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CMR Cardiovascular magnetic resonance 
DCM Dilated cardiomyopathies 
EF Ejection fraction 
ECV Extra cellular volume 
FLASH Low angle shot sequence 
HNDC Hypokinetic non dilated cardiopathy 
IQR Interquartile 
LA Left atrium 
LBBB Left bundle branch block 
LGE Late gadolinium enhancement 
LV Left ventricle 
LVEDV Left ventricle end diastolic volume 
LVEF Left ventricle ejection fraction 
LVRI Left ventricle  
MOLLI Modified Look-Locker inversion recovery sequence 
PSIR Phase-sensitive inversion recovery images 
MACE Major cardiac event 
NYHA New York Heart Association score 
RV Right ventricle 
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RESUME 

Contexte : L'imagerie par résonance magnétique cardiaque (IRM) est devenue indispensable 

pour l'évaluation précise des volumes et des fonctions ventriculaires des patients atteints d’une 

cardiomyopathie dilatée (CMD) et s'est avérée être un outil prometteur de pronostication grâce 

aux récentes techniques de caractérisation tissulaire. Néanmoins à ce jour, il existe un manque 

de données concernant la comparaison des phénotypes IRM selon les sous-groupes 

étiologiques de la CMD. 

 

Objectif : L'objectif de cette étude rétrospective était de décrire les différentes caractéristiques 

IRM, dans l’hypothèse de trouver des différences phénotypiques selon les sous-groupes 

d’étiologie.   

 

Méthodes et résultats : Entre juin 2019 et juillet 2023, 92 patients atteints de 

cardiomyopathies dilatées induites (CMD arythmique n= 23 ; CMD éthylique n= 34 ; CMD 

chimiothérapie induite n = 17 ; CMD familiale n =14 ; CMD inflammatoire n=10) ont été 

phénotypés par IRM. La FEVG moyenne était de 30,9 ± 10,8 %, le rehaussement tardif (LGE) 

était présent chez 81,5 % des patients, et une élévation du T1 mapping était constatée chez 

39% des patients ce qui était associé à un remodelage inverse avec une dilatation cavitaire du 

ventricule gauche plus importante.  

L’analyse des volumes et fonctions, n’a pas permis de retrouver de différence significative 

selon les sous-groupes d’étiologies. Les séquences de caractérisation tissulaire tel que le LGE 

était peu discriminant en dehors d’une localisation presque exclusivement intra myocardique 

du LGE des CMD éthyliques. En revanche, nous avons mis en évidence une élévation plus 

importante du T1 mapping dans le groupe CMD éthylique et/ou chimiothérapie induite.  
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Conclusion : Les caractéristiques volumétriques, des fonctions systoliques et du LGE ne 

diffèrent pas selon les sous-groupes étiologiques. Seul le T1 mapping semble distinguer les 

CMD par cardiotoxicité des autres.
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INTRODUCTION 

Dilated cardiomyopathies (DCM) were initially estimated to be 36 cases per 100 000 of the 

Western population (1,2) but  the reported prevalence has risen and it is now estimated to be 

as common as hypertrophic cardiomyopathy, affecting approximately 1 in 250 to 1 in 500 

individuals (3). 

Although the long-term prognosis progressively improved over the past decades (4), it 

represents an important cause of heart failure. It is a heterogeneous group of myocardial 

diseases secondary to various pathophysiology including genetic, toxic, arrythmia-induced or 

even inflammatory conditions. 

Cardiovascular Magnetic Resonance (CMR) is considered the gold standard for ventricular 

volume and function determination. Furthermore, CMR tissue-based characterization, such as 

late gadolinium enhancement (LGE) imaging and T1/T2 mapping allows differential diagnostic 

between ischaemic and non-ischaemic heart disease and is becoming increasingly recognized 

as a valuable method for predicting outcomes related to DCM (5,6). 

Our approach lies in the suspected differences in pathophysiology according to various 

aetiologies: for instance a certain role of apoptosis and atrophy for chemotherapy induced DCM 

(7), or oedema led by autoimmunity induced by a viral antigen in inflammatory 

cardiomyopathy (8). Arrythmia-induced cardiomyopathy have also demonstrated an abnormal 

Calcium homeostasis thought to be responsible for contractile dysfunction with milder fibrosis 

after sinus rythm restore (9). In cases of alcoholic cardiomyopathy, the metabolism of primary 

alcohol metabolite, acetaldehyde, may occur changes in mitochondrial function, an increase in 

apoptosis, changes in lipid energy metabolism and protein synthesis, elevated oxidative stress 

levels, and activation of the renin-angiotensin and sympathetic nervous systems(10). 
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However, the extent to which CMR can determine a specific aetiology of DCM remains largely 

unexplored.  

Indeed some studies have outlined CMR characteristics in relation to a particular cause when 

compared to idiopathic DCM, but they exhibited conflicting results (11). Distinctive 

characteristics are currently being identified that match a specific mutation in familial DCM(12). 

The aim of the present analysis was to describe the CMR features in a cohort of DCM patients, 

in the hypothesis of finding significant phenotypic differences based on aetiologies. 
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METHODS 

1. Study population 
All patients who underwent CMR for non-ischaemic DCM at the University Hospital of Angers 

from June 2019 to July 2023 were eligible for inclusion.   

DCM was defined as left ventricular ejection fraction (LVEF) <50%, with LV dilatation defined 

by a left ventricular end diastolic diameter over 58 mm in males and 52mm in females by 

echocardiography or a volume over 100ml/m2 in men and 90ml/m2 in women by CMR (13,14); 

hypokinetic Non Dilated Cardiomyopathies (HNDC) was defined by left ventricle (LV) or 

biventricular global systolic dysfunction (LVEF <45%) without dilatation. Both diagnoses of 

DCM and HNDC required the absence of abnormal loading conditions (history of blood pressure 

> 160/100 mmHg, significant valvular disease) or coronary artery disease sufficient to cause 

global systolic impairment. 

