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Abbreviations

ACEi = angiotensin converting enzyme inhibitor
APT = antiplatelet therapy

ARB = angiotensin receptor blocker

ARNi = angiotensin receptor-neprilysin inhibitor
BMI = body mass index

BSA = body surface area

CABG= coronary artery bypass grafting

CACS = coronary artery calcium score

CAD = coronary artery disease

Cl = confidence interval

CMR = cardiovascular magnetic resonance

CMVD = coronary microvascular disease

CTCA = computed tomography coronary angiography

CTO = chronic total occlusion

CV = cardiovascular

Cx = circumflex artery

DCM = dilated cardiomyopathy

Dg = diagonal artery

FFR = fractional flow reserve

FOV = field of view

Gd-DOTA = gadolinium meglumine
HF = heart failure

HR = hazard ratio

HFrEF = heart failure with reduced ejection fraction

ICA = invasive coronary angiography
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IDCM = ischemic dilated cardiomyopathy

iLV mass = indexed left ventricular mass

IVUS = intravascular ultrasound

LA = Left atrium

LAD = left anterior descending artery

LGE = late gadolinium enhancement

LMCA = left main coronary artery

LV = left ventricular

LVAD = left ventricular assistance device

LVEDVi = left ventricular end-diastolic volume index
LVESVi = left ventricular end-systolic volume index
LVEF = left ventricular ejection fraction

Mg = left marginal artery

MI= myocardial infarction

MINOCA= myocardial infarction with no obstructive coronary arteries
NIDCM= non-ischemic dilated cardiomyopathy
NYHA = New York Heart Association

OAC = oral anticoagulants

OCT = optical coherence tomography

PCI = percutaneous coronary intervention

PDA = posterior descending artery

PSIR = phase-sensitive inversion recovery

QCA = quantitative coronary angiography

RIA = ramus intermedius artery

RV= Right ventricle

RVEF = right ventricular ejection fraction
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SCD= sudden cardiac death

SPECT = single photon emission computed tomography
SSFP = steady-state free-precession

TE = echo time

TR = repetition time

VF = ventricular fibrillation

VHD = valvular heart disease
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Abstract

Introduction- Atherosclerosis is associated with a worse prognosis in many diseases, but its
impact in non-ischemic dilated cardiomyopathy (NIDCM) is not known. This study
investigated the prognostic value of coronary atherosclerotic burden, as measured by

Gensini score, in a cohort of NIDCM patients.

Methods- 139 patients with left ventricular (LV) dysfunction due to NIDCM were classified
according to both invasive coronary angiography (ICA) and cardiovascular magnetic
resonance (CMR) imaging data in 3 subtypes of NIDCM: true NIDCM, NIDCM with bystander
coronary artery disease (CAD) and NIDCM with bystander myocardial infarction (Ml).
Percentage, extent and location of fibrosis were assessed by CMR and coronary
atherosclerotic burden by Gensini score. Primary endpoint was a composite of
cardiovascular (CV) mortality, non-fatal Ml and revascularization by percutaneous coronary

intervention (PCI).

Results- Out of 139 patients (mean age 59.4+ 14.7 years old, 74% male), there were 101
patients (73%) with true NIDCM, 30 patients (22%) with NIDCM and bystander Ml and 8
patients (5%) with NIDCM and bystander MI. 6 patients (4.3%) died and 6 (4.3%) underwent
PCl during a median follow-up of 34.2 + 18 months. Gensini score predicted primary
composite endpoint, in univariate and multivariate analysis, hazard ratio = 1.08, confidence
interval 95% (1.034-1.13) p = 0.001, as well as history of CAD, LV ejection fraction (LVEF) and

age (p <0.02, p=0.008 and p=0.024 respectively), while fibrosis did not.

Conclusion- Coronary atherosclerotic burden, as measured by Gensini score, is a new
prognostic factor in NIDCM. Assessing this parameter improves risk-stratification and could

be used to help personalize treatment in this population.
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Résumé

Impact pronostic de la charge athéromateuse dans la cardiomyopathie dilatée non

ischémique. Une sous-étude du 3C registry.

Introduction- Dans de nombreuses pathologies, I'athérosclérose a un impact pronostique
défavorable, mais celui-ci n’a pas été étudié dans la cardiomyopathie dilatée d’origine non-
ischémique (CMD). Cette étude détermine la valeur pronostique de la charge

athéromateuse, calculée par le score de Gensini, dans les CMD.

Matériel et méthodes- 139 patients avec une dégradation de la fraction d’éjection du
ventricule gauche (FEVG) inférieure a 50% d’origine non ischémique ont été classés en
fonction des résultats de I'IRM cardiaque et de la coronarographie en 3 sous-groupes : vraie
CMD, CMD avec infarctus du myocarde (IDM) concomitant, CMD avec coronaropathie
concomitante. L'étendue et la localisation de la fibrose en IRM, ainsi que le score de Gensini
ont été évalués. Le critére de jugement principal était un critere composite comprenant la

mortalité cardiovasculaire, I'IDM non-fatal et la revascularisation par angioplastie.

Résultats- Parmi les 139 patients (age médian 59.4+ 14.7 ans, 74% d’hommes), 101 (73%)
avaient une vraie CMD, 30 (22%) une CMD avec IDM concomitant et 8 (5%) une CMD avec
coronaropathie concomitante. Pendant une durée médiane de suivi de 34.2 + 18 mois, 12
patients (8.6%) ont présenté le critere de jugement principal. Le score de Gensini était
associé aux événements ischémiques, en analyse univariée et multivariée avec un hazard
ratio= 1.08, intervalle de confiance a 95% (1.034-1.13) p= 0.001, ainsi que les antécédents de
coronaropathie (p = 0.024), la fraction d’éjection ventriculaire gauche (FEVG) (p=0.008) et

I’age (p<0.02), alors que la fibrose ne I'était pas.
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Discussion- La charge athéromateuse, mesurée par le score de Gensini, est un facteur
pronostique associé aux événements ischémiques dans la CMD. Sa quantification améliore la
stratification du risque et pourrait aider a personnaliser les thérapeutiques dans cette

population.
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Introduction

Despite therapeutic advances, mortality in dilated cardiomyopathy (DCM) is still as high as
20% at 5 years (1). It is a heterogeneous disease with two main etiologies, ischemic and non-

ischemic DCM (NIDCM), that respond to different therapeutics and have different outcome.

