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Abstract Left ventricular non-compaction (LV NC) is
characterized by abnormal trabeculations that are mainly at
the LV apex. Distinction between LV NC and non-specific
dilated cardiomyopathies (DCMs) remains often challeng-
ing. We sought to find additive tools comparing the lon-
gitudinal strain characteristics of LVNC versus idiopathic
DCM in a cohort of patients. 48 cases of LVNC (derivation
cohort) were compared with 45 cases of DCM. Global and
regional multi-layer (sub-endocardial, mid-wall, and sub-
epicardial) LV longitudinal strain analysis was performed.
Results were compared to define the best tool for distin-
guishing LVNC from DCM. A validation cohort (41 LVNC
patients) was then used to assess the performance of the
proposed diagnostic tools. In the derivation cohort, lon-
gitudinal deformation (strain) was greater in LVNC than
in DCM patients. Longitudinal shortening was greater in
the non-compacted segments than in the compacted ones.
A mid-wall strain base-apex gradient had 88.4 % sensitiv-
ity and 66.7% specificity in distinguishing LVNC from
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DCM (AUC=0.83; cut-off of —23 or [0.23|%). In a mul-
tivariable model, the base-apex mid-wall gradient in an
apical 4-chamber view was the only independent echo-
cardiographic criteria (OR=0.76, CI 95% [0.66; 0.90],
p=0.0010) allowing the distinction between LVNC and
DCM. In the validation cohort, the base-apex mid-wall
gradient of strain had 88.4% sensitivity, 85.7% negative
predictive values for the diagnosis of LVNC. Longitudi-
nal strain, especially the base-apex longitudinal gradient of
strain, appears as an additive valuable tool for distinguish-
ing LVNC from DCM.

Keywords Left ventricular non-compaction -
Echocardiography - Longitudinal strain - Dilated
cardiomyopathy

Abbreviations
LVNC  Left ventricular non-compaction

CMR  Cardiac magnetic resonance imaging
DCM  Dilated cardiomyopathy

GLS Global longitudinal strain

AUC Area under the curve

LV Left ventricle
TDI Tissue doppler imaging
TAPSE Tricuspid annular plane systolic excursion

Introduction

Left ventricular non-compaction (LVNC) is a cardiomy-
opathy characterized by prominent trabeculations associ-
ated with deep, inter-trabecular recesses that communicate
with the ventricular cavity [1]. The distinction between
non-specific dilated cardiomyopathy (DCM) and LVNC is
debated, as is the pathophysiology and genetic determinants
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Fig. 1 Example of an apical 4-chamber view of a DCM with the defi-
nition of latero-septal segments and basal—apical ones that were used
for defining the gradients

of these diseases [2—4]. In a recent study, the application of
pre-defined criteria for the diagnosis of LVNC was associ-
ated with a significant inter-observer disagreement in 35%
of cases [5-7].

Transthoracic echocardiography and cardiac magnetic
resonance imaging (CMR) are often used in combination
for the diagnosis of LVNC, in order to circumvent the
absence of an irrefutable test provided by either approach
alone. Several echocardiographic definitions [1, 3, 8, 9] and

Pic du Strain Syst. (Epi)

at least two CMR definitions [10, 11] have been published.
These definitions were tested on limited numbers of patients,
with no systematic confrontation with the pathology. Apply-
ing all of these criteria can lead to excess in diagnosis and
contradictory results [1, 12—14].

Trabeculations are not specific, since they can be found
in the DCM, which can make differential diagnosis from
LVNC difficult [15]. Therefore, some authors have sug-
gested imaging deformation as a possible diagnostic support
tool when diagnosis is difficult [16, 17].

The aim of the present study was to evaluate multilayer
longitudinal strain in patients with LVNC and non-ischemic
DCM in order to define additional echocardiographic criteria
for the differentiation of these two disease entities. The reli-
ability of our results was then tested in a validation cohort
composed of LVNC patients enrolled in another center.

Methods
Population

The study population was composed of 45 non-ischemic
DCM patients and 48 LVNC (derivation cohort) patients
who were enrolled prospectively at the University Hospi-
tal of Rennes between 2009 and 2014. The population was
completed with a validation cohort, composed of 41 LVNC
patients enrolled in the same period at the University Hospital
of Poitiers and. The exclusion criteria were: age <18 years,
coronary artery disease (every patient had a coronary-CT or