All patients underwent either coronary artery catheterization or a coronary computed 

tomography scan to exclude significant coronary artery disease defined as obstruction >50% 

of a major coronary artery branch. 

Patients with trans- mural LGE but no history of coronary artery disease or myocardial 

infarction were included if the imaging phenotype including LGE distribution was not coherent 

with an ischemic injury in a specific coronary artery territory.  

Each aetiology was defined according to their treating cardiologist appreciation and reviewed 

by the investigator according to the patient’s medical records blinded of CMR results. 

The following criteria were used to define the aetiology :   

- Alcohol-induced cardiomyopathy was defined in the presence of severe chronic 

alcohol intake (>80 g/day for more than 5 years, regardless of the type of spirit) 



 4 

- Chemotherapy induced cardiomyopathy defined as the occurrence of DCM in 

relation with a history of sufficient dose of cardiotoxic chemotherapy (15). 

- Arrythmia-induced cardiomyopathy was defined in patients with mean heart rate 

>100 beats/min, atrial fibrillation, or premature ventricular contractions burden more 

than 10% (16) or LBBB (left bundle branch block) induced if LVEF was normalized after 

resynchronisation therapy. 

- Familial dilated cardiomyopathy if one or more first- or second-degree relatives 

have DCM, or a first-degree relative has autopsy proven DCM or suffered from a  sudden 

cardiac death at any age according to the latest recommendations (17). 

- Inflammatory cardiomyopathy was defined according to the 2018 Lake Louise 

criteria (18). 

The study was approved by the Comité de protection des personnes (2023-069) and local 

ethics committee of the University Hospital of Angers.  

2. CMR protocol 
CMR were performed using 3 Tesla (Skyra, Siemens Erlangen, Germany) and 1.5 Tesla 

(Avanto, Siemens Erlangen, Germany) scanners with 32-channel phased-array 

cardiovascular coil.  

The CMR protocol was as follows: first, cine CMR images were acquired as a contiguous stack 

of short-axis planes covering the entire LV (slice thickness of 7 mm) and three long-axis 

views (two-, three-, and four-chamber) using a steady-state free precession sequence. LGE 

imaging (combining magnitude and phase-sensitive inversion recovery images) was 

performed 10 to 12 min after administration of gadolinium contrast (0.5 mmol/kg of 

gadoteric acid), using a two-dimensional segmented inversion-recovery gradient-echo 

sequence in identical views as cine CMR.  
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3 Tesla T1-mapping values were obtained after a motion corrected Modified Look-Locker 

inversion recovery sequence (MOLLI), and repeated 15 min after gadolinium infusion in order 

to compute extra-cellular volume (ECV).  

3 Tesla T2-mapping was based on a motion corrected fast low-angle shot (FLASH) sequence. 

Both mapping were acquired as a set of 3 short-axis planes (basal, mid-ventricular and 

apical). 

3. CMR analysis 
CMR analyses were performed on purpose for the study by an investigator, blinded to all clinical 

data and by the means of the Qmass Medis Suite (Medis, Leiden, The Nederland). 

Ventricular volumes and left ventricular (LV) mass were determined by quantitative analysis 

according to standard recommendations (13) and ejection fractions (EF) were then calculated.  

Left ventricular remodelling index (LVRI) was calculated from LV mass divided by LV end 

diastolic volume (LVEDV). 

Left atrial (LA) volume was calculated from the following formula : 0.85 x (LA area in four-

chamber x LA area in two-chamber) / LA length in two-chamber. Quantitative measurements 

were indexed to body surface area. 

LV hypertrophy was defined as a segmental thickness superior of 11mm. Specific attention 

was given to the presence of any crypt, hyper trabeculated pattern, endocavitary thrombus, 

pleural and pericardial effusion.  

The presence of LGE was determined visually after analysing both magnitude and phase-

sensitive inversion recovery (PSIR) sequences. LGE was stated only if it was seen on two 

orthogonal planes. Corresponding cine CMR slices were confronted in order not to misdiagnose 

ventricular trabeculations or epicardial fat with LGE. LGE was scored on a 17-segment basis, 
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and its distribution pattern was classified as (1) subendocardial, intramyocardial, subepicardial 

or transmural, (2) as nodular or linear. More, presence of LGE on LV/RV insertion and papillary 

muscles were considered as specific findings. 

T1 and T2 native values were obtained after manual delineation of the endocardium and the 

epicardium, with careful attention not to consider endocavitary blood pool and epicardial fat. 

Native T1 and ECV values were given as the mean of the 3 short-axis planes to obtain an 

overall mean value referred to as « global native T1 value » and « global ECV value ». Areas 

with ischemic LGE were excluded (17). In the absence of established pathological reference 

value, we divided our cohort into quartiles regarding native T1 value and ECV value. Quartile 

#4 was considered as meeting the criteria for abnormal native T1 (greater than 1289ms) or 

ECV (greater than 34.8%) and will henceforth be denoted as "abnormal T1" and "abnormal 

ECV”. 

T1, T2 and ECV values were available for 85, 23 and 36 patients, respectively. 

4. Statistical analysis 
Normally distributed continuous variables were expressed as mean ± SD, and non-normally 

distributed continuous variables were presented as medians with interquartile range (IQR). 

Comparisons between groups was performed by the means of either ANOVA and Student and 

Mann-Whytney tests when necessary. 

Categorical variables were expressed as counts with percentages and compared by means of 

chi-square tests. 