Ischemic DCM (IDCM) used to be defined by a left ventricular ejection fraction (LVEF) < 50%
and a history of myocardial infarction (Ml) or revascularization, a coronary stenosis over 75%
of the left main , the proximal left anterior descending artery (LAD), or at least two epicardial
vessels (2). With the development of cardiovascular magnetic resonance (CMR) imaging, a
more precise definition is possible, considering late gadolinium enhancement (LGE) pattern.
Assomul et al described six subtypes of DCM according to CMR and invasive coronary
angiography (ICA) data (3). Three of them are different phenotypes of IDCM: true IDCM,
IDCM with normal coronary arteries and IDCM without ischemic LGE at CMR. The three
others are diverse phenotypes of NIDCM: true NIDCM with no obstructive coronary artery
disease (CAD), NIDCM with a bystander CAD that does not explain the extent of left
ventricular (LV) dysfunction, and NIDCM with bystander MI. The two latter forms are either
excluded from NIDCM therapeutic and outcome studies (4,5), or classified as IDCM, because
of a significant coronary artery stenosis or an ischemic LGE pattern, even though it does not

explain the extent of LV dysfunction.

Accurate diagnosis, assessment and risk stratification are important to personalize
treatment in DCM, in the era of effective but costly therapeutics and heart grafts scarcity.
Risk stratification is also crucial for primary prevention of sudden cardiac death (SCD). In

DCM, it mainly relies on LVEF assessment. Even though it is an important prognostic factor,
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many patients with reduced LVEF remain at low risk for SCD, and several patients with LVEF
> 35% have presented with life-threatening arrhythmias (6). Hence, identification of better

prognostic factors is essential to guide medical therapy, device implantation and follow-up.

Patients with NIDCM have a less pejorative outcome than those with IDCM, but Bart et al (7)
showed that the extent of CAD contributes more to prognosis than the distinction between
ischemic versus NIDCM. The prognostic value of a bystander CAD associated with NIDCM is
unknown, but studies have shown that CAD and NIDCM could coexist at baseline (8) and that

CAD could develop over time in NIDCM (9), accounting for unplanned hospitalizations (10).

Epicardial CAD is not easy to handle in NIDCM, because reliability of stress tests to
determine myocardial ischemia is not known in this disease. Fibrosis may alter diagnostic
performances of perfusion-based techniques, such as single photon emission computed
tomography (SPECT) and CMR (11). Coronary microvascular disease (CMVD) alters
microvessels response to hyperemic drugs, and thus may alter diagnostic performances of

invasive techniques such as fractional flow reserve (FFR) assessment.

Non-obstructive CAD, as measured with coronary artery calcium score (CACS), computed
tomography coronary angiography (CTCA) or with Gensini score calculation from ICA, is
associated with a worse prognosis in many CV diseases, even without significant coronary
artery stenosis or ischemia (12, 13). The relationship between coronary atherosclerotic

burden and outcome has not been studied in NIDCM.

We therefore sought to evaluate the prognostic implication of coronary atherosclerotic
burden, measured by Gensini score, on ischemic events in a cohort of patient with NIDCM

who underwent both CMR and ICA.
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Methods

Study population

We conducted this single-center observational sub-study, as a part of a larger registry
untitled “coronary artery disease and CMVD in cardiomyopathies registry (3c registry)”,
which evaluates the incidence and prognosis of bystander CAD and CMVD in hypertrophic,
dilated and restrictive cardiomyopathies in five French centers, using multimodal imaging

techniques (ClinicalTrials.gov Identifier: NCT03479580).

In the present study, consecutive patients with reduced LVEF referred to our
cardiomyopathy department for CMR imaging to ascertain the underlying etiology of HF
between January 2014 and September 2016 were screened for inclusion. All patients had
undergone both ICA and CMR. If there were multiple visits, only the first one was chosen for

this analysis.

All participants provided written or oral informed consent for data evaluation and storage.
The study conformed to the principles outlined in the Declaration of Helsinki and was

approved by the local ethical committee.

Inclusion criterion was LV dysfunction, defined as LVEF below 50% in the CMR study.

Exclusion criteria included evidence of acute or chronic myocarditis, hypertrophic or
hypertensive cardiomyopathy, valvular heart disease (VHD), arrythmogenic right ventricular
cardiomyopathy, infiltrative disease, tachycardia-induced cardiomyopathy, cardiopathy
secondary to toxins or alcohol abuse and congenital heart disease. Patients with previous

coronary artery bypass grafting (CABG), with contraindication to ICA or CMR such as
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claustrophobia, pregnancy or breastfeeding were also excluded, as well as patients unable to

provide consent, under legal protection or aged under 18.

Data collection

Files were reviewed and each patient’s clinical history and physical examination data were

collected.

Information on smoking status, personal history of diabetes mellitus, dyslipidemia, high
blood pressure, inflammatory disease, atrial fibrillation, alcohol abuse, thromboembolic
disease, neoplasia and personal or familial history of CAD (MI, percutaneous

revascularization, CABG) or stroke was recorded.

Physical examination data consisted in New York Heart Association (NYHA) class and

anthropometric data.

We documented if patients received HF with reduced ejection fraction (HFrEF) or CAD
medical therapeutics such as beta-blockers, angiotensin converting enzyme inhibitor (ACEi),
angiotensin receptor blocker (ARB), angiotensin receptor-neprilysin inhibitor (ARNi),

antiplatelet therapy (APT), statins, digoxin, oral anticoagulants (OAC) and insulin.

Cardiovascular magnetic resonance imaging protocol

All clinical studies were performed on a 1.5-Tesla (Philips Ingenia 1.5T CX) or 3-Tesla scanner
(TX Achieva, Philips Medical Systems, Best, The Netherlands) implemented with a 32-phase
array, cardiac synergy surface coil. Cardiac synchronization was performed using a four-
electrode vectogram. After a survey-scan, cine images were acquired using a steady-state
free-precession (SSFP) breath-holding sequence (turbo fast echo) in standard two-, three-,

and four-chamber long-axis views and subsequent 10 to 12 contiguous short-axis cines (30
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phases/RR; breathhold acquisition; slice thickness 8 mm without gap or 2 mm gap) from the
atrio-venticular ring to the apex (shortest repetition time (TR)/echo time (TE) 2.8/1.4 msec;

flip angle 45°; field of view (FOV) 320 nm; matrix 200*256).