Fig. 2 Bull eyes of the longitudinal strains recorded in the three myocardial layers in a patient with a LVNC. The apex-base gradient in longitu-

dinal deformation is striking
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Fig.3 Example of the tracing of the region of interest for the calculation of longitudinal strain. Example of it was dealt with the deep trabeculations

angiography), more than moderate concomitant valve dis-
ease, congenital cardiomyopathy, hemodynamic instability,
recent (<1 months) hospitalization for cardiac decompensa-
tion, uncontrolled arrhythmias, unsuitable acoustic window
(n=0 in this cohort requiring a cardiac magnetic resonance
and an echocardiography for affirming the diagnosis of
LVNC and DCM). For patients with LVNC the diagnostic
suspicion was formulated by echocardiography according
to the Jenny criteria and confirmed by CMR [1, 10]. The
diagnosis of LVNC by CMR was retained if non-compacted
to compacted myocardium ratio in end-diastole was >2.3
(Petersen’s criteria) or if the non-compacted mass exceeded
20% of the total cardiac mass (Jacquier’s criteria) [11]. The
diagnosis of LVNC was based on the analysis of the echo-
cardiographic and CMR data by at least two independent
experts. An agreement between these two was mandatory
for affirming the diagnosis of LVNC. The diagnosis of
DCM was formulated according to the recommendations of
the Working Group on Myocardial and Pericardial Diseases
of the European Society of Cardiology [18].

The study was conducted in accordance with the “Good
Clinical Practice” Guidelines, as stated in the Declaration of
Helsinki. The study was reviewed by the independent eth-
ics committees of all of the participating centers. All of the

patients gave their written, informed consent (ethic commit-
tee authorization 35RC14-9767).

Clinical and biological data

Clinical data including age, gender, the New York Heart
Association (NYHA) functional class, concomitant cardio-
vascular risk factors (hypertension, hypercholesterolemia,
diabetes), and therapy were collected for each patient. Stan-
dard biological results and NT-proBNP (N terminal- pro
brain natriuretic peptide) were also reported. A 12- lead
electrocardiography was registered for each patient and data
regarding, HR, PR and QRS duration, repolarization abnor-
malities were reported.

2D-Echocardiography

Transthoracic echocardiography was performed at rest on
a Vivid 7 or Vivid E9 ultrasound system (GE Healthcare,
Horten, Norway) and images were recorded on a remote sta-
tion and analyzed using a dedicated software (EchoPAC PC
version BT 13, GE Heathcare, Horten, Norway) [19]. LV lin-
ear dimensions, volumes, LV ejection fraction (LV EF), left
and right atrial volumes were calculated as recommended
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Table 1 Characteristics of the derivation cohort

Table 2 Echocardiographic measurements in the derivation cohort

Variable LVNC DCM p Variable LVNC DCM p

Male sex 29(60%) 33 (73%) 0.1867 (K)  IVSd (mm) 8.8+2.4 7.6+1.6 0.0636 (W)

Age (years) 50+17 66+9 <0.0001 (S) LVESD (mm) 322467 36.7+5.0 0.0006 (S)

Body mass index 248+4.5 26.7+4.4 0.0527 (S) PWd (mm) 8.6+2.4 84+14 0.9776 (W)
(Kg/m?) LVEDD (mm) 4904127  57.6+9.1 0.0004 (S)

Pacemaker 0 3(6.7%) 03249(F) LA volume 322+13.0 4974192 <0.0001 (S)

ICD 4(9.1%) 3(6.7%) (mL/m?)

CRT 1(2.3%) 0 LVEDV (mL) 167.0+81.3  235.1+67.3  <0.0001 (S)

Diabetes 5(10.6%)  6(13.3%) 0.6904 (K)  LVESV (mL) 108.1+75.0  168.8+533  <0.0001 (S)

Smokers 14 (29.8%) 18(40.0%)  0.3039(K)  LVEF (%) 39.6+13.1 279451  <0.0001 (S)

Hypercholesterolemia 16 (34.0%) 24 (53.3%)  0.0621 (K)  Cardiac Index 24408 2141 0.2512 (S)

Arterial hypertension 21 (44.7%) 14 (31.1%) 0.1802 (K) (mL/min/m?)

