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Abbreviation 
 
 
 
CAD coronary artery disease 
 
LVEF Left ventricular ejection fraction 
 
ICA invasive coronary angiogram 
 
CMR cardiovascular magnetic resonance 
 
LGE Late gadolinium enhancement 
 
FFR Fractional flow reserve 
 
DCM Dilated cardiomyopathy 
 
AF Atrial fibrillation 
 
PCI Primary cardiac intervention 
 
LVEDVI Left ventricular end-diastolic volume index 
 
LVESVI Left ventricular end-systolic volume index 
 
LA Left atrium 
 
RVEF Right ventricular ejection fraction 
 
BMI Body mass index 
 
HBP High blood pressure 
 
MRA Mineralocorticoid receptor antagonist 
 
ARB Angiotensin receptor blocker 
 
ACE Angiotensin-converting enzyme. 
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Résumé 
 
 
 

INFARCTUS ET CORONAROPATHIE CONCOMITANTE DANS UN CONTEXTE DE 
CARDIOPATHIE DILATEE : PREVALENCE ET CARACTERISATION. 

 
Introduction 
 
L’atteinte coronarienne spectatrice dite « bystander » ainsi que l’infarctus « bystander » dans un 
contexte de cardiomyopathie dilatée sont des entités mal connues et mal caractérisées. 
 
Méthodes 
 
Nous avons recensé les patients consécutifs évalués dans notre centre de compétence des 
cardiomyopathies avec une fraction d’éjection ventriculaire gauche (FEVG) < 50% et ayant bénéficiés 
d’une IRM myocardique et d’une coronarographie. Toutes les données cliniques et paracliniques ont 
été recueillies, les coronarographies et IRM ont été revues pour classer les patients selon Assomull et 
al. Les patients ont été classés en 6 groupes : groupe 1 = cardiopathie dilatée pure (CMD), groupe 2 = 
cardiopathie ischémique pure, groupe 3 = cardiopathie dilatée avec réseau coronaire normal et avec 
infarctus bystander, groupe 4 = cardiopathie dilatée avec coronaropathie bystander, groupe 5 = 
cardiopathie ischémique avec absence de sténose serrée en coronarographie mais aspect de nécrose 
ischémique en IRM et groupe 6 = atteinte sévère coronarienne sans nécrose ischémique en IRM. La 
sévérité de l’atteinte épicardique a été déterminée par le score de Gensini et les données 
fonctionnelles et structurelles IRM ont été recueillies. 
 
Résultats 
 
Au total, 231 patients ont été inclus dans cette cohorte avec 77 % d’hommes et un âge moyen de 60.1  
± 14 ans. La FEVG moyenne pour l’ensemble de la population était de 32,7 ± 10 %, le score de Gensini 
moyen était de 7,22 ± 13.5 et le pourcentage de fibrose par rapport à la masse ventriculaire gauche total 
était de 21,5 ± 22,7 %. Les cardiopathies avec infarctus bystander représentaient 13 % des patients de 
cette cohorte alors que les cardiopathies dilatées avec coronaropathie bystander représentaient 3%, les 
autres groupes se répartissant comme suit : groupe 1 : 44%, groupe 2 : 37%, groupe 5 : 2% et groupe 6 : 
1%. Il existait une corrélation faible entre le score de Gensini et la fibrose myocardique (rpearson = 0.22 
p= 0.001), sans corrélation significative entre la FEVG et la fibrose. Les infarctus bystander présentaient 
une étendue de nécroses ischémiques moins importante que les cardiopathies ischémiques pures 
(p<0.01) et une proportion plus importante de fibrillation auriculaire (p<0.01). On notait également plus 
de trabéculations VG comparés aux autres groupes (p<0.01). La fraction d’éjection moyenne dans ce 
groupe était significativement plus basse comparée au groupe 2 (FEVG moyenne = 27,9 ± 10,3 %, p< 0.01), 
avec des valeurs plus élevées pour le volume télédiastolique VG (VTDVG moyen = 129,4 ±31,7 ml/m2, 
p<0.01) et le volume télésystolique VG (VTSVG moyen = 93,9  
± 31,3 ml/m2, p<0.01). 
 
Conclusion 
 
La cardiopathie dilatée avec coronaropathie bystander est une entité rare. L’infarctus bystander est une 
entité plus fréquente avec des caractéristiques évoquant un mécanisme embolique sur un terrain de 
CMD. Ces constatations qui demandent à être confirmées par d’autres investigations pourraient avoir des 
implications thérapeutiques importantes dont le dépistage appuyé de la FA dans les CMD. 
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Abstract 
 
 

BYSTANDER INFARCTION AND CORONARY ARTERY DISEASE IN PATIENTS WITH DILATED 
CARDIOMYOPATHY: PREVALENCE AND CHARACTERIZATION. 

 
 
Abstract 
 
Introduction 
 
The phenotypic characteristics of bystander infarction and bystander coronary artery disease (CAD) 
in dilated cardiomyopathy were currently poorly known. 
 
Methods 
 
We have identified the consecutive patients referred to our reference center of cardiomyopathies 
with low LVEF (LVEF <50%) who underwent CMR and invasive coronary angiogram (ICA). Clinical and 
paraclinical data were collected and after reviewing coronary angiography and CMR, patients were 
classed in 6 groups according to Assomull et al.: group 1 = true dilated cardiomyopathy, group 2 = 
true ischemic cardiomyopathy, group 3 = dilated cardiomyopathy with bystander infarction, group 4 
= dilated cardiomyopathy with bystander CAD, group 5= ischemic cardiomyopathy with no CAD on 
ICA but with ischemic-LGE on CMR, group 6 = ischemic cardiomyopathy with no LGE on CMR and 
severe CAD. The severity of epicardial involvement was defined by Gensini score. 
 