LV end-diastolic and end-systolic volumes, LVEF and LV mass were quantified from the cine
image by standard techniques using dedicated semi-automated software (ViewForumTM
workstation, Philips). Wall thickening was evaluated for each segment and LV thrombus

presence was assessed.

Left atrium (LA) area and length were recorded from two-chamber and four-chamber
images. All measurements were made at end-ventricular systole when LA size was maximal.

The biplane area-length method was used to calculate LA volume.

Right ventricle (RV) analysis consisted in delineation of RV endocardial borders at end-
diastole and end-systole, from the tricuspid valve plan to the apex, so as to determine RV

end-diastolic and end-systolic volume.

All volume and mass measures were indexed to body surface area (BSA), calculated with

V(height(cm)x weight (kg)))

Mosteller’s formula (BSA =
3600

LGE images were acquired ten to fifteen minutes after intravenous injection of 0.2 mmol/kg
gadolinium meglumine (Gd-DOTA) in identical short-axis planes using a breath-hold
inversion-recovery gradient-echo 3 dimension T1-wheighted sequence (slice thickness of 14
mm, gap 0.7 mm, TR/TE 3.9/1.2 msec, flip angle 15 °, FOV 320, matrix 185x256). Inversion
times were adjusted in each patient, based on a look-locker sequence, to null the signal of

normal myocardium. In case of poor signal quality, a phase-sensitive inversion recovery
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(PSIR) sequence was acquired. Each short-axis image was repeated in 2 separate phase-

encoding directions to exclude artifact.

Gadolinium enhancement analysis

LGE was assessed by two independent blinded operators for presence of LV fibrosis. LGE was
confirmed only if the signal could be seen on two short-cut consecutive phase images and

the corresponding cross-cut long-axis image.

Location- Location of LGE was classified according to the corresponding LV segment using
the 17-segment model described by Lang and al (Lang RM, Badano LP, Mor-Avi V, Afilalo J,
Armstrong A, Ernande L, Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T, Lancellotti P,
Mararu D, Picard MH, Rietzschel ER, Rudski L, Spencer KT, Tsang W, Voight JU.
Recommendations for cardiac chamber quantification by echocardiography in adults: an
update from the American Society of Echocardiography and the European Association of

Cardiovascular Imaging, JASE 2015; 28(1):1-39.

Patterns- Distribution of LGE was defined as sub-endocardial, mid-wall or focal, as it was
described by Vohringer et al (15). If more than one pattern was present, all of them were
assessed: sub-endocardial + mid-wall, sub-endocardial + focal, mid-wall + focal or sub-

endocardial + mid-wall + focal.

Extent of LGE- Visual assessment permitted to grade each segment from 0 to 4, according to
the percentage of LGE. The following scale was used: 0 = 0%, 1= 1-24% LGE, 2=25-49%, 3=50-
74% and 4=75% or over. A global LGE content was then calculated for each patient, by

summing all 17 scores, with a maximal final score of 68.
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To assess reproducibility and reliability of LGE analysis in our cohort, the intra- and inter-
observer variability was calculated with thirty randomly selected studies. The intra-observer
variability was assessed using the measurements obtained a second time, at least 2 months
after the first analysis, for LGE pattern, extent and localization. For inter-observer variability,

LGE analysis was performed by a second independent observer blinded to all other analysis.

Invasive coronary angiography

ICA, in multiple orthogonal views, was performed in all patients to assess the extent of CAD.
Images were analyzed blinded to patients’ baseline data and CMR results, by an expert
cardiologist. All visually identified stenoses were quantified in two orthogonal projections by
a quantitative coronary angiography (QCA) (Siemens angiography station), using catheter-

based image calibration and automated vessel detection.

Significant CAD was defined as a stenosis exceeding 70% in epicardial vessels and/or 50% in

the left main coronary artery.

Gensini score

To assess the severity of CAD, Gensini score was calculated for each IDCM and NIDCM
patient, using ICA data after complete coronary artery revascularization, if needed. This
score reflects the residual coronary atherosclerotic burden by taking into consideration the
geometrically increasing severity of lesions, the cumulative effects of multiple obstructions,
of their location, the presence of collaterals, the size and quality of distal vessels and
myocardial function (16). To do so, each coronary artery stenosis was evaluated with a
severity score according to the percentage of lumen reduction. This score was then

corrected according to stenosis location. If a segment was totally occluded or 99% stenosed,
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a collateral adjustment factor was applied. All lesion scores were summed for the overall

score (Appendix).

Assessment of etiology

The etiology of LV systolic dysfunction was determined after analysis of CMR cine sequences,
tissue characterization information from LGE-CMR images and extent of CAD from ICA data.
After comprehensive assessment, patients were categorized in one of the six subtypes of

DCM described by Assomul et al (3) (Figure 1).

Group 1 refers to NIDCM, without LGE or with mid-wall LGE on CMR and no significant CAD

on ICA.

Group 2 refers to IDCM, showing an ischemic (sub-endocardial or transmural) LGE pattern in
at least 3 hypo-, a-, or dyskinetic segments corresponding to a coronary artery territory, and

concordant significant CAD on ICA.

Group 3 refers to NIDCM with a bystander MI. CMR shows global hypokinesia and sub-
endocardial or transmural LGE in 1 or 2 segments that does not explain the extent of LV

dysfunction and unobstructed coronary arteries on ICA.

Group 4 refers to NIDCM with a bystander CAD. LGE-CMR shows no LGE or mid-wall LGE,
global hypokinesia, and a significant CAD in ICA considered insufficient to explain the extent

of LV dysfunction.

Group 5 refers to IDCM with no obstructive CAD, showing sub-endocardial or transmural LGE
in at least 3 hypo-, a- or dyskinetic segments, in a coronary artery territory, and no

obstructive CAD. Pathophysiological mechanisms for such forms are thought to be similar to
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Mls with no obstructive coronary arteries (MINOCASs): coronary artery recanalization after

M, spasm or embolic episode.