Kidney failure (creatinine 7 (15.6%) 15 (34.1%) 0.0427 (K) Mitral regurgitation 0.6+0.9 1.5+0.8 <0.0001 (S)
clearance < 60 mL/min) (1-3/4)

NYHA class E/A 1.1+0.7 13+0.8 0.4100 (S)
I 18 (383%) 0 E-DT (ms) 196.7 +68.5 171.1+67.4 0.0788 (S)
I 18 (38.3%) 13 (28.9%) E/e’ (cm/s) 11.6+7.8 14.6+6.3 0.0596 (S)
I 11(23.4%) 32(71.1%) <0.0001 (F) RA area (cm?) 14.1+35 16.4+4 0.0220 (W)

Treatment RV-FR(%) 0.33+0.13 0.41+0.15 0.0798 (S)
ACE 31(67.4%) 42(95.5%)  0.0007 (K)  TAPSE (mm) 224449 17.9+3.4 <0.0001 (S)
Beta blockers 30(65.2%) 43(97.7%) <0.0001 (K)  Rv-s'(cm/s) 11.9+2.7 10.9+2.7 0.1247 (S)
Aldosterone antagonists 12 (26.1%) 15 (34.1%) 0.4075 (K) RV-2D strain (%) ~15.6+4.8 ~19.7+6.6 0.0033 (S)
Diuretics 11(23.9%) 41(93.2%) <0.0001 (K) SPAP (mmHg) 31.8+11.0 3424103 0.3301 (W)

BMI body mass index, NYHA New York Heart Association, ACE-
inhibitor angiotensin-converting enzyme, LBBB left bundle branch
block

Qualitative parameters: x> (=K) or Fisher (=F) tests

Quantitative parameters: Mean +standard deviation, Student (S) or
Wilcoxon (W) tests

[20]. TDI was used to detect the lateral and septal mitral
annulus velocities and the average value estimated mitral ¢’
(Figs. 1, 2).

Analysis of LV longitudinal deformations was conducted
for each patient using the loops from the apical 4-, 3- and
2-chamber views. According to the regional thickness of
each segment the region of interest was adapted to systemati-
cally include the endocardial and the epicardial borders. The
regional adaptation of the size of the region of interest was
possible on the EchoPAC version we were using (EchoPAC
B13, GE Healthcare, Horten, Norway). The borders of the
region of interests were limited to region were some myo-
cardium was seen. In case of very deep recesses, particularly
in the apex, the strain was measured staying not too fat from
the epicardium (Fig. 3) A semi-automatic analysis of the
endocardial and epicardial contours was then carried out to
determine the global and regional longitudinal deformations
in the sub-endocardial, mid-wall and sub-epicardial layers.

For each myocardial segment, the maximum value of the
amplitude peaks of strain and the value of the global longi-
tudinal strain of each layer were recorded (Figs. 1, 2).

@ Springer

dIVS diastolic interventricular septum thickness in diastole, LVEDD
left ventricular end-diastolic diameter, dPW diastolic posterior wall,
LVESD LV end-systolic diameter, LA4 left atrial, LVEDV LV end-
diastolic volume, LVESV LV end-systolic volume, LVEF LV ejection
fraction, E-DT mitral inflow E-wave deceleration time, RVFR right
ventricular fractional area changes, SPAP systolic pulmonary arterial
pressure

Qualitative parameters: ¥ test (K)

Quantitative parameters: mean =+ standard deviation, Student (S) ou
Wilcoxon (W) tests

For each myocardial layer, we compared the longitudi-
nal strain values obtained in basal and apical segments and
in the septal and antero-laterall segments (Fig. 1) in order
to define the base-apex and latero-septal gradients. All
the speckle tracking analysis were done offline and by an
investigator blinded to the final diagnostic of each patient
included in the analysis.

Statistical analyses

Quantitative variables are described as means =+ standard
deviation and compared using the Student’s t-test or the
Wilcoxon’s test as appropriate. Qualitative variables are
presented as number and percentage (%) and compared ¥
tests or Fisher’s exact tests.

For analysis of quantitative data collected from the
same patient (paired data), paired Student’s t-test was
used.
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Table 3 Longitudinal strain: global and multi-layers in the derivation
cohort

Variable LVNC DCM p

Global longitudinal Strain  —10.6+4.4 —-6.4+2.3 <0.0001 (S)
EPI

Global longitudinal Strain  —12.2+5 -7.4+24 <0.0001 (S)
MID (=GLS)

Global longitudinal Strain  —14.2+5.6 —8.7+2.6 <0.0001 (S)
ENDO

EPI subepicardial myocardial layers, MID mid-layers, ENDO sub-
endocardial layers

ROC curves were used to define the apex-base and septo-
lateral cut-offs able to identify LV NC.

The area under the curve (AUC) that differentiates LVNC
from DCM was defined for each parameter or combination
of parameters, and the AUC values were compared.

The threshold was chosen based on the maximum sen-
sitivity and specificity (Youden index). The AUC values
were compared using the nonparametric method proposed
by DeLong et al. [21]. Clinically relevant variables that
were significant (<0.05) were tested via multivariate logis-
tic regression; model selection was performed rather than
step-down regression.