Results  
A total of 231 patients were included in the final cohort, 77% were male and the mean age was 60.1 ± 14 
years. The mean LVEF was 32.7 ± 10 %, the mean Gensini score was 7.22 ± 13.5 and the mean LGE 
percentage of LV total mass was 21.5 ± 22.7%. Bystander infarction represented 13% of the population, 
with only 3 % of bystander CAD. We also observed 44% for group 1.37 % for group 2, 2% for group 5 and 
1% for group 6. There is a low correlation between Gensini score and fibrosis for all the population 
(rpearson = 0.22 p= 0.001), without significant correlation between LVEF and fibrosis. Bystander infarction 
had a lower ischemic necrosis (p<0.01) and a higher proportion of atrial fibrillation compared to ischemic 
cardiomyopathy (p<0.02), they also had a higher proportion of extensive trabecular on LV compared to 
the other cardiomyopathies (p<0.01). The mean LVEF in this group was significantly lower compared to 
group 2 (main LVEF = 27.9 ± 10.3 %, p<0.01) with higher dimensions for LVEDI (mean LVEDI = 129.4 ± 31.7 

ml/m2, p<0.01) and for LVESD (mean LVESDI= 93.9 ± 31.3 ml/m2, p<0.01). 
 
Conclusion 
 
Dilated cardiomyopathy with bystander CAD is a rare pathology, while one with bystander infarct is 
more frequent, with characteristics suggesting that it should be regarded as true dilated 
cardiomyopathy with embolism mechanism for infarction. These statements, which need to be 
confirmed by future studies, could have therapeutic implications, including screening for atrial 
fibrillation in dilated cardiomyopathy. 
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Introduction 
 
 
 
Now a major public health issue, heart failure is a widespread pathology associated with 

morbidity and mortality (1). The prevalence of heart failure in Western countries is currently 

estimated at 1 to 2% of the population with an increase to more than 10% for patients over 

70 years (2). 

 
Coronary artery disease (CAD) currently accounts for two-thirds of the etiologies of impaired 

left ventricular ejection fraction (LVEF) heart failure. Accordingly, current guidelines 

advocate performing an invasive coronary angiogram (ICA) for patients with a high or 

intermediate probability of coronary artery disease (3). 

 
The early diagnosis of the etiology of impaired LVEF heart failure is an important factor in the 

long-term morbidity and mortality of these patients, in fact coronary etiology appears today 

as a factor of severity in heart failure (4). More importantly, the evaluation of CAD extent has 

major clinical implications in patients with dilated cardiomyopathy (5). 

 
For several years, cardiovascular magnetic resonance (CMR) has become gold standard to 

measure volume, mass and ventricular function (6). Moreover, CMR is now an excellent toll 

to help of etiological diagnosis. It allows a very precise morphological analysis as well as the 

detection of the late gadolinium enhancement (LGE) in CMR, which makes it possible to 

characterize at best the cardiomyopathies with impaired LVEF. Thereby, CMR can complete 

ICA data. For example, approximately 13% of patients with ICA without significant stenosis 

have infarction scar by LGE (7). The combination of CMR and ICA data is paramount to 

explore patients with dilated cardiomyopathy and impaired ejection fraction. 
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With this association, Assomull et al., have described, 6 forms of cardiomyopathy with 

impaired LVEF (8): 

 
- True dilated cardiomyopathy 

 
- True Ischemic cardiomyopathy 

 
- Dilated cardiomyopathy with infarction bystander 

 
- Dilated cardiomyopathy with CAD 

 
- Ischemic cardiomyopathy on CMR without coronary artery disease on ICA. 

 
- Ischemic cardiomyopathy with no LGE on CMR but with severe proximal 3-vessel 

disease. 

 
The phenotypic characteristics of these different forms are currently poorly known, mainly 

for bystander infarction and bystander CAD. The link between fibrosis by CMR, the LVEF and 

severity of CAD is also poorly understood. 

 
In this study, we will characterize the prevalence of each form described by Assomull et al. as 

well as their different characteristics in multimodal imaging. 
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Methods 
 
 
Patient population 
 
 
The patients included in this cohort were extracted from the “3 C REGISTRY: Coronary Artery 

Disease and Coronary Microvascular Disease in Cardiomyopathies Registry", a register that 

studies the prevalence and the cardiovascular prognosis of the macro and microcirculatory 

coronary artery disease in the different cardiomyopathies. They were included 

retrospectively from November 2008 to October 2016. 

 
The included patients had stable heart failure with LVEF <50% and all benefited from an ICA 

and CMR etiologic evaluation in center of competence for cardiomyopathy of Grenoble-

Alpes University Hospital. 

 
The exclusion criteria were: 
 
 

- Patients with a contraindication to perform CMR (implantable devices, cerebral 

aneurysm clips, cochlear implants, severe claustrophobia, history of previous allergic 

reaction to gadolinium contrast agent). 
 

- Patients with secondary heart failure due to alcoholic disorders, primary valve 

disease and toxic heart failure (post chemotherapy). 
 

- Patients with conditions that might associate with LGE, such as restrictive 

cardiomyopathy, myocarditis and hypertrophic cardiomyopathy. 