Group 6 refers to IDCM with no or mid-wall LGE on CMR but severe proximal three-vessel

disease and/or left-main stem disease on ICA, corresponding to hibernating myocardium.

Only patients with NIDCM, corresponding to group 1, 3 and 4 were included in this analysis.

Clinical follow up and endpoints

Prospective follow up information was collected 24 months after index CMR. All events were
adjudicated by two operators who reviewed electronic databases for outpatient clinic

attendance, hospitalization or medical procedure.

A self-administered questionnaire was sent and non-responders were contacted by
telephone interviews. If they still did not respond, their cardiologists or general practitioners
were reached. The duration of follow-up was calculated from baseline scan until an endpoint

occurred or last patient contact.

Primary endpoint was a composite of CV death, non-fatal MI, unplanned myocardial
revascularization by CABG or percutaneous coronary intervention (PCl) at least 3 months
after enrollment. CV death was defined as death due to acute MI, SCD or death due to HF,

stroke or following a CV procedure.

Statistical analysis

Statistical analyses were performed using SPSS version 24 (IBM SPSS Statistics, I1BM
Corporation, Armonk, New York) software. All tests were 2-sided, and p-value <0.05 was

considered statistically significant. Continuous variables are expressed as mean t+ SD;
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categorical variables, as counts and percents. Hazard ratios (HR) are expressed as mean (95%
confidence intervals). The inter-observer reproducibility of LGE measurements was
evaluated using an intra-class correlation coefficient. Inter-observer concordance for the
assessment of LGE patterns was evaluated using the k-test. Baseline characteristics of
patients with or without events were compared using a chi-square test or an unpaired
Student t-test. Survival in patients according to Gensini score was evaluated using the
Kaplan-Meier method and compared among groups using the log-rank test. The index date
was the date of CMR. All clinical parameters were proposed for inclusion in an univariate Cox
proportional hazards model, and all significant (p < 0.05) univariate correlates of survival

were entered into a forward stepwise multivariate Cox model.
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Results

Study population

Out of the 286 screened patients, six were excluded for alternative diagnoses (one
hypertensive heart disease, one toxic cardiomyopathy, two primary VHDs, one patient
presented with acute heart failure and one with cardiac arrest), 37 patient did not meet
inclusion criteria (one had normal LVEF, 4 had uninterpretable CMR images, 15 ICA studies
were not available and 17 patients underwent CABG). 96 patients were classified as IDCM,
88 patients in group 2, six patients in group 5 and two patients in group 6 (Figure 2). 147

patients were included in the study and eight patients were lost to follow-up.

A total of 139 patients (74% male, mean age 59.4 + 14.7 years old) were included in the final
cohort and categorized into 3 groups of NIDCM.: 73% were classified as true NIDCM (n=101
patients), 22% NIDCM with bystander MI (n=30 patients) and 5% a NIDCM with bystander

CAD (n= 8 patients). Table 1 summarizes patients’ baseline characteristics.

Median body mass index (BMI) was 26.25 + 4.79. 42% of patients were tobacco smokers,
22% had diabetes mellitus, 35% high blood pressure and 31% dyslipidemia. Seven patients
(5%) had a history of CAD at baseline. Three had suffered MI, with the occlusion of a distal
coronary artery, and were classified in group 3. Four patients had undergone PCI for stable

angina. In all of them, the extent of CAD could not explain the extent of LV dysfunction.

Median LVEF was 31.1 + 11.02%,; LA size was 72.9 * 25.9 mL/m?. Ninety-two patients (66%)
had LGE on CMR images. The most common fibrosis pattern was mid-wall in 42% of patients,
followed by sub-endocardial (15%) and multiple patterns (9 %). Focal LGE was found in two

patients (2%). Inter-observer reproducibility was correct for LGE extent: ICC = 0, 85 [95% ClI
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0, 80 — 0, 88]. Inter-observer concordance for the presence or absence of LGE in patients was

k 0.90.

Mean Gensini score after total coronary artery revascularization was 3.1116.9. The median
Gensini value was two. In patients with a Gensini score over 2, 45% received at least one

APT, and 40% received a lipid-lowering therapy.

Clinical outcome

A total of 12 patients reached primary outcome after a median follow-up of 34.2 + 18
months, six patients died of a CV cause and six patients underwent coronary artery

revascularization by PCI.

There was no difference in gender type among patients that presented with events as
compared to others (83% male vs 73%, p=0.4), but patients with ischemic events at follow-
up were more likely to be older (70+8.89 vs 58.4+14.7 years old) p=0.008, to have diabetes
(50% vs 19%, p=0.02), a history of CAD (25% vs 3%, p=0.01) and dyslipidemia tended to be

more frequent in these patients (58% vs 29%, p= 0.051).

In patients without ischemic events at follow-up, LVEF was higher (31.7% + 11.1%), as
compared to patients that presented ischemic events (24.1% + 6.64%) p = 0.02. Similarly,
they had a better right ventricular ejection fraction (RVEF) (42.9% + 14.1% vs 32.8% + 10.3%,
p= 0.004). Patients with events at follow up presented more often with LGE (75% vs 65%)
and to a greater extent (9.63% of total LV mass vs 7.19%), although the difference did not
reach statistical significance (p=0.5 and 0.4 respectively). There was no difference in LA size

among the groups (p = 0.3).
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Patients with events had a higher Gensini score (10.79 £ 11.5) than patients that survived

(2.38 £5.01, p < 0.0001).

Predictors of primary endpoint

Cox proportional hazard analysis showed that Gensini score, diabetes mellitus, history of
CAD, age and LVEF were predictors of primary endpoint in univariate analysis (Table 2).
Presence and extent of fibrosis, as well as RVEF and dyslipidemia were not significant
predictors of ischemic events, although the two latter parameters tended to be statistically

significant (p = 0.059 and 0.053 respectively).

All of them were included in Cox multivariate analysis. Gensini score remained an
independent prognostic factor, with hazard ratio (HR) 1.08 (Cl 95% 1.034-1.13) p=0.001, as
well as history of CAD HR 17.4, Cl 95% (1.3-42.5) p = 0.024, age HR 1.09 CI95% (1.01-1.17) p=

0.02 and LVEF HR 0.9 (0.83-0.97) p=0.008.