Statistics were used to compare patients (a) in regard of aetiology, (b) presence of a LBBB, 

and (c) quartiles of indexed LV end diastolic volume. 
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RESULTS 

5. Characteristic of the population 
The overall study population consisted of 247 patients. 94 were excluded because no aetiology 

was identified, 48 were ischemia related, 7 didn’t meet the volumetric criteria for DCM or 

HNDC, 2 already had a previous CMR, 6 others had specific cardiopathies (2 Takotsubo, 1 left 

ventricular hyper trabeculation/non-compaction, 1 amyloidosis, 2 severe valvular heart 

disease) (see figure 1). 

The baseline characteristics of the population are summarized in Table I.  

The mean age was 54.4±12 years and 78.3% were males and were overrepresented in 

alcoholic (97,1%) and arrythmia-induced (87%) cardiomyopathies. 

Tobacco use was the most frequent cardiovascular risk factors (n=55, 60% of the population 

study). 

NYHA score over 3 was observed in 36 patients (40%) and tended to be lower in familial (23% 

patients) and inflammatory DCM. 

All patients received contemporary medical treatment according to ESC guidelines. That 

included 21 patients (22.8%) under Sacubitril/valsartan and 19 (20.9%) under gliflozine. 

6. CMR findings 

6.1. Morphological findings 

CMR revealed a LVEF of 30.9±10.8 %, and a left ventricular end-diastolic volume of 130±46 

ml/m2. There was no difference between subgroups regarding the aetiology (see table II).  

57% (n=62) of cohort presented a RV dysfunction (RVEF<40%) with a median right ventricular 

function of 36[25;42]%, similarly between groups. 
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Each subgroup exhibited a reduced index of LVRI, with no difference between subgroups 

(p=0.95). 

LA was significantly larger in arrythmia induced cardiomyopathies patients (50.2±12.6 mL vs 

40.3±16.9 mL, p= 0.011).  

Hyper trabeculations, crypts, and hypertrophy remained rare features and did not differ 

between the groups. There were no thrombi in this cohort. 

6.2. Tissue characterization - LGE 

LGE was present in 75 (81.5%) patients. There was no significant difference in between groups 

(p=0.661).  

When present, LGE was predominantly midwall (n=52; 56.5%), linear (n=40; 43.5%). 

Chemotherapy induced DCM showed the most frequent subepicardial LGE (n=8; 47.1%) 

significantly more than alcoholic DCM (n= 3, 9% ; p=0.02) (see table III). 

Thirteen patients (14%) exhibited subendocardial LGE with 30% attributed to ischemic pattern.  

Overall, the segments most frequently exhibiting LGE were the infero-septal segments #3 and 

#9 whatever the aetiology (see figure 2 and 3). 

Fifty two percent of the patients presented LGE at LV/RV insertion point.  

6.3. Tissue characterization – Native T1 

Median global native T1 value was 1240ms [1203; 1289]. 

Global native T1 value was significantly different according to aetiological subgroups (p 

=0.049) : alcoholic cardiomyopathy showed the highest global native T1 value with 1266 ±54 

ms compared to familial cardiomyopathy with a global native T1 value of  1180±99.3ms (p = 

0.009).  
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Patients with alcoholic cardiomyopathy showed a significantly higher rate of abnormal native 

T1 values compared with familial cardiomyopathy; respectively 35.5% vs 7.14% (p = 0.047). 

Alcoholic and inflammatory cardiomyopathy shared the same repartition of values (see figure 

5). 

Median global ECV was 31.3% [29.3; 34.8]. There was no significant difference for abnormal 

ECV values among etiological subgroups (p=0.36). 

Median T2 value was 35.7 ms [34.2; 39.0] and did not significantly differ according to aetiology 

(p=0.61). 

7. CMR findings according to LBBB or LV dilatation 
Seventeen percent (n=16) presented a LBBB and 18% (n=17) were considered as HNDC. 

We conducted analysis according to two subgroups of interest: the presence of LBBB and 

quartiles of LV dilatation. 

The presence of LBBB was correlated to more LGE (93.8% vs 67.1%; p= 0.032), with a mid-

wall and linear pattern (81.2% and 68.8%; p=0.06 and 0.049) and a greater end diastolic LV 

volume (125±44.4mL vs 154±48mL; p=0.035) (see figure 6 and supplementary table VI).  

The rate of abnormal native T1 values were not significantly different according to LBBB 

presence (p=0.66) nor LVEF (p=0.18). 

On the opposite, rate of LGE and abnormal native T1 was corelated to LV dilatation (p=0.012 

and p=0.041) (see figure 7). 
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DISCUSSION AND CONCLUSION 

Our study revealed DCM patients present global cardiac remodelling and a high amount of LGE 

hypersignals, but no specific CMR pattern across aetiologies. Depressed LVEF and high rates 

of LGE rather appeared to be related to the level of LV dilatation.  

More interestingly, interstitial fibrosis as assessed by native T1 differed according to underlying 

aetiologies, specifically when a cardiotoxic trigger was involved.  

1. Volumes 
We found no difference in LV volumes or LVEF between the aetiologies.  

First, the limited number of patients in the present study so as others in the literature may 

limit the power to observe hypothetical and tenuous differences (4,11). Second, there is more 

and more evidence that aetiologies of such DCM phenotypes may overlap, even in the case of 

triggered DCM such as alcohol-induced or chemotherapy-induced DCM. Indeed some genetic 

inheritance may favour its occurrence and genetic testing may even be proposed to index 

patients (17). In this respect, a panel of 40 genes have been identified in up to 40% of DCM 

cases (19). Third, a large number of patients were not included in the analysis because they 

were qualified as idiopathic, and per se figure out the difficulties to correctly characterize some 

ambiguous clinical and paraclinical presentations. 

Although CMR features was similar for LVEF and volumes, NYHA score was lower in familial 

cardiomyopathy. 