 
Clinical data 
 
 
Patient’s medical history and treatments were retrospectively recorded, and other 

information was retrieved from medical files and from review of hospital records. 
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Cardiac magnetic resonance 
 
 
CMR studies were acquired using a 1.5-T or 3.0-T systems. After the localization of the heart, 

10 to 12 consecutive short-axis images covering the entire LV and 1-, 2- 3-, and 4- chamber 

long-axis cine steady-state free precession images were acquired for assessment of 

myocardial function. 

 
Ventricular volumes, mass and volumes of the left atrial were measured with standard 

techniques and calculated using dedicated software. The late gadolinium enhancement 

images were acquired 10 minutes after intravenous gadolinium-DTPA (0.1 mmol/kg) in 

identical short-axis planes using an inversion-recovery gradient echo sequence. Inversion 

times were adjusted to null normal myocardium. 

 
LGE analysis 
 
 
The presence of LGE was determined by two operators with two rereading. LGE was 

considered present if seen in both, long and short axis planes, in 2 phases encoding direction 

and extending beyond the localized ventricular insertion areas. 

 
The pattern was classified as linear midwall or nodular midwall, sub epicardial or transmural 

or as occurring as multiple patterns, as it was described by Vöhringer et al (9). We use a 

standard 17-segment model to analyze the extent of LGE (10). The average segmental 

transmural extend of LGE in each segment was assessed visually on the following semi-

quantitative rating scale: 0 = absence of LGE, 1= 1% to 25%, 2 = 26% to 50%, 3 =51% to 75%, 

4 = 76% to 100%. The highest final score of the extend of LGE on myocardium was 68. 

 
 
 
 
 
 
 

19 



 

 

Invasive coronary angiogram 
 
 
The indication for performing ICA was made with the latest European recommendations (3). 

A significant stenosis is defined as a reduction in luminal diameter ≥ 70% on the 3 main 

epicardial trunks and ≥ 50 on the left common trunk. If a coronary lesion is highlighted, the 

coronary tree is analyzed in luminography, using a conventional guide catheter, visually and 

in QCA (Quantitative Coronary Analysis). If an FFR is performed, it is carried out according to 

local expertise and current clinical practice by the center caring for the patient. 

 
Gensini Score 
 
 
In this study, we use the Gensini score to quantify the severity of epicardial involvement 

which represents an estimation of an atherosclerotic burden (11). This score includes 

different factors: 

 
- The geometrically severity of lesions (eccentric or concentric plaque) 

 
- The cumulative effects of multiple obstructions 

 
- The percentage of obstruction 

 
- The presence of collaterals 

 
- The size and quality of distal vessels 

 
 
Thus, after defining the percentage of coronary stenosis associated with the study of 

stenosis’s geometry (eccentric or concentric), the value is multiplied according to the 

location on the coronary tree. These results provide a coronary atherosclerosis score. 

 
In our study, the Gensini score was calculated by an expert after rereading the coronary 

angiography films. For patients with ischemic cardiomyopathy, the Gensini score was 

calculated after the revascularization. 
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Assessment of etiology 
 
 
In this study and in reference to Assomull et al. (8), six different forms of cardiomyopathy 

were described after analysis of LGE-CMR and extend of coronary artery disease from ICA 

results. Patients were classed in 6 groups of cardiomyopathies (figure 1): 

 
• The first group is true dilated cardiomyopathy (DCM), defined by LGE-CMR images 

with no subendocardial LGE and unobstructed coronary arteries by ICA. 
 

• The second group refers to true ischemic cardiomyopathy, defined by true coronary 

artery disease by ICA and pattern of ischemic LGE by CMR. 
 

• The third group is dilated cardiomyopathy with bystander infarct, defined by patterns 

of ischemic LGE by CMR (a small area of subendocardial enhancement) with a dilated 

left ventricle and unobstructed coronary arteries by ICA. 
 

• The fourth group is dilated cardiomyopathy with bystander coronary artery disease, 

defined by significant CAD by ICA with no evidence of subendocardial LGE by CMR. 
 

• The fifth group is ischemic cardiomyopathy with unobstructed coronary arteries, 

defined by a zone of ischemia by LGE-CMR with unobstructed coronary artery by ICA. 
 

• The sixth group is ischemic cardiomyopathy without infarction, defined by an 

absence of LGE on CMR with a severe proximal 3-vessel disease. 

 
 
 
Statistical analysis 
 
 
Statistical analyses were performed using SPSS version 15 (SPSS Corp, Somers, NY) software. 

Continuous variables were expressed as mean±1 SD and medians (quartiles) when non-

normally distributed, and categorical variables as counts and percentages. Categorical 

 
21 



 

 

variables of patients in different groups were compared using χ2 or exact test. Continuous 

variables were compared among groups using ANOVA when normally distributed or by using 

Kruskall–Wallis test. Individual differences among groups were compared post hoc using 

Mann–Whitney U tests (with Bonferroni correction for multiple comparisons) for non-

normally distributed data, Tukey– Kramers test for normally distributed data with equal 

variances, and Games–Howell test for normally distributed data with unequal variances. 

Comparisons were performed crosswise among all 6 groups. Correlation between LVEF, 

gensini score and fibrosis data was evaluated by linear regression. The Pearson correlation 

coefficient was implemented for the analysis of bivariate correlations and the Spearman test 

if normality was rejected. The inter-observer reproducibility of the measurement of LGE was 

evaluated using an intraclass correlation coefficient. Inter-observer concordance for the 

assessment of LGE patterns was evaluated using the k test. All tests were 2-sided, and 

P<0.05 was considered statistically significant. 
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Results 
 
Baseline characteristics 
 
 
The baseline characteristics are represented in table 1. Of the 274 eligible patients, 7 were 

excluded due to alternative diagnosis, 15 were excluded due to absence of ICA, 4 had no LGE 

sequences on CMR and 17 patients were excluded because they had ischemic 

cardiomyopathy with coronary by-pass (figure 2). 