Composite primary endpoint occurred more in patients with a Gensini score > 2 (n= 10,

20%), than in patients with Gensini score <2 (n=2, 2.2%) p = 0.001 (Figure 3).

Each item of the composite outcome was analyzed individually (Table 3). CV mortality
tended to be higher in the high Gensini score group (n=5, 10%) than in the low Gensini score
group (n=2, 2.2%), but it was not statistically significant. There was no difference in
occurrence of non-fatal Ml according to Gensini score. PCl at follow-up was more frequent in

the high Gensini group (n =6, 12%), than in the low Gensini group (n=0), p = 0.02.

In patients with events, baseline and follow-up data were reviewed, to determine if PCl was
performed for a known or a new coronary lesion. Their baseline CMR and ICA data, as well as

the site of PCl or the cause of death at follow-up are presented in table 4. All patients with
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PCI at follow-up presented with worsening of HF or angina and PCls were guided by SPECT
data or FFR values below 0.75. Three patients received PCI for novel coronary artery lesions
and three for worsening of pre-existing coronary lesions. Two patients died of terminal HF

and four patients suffered SCD.
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Discussion

The present study analyzed coronary atherosclerosis and myocardial interaction by studying
ICA and CMR data in a population of NIDCM patients, and sought to assess the impact of
bystander CAD, and more specifically coronary atherosclerotic burden measured by Gensini

score, on future ischemic events. Our main findings are:

- About one third of patients (27.3%) with NIDCM had concomitant obstructive CAD or

MI.

- 9% of NIDCM patients suffered ischemic events at follow-up.

- Gensini score predicts future ischemic events in a NIDCM population.

It is the first study to our knowledge to assess the impact of non-obstructive CAD in this
specific population. Frankenstein et al (17) followed 1263 patients with NIDCM, 32.9% had
bystander obstructive CAD that was not predictive of all-cause mortality or re-hospitalization
for HF. However, there was no CMR data in their study and patients with bystander Ml
(group 3) and IDCM with no CAD (group 5) could be misclassified. Also, coronary
atherosclerosis burden was not quantified. Finally, they studied the impact of obstructive
CAD on a HF endpoint, while in our study, Gensini score reflected non-obstructive CAD and

its ischemic implications.

Our results corroborate the findings of Bart et al, who introduced the concept of coronary
atherosclerotic burden in DCM and demonstrated that prognosis in this disease is predicted

more by the extent of CAD than the distinction between IDCM and NIDCM (7).

Coronary atherosclerotic burden is commonly assessed by non-invasive techniques, such as

CACS and CTCA. It is associated with a poorer prognosis in many diseases, and in general
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population (18). No study to our knowledge analyzed CTCA data in NIDCM, and it could be a
good non-invasive method to assess non-obstructive coronary atherosclerotic burden in this

population.

Another predictive factor of ischemic events in our study was LVEF. This is consistent with
Repetto et al (9) who suggested that inflammation and neuro-hormonal responses in HF
with reduced EF are associated with higher susceptibility in atherogenic and thrombotic

events, hence the development of stable and unstable coronary events.

Age, diabetes and history of CAD were also independently associated with future ischemic

events in our study. It is not surprising, as they are some of the main CV risk factors.

Medio-ventricular fibrosis did not predict ischemic events. Mid-wall fibrosis was the
predominant LGE pattern in our NIDCM patients. Gulati et al (5) showed that mid-wall
fibrosis is associated with all-cause mortality, HF and arrhythmic endpoints in this
population, but its impact on future ischemic events was never analyzed. A descriptive study
of NIDCM patients found that there was no correlation between Gensini score and fibrosis
(19), suggesting that mid-wall fibrosis in our cohort does not reflect non-obstructive CAD.
Histology studies demonstrated that mid-wall LGE is associated with replacement fibrosis
that follows myocyte death. Although the underlying mechanisms are not fully understood,
inflammation and microvascular ischemia are thought to be the main factors causing
myocyte death in this disease (24). In our study, we analyzed an ischemic outcome, more

related to epicardial CAD, obstructive or not, than CMVD.
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Clinical implications

Coronary atherosclerotic burden, as well as LVEF and assessment of a precise diagnosis in
DCM by combining CMR and ICA data is crucial to make a precise diagnosis and risk

stratification in DCM.

Because of the prevalence of bystander CAD in NIDCM and the thrombogenic and pro-
inflammatory state of HF patients, trials have been designed to study the effects of APT (20),
low-dose anti-Xa treatment (21) and lipid-lowering therapy in NIDCM patients (22), but
these therapies were not shown to improve outcome in the whole NIDCM population. More
precise disease characterization, particularly coronary atherosclerosis burden, may improve

medicine personalization and this treatment could benefit higher risk patients.

This was described with CTCA in other hands. Hwang et al and Hulten et al studied the effect
of preventive therapy in general population with non-obstructive CAD. Aspirin is associated
with lower all-cause mortality in higher risk patients (patients over 65 years old, with
diabetes, high blood pressure, decreased renal function) (23) and statin therapy is associated
with lower risk of all-cause mortality and ischemic events in the entire population of non-
obstructive CAD (24, 25). In SCOT-Heart (26), the use of CTCA, with subsequent changes in
treatment, resulted in a better survival from CV events in patients with stable angina, as
compared to standard care strategy with stress testing. Survival curves started to diverge
after 2 months, time for therapeutics to be effective. This proves that coronary
atherosclerotic burden has an additive value, compared to ischemia alone, to guide
therapeutics and prevent CV events. Hence, preventive therapy, may not improve prognosis

in the whole NIDCM population (23, 24, 25), but could benefit to higher risk patients, such as
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NIDCM with bystander obstructive (group 3, 4) and non-obstructive CAD with a higher

Gensini score or CACS.

Also, bystander CAD in NIDCM is a cause of acute HF decompensation and progression of the
cardiac disease (7). Up to 30% of cardiac explants for graft had bystander CAD (9). We
demonstrated that coronary atherosclerotic burden predicts ischemic CV events, and these
high risk patients could benefit from closer follow-up. Once NIDCM diagnosis is made,
coronary arteries are not assessed in many cases, even after an acute HF episode, but our
results prove that non-obstructive and obstructive CAD is a frequent comorbidity in NIDCM,

and CAD should be assessed more often in this population.