Finally, we feel comfortable to affirm the absence of morphometric differences between 

aetiologies as further functional parameters did not vary. Indeed, not only were RVEF and RV 

volumes moderately altered among all groups, but LA volume were also normal, except among 

arrythmia-induced DCM (see table II). Conversely, LVRI was not different among the 
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aetiologies, suggesting this parameter to be useful only to differentiate physiologic to 

pathologic LV dilation (20). 

2. LGE  
In the same manner, the presence of replacement fibrosis as assessed by LGE in terms of rate 

and distribution across segments did not show any difference among aetiologies (see figure 2 

and 3). Only distribution within the myocardial layer showed a significant difference. Alcoholic 

induced DCM exhibit an almost exclusively mid wall pattern compared to chemotherapy 

induced showing significantly more LGE involving the subepicardial layer (p=0.02).  

The LGE pattern observed in our study aligns with patterns previously documented in the 

literature. Alcoholic induced DCM also has been described by LGE mid-wall septal location 

compared to idiopathic DCM with a more lateral location (11). In a cohort of 81 cancer-survivor 

patients who received anthracyclines, LGE was located mid-wall mostly in basal inferoseptal 

segment whereas it was exclusively subepicardial and linear affecting the lateral wall in a 

retrospective Trastuzumab induced DCM study(21,22). Familial LGE patterns are different 

according to the monogenic mutation with mid-wall septal in Lamin A/C (LMNA) mutations 

compared to a subepicardial ring like pattern in DSP/FLNC (Desmoplakin and Filamin C) 

DCM(23,24).  

One major finding of our study is that our patients presented high rates of LGE to an overall 

81.5%. Older studies reported smaller rates of LGE among “non-ischemic” DCM with up to 

25% to 50% non-ischaemic pattern LGE (mid-wall or subepicardial) and 0–5% ischaemic 

pattern (25,26).  

This difference can be partially attributed to the high sensitivity of latest generation 3 Tesla 

CMR scanners, the use of Phase Sensitive Inversion Recovery reconstruction and to the 

consideration of low intensity LGE (see figure 3). The assessment of mild enhancement was 
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warranted if present in two orthogonal planes, and we conducted comparisons using cine 

sequences to differentiate the trabeculations of the right ventricle and the sub-epicardial fat.  

Our finding remains in line with LV replacement fibrosis described in anatomopathological 

microscopic examination (73% of a 152 DCM cohort) (27). 

More, there was an almost endemic presence of LV/RV junction LGE hyperenhancement – the 

latter being often described among a broad set of cardiomyopathies and as a benign condition 

(28). Interestingly, excluding those LGE lowered the overall rate of “regular” LGE to 71%. 

In corollary, the prognostic impact of bright, intermediate, or low signal LGE hypersignal should 

be further questioned in the set-up of DCM. Indeed, intermediate LGE or heterogenous LGE 

were good predictors of ventricular tachycardia in hypertrophic cardiomyopathies, DCM and 

mortality among ischemic heart disease (26). This phenomenon could be explained by the 

presence of viable but distressed myocytes interspersed among small regions of scar tissue 

(29). 

3. Native T1 
First, we observed that native T1 is more frequently increased in patients with larger 

ventricular volumes (see table IV), with aetiologies being relatively evenly distributed among 

CMR phenotypes.  

In earlier studies, a robust association between measured T1 and ECV values with quantitative 

histological measures of fibrosis has been established (30). 

As in the ischemic cardiomyopathy model, the increase in native T1 time may be linked to 

more pronounced interstitial fibrosis in the most functionally affected myocardium (31).  

It is unclear whether this interstitial fibrosis is inherent to cardiomyopathy or secondary to 

adverse remodeling due to neurohormonal pathway activation (which would require further 

study).  
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However, the aetiology of DCM also appeared to influence the elevation of native T1 values, 

as a higher prevalence of abnormal native T1 was observed in patients with toxic-triggered 

DCM. Indeed, alcoholic-induced and chemotherapy-induced cardiomyopathy showed a similar 

repartition of values (see figure 5, Table IV) with a significantly larger prevalence of abnormal 

native T1 values compared to familial DCM (p=0.047) and others. With more missing data, 

ECV approaches the same tissue characterization. 

Thus, this finding suggests that histological and cardiomyocytic involvement seem to be 

associated to interstitial fibrosis in some aetiologies (in cases of toxic cardiomyopathy) 

whereas, with an equivalent phenotypic functional impairment, there is no apparent 

association with some cases of familial cardiomyopathy.  

For instance, a previous study comparing CMR features according to monogenic mutation found 

lower values of native T1 in Duchenne and Becker dystrophy due to fatty metaplasia compared 

with other mutations (12).  

Ultimately, the study of native T1 does not appear to be a sufficient parameter to classify 

patients based on aetiology. Indeed we expect many overlap between the subgroups of 

aetiologies as, first, previous findings described variation in low T1 values in healthy volunteers 

(32), and second, even attempts to differentiate healthy athletes with hypertrophic 

cardiomyopathy patients showed a large number of overlap (33). 

The difference in fibrosis patterns, even when morphological changes remain unchanged, 

should caution us against extrapolating results to non-ischemic DCM cases where the prognosis 

was specified based on the native T1 values and ECV measurement in poorly or less 

phenotyped individuals, and especially in cases with no identifiable cause (idiopathic DCM)(34). 
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4. CMR in DCM for prognosis 
Prior studies showed LGE and T1 mapping to have a stronger correlation with prognostic 

implications rather than serving as a practical tool for etiological diagnosis.  

Indeed, investigations on major cardiac events (MACE) have shown that the extent of LGE, its 

proportion, the rise in native T1, and ECV measurements are linked to an increase in LVEDV 

and clinical outcomes in ischemic cardiomyopathy, myocarditis and DCM(31,34,35). LGE has 

consistently proven a powerful association with ventricular arrhythmias (VA) and sudden 

cardiac death (SCD) (25), while ECV has recently emerged as a reliable predictor of heart 

failure outcomes, maintaining its significance even in the absence of LGE (34). 

