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Abstract

Introduction. Left ventricular noncompaction (LVNC) is a
congenital disorder characterised by prominent trabeculations
in the left ventricular myocardium. This heart condition very
often goes completely undetected, or is mistaken for hyper-
trophic cardiomyopathy or coronary disease. Case report. A
middle-aged female with a positive family history of coronary
disease was admitted with chest pain, electrocardiography
(ECG) changes in the area of the inferolateral wall and eleva-
tion in cardiac specific enzymes. Initially, she was suspected
of having acute coronary syndrome. However, in the left ven-
tricular apex, especially alongside the lateral and inferior walls,
cardiac ultrasound visualised hypertrabeculation with multiple
trabeculae projecting inside the left ventricular cavity. A
short-axis view of the heart above the papillary muscles re-
vealed the presence of two layers of the myocardium: a com-
pacted homogeneous layer adjacent to the epicardium and a
spongy layer with trabeculae and sinusoids under the endo-
cardium. The thickness ratio between the two layers was
2.2:1. The same abnormalities were corroborated by mul-
tislice computed tomography (MSCT) of the heart. Conclu-
sion. Left ventricular noncompaction is a rare, usually heredi-
tary cardiomyopathy, which should be considered as a possi-
bility in patients with myocardial hypertrophy. It is very often
mistaken for coronary disease owing to ECG changes and
elevated cardiac specific enzymes associated with myocardial
hypertrophy and heart failure.
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Apstrakt

Uvod. Nekompaktna leva komora (NKLK) je urodena
bolest koju karakteriSe izrazita trabekularizacija miokarda
leve komore. Vrlo cesto se promene na srcu potpuno pre-
vide ili se zamene za hipertrofiju miokarda ili koronarnu
bolest. Prikaz bolesnika. Bolesnica srednjih godina, sa
porodi¢nim optereéenjem za koronarnu bolest, primljena
je zbog bolova u grudima, promena u elektrokardiogramu
(EKG-u) u zoni inferolateralnog zida i porasta kardiospe-
cificnih enzima. U prvom trenutku posumnjalo se na aku-
tni koronarni sindrom. Medutim, na ultrazvu¢nom pregle-
du srca, u vthu leve komore, posebno duz lateralnog i
donjeg zida, videna je hipertrabekularizacija sa brojnim
resicama koje su prominirale u Supljinu leve komore.
Poprecni presek srca iznad papilarnih misi¢a ukazao je na
postojanje dva sloja miokarda: uz epikard je bio prisutan
kompaktan i homogen sloj, a ispod endokarda rastresist
sloj sa trabekulama i sinusoidima. Odnos debljine ova dva
sloja iznosio je 2,2:1. Iste promene potvrdene su na
multislajsnoj kompjute-rizovanoj tomografiji (MSCT) srca.
Zaklju¢ak. Nekompaktna leva komora je retka, najcesce
nasledna kardiomiopatija, na koju treba misliti kod boles-
nika sa hipertrofijom miokarda. Vrlo ¢esto se zamenjuje za
koronarnu bolest zbog promena u EKG-u i porasta
kardiospecifi¢cnih enzima koji su posledica hipertrofije
miokarda i sr¢ane slabosti.

Kljucne reci:

stce, disfunkcije leve komore; srce, insuficijencija;
miokard, komorni, izolovana nonkompakcija; aa.
coronariae, spazam; ehokardiografija; tomografija;
dijagnoza, diferencijalna.
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Introduction

Left ventricular noncompaction (LVNC) is a congenital
disorder characterised by prominent trabeculations in the left
ventricular myocardium. The disease is believed to appear
during intrauterine development as a result of arrested
morphogenesis of a compacted myocardium, the conse-
quence of which is the formation of an excessively thick
myocardium consisting of two layers: a thinner homogene-
ous layer under the epicardium and a prominently spongy
and non-compacted layer with multiple trabeculations and
recesses under the endocardium 2. It can develop either as
an isolated disorder, or in association with congenital anoma-
lies of the left or right ventricular outflow tract®. Actual
prevalence of this disease is still unknown. However, in pa-
tients with heart failure, it appears in approximately 3—4% of
the cases *.

Case report

A 50-year-old female patient was admitted to our insti-
tution with signs of acute coronary syndrome. On the day of
admittance, she felt pain in the left side of her chest and her
left shoulder, accompanied by shortness of breath, coughing
and diaphoresis. For the past month she had been experienc-
ing extreme fatigue, even after slight exertion. The patient
saw a physician at the primary health centre and was found
to have high arterial pressure (160/100 mmHg), while elec-
trocardiogram (ECG) showed negative T waves in leads D2,
D3, aVF, V3-V6. Urgent blood tests revealed elevation in
cardiac specific enzymes: troponin I 0.44 ng/mL (< 0.14).
Dual antiplatelet therapy was prescribed: aspirin 300 mg and
clopidogrel 300 mg and the patient was referred to hospital
for treatment with suspicion of non-ST elevation myocardial
infarction.