Limitations

This study was performed in a single center. Although it was an experienced center and
many patients were referred from peripheral centers, it can trigger potential bias. However,
patients’ baseline characteristics were similar to other NIDCM registries (5, 27). It also

permitted the use of standardized CMR and ICA protocols.

Its power was limited by a modest number of events. This bears a risk of overfitting in

multivariable models.

Six patients died of CV cause and in sub-group analysis, Gensini score tended to be
statistically significantly predictive for this event. Gensini score predicted in a statistically
significant way future coronary artery revascularization events. PCl was performed in six
patients at follow-up, three of them for new lesions, and the three others for progression of
known coronary stenoses. All were programmed PCl, guided by stress tests such as FFR,
SPECT and stress trans-thoracic echocardiography. But the diagnostic performances of such

tests are not known in this specific population with reduced LVEF. Indeed, CMVD was not
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guantified, even though it is frequent in this population and can over-diagnose ischemia. In
fact, FFR might not be reliable in NIDCM, because it requires pharmacological hyperemia,
which can be mistaken by CMVD. Also, CMD patients often have high venous pressure, and
this parameter of FFR equation is not invasively assessed during procedure. As for
myocardial SPECT, perfusion abnormalities are more likely to be induced by CMVD and

thinner wall thickness, than ischemia caused by epicardial CAD (28).

Another limitation in our study is that we did not characterize coronary artery plaques with

intravascular ultrasound (IVUS) or optical coherence tomography (OCT).

Conclusion

This is the first study to our knowledge that investigated the prognostic value of coronary
atherosclerotic burden in a cohort of NIDCM patients. Assessing this parameter improves
risk-stratification for future ischemic events and could be used to help personalize

preventive therapy by APT and lipid-lowering therapy in this population.
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THESE SOUTENUE PAR : Marjoriec CANU

;I‘ITRE:

IMPACT PRONOSTIC DE LA CHARGE ATHEROMATEUSE DANS LA
CARDIOMYOPATHIE DILATEE NON ISCHEMIQUE. UNE SOUS-ETUDE DU 3C
REGISTRY.

CONCLUSION :

Dans de nombreuses pathologies, I’athérosclérose un impact pronostic défavorable, mais celui-ci
n’a pas été étudié dans la cardiomyopathie dilatée d’origine non-ischémique (CMD). Cette étude
est la premiére & notre connaissance & montrer la valeur pronostique additive de la charge
athéromateuse, calculée par le score de Gensini, sur les événements ischémiques dans les CMD.
139 patients avec une dégradation de la fraction d’¢jection du ventricule gauche (FEVG)
inférieure a 50% d’origine non ischémique ont été classés en fonction des résultats de I'IRM
cardiaque et de la coronarographie en 3 sous-groupes : vraic CMD, CMD avec infarctus du
myocarde (IDM) concomitant, CMD avec coronaropathie concomitante. L’étendue et la
localisation de la fibrose en IRM, ainsi que le score de Gensini ont été évalués.

Parmi les 139 patients (dge médian 59.4+ 14.7 ans, 74% d’hommes), 101 (73%) avaient une
vraie CMD, 30 (22%) une CMD avec IDM concomitant et 8 (5%) une CMD avec
coronaropathie concomitante.

Pendant une durée médiane de suivi de 34.2 + 18 mois, 12 patients (8.6%) ont présenté le critére
de jugement principal : 6 sont décédés de cause cardiovasculaire et 6 ont ét¢ revascularisés par
angioplastie. Le score de Gensini était associé a plus d’événements ischémiques, en analyse
univariée et multivariée avec un hazard ratio= 1.08, intervalle de confiance a 95% (1.034-1.13)
p=0.001.

Les autres facteurs prédictifs d’événements ischémiques ultérieurs ¢taient les antéeédents de
coronaropathie (p = 0.024), la FEVG (p=0.008). et I"age (p<0.02), alors que la présence et

I’étudue de la fibrose myocardique ne prédisaient pas le critere de jugement principal.
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La charge athéromateuse, mesurée par le score de Gensini, est un facteur pronostic associé aux
évenements ischémiques dans la CMD. Sa quantification améliore la stratification du risque et

pourrait aider a personnaliser le suivi les thérapeutiques dans cette population.

VU ET PERMIS D'IMPRIMER
Grenoble, le : /( va o”)' f%

LE DOYEN LE PRESIDENT DE LA THESE

Pr. Patrice MORAND Pr. Gérald VANZETTO
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Figure and table legends:

Figure 1- Six sub-types etiologic diagnoses of DCM, as described previously, according to LGE-

CMR and ICA data. A — Group 1, true dilated cardiomyopathy B- Group 2, true ischemic
cardiomyopathy C- Group 3, NIDCM with bystander MI. D- Group 4, NIDCM with bystander
CAD. E- Group 5, ischemic heart disease with no CAD. F- Group 6, ischemic heart disease with

no ischemic LGE-CMR.
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286 patients assessed for eligibility

280 patients assessed for CMR
and CA criteria

6 patients excluded for alternative diagnoses:

- 1hypertensive heart disease

- 1 toxic cardiomyopathy

- 2 primary VHDs

- 1 acute heart Failure (cardiogenic shock)
- 1 cardiac arrest

243 patients met inclusion
criteria

37 patients had exclusion criteria:

- 1 had normal LVEF

- 4 uninterpretable LGE images
- 15 unavailable CA studies

- 17 underwent CABG

147 patients included in the final
analysis

96 patients with ischemic DCM:

