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Abstract

Objective: Although there are several echocardiographic criteria, there is not yet a general consensus aboutthe diagnosis of left ventricular noncompaction. The current criteria are mostly based on the areas withmaximal noncompaction in the heart. The echocardiographer may miss this maximal point leading to amisdiagnosis. Accordingly, we suggested a new method to measure the percentage of myocardialnoncompaction using two-dimensional echocardiography.
Methods: In this study, the new method was examined on 4 noncompaction and 26 dilated cardiomyopathies,and 25 normal subjects. The percentage of noncompaction was measured at 3 levels (apical, papillary muscleand mitral valve) and averaged.
Findings: The mean percentages of myocardial noncompaction were 3.59±2.27, 8.86±5.52 and 34.7±26.1 inthe control, dilated cardiomyopathy and noncompaction groups, respectively. A value of 17% or greater coulddistinguish left ventricular noncompaction from dilated cardiomyopathy with 92% specificity and 100%sensitivity and from normal subjects with 100% specificity and sensitivity. This percentage had a statisticallysignificant association with noncompacted to compacted myocardial thickness ratio (P<0.001).
Conclusion: This method showed good correlations with the existing echocardiographic and magneticresonance criteria. However, it is not dependent on finding the area of maximal involvement. Beingcomparable to magnetic resonance imaging in accuracy, it is easier to perform and more available.
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IntroductionDespite the large number of studies about leftventricular noncompaction (LVNC), manyuncertainties exist. The diagnosis is particularlyimportant[1]. Echocardiography is accepted as themethod of choice for LVNC diagnosis[2]. Magneticresonance imaging (MRI) was used extensively forthis purpose as well; however, artifacts from

arrhythmias or breathing and higher cost are itsdisadvantages[2].Large areas of hypertrabeculation (HT) can beseen in many diseases including dilatedcardiomyopathy (DCMP) and even in normalsubjects[3,4]. It is not known whether thishypertrabeculation is a milder form of non-compaction (NC) or a different pathology[1]. Someexperts use the term hypertrabeculation/
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noncompaction (HT/NC) instead[5]. We preferredto use this term throughout this paper as well.Three sets of echocardiographic criteriaproposed by Chin, Jenni, and Stöllbergerdeveloped to differentiate LVNC from otherdiseases[3,5,6]. In spite of the existing criteria, theremay be many cases of delayed or overlookeddiagnosis[7,8]. This problem may result from thenature of these criteria which depends on thefinding of an area with maximal NC[3,6], or thenumber of HT/NC areas in LV[5]. Failure to find thearea with maximal NC or all HT/NC areas mayresult in a misdiagnosis. Measuring the percentageof hypertrabeculated or noncompacted myo-cardium (HT/NC%) may decrease misdiagnosis.We introduce a method for this measurement byechocardiography and examined it on a cohort ofpatients with LVNC cardiomyopathy, DCMP, andnormal subjects. In order to create a 3-dimensional concept, we measured areas from 3different levels in the LV and averaged them.
Subjects and MethodsFrom September 2009 to June 2011 targetedsubjects for this study were enrolled. All childrenwith a diagnosis of dilated or LVNCcardiomyopathy admitted at our hospital orreferred to our outpatient clinics were includedand a control group of healthy subjects were alsoselected in a convenient method. For LVNCcardiomyopathy patients, the study periodextended to June 2012 due to the small number ofpatients. A noncompacted to compactedmyocardial (NC/C) ratio of at least 1.4 wasconfirmatory for LVNC[9]. DCMP was diagnosedwhen a patient had left ventricular ejectionfraction (LVEF) less than 50% (present or past)and disease duration of at least 3 months. Thecontrol group consisted of age-matched childrenreferred to our outpatient clinics, with a finaldiagnosis of innocent murmur or non-cardiacchest pain and normal echocardiogram. Two DCMpatients with poor echocardiographic windowswere excluded from the study.After obtaining informed consent from theparents, all study subjects were echocardio-graphically investigated by a single echocardio-