Results

The general characteristics of the studied population are
described in Table 1. With respect to LVNC, DCM patients
were older and more often symptomatic (dyspnea). Echo-
cardiography data are depicted in Table 2. DCM patients
had higher LA and LV volumes, lower LVEF and impaired
right ventricular performance with respect to LVNC
(Table2).

Table 4 Myocardial strains in compacted versus non-compacted regions

Myocardial deformations

The absolute value of global, epicardial, mid-wall, and sub-
endocardial strain was significantly higher in LVNC that in
DCM (Table 3). As shown in Table 4, in the LVNC group
epicardial, endocardial, and mid-wall strains were signifi-
cantly higher in the antero-lateral wall than in the septum. In
DCM, a significant difference between the lateral and septal
strain was observe in endocardial strain only.

Interestingly, in LVNC, basal strain was significantly
lower than apical strain in all LV layers, which is in opposi-
tion with what can be observed in DCM.

As shown in Fig. 1, the deformations at the base were
lower than those at the apex of the LV (Table 4).

Latero-septal and base-apex gradients

Only the sub-endocardial latero-septal gradient differenti-
ated LVNC from DCM (Fig. 2), Table 5.

In opposite, all the base to apex gradient were signifi-
cantly and more convincingly different between LVNC and
DCM. (Table 5).

ROC curve analysis

In order to define the gradient that best discriminates LVNC
from DCM, ROC curves were calculated for each base-to-
apex and septal-to-lateral gradient (Fig. 4). The optimal
AUC values were obtained using the global base-apex gra-
dient in the mid-wall (AUC=0.83), retaining a threshold of
—23 (or ]0.23]), a sensitivity of 88.4% and a specificity of
66.7% (PPV="71.7%, NPV =85.7%). The sub-endocardial
base-apex gradient in apical 4-chamber view was charac-
terized by an AUC=0.824, with a threshold of —1 (or |1|),
a sensitivity of 81.4% and a specificity of 66.7% (PPV

LVNC DCM
Variable Antero-lateral Septum p Antero-lateral Septum P
Strain EPI -10+6 -8.1+6.9 0.0053 —6+3.3 -52+42 0.3132
MID -11.9+7.1 -9.1+7.1 <0.0001 -72+3.7 —-5.7+43 0.0927
ENDO —-152+8.8 -103+7.5 <0.0001 —-8.9+4.6 —6.4+4.5 0.0182
Base Apex Base Apex
4ch EPI -92+6.4 —11.4+£52 p=0.0170 —8.7+6.2 -52+3.1 »=0.0006
4ch MID —10.1+6.5 —14+6.7 p=0.0005 -99+6.9 —6.6+3.6 »=0.0040
4ch ENDO —11.1+6.6 —18.7+8.5 p<0.0001 -11.2+7.6 -8.7+4.6 p=0.0473
bull eyes EPI -9.44+5 -11.5+£53 p=0.0007 -72+2.6 -53+29 p=0.0009
bull eyes MID -10.2+53 -142+6.5 p<0.0001 —-8+2.38 —-6.6+3.4 p=0.0185
bull eyes ENDO —-11+5.5 —18.5+8.7 p<0.0001 -9+3.1 —8.5+4.3 p=0.4294

Abreviations are the one from previous tables & 4ch: 4 chamber apical view
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Table 5 Comparison of the myocardial strain gradients between
LVNC and DCM in the derivation cohort

Variable LVNC DCM p

Latero-septal gradient EPI  —1.8+4.3 —0.8+5.2 0.3001 (S)

Latero-septal gradient MID —-2.8+4.1 —1.4+58 0.2132 (S)

Latero-septal gradient —49+42 -24+6.7 0.0322 (S)
ENDO

Base-apex Gradient —22+58 -35+64 <0.0001 (S)
4-chamber EPI

Base-apex Gradient —-38+66 —-33+72 0.0001 (S)
4-chamber MID

Base-apex Gradient -7.6+73 =2.5+£82 <0.0001 (S)
4-chamber ENDO

Base-apex Gradient global -2.0+3.6 —1.8+34 <0.0001 (S)
EPI

Base-apex Gradient global —-3.9+42 —1.4+3.9 <0.0001 (S)
MID

Base-apex Gradient global —-7.5+5.8 —0.5+4.7 <0.0001 (S)
ENDO

Abbreviations are the one from previous tables

(positive predictive value)=70% NPV (negative predictive
value)=78.9%). Table 6 shows the comparison of AUC
values.

Multivariate analysis

The mid-wall base apex gradient was an independent echo-
cardiographic parameter able to distinguish DCM and
LVNV (Table 6).