- patients in group 2
- patients in group 5
- patients in group 6

Figure 2- Flow chart detailing the study cohort

VHD: valvular heart disease; LVEF: left ventricular ejection fraction; CMR: cardiovascular magnetic

resonance imaging; ICA: invasive coronary angiography; LGE: late gadolinium enhancement; CABG:

coronary artery bypass grafting; CAD: coronary artery disease; MI: myocardial infarction; IDCM:

ischemic dilated cardiomyopathy,; NIDCM: non-ischemic dilated cardiomyopathy.
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Figure 3- Kaplan-Meier event-free survival curve for the composite endpoint of cardiovascular death,
non-fatal myocardial infarction (Ml) or coronary artery revascularization, stratified by Gensini score <
2 or > 2, adjusted for baseline age, left ventricular ejection fraction (LVEF), history of coronary artery

disease (CAD) and diabetes p=0.001. Median follow-up was 34.2 +18 months.
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All patients MACE No MACE
(n=139) (n=12) (n=127)
100 % 9% 91% P-value*
Age (years) 59.4 (14.7) 70.0 (8.89) 58.4 (14.7) 0.008
Male (%) 103 (74) 10 (83) 93 (73) 0.4
BMI 26.25 (4.79) 27.0 (5.70) 26.1 (4.70) 0.5
Tobacco (%) 58 (42) 4(33) 54 (44) 0.4
Alcohol abuse (%) 33 (24) 4(33) 29 (23) 0.4
Diabetes mellitus (%) 30 (22) 6 (50) 24 (19) 0.02
Dyslipidemia (%) 43 (31) 7(58) 36 (29) 0.0051
. 48 (35) 5 (41) 43 (34)
High blood pressure (%) 0.6
History of CAD (%) 7) 3(25) 4) 0.01
o 20 (14) 1(8) 19 (15)
Family history of CAD (%) 0.5
CMR measurements
LVEF (%) 31.1(11.02) 24.1 (6.64) 31.7 (11.1) 0.02
LVEDVi (mL/m?) 123.5(35.4) 139.1 (23.0) 120.0 (36.0) 0.1
LVESVi (mL/m?) 86.3 (34.6) 106.0 (22.4) 84.0 (35.1) 0.03
iLV mass (g/m?) 72.4 (20.6) 78.5(19.5) 71.8 (20.7) 0.2
LA size (mL/m?) 72.9 (25.9) 2.73(0.94) 2.34 (0.69) 0.3
Cardiac index (mL/mn/m?) 2.38(0.72) 80.8 (24.9) 72.2 (25.6) 0.08
RVEF (%) 54.9(29.09) 32.8(10.3) 429 (14.1) 0.004
gESD‘\’I'i‘(’:‘nLL//"r:‘)) 41.8 (14.3) 65.2 (28.1) 52.3(28.9) 0.2
91.8(32.2) 139.1 (23.0) 120.0 (36.0) 0.8
LGE
Presence (%) 92 (66) 9 (75) 83 (65) 0.5
Extent (% of total LV mass) 7.4 (10.03) 9.63 (10.88) 7.19 (9.9) 0.4
Pattern 0.6
- Sub-endocardial (%) 21 (15) 3(25) 18 (14)
- Mid-wall (%) 59 (42) 5(33) 54 (43)
rocal ) 2(1) 0(0) 2(2)
- Multiple (%) 12 (9) 2 (16) 10 (8)
Gensini score 3.11 (6.9) 10.79 (11.5) 2.38(5.01) 0.0001

Table 1- Baseline characteristics

Values are mean * standard deviation (SD) or n (%). * unpaired Student t-test for continuous

variables, chi? test for categorical variables.

BMI: body mass index; CAD: coronary artery disease; CMR: cardiovascular magnetic resonance

imaging; iLV mass: indexed left ventricular mass; LA: left atrium; LGE: late gadolinium enhancement;

LV: left ventricular; LVEDVi: left ventricular end-diastolic volume index; LVEF: left ventricular ejection

fraction; LVESVi: left ventricular end-systolic volume index; RVEF: right ventricular ejection fraction;

PCI = percutaneous coronary intervention.

49



Univariate analysis Multivariate
analysis

HR (95% CI) p-value* HR (95% ClI) p- value**
Gensini score (per unit |\ | (o) 1 179.110) 0.0001 1.08 (1.034-1.13) 0.001
increase)

3.89(1.25-12.12) 0.01
Diabetes mellitus 1.22 (0.26-5.63) 0.79
History of CAD 7.8 (2.09-29.09) 0.002 17.4 (1.3-42.5) 0.024

1.08 (1.023-1.15) 0.006 1.09 (1.01-1.17) 0.02
Age

0.94 (0.89-0.99) 0.03 0.9 (0.83-0.97) 0.008
LVEF

Table 2- Cox proportional hazard analysis for the predictors of a composite clinical outcome in the

total study population (n=139).

* univariate Cox proportional hazard models, ** forward stepwise multivariate Cox model

Estimated adjusted hazard ratios (HR) with 95% confidence intervals (Cl) for primary outcome.

CAD: coronary artery disease; LVEF: left ventricular ejection fraction.
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All Gensini Gensini
patients score <2 | score >2 P-
(n=139) (n=89) (= 50) | value*
100 % 64% 36%
Primary endpoint 12 (8.6) 2(2.2) 10 (20) 0.001
7(5)
CV death alone 2(2.2) 5(10) 0.09
Non-fatal Ml alone 1(0.7) 0(0) 1(2) NS
Coronary artery
revascularization by PCI 6(4.3) 0(0) 6(12) 0.002
alone

Table 3- Clinical outcomes during follow-up in all patients and stratified by their Gensini score.

* log-rank test

CV: cardiovascular; MI: myocardial infarction; PCl: percutaneous coronary intervention.



Baseline | Initial lesions | MACE
LVEF (icA)
(CMR)
LAD3- PCI
Dgl- PCI PCI RCA1-
. Dg2 70%
0,
Patient 1 26% De3 (SPECT)
RCA1- 50%
LAD3-75%
Patient 2 Distal Cx 30% PClI RCA2
15% 90% RCA2 (FFR 0.74)
40% LAD2 PCI LAD1
1 0,
Patient 3 25% 40% RCA3 (FFR+)
Patient 4 22% PCI RCA 2009 PCI LAD
40% LAD1
50% ostium | PCI
Patient 5 35% Cx Cx,LAD
50% distal Cx | (SPECT +)
30% RCA2
30% LAD1 PCI:
. 60% LAD3 CTO Dgl
0,
Patient 6 25% 15% Mgl 70% LAD3
50% RCA2 Distal Cx
10% LMCA
Patient 7 37% 50% LAD2 SCD (VF)
10% RCA 2
Patient 8 18% No CAD LeF'm'"a'
Non
Patient 9 20% obstructive SCD (VF)
CAD
75%LAD3(PCI)
30% Cx3 SCD
Patient 1 13.59
atient 10 3:5% | 75.90% RCA3 | (asystole)
(PCI)
Patient 11 24% MI LAD (PCI) Lirm'”al
Non
Patient 12 20% obstructive SCD
CAD