grapher using a single echocardiographic scanner(MicroMaxx Ultrasound System, Sonosite Inc.,USA). The main reason for using this scanner wasits portability which permitted us to studysubjects in both the intensive care unit andoutpatient clinics. Echocardiographic parametersincluding left ventricular ejection fraction (LVEF),left ventricular fractional shortening (LVFS), andleft ventricular myocardial performance index(LVMPI) were obtained. The NC/C ratio duringsystole was measured as described by Jenni et al[3].The HT/NC% was defined as the meanpercentages of HT/NC myocardium at three levels:apical, papillary muscles, and mitral valve. At eachlevel, short axis view at systole was obtained andthree areas were measured: whole myocardiumand LV cavity (a), area encompassing only HT/NCmyocardium and LV cavity (b), and only LV cavity(c) (Fig 1). The HT/NC% at each level wascalculated by using the following formula:
%HT-NC = 100 × (b-c)/(a-c)The apical level was defined when a smallamount of LV cavity can be seen to preciselymeasure all desired areas (Fig. 1). The papillarymuscle level was defined when these muscleswere first viewed when sweeping echocardio-graphy probe from the apex toward the cardiacbase. The mitral valve level was defined justinferior to the valve level. Maximal care wasundertaken not to include papillary muscles,aberrant chordae tendineae and LV bands in theHT/NC areas. The study was accepted by theethical committee board of Tehran University ofMedical Sciences and in accordance with goodclinical practice and the Declaration of Helsinki.The statistical analysis was performed usingPASW Statistics 18 software. Descriptive statisticssuch as mean, standard deviation (expressed after±), and frequency were calculated for eachvariable. Independent-sample T, Chi-square, andPearson Correlation tests were used for thestatistical analyses. A P-value less than 0.05 wasconsidered statistically significant.

FindingsTwenty six patients with DCMP, 4 with LVNCcardiomyopathy and 25 normal subjects were
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Fig. 1: The parameters required to calculate the percentage of hypertrabeculated/noncompactedmyocardium. The areas a, b, and c are defined in the text. The numbers 1, 2, and 3 refer to the apical,papillary muscle and mitral valve levels, respectively
enrolled in the study. There was no statisticallysignificant difference regarding the sex, age,weight, and body surface area between DCMP andcontrol groups (Table 1).Patients with DCMP had statistically lower EF,FS, MPI, and higher NC/C ratio in comparison tothe normal subjects (Table 1). The %HT/NC% atall 3 levels and its average were significantlyhigher in the DCMP group than in the normalsubjects (Table 2). The HT/NC% was significantlycorrelated with the NC/C ratio (correlationcoefficient=0.543, P<0.001).

DiscussionLVNC was accepted as a distinct type ofcardiomyopathy by the World HealthOrganization[10]. However, there are manycontroversies regarding its etiology, pathogenesis,diagnosis, and management[1]. The diagnosis isespecially important because the prognosis andmanagement of LVNC differ from those of itsdifferential diagnoses[3].There are 3 echocardiographic criteria for thediagnosis of LVNC. The Chin criteria was first
Table 1: Demographic and basic echocardiographic data in three groups*

Parameter
Controln=25 DCMPn=26 LVNCn=4 P value**

Age (years) 5.4 6 6.1 0.6
Sex (female/ male) 10/ 15 13 / 13 2 / 2 0.5
Weight (kg) 18.8 19 17.4 0.9
Body surface area (m2) 0.73 0.72 0.69 0.9
Left ventricular ejection fraction (%) 69.7 35.5 46.3 <0.001
Left ventricular fractional shortening (%) 38.6 16.7 22.68 <0.001
left ventricular myocardial performance index 0.35 0.77 0.73 <0.001
NC/C ratio 0.44 0.79 1.83 <0.001NC/C, noncompacted to compacted myocardial thickness; DCMP, dilated cardiomyopathy, LVNC, left ventricular noncompaction;* comparing the averages in DCMP and control groups
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Table 2: Left ventricular hypertrabeculation/noncompaction percentage at three different levels in the left ventricle
Level

Control
Mean (SD)

DCMP
Mean (SD)

LVNC
Mean (SD)

P. value*

Apical 1.75 (2.25) 9.76 (7.35) 31.3 (21.6) <0.001
Papillary Muscle 4.22 (3.78) 7.91 (6.35) 32.5 (20.1) 0.02
Mitral Valve 4.80 (6.09) 8.89 (8.23) 40.7 (38.0) 0.049
Average 3.59 (2.27) 8.86 (5.52) 34.7 (26.1) <0.001SD: Standard Deviation; DCMP: dilated cardiomyopathy; LVNC: left ventricular noncompaction;* comparing the averages in DCMP and control groups