 
The final cohort comprised 231 patients, 77 % of whom were men and 23 % women. The 

mean age was 60.1 ± 14 years, with no significant difference in age and gender. As expected, 

a number of baseline characteristics differed significantly between the 6 groups of 

cardiomyopathies: patients in group 2 were more likely to have history of CAD with PCI, high 

blood pressure and dyslipidemia. Patients in group 4 were also more likely to have 

dyslipidemia compared to other groups. We observed that patients in group 3 were more 

likely to have atrial fibrillation (AF). The table 1 shows characteristics according to 

cardiomyopathy groups. 

 
CMR analysis 
 
 
Data from CMR is shown in table 2 and 3, the mean LVEF was 32.7 % (± 10.0), with a lower LVEF 

for group 3 and a higher one for group 5 (p<0.01). We also observed multiple differences in CMR 

dimensions in the 6 groups: LVEDVI were significantly higher for patients in group 3 compared to 

group 2 (p<0.01), LVESVI were significantly lower for group 2 compared to group 3-1 and were 

significantly lower for group 5 compared to group 3 (p<0.01). The LV mass index also differed for 

3 groups: groups 2 were more likely to have a smaller LV mass compared to group 1 and 3 

(p<0.01). We also observed a RVEF difference between group 2 and group 1-3; 
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the RVEF is higher for patients in group 2 (p<0.01). There was no significant difference 

between LA size and cardiac index. 

 
The presence of LGE differed between different groups: patients in group 1 were less likely 

to have LGE compared with other groups. We observed a percentage of 100 % of LGE 

presence for groups 2, 3 and 5 with only 55% for group 1. 

 
The LGE percentage of left ventricle (LV) total mass was also different between the 6 groups. 

We observed 14.48 ±10.13 % of LV total mass for group 3 and 13.2 ±10.8 % for group 4, which 

is lower compared to group 2 (p<0.01). Inter-observer reproducibility was correct for % LGE: 

ICC = 0.85 [95% CI 0.80 – 0.88]. Inter-observer concordance for the presence or absence of 

LGE in patients was k. 0.90. 

 
As shown in figure 3, the LGE percentage of LV total mass was significantly higher in group 2, 

with almost 45 ±18.59 % of LV total mass, compared with the others cardiomyopathies 

(p<0.01). 

 
Figure 4 shows the varying pattern of LGE in the 6 different groups, with significant 

differences between them: groups 3 was more likely to have multiple patterns than the 

others (p<0.01) and only group 1 had nodular midwall LGE pattern. Group 2, 4 and 5 were 

more likely to have ischemic pattern (subendocardial or transmural LGE). It should be noted 

that almost 45 % of patients in group 1 had no LGE on CMR. 

 
Gensini Score 
 
 
The mean Gensini score for the whole cohort was 7.22 ± 13.5 (Table 3). Figure 5 shows the 

different Gensini score for each cardiomyopathy. As we expected, there is a significant 

difference between groups 2 and 1-3 (p<0.01). Patients in group 4 appeared to have a higher 

 
24 



 

 

Gensini score than group 1, but because of a small population there is no significant 

difference between the two groups. 

 
Correlation between LVEF, Gensini score and fibrosis 
 
 
In this study, we observed a low correlation for all the population between Gensini score and 

LGE percentage of LV total mass (rpearson = 0.22, p=0.001) (figure 6). There was no 

correlation between LVEF and percentage of LGE, or between LVEF and Gensini score. 

 
Concerning the different groups of cardiomyopathies, patients in group 2 also showed a 

correlation between LGE and Gensini score (rpearson = - 2.2, p= 0.03), and a correlation 

between LVEF and LGE (rpearson = - 2.9, p = 0.06). There was no correlation between these 

3 variables in the other groups. 

 
Treatment at baseline 
 
 
Data concerning treatment at baseline was represented in table 4. All patients in their 

population were well treated, especially for heart failure. 82% of patients observed had 

betablockers, 84 % had ACE inhibitors or ARB and 34 % had MRA. There is some difference 

between groups for medication: patients in group 5 were less likely to have received 

betablockers than the other groups (p<0.02), patients in groups 2 and 4 were more likely to 

have received statins than the others (p<0.01) and patients in groups 2, 4 and 6 were more 

likely to have received aspirin compared to the others (p<0.01). The rates of use of the other 

medications (diuretic, MRA, ACE inhibitor and ARB …) were very similar in all the groups. 
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Discussion 
 
 
 
 
This study enhances the benefits of associating CMR and ICA data to explore patients who 

presented cardiomyopathy with impaired LVEF. We show that there are many intertwined 

forms of cardiomyopathy who can be described by the CMR/ICA combination. 

 
The two most represented populations were dilated cardiomyopathy and ischemic 

cardiomyopathy, with respectively 44% of patients in group 1 and 37 % of patients in group 2. 

 
Concerning the ischemic cardiomyopathy, there was no significant difference between 

characteristics baseline of patients compared to data in literature. Compared to the other 

patients, they had a higher proportion of risk factors, history of CAD with PCI and family 

history of CAD. They also had a higher LVEF than patients in group 1. 

 
In this study, patients with true dilated cardiomyopathy (group 1) had lower LVEF, higher 

LVEDI and LVESI compared to ischemic cardiomyopathy. RVEF is also lower for these patients 

compared with ischemic cardiomyopathy. Biventricular involvement is common in dilated 

cardiomyopathy, which is not the case in ischemic cardiomyopathy (12). 