More, while the proportion of LGE and abnormal native T1 values increased with LV dilatation 

(see figure 7), it was not linked to a decrease in LVEF. This result invite us to differentiate the 

prognostic outcome related to global cardiac remodelling (cavitary dilation) from the alteration 

of LVEF. This explains why natives T1 values provides individually incremental prognostic 

association to MACE over LVEF in many cardiac conditions (31,34). 

 

Regarding the presence of LBBB, its prevalence was 17.4% yet was associated with a greater 

LVEDV volume and more LGE but not with abnormal native T1 value nor decrease in LVEF. 

This suggests that LV dilatation may be induced more by intraventricular asynchrony than by 

adverse remodelling due to fibrosis. That said, there is poor chances that LGE may provide 

incremental prognostic value considering its high prevalence in this subset of patients. In this 

idea, ECG algorithm previously failed to demonstrate a prognostic impact of LBBB in VA or SCD 

(24). 

Our study did not document any clinical follow-up data pertaining to heart failure, mortality, 

or ventricular arrhythmias. Further research is necessary to investigate the potential 

associations with prognostic implications. 
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CONCLUSION 

Among a cohort of 92 DCM with multiple aetiologies and a head-to-head comparison in CMR 

findings, there was no difference in routine CMR features such as function or volumes.  

Tissue characterization appeared more discriminant between aetiologies and may be valuable 

to assess underlying histologic alterations, notably those specific to cardiotoxic triggers.   
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FIGURES 

Figure 1. Flow chart                                                                                            

 

DCM = dilated cardiomyopathy ; HNDC = hypokinetic non dilated cardiomyopathy 
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Figure 2. LGE distribution according to aetiology and 17-segment LV model                
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Figure 3.  Tissue characterization according to different aetiology                                                           

 
ECV = extra cellular volume ; LGE = late gadolinium enhancement ; PSIR =  Phase-sensitive inversion recovery images 
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Figure 4. Typical cases of MRI pattern and demonstration of measurement 

techniques.                                                                                                          

 
A = subepicardial LGE ; B= mid-wall LGE; C = sub endocardial LGE ; D = LGE affecting 

papillary muscle ; E = LV/RV LGE insertion ; F = hyper trabeculation ; G = example of LA 

delineation to compute LA volume ; H = example of T1 mapping short median axis post 

processing ; I = ECV corresponding 
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Figure 5. Repartition of native T1 and ECV quartiles according to aetiology 

 
 

Figure 6. Mean LVEF, median LVEDV, presence of LGE and abnormal native T1 according to 

presence of LBBB. 

 
LBBB = left bundle branch block ; LVEDV = indexed left ventricular end diastolic volume ; 

LVEF = left ventricular ejection fraction ; LGE = late gadolinium enhancement 
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Figure 7. Presence of LGE and abnormal native T1 according to LVEDV and LVEF quartiles. 

 
A. LGE rate (in percentage) and rate of abnormal native T1 values (in percentage) according 

to LVEDV quartiles (named as Q1, Q2, Q3, Q4). 

B. LGE rate (in percentage) and rate of abnormal native T1 values (in percentage) according 

to LVEF quartiles (named as Q1, Q2, Q3, Q4). 

 

A

B
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TABLES 

 

Table I. Baseline Characteristics of the Study Population, Analysed Separately According to the underlying 

aetiology                                                                                                              
 

Total cohort Arrythmia Alcoholic Chemotherapy Familial Inflammatory 
p.overall  

N=92 n=23 n=34 n=17 n=14 n=4 

Male sex, n (%) 72 (78.3)  20 (87.0)  33 (97.1)  8 (47.1)  8 (57.1)  3 (75.0)  <0.001 

Age at MRI, years 54.4±12.0  57.7±11.4  53.5±10.5  58.9±13.4  47.4±12.9  48.2±7.89  0.035  

BMI 27.2±5.49  28.3±4.40  27.6±5.47  26.0±5.90  27.1±7.06  24.1±3.32   0.54  

CV risk factors        

Hypertension, n (%) 30 (32.6)  6 (26.1)  14 (41.2)  4 (23.5)  4 (28.6)  2 (50.0)   0.61   

Dyslipidaemia n (%) 12 (13.0)  3 (13.0)  5 (14.7)  1 (5.88)  3 (21.4)  0  0.7  

Diabetes n (%) 9 (9.78)  3 (13.0)  4 (11.8)  0 2 (14.3)  0  0.56   

Tobacco use, n (%) 55 (59.8)  11 (47.8)  28 (82.4)  9 (52.9)  6 (42.9)  1 (25.0)  0.010  

Alcohol consumption n 

(%) 
38 (41.3)  6 (26.1)  34 (100)  1 (5.88)  1 (7.14)  0 <0.001 

Genetic counselling n (%) 10 (11)  0 2 (5.88)  0 8 (57.0)  0 <0.001 

Family history, n (%) 8 (8.7)  0 0 0 8 (57.1)  0 <0.001 

Coronaropathy, n (%) 7 (7.61)  3 (13.0)  3 (8.82)  0 1 (7.14)  0 0.62  

NYHA grade 3-4, n (%) 36 (40) 8 (36) 17 (52) 8 (47) 3 (23) 0 0.19 

TTE parameters        

MR grade, mean 1.28±1.02 1.14±1.13 1.42 ±1.09 1.29 ±0.85 1.15 ±0.99 1.25±0.96 0.87 

TR grade, mean 0.92±0.9 0.82±0.66 1.15±1.09 1±0.79 0.54± 0.77 0.5±0.58 0.27 

ECG parameters, n (%)               