described and based on X-to-Y ratios at 3 levels(mitral valve, papillary muscle, and apex)[6]. Xcorresponds to the distance between theepicardial surface and trough of a trabecularrecess, while Y to the distance between theepicardial surface and peak of the trabeculation.The measurements should be performed at enddiastole and a ratio up to 0.5 is required for thediagnosis of LVNC[1].The Jenni criterion postulates a systolic ratio ofNC myocardial thickness to the adjacentcompacted myocardium of more than 2 at thethickest part of myocardium, confirmation ofblood flow in the recesses, absence of any cardiacabnormality, and the presence of characteristictrabeculations and deep recesses between thetrabeculations[3]. Pignatelli et al suggested that aratio of at least 1.4 is sufficient for the diagnosis ofLVNC in children[9]. Jenni criterion is the mostaccepted among these three sets and used for thediagnosis of LVNC in this study.The Stöllberger criteria require the presence ofat least 4 trabeculations distal to the papillarymuscles at one plane and intertrabecular spacesfilled from the ventricular cavity[5]. Finsterer andStöllberger introduced definite, probable andpossible LVNC diagnoses[11]. Definite diagnosis ispresent when the patients fulfill both Jenni andStöllberger sets of criteria, while probablecorresponds to the fulfillment of just one, andpossible to the situation where the number oftrabeculations is less than 4 or the NC/C ratio islower than two[11].Kohli et al studied a cohort with heart failureand investigated all these 3 sets of diagnosticcriteria[4]. At least one set of criteria was fulfilledby 47 patients. Of those, 78.7% met the Chincriterion, 63.8% the Jenni criterion, and 53.2% theStöllberger criteria. Only one set of criteria was

fulfilled by 36.2% of the patients, while only29.8% met all sets[4].Bodiwala et al used live 3-dimensionalechocardiography for measuring maximal NC/Cratio[12]. They reported 8 patients diagnosed bythis method. Only 3 out of these 8 patients werediagnosed accurately by 2-dimensionalechocardiography using Jenni criterion.The idea of LVNC quantification by areameasurement was first introduced by Belanger etal[13]. However, they used only absolute areavalues for this purpose. We introduced a newmethod for the quantification of HT/NC of LV andexamined it on patients with DCMP, LVNCcardiomyopathy and normal subjects. Althoughmore time-consuming, this method has theadvantage of being straightforward. Theechocardiographer should investigate at least 3levels in the myocardium and the result is basedon an average rather than the areas of maximalinvolvement. We showed that this HT/NC% is wellcorrelated with a carefully measured maximalNC/C ratio.MRI was used to diagnose LVNC as well.Petersen et al measured the NC/C ratio duringdiastole and showed that a value greater than 2.3could be 86% sensitive and 99% specific for thediagnosis of LVNC[14]. Alhabshan et al measuredthe end-systolic NC/C ratio by both MRI andechocardiography[15]. They found that MRI canfound a higher NC/C ratio than echocardiographyin some subjects.Korcyk et al first described MRI quantificationof HT/NC%[16]. They found a diastolic value of22% in their unique LVNC patient and a mean of11.3% (range 1.5-19) in 10 DCM patients. Theyproposed a value of 20% as a threshold fordistinguishing LVNC from DCM. Fernndez-Golfin etal studied the same method on a larger cohort of
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ischemic heart disease, DCM, valvular heartdisease, and left ventricular hypertrophy patients,and normal subjects[17]. They found relativelyhigher values in their patients (17.2±4.9 in normalsubjects, 23.3±6 in DCM patients). Jaquier et alused MRI quantification of HT/NC% as well[18].They studied patients with LVNC, DCM,hypertrophic cardiomyopathy (HCM), and normalsubjects[18] They found that mean percentageswere 32±10 in LVNC, 11±4 in DCM, 12±4 in HCM,and 12±5 in controls. They reported that apercentage of more than 20% can be 93.7%specific and similarly sensitive to predict thepresence of LVNC[18].In our cohort, only two DCMP subjects had apercentage higher than 17% while our 4 LVNCpatients had values of 73, 24, 17, and 24%. Thismeans that the threshold value of 17% candistinguish LVNC from DCMP with 92% specificityand 100% sensitivity and from normal subjectswith 100% specificity and sensitivity. ColorDoppler echocardiography confirmation of directblood flow from the ventricular cavity into deepintertrabecular recesses seems to be necessary forthe diagnosis of LVNC, as it is a unique feature ofthis disease[3]. Our suggested echocardiographicthreshold value of 17% is very close to the MRIthreshold of 20% which was suggested by Jaquieret al, and Korcyk et al[16,18]. In summary, oursuggested method is the echocardiographicequivalent of MRI HT/NC% measurement whilethe Jenni criterion is the equivalent of MRI NC/Cratio measurement.
Study Limitations:The greatest limitation was in our cohort ofpatients. First, we found only 4 patients with LVNCduring the study period. Second, the study wasperformed in a pediatric setting; therefore, thismethod was not examined on adult patients.In addition, it was impossible to blind theechocardiographer to the diagnosis of the studiedsubjects. Although the echocardiographer tried hisbest, there may be some bias in theechocardiographic measurements.
Conclusion

We introduced a new echocardiographic methodto measure HT/NC% and tested it on patients withDCM or LVNC, and normal subjects. We showedthat the percentage had a statistically significantcorrelation with the noncompacted to compactedLV ratio.
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