 
Group 3 and 4 are the least well described and known. Regarding group 3, bystander 

infarction, these patients represent 13 % of the population in this cohort (n=30). This result 

represents a higher percentage compared to Assomull et al. data, who only found 3 % in 

their cohort. It can be explained by the fact that patients with atrial fibrillation were 

excluded at the inclusion in Assomull et al cohort (8). This statement suggests that this type 

of cardiomyopathy seems to be more correlated to group 1 than group 2: they had similar 

CMR dimensions but less risks factors than ischemic cardiomyopathy. They also had a higher 

proportion of AF compared to group 2 and a higher extensive trabecular compared to the 
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other cardiomyopathies. The mechanism of coronary artery for these patients seems to be 

embolic. AF had already been considered as an important risk factor of coronary artery 

embolism (13). Concerning AF and heart failure, a previous study showed that heart failure 

can participate to produce a physiological environment that is favorable to AF (14). An 

approximate annual incidence of 5% for AF in the general heart failure population was also 

reported, with a higher incidence of 40% for patients with advanced heart failure (15). 

 
In patients with heart failure, recurrent AF strongly predicted stroke and death during 

follow-up (16). The CASTLE AF study had recently reported that catheter ablation for AF in 

patient with heart failure was significantly linked to a lower rate of outcomes (17). AF needs 

to be actively sought with long duration holter recorder and maybe for patients with 

extensive trabeculation, an anticoagulation treatment can be needed to reduce the risk of 

cardiac embolism. Future studies are needed to assert these findings. 

 
In this study, we found almost 17% of patients with ischemic pattern on CMR and no CAD on 

ICA, it is strongly correlate with data in literature (7). However, this 17% includes group 3, 

bystander infarction, and we demonstrated above that patients in group 3 seem to correlate 

more to group 1 than to group 2. It would appear to be a mistake to consider group 3 as 

ischemic cardiomyopathy. 

 
Group 4, bystander CAD, was described in series with explanted heart with dilated 

cardiomyopathy and the prevalence of bystander CAD is one third according to studies on 

explanted heart (18-19-20-21). It suggests that dilated cardiomyopathy and CAD can coexist. 

Soriano et al. had also shown that different patterns of LGE can coexist (22). CAD as acute 

heart failure etiology in non-ischemic cardiomyopathy is often overlooked and a fortiori 

misdiagnosed. Frankenstein et al. showed in a cohort of 1263 patients, one third of the 
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population can develop coronary artery disease during the evolution of heart failure, and the 

clinical determinants for CAD in dilated cardiomyopathy is similar to known risk factors in 

general cohorts (23). Many studies have also described that symptoms are different: most of 

the time the presentation of CAD concomitant is heart failure and almost 40 % of patients 

with dilated cardiomyopathy have symptoms of angina without coronary artery disease (24-

25). Diagnosis and management of bystander CAD is really unknown. Because of multiples 

mechanisms (presence of fibrosis, microcirculation disease…), the sensibility of non-invasive 

stress imaging was often lower compared to the general population (26-27). Hence, non-

invasive stress imaging in patient with CAD and heart failure with low LVEF has a class IIb 

indication in the latest European recommendations concerning myocardial revascularization 

(28). 

 
Concerning the invasive ischemic test in cardiomyopathy, Fractional Flow Reserve (FFR) is 

now a reference method for invasive functional evaluation of coronary stenosis in patients 

with stable coronary artery disease (29). Even if right atrial pressure can fluctuate greatly in 

heart failure, recent studies shows that the impact of right atrial pressure on FFR 

measurements is negligible and FFR can be used in heart failure (30). Another recent 

retrospective study on FFR for CAD in patients with LVEF <50% also shows that FFR-guided 

revascularization is associated with lower rates of outcomes at 5 years compared with the 

Angiography-guided strategy (31). FFR-guided revascularization seems to be necessary for 

the management of patients with dilated cardiomyopathy and CAD, but future prospective 

studies are necessary to confirm these findings. Coronary microcirculation plays also an 

important role in DCM (32) but all invasive and non-invasive methods to assess coronary 

microvascular dysfunction are not actually recommended in heart failure. 
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In our cohort, we found 8 patients with bystander CAD and dilated cardiomyopathy. For 

these patients, there was a significant stenosis on ICA, but CAD cannot be the only 

explanation for the impairment of LVEF. These patients appear to a greater number of risk 

factors and are often treated with aspirin and statins. Because of the small proportion of 

patients, the statistical power of our analysis is too small to characterize this population. This 

type of cardiomyopathy needs more exploration and studies in order to better characterize 

the diagnosis, management and prognosis of these patients. 

 
We can notice the presence of 2 patients in group 6 in this cohort. Any patients in this group 

were found in Assomull et al. trial, the presence of patients with severe CAD (severe proximal 3-

vessel disease) and no LGE on CMR is also a factor which strengths the benefits of the CMR/ICA 

association for assessment of etiology in heart failure. Without ICA, these patients would have 

been considered as non-ischemic cardiomyopathies, and thus non-revascularized. A delay of 

revascularization for these patients could have adverse prognosis in long term (28). 

 
So, the dichotomy between ischemic cardiomyopathy and non-ischemic cardiomyopathy 

seems to be a reductionist view as there are multiple forms of cardiomyopathy with 

intertwined etiology. Characteristics, prognosis and management of these patients are not 

commonly known in clinical research. 

 
The analysis of the relationship between coronary atherosclerotic burden and the prognosis 

in these different forms of cardiomyopathy may be useful in the management of these 

patients. 