Anamnesis revealed that the patient had suffered from
left-sided sciatica for two weeks, that she used non-steroidal
antirheumatics, muscle relaxants and corticosteroids. Five
years earlier, she had deep venous thrombosis of both lower
limbs and had used anticoagulation therapy for 6 months.
She cited that 10 years earlier she had underwent hysterec-

- ABNORMAL ECG -

tomy and cholecystectomy; she had had two childbirths and
several miscarriages. The patient is a non-smoker, normoten-
sive and has a family history of coronary artery disease.

Upon hospitalisation, her respiratory sounds were nor-
mal, with inspiratory crackles basally. Heart activity was
rhythmic, the sounds distinct, with no murmurs, frequency
(f) 88/min, blood pressure — 130/75 mmHg.

The ECG registered sinus rhythm, a normogram, a 1
mm downsloping ST segment depression with negative T
waves in D,, D3, aVF, V;-Vy (Figure 1). Chest radiography
revealed interstitial and perivascular edema basally, with hi-
lar enlargement.

Blood test results were: erythrocyte sedimentation rate
(ESR) — 7 mm/h, C-reactive protein (CRP) — 3.5 mg/mL,
blood count: white blood cells (WBC) — 12.0 10°/L domi-
nated by granulocytes (10.7%), haemoglobin (Hgb) — 154
g/L, red blood cells (RBC) — 4.92 10'%/L, Platelets (Pt) — 330
10°/L. The test showed increased concentration of enzymes
associated with myocardial necrosis: creatine kinase (CK) —
485 U/L (< 200), CKyg— 35 ng/mL (< 25), troponin I — 0.44
ng/mL (< 0.14), aspartate aminotransferases (AST) — 50 U/L,
alanine transaminase (ALT) — 83 U/L, LDH — 269 U/L, as
well as elevated levels of the brain natriuretic protein (BNP)
— 361 pg/mL (< 256). Other blood and urine test values were
in their normal reference ranges, except for an increased
concentration of amyloids 16.5 pmol/L (< 6.8), while serum
and urine protein electrophoresis and immunoelectrophoresis
were normal.

Echocardiography showed: left atrium was dilated — 4.7
cm. The size of the left ventricle was in normal reference
values: end systolic diameter (ESD) — 3.23 c¢m, endodiastolic
diameter (EDD) — 4.73 cm. Concentric left ventricular hyper-
trophy was registered, with ventricular walls of 1.5 cm and a
highly hyperechoic myocardium. Myocardial contractility
was preserved, the ejection fraction (EF) was 58.2% accord-
ing to the Teichholz formula and 56% calculated by Simp-
son’s rule, Fractional shortening (FS) was 29.8%. Left ven-
tricular mass was increased — 293 g or 161 gm® (Cube). In
the left ventricular apex, especially alongside the lateral and
inferior walls, ultrasound revealed hypertrabeculation with
multiple trabeculae projecting inside the left ventricular cav-

Unconfirmed diagnosis.
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Fig. 1 — Electrocardiography showing ST segment depression of 1 mm with negative T waves in the leads
Dz, D3, aVF, V3—V6.
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ity. Colour Doppler echocardiography showed that blood
filled intertrabecular recesses in the lateral wall and the left
ventricular apex (Figure 2).

A short-axis view of the heart above the papillary mus-
cles revealed the presence of two layers of the myocardium:
a compacted homogeneous layer adjacent to the epicardium
and a spongy layer with trabeculae and sinusoids under the
endocardium. The thickness ratio between the two layers was
2.2:1 (Figure 3).

The type of blood flow registered above the mitral
valve was typical of impaired relaxation, with the E/A ratio
of 0.6 and mitral regurgitation grade 1+. The size of the right
ventricle was within the upper reference limit (2.8 cm), with
tricuspid regurgitation grade 1+. The systolic pressure in the
right ventricle was increased — 48 mmHg. A pericardial effu-
sion of 0.4 cm was detected around the entire heart.

Holter monitoring registered a sinus rhythm, with a
short episode of absolute arrhythmia, which lasted for 6 sec-
onds at the frequency of 153/min. There were 163 atrial ex-
trasystoles, which were isolated, rarely paired, as well as 4
single ventricular extrasystoles.

On the multislice computed tomography (MSCT) of the
heart with angiography: blood vessel imaging showed nor-
mal results (Figure 4).

Since magnetic resonance imaging of the heart was not
available in our institution, we conducted an MSCT test,
which included multiple long- and short-axis slices that re-
vealed concentric myocardial hypertrophy with prominent
trabeculations and deep recesses above the papillary muscles,
especially in the area of the apex and the anterolateral wall
(Figure 5).

