available. Cases in which echocardiography had over-
looked LVHT are not included in this study. Interestingly,
there are reports in the literature, that in patients who
were echocardiography-diagnosed, only LV hypertrophy
and CMRI detected LVHT.1"18 Further limitations are that
the study was retrospective and included only a small
number of patients. There was no control group without
echocardiographically-diagnosed LVHT due to the retro-
spective design of the study. We did not use the most
recent CMRI technologies, and the radiologists were not
blinded to the echocardiographic diagnosis when perform-
ing CMRI and re-evaluating the images. Furthermore, we
restricted the comparison of echocardiography and CMRI
to morphologic findings. It has been shown that CMRI
is also capable of visualizing perfusion abnormalities in
LVHT.19-21 It has to be assessed by future studies whether
or not these applications for CMRI will be helpful for diagno-
sis and therapy of LVHT patients. Additionally, neurological
investigations were not carried out in 21% of the patients,
and a definite neurologic diagnosis was achieved in only
a few patients. Furthermore, we cannot give any explana-
tion why CMRI-diagnosed LVHT is found more often in
females than in males. Cardiac magnetic resonance phase-
contrast imaging was not performed, since the software for
the application was not available in our institution at that
time.

This study shows that the applicability of an echocardio-
graphic definition for LVHT by CMRI is not useful. When
looking for LVHT by CMRI, especially in normally sized
and well contracting left ventricles, the echocardiograph-
ically assessed appearance and location of LVHT has to
be considered for the protocol of the CMRI investigation.
There is a need to improve definitions for LVHT by CMRI,
and to correlate CMRI findings with the gold standard of
pathoanatomic findings. As long as there are no clear def-
initions for LVHT by CMRI, echocardiography should be
the preferred investigation for this disorder. Cardiac mag-
netic resonance imaging should be performed in suspected
LVHT patients when the image quality at echocardiogra-
phy is poor and, especially, when the LV apex cannot be
adequately visualized.

References

1.

w

o

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

Stollberger C, Finsterer J, Blazek G: Left ventricular hyper-
trabeculation/noncompaction in 62 patients: Association with
additional cardiac abnormalities and neuromuscular disorders.
Am J Cardiol 2002;90:899-901

Chin TK, Perloff JK, Williams RG, Jue K, Mohrmann R: Isolated
noncompaction of left ventricular myocardium. A study of eight
cases. Circulation 1990;82:507-513

Jenni R, Oechslin E, Schneider J, Attenhofer Jost C, Kaufmann PA:
Echocardiographic and pathoanatomical characteristics of isolated
left ventricular non-compaction: A step towards classification as a
distinct cardiomyopathy. Heart 2001;86:666-671

Hany TF, Jenni R, Debatin JF: MR appearance of isolated non-
compaction of the left ventricle. /| Magn Reson Imaging 1997,
7:437-438

Conces D] Jr, Ryan T, Tarver RD: Noncompaction of ventricular
myocardium: CT appearance. AJR 1991;156:717-718

Finsterer J, Stollberger C: Hypertrabeculated left ventricle in
mitochondriopathy. Heart 1998;80:632

Stollberger C, Leitner S, Kopsa W, Finsterer J: Left ventricular
hypertrabeculation/noncompaction and neuromuscular disorders
in idiopathic dilated cardiomyopathy. Acta Cardiol 2004;59:
425-430

Baumhikel M, Janzen I, Kindermann M, Schneider G, Hennen
B, et al.: Cardiac imaging in isolated noncompaction of ventricular
myocardium. Circulation 2002;106:e16—e17

Bax JJ, AtsmaD, Lamb HJ, Rebergen SA, BootsmaM, etal.:
Noninvasive and invasive evaluation of noncompaction cardio-
myopathy. J Cardiovasc Magn Reson 2002;4:353-357

Ichida F, Hamamichi Y, Miyawaki T, Ono Y, Kamiya T, etal.:
Clinical features of isolated noncompaction of the ventricular
myocardium. Long-term clinical course, hemodynamic properties,
and genetic background. J/ Am Coll Cardiol 1999;34:233-240
Junga G, Kneifel S, Von Smekal A, Steiner H, Bauersfeld U:
Myocardial ischaemia in children with isolated ventricular non-
compaction. Eur Heart | 1999;20:910-916

Weiss F, Habermann CR, Lilje C, Razek W, Sievers J, et al.: MR-
Tomographie in der morphologischen Darstellung der isolierten
non-compaction des linksventrikuldren Myocards (NCVM). RoFo
Fortschr Geb Rontgenstr 2003;175:1214-1219

Stollberger C, Winkler-Dworak M, Blazek G, Finsterer J: Left
ventricular hypertrabeculation/noncompaction with and without
neuromuscular disorders. Int J Cardiol 2004;97:89-92

Pignatelli RH, McMahon CJ, Dreyer W], Denfield SW, Price J,
et al.: Clinical characterization of left ventricular noncompaction in
children. A relatively common form of cardiomyopathy. Circulation
2003;108:2672—2678

Stollberger C, Finsterer J: Left ventricular hypertrabeculation/
noncompaction. ] Am Soc Echocardiogr 2004;17:91-100
Sasse-Klaassen S, Probst S, Gerull B, Oechslin E, Niirnberg P,
et al.: Novel gene locus for autosomal dominant left ventricular
noncompaction maps to chromosome 11pl15. Circulation 2004,
109:2720-2723

Borreguero LJJ, Corti R, de Soria RF, Osende ]I, Fuster V,
et al.: Diagnosis of isolated noncompaction of the myocardium
by magnetic resonance imaging. Circulation 2002;105:€177-e178
McCrohon IA, Richmond DR, Pennell DJ, Mohiaddin RH: Isolated
noncompaction of the myocardium. A rarity or missed diagnosis?
Circulation 2002;106:e22—e23

Daimon Y, Watanabe S, Takeda S, HijikataY, Komuro I: Two-
layered appearance of noncompaction of the ventricular myo-
cardium on magnetic resonance imaging. Circ J 2002;66: 619-621
Soler R, Rodriguez E, Monserrat L, Alvarez N: MRI of
subendocardial perfosuion deficits in isolated left ventricular
noncompaction. J Comput Assist Tomogr 2002;26:373-375

Borges AC, Kivelitz D, Baumann G: Isolated left ventricular non-
compaction: cardiomyopathy with homogeneous transmural and
heterogeneous segmental perfusion. Heart 2003;89:e21

Clin. Cardiol. 31, 8, 383-387 (2008)
C. Stollberger et al.: CMRI diagnosis of noncompaction

Published online in Wiley InterScience. (www.interscience.wiley.com)

DOI:10.1002/clc.20253 © 2008 Wiley Periodicals, Inc.