Normal ECG 30 (32.6)  1 (4.35)  14 (41.2)  6 (35.3)  6 (42.9)  3 (75.0)  0.009  

LBBB  16 (17.4)  7 (30.4)  3 (8.82)  2 (11.8)  4 (28.6)  0 0.14 

Atrial fibrillation  21 (22.8)  11 (47. 8)  6 (17.6)  2 (11.7)  1 (7.14) 1 (25.0) 0.23 

PVC  11 (12.0)  6 (26.1)  1 (2.94)  1 (5.88)  3 (21.4)  0 0.048  

Type 1 AVB 3 (3.26)  0 1 (2.94)  2 (11.8)  0 0 0.33 

Abnormality 

repolarization 
27 (29.3)  4 (17.4)  12 (35.3)  7 (41.2)  3 (21.4)  1 (25.0)  0.43 

Medical treatment, n (%)        

β-blockers 72 (78.3)  20 (87.0)  26 (76.5)  14 (82.4)  9 (64.3)  3 (75.0)  0.58 

ACE-I/ARBs 57 (62.6)  17 (77.3)  18 (52.9)  14 (82.4)  6 (42.9)  2 (50.0)  0.06  

ARNI 21 (22.8)  2 (8.70)  11 (32.4)  3 (17.6)  4 (28.6)  1 (25.0)  0.28 

MRA 53 (57.6)  13 (56.5)  24 (70.6)  9 (52.9)  6 (42.9)  1 (25.0)  0.23 

Glifozine 19 (20.9)  4 (17.4)  8 (24.2)  3 (17.6)  4 (28.6)  0 0.76 

Loop diuretics 42 (45.7)  9 (39.1)  22 (64.7)  8 (47.1)  3 (21.4)  0 0.018  

 

ACE-I = angiotensin converting enzyme inhibitor ; ARBs = angiotensin receptor blockers ; ARNI = angiotensin receptor/neprilysin inhibitor ; AVB = 

Atrio Ventricular Block ; BMI = body mass index ; CV = cardiovascular ; LBBB = Left Bundle Branch Block ; MR = mitral regurgitation ; MRI = 

magnetic resonance imaging ; PVC = Premature Ventricular Complex ; TTE = transthoracique echocardiography ; TR = tricuspid regurgitation.  
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Table II. Characteristics of morphology features According to underlying aetiology      
  

Total cohort Arrythmia Alcoholic Chemotherapy Familial Inflammatory 
p.overall  

  N=92  n=23  n=34  n=17  n=14  n=4  

LVEF, %  30.9±10.8  29.3±11.7  30.0±10.9  30.8±9.69  33.0±10.9  41.5±6.24   0.28  

LVEDD, mm,  62.6±8.63  63.7±7.04  63.1±8.83  61.4±10.2  61.1±9.78  62.2±6.18   0.88   

LVEDVi, mL/m2  130±46.1  126±33.2  133±52.1  131±58.9  133±38.4  112±29.7   0.91   

LVESVi, mL/m2  91.8±44.9  88.2±32.4  96.1±51.3  93.8±53.9  91.9±40.7  66.2±24.4   0.78  

LV mass index, g/m2 77.6±20.3  77.0±21.9  79.8±19.3  77.0±24.5  76.5±18.7  69.7±9.46   0.91  

Cardiac output, 

 L/mn  
2.73±0.81  2.35±0.64  2.91±0.90  2.72±0.82  2.81±0.65  3.12±0.84   0.09  

LVRI 0.59 [0.52; 0.71] 0.59 [0.53; 0.67] 
0.59 

[0.52; 0.8] 
0.61 [0.5; 0.82] 0.58 [0.52; 0.65] 0.63 [0.51; 0.78]  0.97  

RVEF, %  34.7±11.3  34.8±11.5  32.9±11.8  34.2±10.5  35.8±10.7  47.0±7.16   0.22   

RVEDVi, mL/m2  90.8±26.8  90.4±24.8  96.0±31.0  81.8±27.8  88.9±19.8  95.5±5.99   0.5  

RVESVi, mL/m2  60.2±24.8  59.5±22.3  65.9±30.0  54.2±23.2  57.5±18.7  50.3±3.99   0.47  

Segmental wall motion 

abnormality, n (%) 
37 (40.2)  8 (34.8)  12 (35.3)  9 (52.9)  6 (42.9)  2 (50.0)   0.76   

Septal dyskinesia n (%) 17 (18.5)  7 (30.4)  5 (14.7)  3 (17.6)  1 (7.14)  1 (25.0)   0.47  

Crypts, n (%) 1 (1.09)  0 (0.00)  1 (2.94)  0 (0.00)  0 (0.00)  0 (0.00)  1,00 

Hypertrabeculations, n 

(%) 
15 (16.3)  1 (4.35)  8 (23.5)  2 (11.8)  4 (28.6)  0 (0.00)   0.17  

Hypertrophy, n (%) 11 (12.0)  1 (4.35)  7 (20.6)  2 (11.8)  1 (7.14)  0 (0.00)   0.36  

LA volume index, mL/m2  22.0±8.66  24.7±6.00  23.2±11.3  18.6±6.90  19.2±4.80  21.1±8.78   0.13  

Thrombus, n (%) 0 0 0 0 0 0   

Pericardial effusion, n (%) 15 (16.3)  4 (17.4)  5 (14.7)  4 (23.5)  1 (7.14)  1 (25.0)   0.79  

Pleural effusion, n (%) 6 (6.52)  1 (4.35)  2 (5.88)  1 (5.88)  2 (14.3)  0 (0.00)   0.84   