 
We observed a low correlation between the coronary atherosclerotic burden and myocardial 

fibrosis for all the population. This correlation is drawn by the link between ischemic fibrosis 
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pattern and coronary atherosclerotic burden. No ischemic pattern does not have a link with 

coronary atherosclerotic burden. 

 
Moreover, the deposit of collagen is commonly diffuse in DCM, LGE often shows no regional 

scarring and only 30 % of patients with DCM had LGE. T1 mapping can be very useful in these 

cases. It represents a parametric imaging with quantitative estimation of fibrosis. With T1 

mapping it is now possible to estimate the extracellular volume (ECV) (33). 

 
Puntmann et al. had recently demonstrated that T1 mapping is strongly correlated to 

outcomes in ischemic cardiomyopathy and DCM: for ischemic cardiomyopathy, this 

technology provides information about the “non-infarcted myocardial”, which is actually a 

strong prognosis factor, and for DCM, T1 native seems to be correlate to poor outcomes (34-

35). This technical advance represents interesting data for the management of heart failure. 

 
 
 

Limitations 
 
 
This study was performed in a single center. Assessment LGE extend is performed by visual 

analysis in this cohort. T1 mapping was no available for this cohort. The aim of this study was 

to better characterize bystander infarction and CAD in patients with dilated cardiomyopathy 

by multimodal imaging. But, number of patients with these form of disease were finally low. 

Statistically power for this selective population was weak. 
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Conclusion 
 
 
 
Dilated cardiomyopathy with bystander CAD is a rare pathology, while one with bystander 

infarct is more frequent, with characteristics suggesting that it should be regarded as true 

dilated cardiomyopathy with embolism mechanism for infarction. These statements, which 

needed to be confirmed by future studies, can have therapeutic implications in the 

management of dilated cardiomyopathy, particularly in screening for atrial fibrillation. 
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Figure 
 
 

Figure 1 : Representation of the 6 different forms of cardiomyopathies described by 
Assomull et al.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
A: True dilated cardiomyopathy (DCM) 

 
B: True ischemic cardiomyopathy 

 
C: Dilated cardiomyopathy with bystander infarction 

 
D: Dilated cardiomyopathy with bystander CAD 

 
E: Ischemic cardiomyopathy with unobstructed coronary arteries, defined by a zone 
of ischemia by LGE-CMR with unobstructed coronary artery by ICA 

 
F: Ischemic cardiomyopathy without infarction, absence of LGE on CMR with a 
severe proximal 3-vessel disease by ICA. 
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Figure 2 : Flow chart  
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Table 1 : Baseline characteristics of population.  
 
 

 
    All patients   Group 1  Group 2   Group 3  Group 4  Group 5  Group 6    

 Characteristics   (n=231)   (n=101)  (n= 85)   (n=30)  (n=8)  (n=5)  (n=2)  P-value 

  100% 44% 37% 13% 3% 2% 1%    
                      

 Age (yrs) 60.1± 14.0 58. ± 14.0 61.9 ± 13.1 58.5± 17.5 68.0± 5.34 62.8± 6.68 67.5± 0.7 0,8  

 Sexe M, n (%) 179 (77) 73 (72) 71(83) 25 (83) 5(62) 4(80) 1(50) 0.3  

 BMI (kg/m2) 26.16 ± 5.0 26.0 ± 4.93 26.3± 5.3 26.4 ± 4.91 27.5± 2.46 20.0± 2.30 25.6± 4.80 0.2  

 Tobacco, n (%) 107 (46) 40 (40) 46 (48) 14 (46) 4 (50) 3 (60) 0(0) 0.2  

 Diabetes, n (%) 56 (24) 21 (21) 26 (31) 6 (20) 3 (37) 0(0) 0(0) 0.2  

 Dyslipidemia, n (%) 89 (38) 28 (28)  45 (53) I-III-V 10 (33)  5 (62) I-III-V 0(0) 1 (50) <0.01  

 HBP, n (%) 99(43) 33 (33)  46 (54) I 10 (33) 5 (62) 3 (60) 2 (100) <0.01  
 History of CAD with PCI, 

73 (32) 0(0) 
 65(70) I-III-IV-V- 

4(13) 2(25) 0(0) 1(50) <0.01 
 

 n (%)  
VI 

 
                    

 Atrial fibrillation, n (%) 42 (18) 22(25) 6 (6)   10 (34) II 2(28) 1(20) 1(50) <0.01  
 Stroke, n (%) 18 (8) 7(7) 8 (10) 2 (7) 0 (0) 1(20) 0 (0) 0.7  

 Family history of CAD, 
30 (13) 15(15) 10(12) 3(10) 2(25) 0(0) 0(0) 0.74 

 
 n (%)  
                     

     5(9)/23(43)/ 2(3)/41(62)/ 1(5)/6(29)/ 0(0)/2(33)/ 0(0)/3(75)/ 0(0)/2(100)/    
 NYHA functional class 62 (29)/ 

13(25)/12(23) 10(14)/14(21) 7(33)/7(33) 2(33)/2(34) 1(25)/0(0) 0(0)/0(0) 0.4 
 

 114 (54)/25  
 I/II/III/IV, n (%)  
 (12)/9(5)                  
                   

                      

                      
 
All values are expressed as the number and percentage, n (%), of patients or mean value ± SD. Turkey-Kramer or Games-Howell post 
hoc correction for all pairwise comparaisons. Numbers in boldface indicate p values < 0.05. 