Application of the results obtained from the derivation
cohort to an independent validation cohort

A comparison of the characteristics of the validation and
derivation cohorts is presented in Appendix The base-apex
gradients that were informative in the derivation cohort
(cut-offs defined by the ROC-analysis) were tested in the
validation cohort. For the base-apex gradient, using the
strain recorded in the mid-wall and considering the cut-off
of —0.23 that was defined in the derivation cohort, the sen-
sitivity for LVNC diagnosis was 80.5% [65.1%; 91.2%)],
the specificity was 35.7 % [21.6 %; 52.0 %], the positive pre-
dictive value was 55.0% [41.6 %; 67.9 %], and the negative
predictive value was 65.2 % [42.7 %; 83.6 %)].

Discussion
LVNC diagnosis remains challenging [4]. Kohli et al. [14]
demonstrated the excessive sensitivity of the currently

selected morphological criteria. Using echocardiography
and CMR data, diagnosis is based on a consensus among

@ Springer

experts [15]. Our study provides relevant elements for dis-
tinguishing LVNC and DCM based not on anatomy but on
myocardial deformation parameters.

Values of strain imaging

Echocardiographic techniques, such as tissue Doppler
imaging and speckle tracking, can help to identify and to
stratify the risk of cardiomyopathies [22]. It might allow the
clinician to distinguish regional myocardial abnormalities
[23], such as those in the trabeculated segments in LVNC
patients. Previous authors have suggested that deforma-
tion imaging could help to differentiate LVNC from DCM
[14, 15]. Because in LVNC, trabeculations are commonly
localized in the sub-endocardial layer, we examined multi-
layer longitudinal strain. We observed an “apical sparing”
of longitudinal strain in non-compacted segments (sub-
endocardial and in the mid-wall assessment of LV-regional
strain in apical segments). The Longitudinal strain values in
compacted segments were closed to the longitudinal strain
regional values obtained in DCM-patients. Similar results
were reported in a single-center series that did not distin-
guish sub-endocardial, sub-epicardial, and mid-wall longi-
tudinal strains [16]. This result is confirming that LVNC is
not a regional disease but a form of cardiomyopathy with
abnormalities that are not focus on the non-compacted seg-
ments [24]. The Right ventricular function seems also being
affected [25, 26] in a slightly different way in DCM and
LVNC (more decrease in longitudinal strain). The Right
ventricular involvement in LVNC has been, by the way,
described previously [25, 27]. Patients carrying HCN4-
695X and HCN4-P883R exhibit combined phenotypes: it
has been reported biventricular hyper-trabeculation in mul-
tiple members of the families affected by the HCN4-695X
mutation. Although LVEF was preserved and no overt struc-
tural abnormalities were initially noted [25, 26]. Our work
is thus providing an additive approach for distinguishing the
DCM from the LVNC. That is probably useful. The clinical
course, the arrhythmogenic risk, the thombo-embolic risk
and the genetic determinants might be different [28, 29].
There are no specific guidelines for LVNC treatment yet but
the literature is underscoring that LVNC is a distinct for of
cardiopathy [27, 28].

Gradients

Previous publications have demonstrated the value of longi-
tudinal strain gradient (“apical sparing”) for instance in the
context of amyloidosis [23]. It has also been shown that the
preferred location of LVNC is in the apical segments, primar-
ily the inferior and antero-lateral walls [4]. The middle and
basal segments of the septum are usually “compacted” [1, 8,
14]. To define the gradient with the threshold that yielded the
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Table 6 Multivariable logistic regression using a backward step by step approach including: EPI base apex 4 chamber view, MID base apex 4
chamber view, ENDO base apex 4 chamber view, LVEDD, TAPSE, LVEDYV, E/e’, EPI base apex bull-eyes, MID base-apex bull-eyes, ENDO base

apex bull-eyes, age, LVEF

Univariable analysis

Multivariable analysis (n=287)

VGNC (réf=DCM) N OR [IC95 %] P-value OR [IC95 %] P-value
MID base apex 88 0.71[0.61; 0.83] <0.0001 0.76 [0.65; 0.90] 0.0010
Age 92 0.91[0.87; 0.95] <0.0001 0.93 [0.89; 0.97] 0.0019