On the basis of the anamnesis, the clinical picture and
the undertaken examinations, we concluded that the patient
suffered from noncompaction cardiomyopathy presenting
as heart failure (New York Heart Association — NYHA
II/IIT). The initial diagnosis of acute coronary syndrome
was abandoned. Laboratory analyses registered only slight
elevations of cardiac-specific enzymes, which were ex-
plained by myocardial hypertrophy and heart failure, con-
sidering that coronary blood vessels were unobstructed.
Owing to suspected transient ischaemic attack, we per-
formed an MSCT of the endocranium, which returned
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Fig. 2 - Ehocardiogaphy and multislice computed tomography of the heart — apical 4-chamber view showing promi-
nent trabeculations of the left ventricular apex and lateral wall, with colour Doppler evidence of deep intertrabecular
recesses filled with blood.
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Fig. 3 — Echocardiography: short-axis view of the left ventricle at end systole, and multislice computed tomography of the
heart: the left ventricular myocardium consists of 2 layers — the thick non-compacted layer and the thin compacted layer,
their thickness ratio being 2.2:1.
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Fig. 4 — Multislice computed tomography coronarography: all coronary blood vessels
are free of plaque and show no signs of stenosis.
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Fig. 5 — Multislice computed tomography ofthe heart with left ventricular noncompaction.
Multiple trabeculations and recesses between them are visible apically, on lateral and inferior walls.

normal results. The patient was initially treated with dual
antiplatelet therapy until the coronarography examination,
and then an oral anticoagulant was introduced in the ther-
apy, in addition to cardiotonics and diuretics, due to veri-
fied paroxysmal atrial fibrillation.

Discussion

Left ventricular noncompaction is a congenital disorder
characterised by prominent trabeculations in the left ven-
tricular myocardium "*. The European Society of Cardiology
(Working Group on Myocardial and Pericardial Diseases)
included this defect in the group of unclassified cardio-
myopathies, along with Takotsubo cardiomyopathy, whereas
the American Heart Association classifies it as a primary
congenital cardiomyopathy > °.

The disorder appears in isolated form, but it may also
be inherited, usually through autosomal dominant inheri-
tance. In many families, the disorder is found in the gene re-

sponsible for the synthesis of beta-myoglobin heavy chains.
Furthermore, in some cases the mutation is found in the
genes G4.5, P121L, E101K, which are responsible for the
synthesis of cytoskeletal proteins: beta-myosin, alpha-actin
and troponin " *.

Noncompaction of the left ventricular myocardium is
sometimes seen as part of congenital anomalies of the left or
right ventricular outflow tract, such as: pulmonary artery
atresia, bicuspid aortic valve, congenitally corrected transpo-
sition and Ebstein's anomaly. Moreover, this disorder is oc-
casionally detected in conjunction with ventricular septal de-
fect (VSD), or in association with neuromuscular diseases’.

The disease is believed to appear during intrauterine
development as a result of arrested morphogenesis of a com-
pacted myocardium. Namely, the heart muscle is markedly
heterogeneous during the embryonic stage, with many sinu-
soid blood vessels interwoven with myofibril bundles, which
provide blood supply to the myocardium. Towards the end of
the intrauterine development, the myofibrils are condensed
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and the left ventricular myocardium becomes compacted. As
a result of disrupted embryonic development, the myocar-
dium becomes excessively thick and consists of two layers: a
homogeneous layer, located under the epicardium, and a dis-
tinctly spongy and non-compacted layer, located under the
endocardium, characterised by multiple trabeculations and
recesses. The intertrabecular recesses open into the left ven-
tricular cavity and are filled with blood, with no communica-
tion with epicardial blood vessels* .

Actual prevalence of this disease is still unknown.
However, in patients with heart failure, it appears in approx.
3-4% of the cases ',

Some patients are asymptomatic and their diagnosis is
established fortuitously, usually based on echocardiography.
Other patients develop three types of symptoms: heart fail-
ure, atrial and ventricular arrhythmias, thromboembolic
complications.

The disorder usually manifests itself as heart failure in
79% of cases (dyspnoea, fatigue after slight exertion, cough
and swelling). Chronic atrial fibrillation is the most common
type of arrhythmia, while other registered abnormalities in-
clude left of right bundle branch block, fascicular block or
ventricular tachycardia. In the left ventricular cavity, thrombi
often form between trabeculae, which leads to thromboem-
bolic complications. The clinical presentation usually ap-
pears in adults, but it is not rare to see children or even in-
fants suffering from heart failure resulting from left ventricu-
lar noncompaction *.

Electrocardiogram (ECG) reveals left ventricular hyper-
trophy, as well as various rhythm and conduction distur-
bances .