 

 Abbreviations: BMI = body mass index, CAD = coronary artery disease, HBP = high blood pressure, PCI = percutaneous coronary 
intervention. I vs group 1/ II vs group 2 / III vs group 3/ IV vs group 4/ V vs group 5 / VI vs group 6 
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Table 2: CMR analysis according to cardiomyopathy groups  
 
 
 
 
 
  All patients  Group 1  Group 2  Group 3  Group 4  Group 5  Group 6   

Cardiac RMI (CMR)  (n=231)  (n=101)  (n = 85)  (n=30)  (n=8)  (n=5)  (n=2)  P-value 

 100% 44% 37% 13% 3% 2% 1%   
                 

LVEF (%) 32.7± 10.0 31.9 ± 11.0 34.9 ± 7.67 
 27.9 ± 10.3 II- 

32.4 ± 12.2 43.6 ± 4.9 32.5± 0.7 < 0.01  IV                 

LVEDVI (ml/m2) 116 ± 31.8 120.4 ± 35.8 
 

107.3 ± 20.7 III 129.4± 31.7 
140.0± 

92.5 ± 35.2 87.0± 15.0 < 0.01  39.6 
               

LVESVI (ml/m2) 49.4± 28.4 81.7± 35.9  70.0 ± 18.3 I-III 93.9 ± 31.3 87.6 ± 31.5  46.25 ±27.3III 70.0± 18.3 < 0.01 

LV mass index (g/m2) 68.2± 19.4 71.2± 22.0  61.5± 15.3 I-III 77.3± 16.3 70.2± 16.3 54.6 ± 12.9 78.0± 2.82 < 0.01 

LA size (ml/m2) 70.6± 23 71.9± 26.1 65.4± 15.5 72.2± 22.6 89.3± 26.4 68.6± 10.7 65.6± 12.8 0.7 

Cardiac index 2.36± 0.66 2.36± 0.69 2.30± 0.55 2.4± 0.85 2.54± 0.57 2.54±0.5 2.6± 0.5 1 

Presence of fibrosis, n                 
(%)                 

- Yes 182 (79)  55(55) II à VI 85(100) 30(100) 7(87) 5(100) 0(0) <0.001                

- No 49 (21) 46(45) 0 (0) 0(0) 1(13%) 0(0) 2(100)   

LGE % of total LV mass 21.5± 22.7 5.13± 9.05 
 45.05± 18.59 I-III- 

14,48± 10.13 13.2± 10.8 22.1± 13.6 0(0) < 0.01  IV-V-VI                 

RVEF (%) 44.9± 15.0 43.7± 14.4  54.4± 13.1 I-III 36.5± 13.6 39.1± 13.6 34.0± 14.14 - < 0.01 

Trabecular, n (%) 71 (31) 
 43(42) II-IV-V-IV 8 (9) 

 16 (53) II-IV-V- 
3 (37) 1 (20) 0 (0) <0.001   IV 

                

                 

 
 
 
All values are expressed as the number and percentage, n (%), of patients or mean value ± SD. Turkey-Kramer or Games-Howell post 
hoc correction for all pairwise comparaisons. Numbers in boldface indicate p values < 0.05. 

 
 
Abbreviations: LVEF = left ventricular ejection fraction, LVEDVI= left ventricular end- diastolic volume index (indexation to body surface area, 
LVESVI=left ventricular end-systolic volume index (indexation to body surface area), LV mass index = left ventricular mass index, LA size = 
Left atrial size, LGE = late gadolinium enhancement, RVEF = right ventricular ejection fraction. 

 
 
I vs group 1/ II vs group 2 / III vs group 3/ IV vs group 4/ V vs group 5 / VI vs group 6 
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Table 3 : Pattern of LGE and Gensini score according to cardiomyopathy groups.  
 
 
 

   All patients  Group 1  Group 2  Group 3   Group 4   Group 5   Group 6    
 Pattern of  

(n=231) 
 

(n=101) 
 

(n = 85) 
 

(n=30) 
  

(n=8) 
  

(n=5) 
  

(n=2) 
  

P-value  LGE             
                     

  100% 44% 37% 13% 3% 2% 1%    
                      

 Nodular                     
 midwall LGE, 2(0,8) 2(2) 0(0) 0(0) 0(0) 0(0) 0(0) 1 
 n (%)                     
 Linear                     
 midwall LGE, 58  53(53) II-III-V-VI 0(0) 0(0)   5(62) II-III--V-VI 0(0) 0(0) < 0.01 
 n (%)                     

 Sub                     
 endocardial 

107 
 

1 (1) II-III-V 81(95) 19(64) 1(12) 5(100) 0(0) <0.01  or transmural  
                     

 LGE, n (%)                     

 Multiples        11(36) I-II-IV-V- 
            

 patterns LGE, 16 0(0) 4(4)  1(12) 0(0) 0(0) <0.01   VI  

n (%) 
                   

                     

 Gensini Score 7.22 ± 13.5 2.08 ± 3.73  13.9± 18.5 I-III 4.5± 8.6 10.7± 10.6 4.9± 5.5 15± 5.65 < 0.01 
                      

                      
 

All values are expressed as the number and percentage, n (%), of patients or mean value ± SD. Turkey-Kramer or Games-Howell post 
hoc correction for all pairwise comparaisons. Numbers in boldface indicate p values < 0.05. 

 
Abbreviations: LVEF = left ventricular ejection fraction, LVEDVI= left ventricular end- diastolic volume index (indexation to body surface area, 
LVESVI=left ventricular end-systolic volume index (indexation to body surface area), LV mass index = left ventricular mass index, LA size = 
Left atrial size, LGE = late gadolinium enhancement, RVEF = right ventricular ejection fraction.  