most sensitivity and specificity in distinguishing LVNC, it
was necessary to evaluate the areas with the most non-com-
paction segments (apex, apical and lateral walls) and those
generally “compacted” (base and septum) such that the dif-
ference in strain between these walls would be most represen-
tative of the LVNC-cardiomyopathy. We therefore, analyzed
different gradients: latero-septal and base-apex gradients,
calculated from apical 4-chamber views and from the bull
eyes (combining the 2D imaging data of 4-, 3- and 2-cham-
ber apical views). No sub-epicardial gradient were relevant.
In opposite, the mid-wall base/apex gradient (AUC =0.835)
of longitudinal strain, with a threshold of —0.23 (or |0.23|)
% was observed as potentially valuable for distinguishing
DCM and LVNC patients. The sub-endocardial gradient in
apical 4-chamber view (AUC=0.824) with a threshold of
—1% (or for simplifying|1|%) and the global base/apex sub-
endocardial gradient (AUC=0.859) at a threshold of —1.8 %
(or |1.8|) were valuable too but they were not identified in
the multivariable analysis. This multivariable logistic regres-
sion leads that the base-apex gradient of mid-wall strain as
the independent parameter that improves the positive diag-
nosis of LVNC (cut-off =—0.18; OR=0.76, CI 95% [0.65;
0.90], p=0.001). These calculations allowed the scientific
demonstration of the potential value, not for its own, but in
association with previously described approach, of the lon-
gitudinal strain. Nevertheless, our message is not to measure
these gradient but to look at the bull eyes and the repartition
of the longitudinal strain values. Compacted segments at the
base have depressed strain values and non-compacted seg-
ments (at the apex) have more preserved longitudinal strain
values. That is very simple to look for as displayed in Fig. 2.

Limitations

The course of the disease seems different in LVNC and
DCM, therefore the age, the sizes of cavities are different.
We decided to report about the whole cohort of LVNC and
of DCM analyzed during the same period of time with the
same bi-modality approach because, we strongly believe
that the characteristics of the LVNC might differ from the

@ Springer

DCM patients. The diagnosis of LVNC is difficult is case of
dilated dysfunctioning LV but is also very difficult in case
of preserved LV ejection fraction as it has been reported in
athletes for instance [30]. Of course, the populations are
limited but LVNC is a rare cardiomyopathy [31].

Conclusion

Myocardial deformations appear informative in distinguish-
ing idiopathic DCM from LVNC. There is a base-apex
gradient that identifies significantly more marked apical
deformations in LVNC. This functional approach could help
diagnose particularly difficult cases according to anatomical
appearance.
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Table 7 Comparison of the characteristics of the LVNC in the cohort of derivation (Rennes) versus the cohort of validation (Poitiers)

Variable Rennes (n=48) Poitiers (n=41) P

Gender 48 41 p=0.5376 (K)

Women 19 (39.6%) 18 (43.9%)
Men 29 (60.4 %) 23 (56.1%)

Age 47 41 p=0.1564 (S)
503+17.2 45+17.6
(17; 39; 53; 63; 82) (13; 32; 44; 60; 80)

Weight (kg) 48 41 p=0.4691 (S)
71.4+15 69.2+13.7
(50; 59; 69; 81.5; 111) (38; 60; 66; 80; 95)

Hight (cm) 48 41 p=0.3308 (S)
169.3+9.3 167.4+9.2
(154; 160; 168; 176.5; 186) (149; 162; 168; 174; 187)

Body Mass Index 48 41 p=0.7437 (S)
249+4.6 24.6+3.8
(18.2;21.8; 24.5; 26.8; 41.6) (16.9; 21.6; 24.2; 27.3; 32.8)

Systolic arterial pressure 39 19 p=0.4532 (S)

(mm Hg) 125.2+16.6 121.4+19.7
(82; 110; 125; 140; 165) (86; 104; 126; 137; 163)

Diastolic arterial pressure 39 19 p=10.4880 (S)

(mm Hg) 7444112 72.1+13.4
(47; 705 70; 80; 105) (48; 60; 74; 84; 91)

IVS thickness (mm) 47 38 p=0.7104 (S)
8.8+2.4 9+2
(4.7, 7.5; 8.2; 10; 17.9) (4.4,7.7;9; 10; 14.2)

LVeDD (mm) 47 38 p=0.5312 (S)
58+11.1 56.6+9.1
(34.3; 50.5; 56; 64.4; 87.9) (34.5; 52.1; 55.3; 63.5; 72.1)

Index LVeDD (mm/m?) 44 38 p=0.8792 (S)
32.3+6.8 325+54
(18.1;27.2; 32.3; 35.6; 57.1) (22.4;29.1; 31.7; 33.7; 46)

PW thickness (mm) 47 38 p=0.1140 (S)
87+2.4 9.4+1.6
(5.1;6.7; 8.2; 10.3; 15.3) (6.2; 8.4;9.1; 10; 13.1)

LVeSD (mm) 47 38 p=0.0132(S)
49.1+12.7 422412
(27.6; 39; 47.8; 59.1; 86) (23.8; 32.6; 39.6; 52.8; 65.3)