LVEDD = left ventricular end diastolic diameter ; LVEDVi = left ventricular end diastolic volume index; LVESVi = left ventricular end systolic 

volume index; LVEF = left ventricular ejection fraction ; LVRI = left ventricular remodelling index ; RVEDVi = right ventricular end diastolic volume 

index; RVESVi = right ventricular end systolic volume index ; RVEF = right ventricular ejection fraction 
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Table III. Characteristics of LGE Distribution According to underlying aetiology 
  Total 

cohort Arrythmia Alcoholic Toxic Familial Inflammatory 
p.overall  

  N=92  n=23  n=34  n=17  n=14  n=4  

LGE +, n (%) 75 (81.5) 19 (82.6) 29 (85.3) 13 (76.5) 10 (71.4) 4 (100) 0.661 

Localisation, n (%)               

Endocardial 13 (14.1) 4 (17.4) 5 (14.7) 3 (17.6) 1 (7.14) 0 0.85 

Mid wall  52 (56.5) 12 (52.2) 23 (67.6) 8 (47.1) 7 (50.0) 2 (50.0) 0.61 

Sub epicardial 25 (27.2) 7 (30.4) 3 (8.82) 8 (47.1) 3 (21.4) 4 (100) 0.001  

Transmural 4 (4.35) 2 (8.70) 2 (5.88) 0 0 0 0.66 

Patterns, n (%)               

Focal 30 (32.6) 8 (34.8) 15 (44.1) 4 (23.5) 2 (14.3) 1 (25.0) 0.3 

Linear 40 (43.5) 8 (34.8) 15 (44.1) 5 (29.4) 8 (57.1) 4 (100) 0.07 

Intense, n (%) 12 (13.0) 5 (21.7) 5 (14.7) 0 1 (7.14) 1 (25.0) 0.29 

Papillary muscles, n (%) 10 (10.9) 3 (13.0) 4 (11.8) 1 (5.88) 1 (7.14) 1 (25.0) 0.86 

LV/RV insertion, n (%) 48 (52.2) 12 (52.2) 23 (67.6) 7 (41.2) 6 (42.9) 0 0.054  

LGE except LV/RV insertion  66 (71.7%) 18 (78.3%) 22 (64.7%) 13 (76.5%) 9 (64.3%) 4 (100%) 0.49 

LGE = late gadolinium enhancement ; LV = left ventricle ; RV = right ventricle 

Table IV. Natives values According to underlying aetiology 
 

Total cohort 
N=92 

Arrythmia 
n=23 

Alcoholic 
n=34 

Chemotherapy 
n=17 

Familial 
n=14 

Inflammatory 
n=4 p.overall 

Native T1 values        

Basal 1244±85.7 1233±81.7 1268±52.7 1257±111 1212±92.3 1183±169 0.18 

Median 1211±97.1 1206±106 1239±65.3 1217±108 1153±113 1199±111 0.1 

Apical 1254±103 1248±55.7 1297±92.3 1254±102 1175±112 1249±214 0.007 

Global 1237±81.7) 1231±67.9 1266±54.1 1246±93.7 1180±99.3 1211±140 0.049 

Abnormal, n(%) 21 (24.7) 3 (13.6) 11 (35.5) 5 (35.7) 1 (7.1) 1 (25) 0.16 

ECV        

Basal 31.8±4.06 32.7±3.85 33.0±5.16 30.6±2.32 30.4±4.04 30 0.7 

Median 32.2±6.08 32.6±7.02 31.8±4.75 31.9±4.75 30.1±2.85 37.2±12.0 0.48 

Apical 59.8±140 135±270 33.5±7.03 33.2±3.03 28.9±4.18 43 0.64 

Global 32.5±5.83 32.7±6.1) 32.5±4.8 32±3.6 29.8±3.13 37.8±11.7 0.67 

Abnormal, n (%) 9 (25) 2 (25) 3 (25) 2 (40) 0 2 (50) 0.358 

Native T2 values 25 (27.2) 6 (26.1) 6 (17.6) 5 (29.4) 4 (28.6) 4 (100) 0.012 

Basal 37.0±4.45 36.0±2.83 36.9±4.75 37.2±2.87 36.2±3.20 39.2±8.58 0.86 

Median 36.5±4.66 35.1±1.77 34.5±2.43 37.9±3.71 34.0±0.82 42.8±8.38 0.018 

Apical 37.7±5.16 37.0±2.68 36.2±5.64 36.3±4.93 36.5±2.65 43.8±6.99 0.15 

Abnormal T1 values (>1289ms) ; Abnormal ECV (>34.8%) ; ECV = extra cellular volume 
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Table V. MRI phenotype according to VTDVG quartile 

  Total cohort Q1 Q2 Q3 Q4 p.overall  

  130±46.1 85.0±13.8 112±5.42 130±7.42 194±42.7   

  n=92  n=23  n=23  n=23  n=23    

LVEF, % 30.9±10.8 38.0±7.77 34.9±9.97 30.0±9.95 20.8±7.06 0.001 

RVEF, % 34.7±11.3 37.6±9.58 36.1±10.9 37.6±11.1 27.4±11.0 0.004 

LGE + 75 (81.5) 14 (60.9) 18 (78.3) 22 (95.7) 21 (91.3) 0.012 

LGE except LV/RV insertion  66 (71.7) 10 (43.5) 17 (73.9) 20 (87.0) 19 (82.6) 0.004 

Native T1 value, ms             

Basal 1244±85.7 1227±71.4 1257±97.5 1238±68.0 1253±105 0.7 

Median 1211±97.1 1174±91.9 1197±99.0 1236±78.5 1230±110 0.14 

Apical 1254±103 1272±119 1246±67.5 1257±87.4 1241±137 0.81 

Global 1237±81.7 1226±74.8 1229±79.7 1244±69.9 1247±101 0.18 

Abnormal, n (%) 21 (24.7) 4 (22) 3 (13) 5 (22.7) 9 (40.9) 0.041 
 

LVEF = left ventricular ejection fraction ; LGE = late gadolinium enhancement ; LV = left ventricle ; RV = right ventricle, RVEF = right ventricular 

ejection fraction 
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Table VI. MRI phenotype according to LBBB presence  