Echocardiography is the method of choice in diagnos-
ing LVNC. Other applicable methods include magnetic reso-
nance imaging, multi-slice scanner, left ventricular ventricu-
lography and genetic testing.

In 2001, Jenni et al. ** proposed 3 criteria for echocar-
diographic diagnosis of this disorder: considerable thicken-
ing of the left ventricular wall, which consists of two layers —
thinner compacted layer underneath the epicardium, and
thickened layer under the endocardium, with multiple trabe-
culae and deep recesses. The ratio of non-compacted to com-
pacted myocardium is higher than 2:1 at end systole, at
parasternal short-axis view; deep intertrabecular recesses, in
which blood flow is visible in colour Doppler echocardi-
ography; pronounced meshwork of trabeculae in the left ven-
tricular apical area and the mid segments of the inferior and
lateral walls.

For LVNC diagnosis to be established, all three of the
above criteria need to be fulfilled. In addition to these mani-
festations, there is also the hypokinesia of the affected left
ventricular segments .

Stollberger et al. '* proposed somewhat different criteria
that involve hypertrabeculation: the presence of more than
three trabeculations at the left ventricular apex, above the
papillary muscles, all of which are visible in a single image
plane, and intertrabecular spaces are perfused with blood
from the left ventricular cavity, which is visible in colour
Doppler imaging.

Aside from these, other manifestations that may be de-
tected include diffusely reduced left ventricular systolic
function, diastolic dysfunction, thrombi in the left ventricular
cavity and structural anomalies of the papillary muscle,
which is also trabeculated.

In terms of the differential diagnosis, one of the consid-
erations is dilated cardiomyopathy, which occasionally also
exhibits two myocardial layers, one of which is non-
compacted. The ratio between the two layers is also higher
than 2:1; however, the main difference is that dilated car-
diomyopathy is characterised by myocardial wall thinning.
The differential diagnosis should also take into consideration
apical hypertrophic cardiomyopathy, various forms of infil-
trative cardiomyopathies, heart anomalies associated with ar-
terial hypertension, as well as the hypereosinophilic syn-
drome .

Magnetic resonance imaging and the MSCT scanner
produce a somewhat different image to that of echocardi-
ography. Trabeculations and recesses are detected much
more frequently, even in healthy people, especially in pa-
tients who suffer from any type of myocardial hypertrophy,
and they are located at the left ventricular apex, anterior or
lateral walls. The only difference is that the ratio of non-
compacted to compacted myocardium is greater than 2.3:1 in
diastole, visible in three cross-section views; hence, this is
the basic criterion for diagnosing LVNC using magnetic
resonance imaging ' "’.

Treatment is symptomatic and involves the therapy of
heart failure and rhythm disorders. Focus should be on anti-
coagulation therapy, which is compulsory for patients with
EF < 40% and/or absolute arrhythmia. In the final stage,
heart transplantation or implantation of a cardioverter-
defibrillator are recommended ***.

Until recently, LVNC was associated with poor progno-
sis and it was believed that most patients died as a result of
complications. A long-term follow-up of 34 patients with an
average age of 42 years, published in 2000, showed that
heart failure manifested in 53%, ventricular rhythm disorders
in 44% (cardioverter-defibrilators were implanted in 12% of
them), while thromboembolic complications occurred in
24% of the patients. Over the follow-up period of 44 months,
one third of the patients died — half of them by sudden death,
whereas 12% underwent heart transplantation. They were all
patients with serious health problems *’

Following the publication of this study, physicians
started paying more attention to similar patients who had
much milder clinical presentation, or were entirely asymp-
tomatic and identified by chance. In 2005, Murphy et al. *'
presented a study in which 45 patients of an average age of
37 years were followed up over an average period of 4
years. Survival rate was 97%, while thromboembolic
events occurred in only 2 patients. Lofiego et al. * divided
65 patients with LVNC into two groups: symptomatic pa-
tients (48) had poor prognosis — 31% of them died or un-
derwent heart transplantation over the average follow-up
period of 46 months. Asymptomatic patients, who were
usually family members of the affected patients, had no
complications > .

Risti¢-Andelkov A, et al. Vojnosanit Pregl 2018; 75(2): 228-233.



Vol. 75, No 2

VOJNOSANITETSKI PREGLED

Page 233

Conclusion

Left ventricular noncompaction is a rare, usually he-

reditary cardiomyopathy, which should be considered as a
possibility in patients with myocardial hypertrophy. It is very
often mistaken for coronary disease owing to ECG changes

10.

11.

12.

and elevated cardiac-specific enzymes associated with myo-
cardial hypertrophy and heart failure. The disorder is usually
detected fortuitously and patients with LVNC have a normal
life expectancy, while about a third of them present with
symptoms of heart failure, arrhythmias or thromboembolic
events, with a very poor prognosis.
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