Indexed LVeSDD (mm/m?) 47 39 p=0.0230 (S)
27.5+£7.7 23.6+8
(15.7; 20.5; 28.1; 31.2; 55.8) (0; 18.4;21.4; 29.3; 41.2)

Indexed LA volume (ml/m?) 44 14 p=0.8841(S)
322+13 31.7+£10.6
(15.3;24.1; 29.4; 35.3; 75) (14.7; 25.2; 28.5; 41; 51.7)

Indexed LVeD volume (ml/m?) 45 34 p=0.0119 (S)
91.5+43.7 68.7+31.2
(23.8; 62.7; 80.1; 102.3; 220.8) (27.1; 45.9; 60.8; 79.3; 146.3)

Indexed LVeS volume 48 38 p=0.0055 (S)

(ml/m?)

59.1+41.8

37.1+£252
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Table 7 (continued)

Variable Rennes (n=48) Poitiers (n=41) P
(0; 27, 45.8; 72.7; 190.9) (6.8; 18.3; 27.4; 52.3; 103.5)

SV Rest (ml) 45 38 p=0.1156 (S)
579+164 52.1+17.2
(22.8; 47.4; 54; 68; 105) (20.8; 38.8; 50.1; 66.3; 90.4)

LVEF(%) 47 41 p=0.0046 (S)
39.6+13.1 48.7+16.1
(15; 27; 41; 50; 68) (23;33.2; 49.3; 62.5; 75)

HR 47 37 p=0.7789 (S)
68.6+11.3 69.4+13.3
(46; 60; 66; 75; 95) (46; 61.2; 69.6; 76.4; 114.9)

LVOT VTI (cm) 46 37 p=0.1148 (S)
16.5+5.7 18.4+43
(4.8;12.8; 16.3; 19.6; 29.2) (5.7; 16.6; 18.5; 21.9; 25.7)

Mitral inflow E/A 46 33 p=0.0186 (S)
1.2+0.7 1.6x+1
(0;0.7; 1, 1.3; 3.7) (0.6;0.9; 1.4;2;4.5)

E-dec time (ms) 46 33 p=0.0409 (S)
196.8 +68.6 169.6 +£36
(72; 151; 182; 244; 354.7) (75.1; 144.7; 164.2; 201.6;

246.6)

E/e’ (septal and lateral averaged) (cm/s) 43 13 p=0.2785(S)
11.7£7.9 9+6.6
(3.3;7.2;9.8; 12.5; 47) (4.4;5.4;6.8; 8.9; 29.2)

TAPSE (mm) 44 32 p=0.2944 (S)
22445 21.2+5.3
(10.3; 19; 22.7; 26.1; 30.5) (6.6; 18.2; 22; 25; 29.3)

RV s’ (cm/s) 41 30 p=0.8739 (S)
11.9+2.7 11.8+3.6
(7; 10; 12; 13; 19) (3.7;10.2; 11.8; 13.9; 22.1)

TR Vmax (m/s) 24 20 p=0.3273 (S)
33+4.4 23+0.5

(1.1;2.2; 2.4; 2.7, 24)

(1.7;1.9;2.2; 2.6; 3.5)

ualitatif Parameters: Effectif (%), test ¥* (K
Q (%), test x” (K)

Quantitatif Parameters: Mean + standart deviation (min; Q1; médiane; Q3; max), test Student (S)

LVeDD left ventricular end-diastolic diameter, LVeSD left ventricular end-systolic diaeter, LA left atrial, SV stroke volume, HR heart rate, LVOT
VTI velocity time integral recorded in the left entricular outflow tract; E-dec time mitral inflow E wave deceleration time, 74 PSE tricuspid
annular plan systolic excursion, TR tricuspid regurgitation, RV right ventricle
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Table 8 Comparison of the strain in LVNC patients in the derivation cohort (Rennes) and the validation cohort (Poitiers)

Variable Rennes (n=48) Poitiers (n=41) P

Apical Strain EPI 43 40 p=0.0404 (S)
-11.5+53 -142+6.8
(-21; -14.2; —12; —-8.6; 0) (—26.8; —19.5; —15.3; =9.9; —0.5)

Median Strain EPI 43 40 p=0.0506 (S)
—11+5 -134+59
(—22.5; -14.5; —11.2; =7.5; 0.8) (-23;-17.8; —14.2; -9.1; —1.6)

Basal Strain EPI 43 40 p=0.0896 (S)
-9.4+5 -11.4+53
(—20.3; —13.3; —10.2; —6.3; 1.3) (—19.3; —16.1; —11.8; =7.3; —1.4)