 
Total cohort No LBBB LBBB 

p.overall  
N=92  n=76  n=16  

LVEF, % 30.9±10.8 31.7±10.7 27.4±11.3 0.18 

LVEDVi, mL/m2  130±46.1 125±44.4 154±48.0 0.035 

LVESVi, mL/m2  91.8±44.9 86.9±42.6 115±49.5 0.046 

Asynchronism, n (%) 17 (18.5) 9 (11.8) 8 (50.0) 0.002 

LGE + , n (%) 75 (81.5) 60 (78.9) 15 (93.8) 0.28 

LGE except LV/RV insertion  66 (71.7) 51 (67.1) 15 (93.8) 0.032 

Localisation, n (%)         

endocardial 13 (14.1) 11 (14.5) 2 (12.5) 1 

Mid wall  52 (56.5) 39 (51.3) 13 (81.2) 0.06 

Sub epicardial 25 (27.2) 19 (25.0) 6 (37.5) 0.38 

Papillary muscles, n (%) 10 (10.9) 7 (9.21) 3 (18.8) 0.36 

LV/RV insertion, n (%) 48 (52.2) 38 (50.0) 10 (62.5) 0.53 

Native T1 values  (ms)         

Basal 1244±85.7 1248±84.9 1231±90.1 0.51 

Median 1211±97.1 1217±97.2 1185±95.7 0.25 

Apical 1254±103 1262±101 1224±108 0.22 

Global 1237±81.7 1242±80.7 1213±84.5 0.37 

Abnormal, n(%) 21 (24.7) 20 (29%) 1 (6.2%) 0.10  
LVEDVi = left ventricular end diastolic volume index; LVESVi = left ventricular end systolic volume index; LVEF = left ventricular ejection fraction ; 

LGE = late gadolinium enhancement ; LV = left ventricle ; RV = right ventricle 
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É Contexte : L'imagerie par résonance magnétique cardiaque (IRM) est devenue indispensable pour l'évaluation 
précise des volumes et des fonctions ventriculaires des patients atteints d’une cardiomyopathie dilatée (CMD) et 
s'est avérée être un outil prometteur de pronostication grâce aux récentes techniques de caractérisation tissulaire. 
Néanmoins à ce jour, il existe un manque de données concernant la comparaison des phénotypes IRM selon les 
sous-groupes étiologiques de la CMD. 
 
Objectif : L'objectif de cette étude rétrospective était de décrire les différentes caractéristiques IRM, dans 
l’hypothèse de trouver des différences phénotypiques selon les sous-groupes d’étiologie.   
 
Méthodes et résultats : Entre juin 2019 et juillet 2023, 92 patients atteints de cardiomyopathies dilatées induites 
(CMD arythmique n= 23 ; CMD éthylique n= 34 ; CMD chimiothérapie induite n = 17 ; CMD familiale n =14 ; CMD 
inflammatoire n=10) ont été phénotypés par IRM. La FEVG moyenne était de 30,9 ± 10,8 %, le rehaussement 
tardif (LGE) était présent chez 81,5 % des patients, et une élévation du T1 mapping était constatée chez 39% des 
patients ce qui était associé à un remodelage inverse avec une dilatation cavitaire du ventricule gauche plus 
importante.  
L’analyse des volumes et fonctions, n’a pas permis de retrouver de différence significative selon les sous-groupes 
d’étiologies. Les séquences de caractérisation tissulaire tel que le LGE était peu discriminant en dehors d’une 
localisation presque exclusivement intra myocardique du LGE des CMD éthyliques.  En revanche, nous avons mis 
en évidence une élévation plus importante du T1 mapping dans le groupe CMD éthylique et/ou chimiothérapie 
induite.  
 
Conclusion : Les caractéristiques volumétriques, des fonctions systoliques et du LGE ne diffèrent pas selon les 
sous-groupes étiologiques. Seul les séquences le T1 mapping semble distinguer les CMD par cardiotoxicité des 
autres.  
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Backgrounds: Cardiac magnetic resonance imaging (CMR) has become indispensable for the precise assessment 
of ventricular volumes and functions in patients with dilated cardiomyopathy (DCM) and has proven to be a 
promising prognostic tool through recent tissue characterization techniques. However, to date, there is a lack of 
data regarding the comparison of CMR phenotypes among etiological subgroups of DCM. 
 
Aim: The objective of this retrospective study was to describe the different MRI characteristics, with the hypothesis 
of identifying phenotypic differences among etiological subgroups. 
 
Methods and Results: Between June 2019 and July 2023, 92 patients with induced dilated cardiomyopathies 
(arrhythmogenic DCM n=23; alcoholic DCM n=34; chemotherapy-induced DCM n=17; familial DCM n=14; 
inflammatory DCM n=10) were phenotyped using MRI. The mean left ventricular ejection fraction (LVEF) was 30.9 
± 10.8%, late gadolinium enhancement (LGE) was present in 81.5% of patients, and an elevation in T1 mapping 
was observed in 39% of patients, which was associated with adverse remodelling and greater left ventricular cavity 
dilation. Analysis of volumes and functions did not reveal significant differences among etiological subgroups. 
Tissue characterization, such as LGE, were not very discriminating except for an almost exclusively midwall pattern 
in alcoholic DCM compared to others. However, we found a significantly higher elevation in the alcoholic DCM group 
compared to the familial DCM group (p = 0.047). 
 
Conclusion: Volumetric characteristics, systolic functions, and LGE do not differ among etiological subgroups. Only 
T1 mapping appears to differentiate cardiomyopathies due to cardiotoxicity from others. 
 
 
 

 