Table 4- Baseline LVEF and ICA data and description of events in patients with MACEs at follow-up

CMR: cardiovascular magnetic resonance imaging; ICA: invasive coronary angiography; LAD: left
anterior descending artery; Dg: diagonal artery,; PCl: percutaneous coronary intervention; RCA: right
coronary artery; Cx: circumflex artery; CTO: chronic total occlusion; LVEF: left ventricular ejection
fraction; Mg: left marginal artery; FFR: fractional flow reserve; SPECT: single photon emission
computed tomography. LMCA: left main coronary artery; SCD: sudden cardiac death; VF: ventricular
fibrillation; HF: heart failure.
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Appendix

| - Left ventricular segmentation, from lang R et al, Journal of American Society of

basal anterior
basal anteroseptal
basal inferoseptal
basal inferior

Echocardiography, 2015.
basal inferolateral
basal anterolateral

,p %\ mid anterior
. mid anteroseptal
. mid inferoseptal
‘ J 10. mid inferior
11. mid inferolateral
12. mid anterolateral
13. apical anterior

14. apical septal
15. apical inferior

16. apical lateral
17. apex

©® NP RN

©
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II- Determination of LGE pattern.

Legend: a- subendocardial or transmural ischemic pattern b- mid-wall LGE c- focal LGE.
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I1l- Gensini score

Concentnc les Eceentrc plague . ¢ iX5 X258

>l 2 KR
5 P-4 hA ¢
Y 2 P VE
»99 M u 16

100% JJ 32

Reduction of lumen diameter Severtty score PL= posterclatera!

Prox = proximal segment

Mid = midsegment

Dist = distal segment

PD= posteror descending
MLCA =~ main lefl coronary artery
1°D= first diagonal

2°D= second diagonal

The left panel refers to percentage of reduction of lumen diameter, in concentric and
eccentric  plaques, corresponding to a severity score from 1 to 32.
In the right panel, each coronary artery vessel and segment has a corresponding multiplying
factor, depending on the significance of the supplied territory.
Each coronary stenosis is evaluated with the severity score and corrected according to its

location.
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STEP 1 Calculation of the severity score for each lesion 2 25% and adjustment for total occlusions or 99% obstructive lesions receiving collaterals

Degree of stenosis (%) Receiving collaterals e Severity Score
collaterals
15 : __ 0 1
26-50 - 0 2
51-75 _ & | 0 4
76-90 - 0 8
91-99 no 0 16
99 yes -8 8
100 1o 0 32
100 ves, and normal source vessel -16 32-16=16
100 yes, and 25% stenosis source vessel -12 32-12=20
100 ves, and 50% stenosis source vessel -8 32-8=24
100 yes, and 75% stenosis source vessel | 4 32-4=28
100 i yes, and 90% stenosis source vessel -2 32-2=30
100 i ies, and 99% stenosts soutce vessel -1 32-1=31

STEP 2 A multiplying factor is applied to each lesion score based upon its location in the coronary tree

| Segment Right Dominance Left Dominance
RCA proximal 1 1
RCA mid 1 1
RCA distal _ 1 1
PDA 1 3 1
PLB 0.5 0.5
Left Main _ b] , 5
LAD proximal 25 2.5
LAD mid L5 8
LAD apical | 1 , 1
1** Diagonal 1 1
244 Diagonal 0.5 0.5
LCx proximal 2.5 35

Step by step algorithm for Gensini score calculation, from Rampidis et al (29).
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IMPACT PRONOSTIQUE DE LA CHARGE ATHEROMATEUSE DANS LA CARDIOMYOPATHIE
DILATEE NON-ISCHEMIQUE. UNE SOUS-ETUDE DU 3C REGISTRY.

RESUME :

Introduction- Dans de nombreuses pathologies, I'athérosclérose a un impact pronostic
défavorable, mais celui-ci n’a pas été étudié dans la cardiomyopathie dilatée d’origine non-
ischémique (CMD). Cette étude détermine la valeur pronostique de la charge
athéromateuse, calculée par le score de Gensini, dans les CMD.

Matériel et méthodes- 139 patients avec une dégradation de la fraction d’éjection du
ventricule gauche (FEVG) inférieure a 50% d’origine non ischémique ont été classés en
fonction des résultats de I'IRM cardiaque et de la coronarographie en 3 sous-groupes : vraie
CMD, CMD avec infarctus du myocarde (IDM) concomitant, CMD avec coronaropathie
concomitante. L’étendue et la localisation de la fibrose en IRM, ainsi que le score de Gensini
ont été évalués. Le critére de jugement principal était un critére composite comprenant la
mortalité cardiovasculaire, I'infarctus du myocarde non-fatal et la revascularisation par
angioplastie.

Résultats- Parmi les 139 patients (age médian 59.4+ 14.7 ans, 74% d’hommes), 101 (73%)
avaient une vraie CMD, 30 (22%) une CMD avec IDM concomitant et 8 (5%) une CMD avec
coronaropathie concomitante. Pendant une durée médiane de suivi de 34.2 + 18 mois, 12
patients (8.6%) ont présenté le critere de jugement principal. Le score de Gensini était
associé a plus d’événements ischémiques, en analyse univariée et multivariée avec un
hazard ratio= 1.08, intervalle de confiance a 95% (1.034-1.13) p= 0.001, ainsi que les
antécédents de coronaropathie (p = 0.024) et I'age (p<0.02), alors que la fibrose et la FEVG
ne |'étaient pas.

Discussion- La charge athéromateuse, mesurée par le score de Gensini, est un facteur
pronostique associé aux évenements ischémiques dans la CMD. Sa quantification améliore la
stratification du risque et pourrait aider a personnaliser les thérapeutiques dans cette
population.

MOTS CLES : Cardiomyopathie dilatée non-ischémique, charge athéromateuse, pronostic,
coronaropathie
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