Base-Apex Gradient EPI 48 41 p=0.2871(S)
-1.8+3.5 -2.8+5
(—13.5; =3.6; —0.9; 0; 7.2) (—13.6; —=5.2; =2.5; —0.1; 14.5)

Apico-lateral/septal Gradient EPI 48 41 p=0.0128 (S)
-1.8+4.4 -5+72
(—16; —4.3; —-0.9; 1.6; 6.2) (—18.5; —8.1; —4; 0; 6.6)

GLS EPI 48 37 p=0.0014 (S)
-10.2+6.1 -154+84
(-21.5; —13.8; —11.8; =5.5; 0) (-29.9; —22.1; —17.8; —12.1; 2.4)

Base —Apex Gradient 4 ch EPI 48 41 p=0.7912 (S)
—-2+5.6 —-2.4+89
(—20; —-4.8; —1; 1.8; 11) (-24.9; -7.1; =3.2; 2.2; 21.1)

Apical Strain MID 43 40 p=0.0780 (S)
-142+6.5 -17.1+83
(—26.4; —18.2; —14.8; —10.6; —0.4) (—31.3; —23.8; —18.6; —11.3; —0.8)

Median Strain MID 43 40 p=0.0630 (S)
—12.1+5.6 -14.6+6.3
(-24.7;, —16; —12.2; —8.3; 0.7) (-24.9; —-19.6; —15.4; —10.1; —1.5)

Basal Strain MID 43 40 p=0.0714 (S)
-10.2+5.3 -123+5.4
(-21.5; -14.3; —10.8; —6.7; 1.5) (-20.9; —17.3; —12.5; -8; —1.8)

Base-Apex Gradient MID 48 41 p=0.3227 (S)
-3.6+4.2 -4.7+6
(—=15.3; —6.1; —2.8; —0.4; 7.8) (—=19; =7.5; —4; —1.3; 15)
(—22;-13.5; -10.8; =3.5; 4.5) (—22.7; —14.6; —10.5; —=5.8; 4)

Apico-lateral/septal Gradient MID 48 41 p=0.0106 (S)
—-2.8+4.2 -6.1+7.6
(—14.5; =5.2; -2.4; 0; 6.5) (-19.2; —10.7; —=5.6; 0; 6.6)

GLS MID 48 37 p=0.0018 (S)
—-12.5+7.6 —18.8+10.2
(—26; —17.5; —14; —4.8; 0) (—34.6; —25.4; —20.3; —14.1; 2.3)

Base-Apex Gradient 4 ch MID 48 41 p=0.5108 (S)
-34+6.4 -4.6+10.4
(=20, =7, -3.3; 0.3; 11) (—34.6; —10.3; —4.6; 2; 22)

Apical Strain ENDO 43 40 p=0.1767 (S)
—18.5+8.7 -21.4+10.7
(—33.6; —25.8; —19; —13.2; —0.8) (—37.7; =30.4; =23.1; —13.5; —1.2)

Median Strain ENDO 43 40 p=0.0810 (S)
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Table 8 (continued)

Variable Rennes (n=48) Poitiers (n=41) P
-13.5+6.2 -16+6.7
(—27; -18; —13.8; —9.3; 0.7) (-27.1; -20.8; —17.3; —11.3; —1.3)

Basal Strain ENDO 43 40 p=0.0579 (S)
—11+5.5 -133+5.5
(—22.5; -15.2; -11.3; -7.2; 1.5) (—22.9; —17.9; —13.8; —9.4; —2.3)

Base-Apex Gradient ENDO 48 41 p=0.4321(S)
—6.7+6 -7.9+8
(—18.1; —=10.7; =5.7; =2; 8.7) (—28.6; —14; —6.9; =3.7; 15)

Apico-lateral/septal Gradient ENDO 48 41 p=0.0320 (S)
—5+4.2 —8+38.6
(-12.8; =7.7; =5.1; =0.8; 2) (—25.5; —14.8; —=9; —0.4; 8.7)

GLS ENDO 48 37 p=0.0059 (S)
-16.8+9.9 -239+13.1
(—33.5; —24; —19.3; -8.5; 0) (—48; —32.2; =27.2; —16.4; 2)

Base-Apex Gradient 4 ch ENDO 48 41 p=0.5047 (S)
-6.8+7.4 -83+13.2

(—22.5;-12.3; =5.3; -0.8; 7)

(—48; —15.4; —8; 0; 22.8)

Quantitative parameters: Mean = standart deviation (min; Q1; médiane; Q3; max), test Student (S)
EPI epicardic, Mid mid layer, ENDO endocardic, GLS global longitudinal strain, 4 ch 4 chamber view
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