 I vs group 1/ II vs group 2 / III vs group 3/ IV vs group 4/ V vs group 5 / VI vs group 6 
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Figure 3 : LGE percentage of LV total mass in 6 groups  
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Figure 4 : Pattern of LGE according to cardiomyopathy groups  
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Figure 5 : Gensini Score according to cardiomyopathy groups  
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Figure 6: Correlation between Gensini score and LGE  
 
 
 
 
 
 
 
 

rpearson = 0.22, p =0.001 
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Table 4 : Treatment at baseline.  
 
 
 
 
 
      Group 1   Group 2  Group 3  Group 4   Group 5  Group 6   

Treatment at baseline 
 All patients   

(n=101) 
  

(n = 85) 
 

(n=30) 
 

(n=8) 
  

(n=5) 
 

(n=2) 
 

P-value  (n=231)           
                   

    44% 37% 13% 3% 2% 1%   
                     

Betablockers, n (%) 189 (82) 79(78) 77(91) 24(80) 6(75) 
  2(40) I-II-III-IV- 

1(50) < 0.02   VI                     

Diuretics thiazides, n (%) 117 (51) 51(51) 37(44) 20(66) 7(87) 1(20) 1(50) 0.06 

MRA, n (%) 79 (34) 33(34) 29(36) 15(51) 2(25) 0(0) 0(0) 0.5 

Aspirin, n (%) 119 (51) 22(22)   78(92)I-III-V 9(30)  6(75) I-III-V 2(40)  2(100) I-III-V <0.01 

Statins, n (%) 117 (51) 21(21)   76(93)I-III-V-VI 12(40)  5(62) I-III-V-VI 2(40) 1(50) <0.01 

ACE inhibitor / ARB, n (%) 194 (84) 81(81) 71(84) 26(86) 7(87) 4(80) 2(100) 0.9 

Insulin, n (%) 15 (6) 6(6) 7(8) 1(3) 1(12) 0(0) 0(0) 0.8 

Sacubitril/Valsartan, n (%) 1 (0.4) 0(0) 0(0) 1(3) 0(0) 0(0) 0(0) 0.5 

Anticoagulant, n (%) 67 (29) 30(30) 18(22) 13(45) 2(25) 3(60) 1(50) 0.3 

Digitalis, n (%) 3 (1.3) 1(1) 0(0) 2(6) 0(0) 0(0) 0(0) 0.4 
                     

 
All values are expressed as the number and percentage, n (%), of patients or mean value ± SD. 
Numbers in boldface indicate p values < 0.05. Turkey-Kramer or Games-Howell post hoc correction for 
all pairwise comparaisons. 
Abbreviations: MRA = mineralocorticoid receptor antagonist, ARB= angiotensin receptor blocker, ACE 
= angiotensin-converting enzyme.  
I vs group 1/ II vs group 2 / III vs group 3/ IV vs group 4/ V vs group 5 / VI vs group 6 
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Appendix 
 

 

Physiopathology of late gadolinium enhancement 
 
 
 
Areas showing LGE correspond to zones of myocytes necrosis or myocardial fibrosis as shown 
 
by comparison with histopathology. The gadolinium chelates are extracellular agents that are 
 
inert and cannot cross cell membrane. They can diffuse in interstitial space (which represent 
 
1 % of myocardial cell) and in vascular space (5% of myocardial cell). In normal myocardium, 
 
intracellular myocytes represent 85% of the cellular volume. The gadolinium chelates are 
 
brought into cells by microvascularisation. The intensity of LGE depends on the myocardial 
 
perfusion and the gadolinium distribution into the cell (Figure 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Mechanism of LGE 

 
Figure a: When the cell membrane is intact, the distribution of gadolinium is small 

 
Figure b: In an acute myocardial damage, where there is myocyte rupture, the 
distribution of gadolinium is higher. 

 
Figure c: in a chronic myocardial damage, myocytes have been replaced by scar, the 
interstitial space is expanded, the concentration of gadolinium increases. 

 
Image extracted from “Significance of Late Gadolinium Enhancement in Cardiovascular 
Magnetic Resonance Imaging (CMR)” Matthias Vöhringer et al. 
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In dilated cardiomyopathy, there is two frequents patterns of LGE: patient with no LGE and 

patients with an enhancement in a midwall of the LV that is not related to the territory of 

coronary artery. In ischemic cardiomyopathy, LGE reflects the acute ischemic injury and occurs in 

areas of irreversible injured myocardium. The patterns of LGE in ischemic cardiomyopathy 

depend on the size of infarct. Most of the time, it is a subendocardial enhancement but in the 

case of transmural infarction, we can observe a transmural enhancement. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pattern of LGE in different forms of cardiomyopathies. 
 
Image extracted from “Significance of Late Gadolinium Enhancement in Cardiovascular 
Magnetic Resonance Imaging (CMR)” Matthias Vöhringer et al 
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Left ventricular segmentation. 
 
Image extracted from “Segmentation and Registration for Cardiac Imaging. Standardized myocardial 
segmentation and nomenclature for tomographic imaging of the heart. A statement for healthcare 
professionals from the Cardiac Imaging Committee of the Council on Clinical Cardiology of the 
American Heart Association” 
 
 
 
Gensini Score 
 
 
 
We use the Gensini score to estimate the atherosclerotic burden. Gensini score is an 

angiographic scoring system for quantifying the severity of CAD, it has been developed to 

characterize the complexity of CAD taking into 3 considerations for each coronary stenosis: 

severity score, region multiplying factor and collateral adjustment factor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Illustration for Gensini score. 
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