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Abstract

Background

Heart failure- (HF) and arrhythmia-related complications are the main causes of morbidity
and mortality in patients with nonischemic dilated cardiomyopathy (NIDCM). Cardiovascular
magnetic resonance (CMR) imaging is a noninvasive tool for risk stratification based on
fibrosis assessment. Diffuse interstitial fibrosis in NIDCM may be a limitation for fibrosis
assessment through late gadolinium enhancement (LGE), which might be overcome through
quantitative T1 and extracellular volume (ECV) assessment. T1 and ECV prognostic value for
arrhythmia-related events remain poorly investigated. We asked whether T1 and ECV have a
prognostic value in NIDCM patients.

Methods

This prospective multicenter study analyzed 225 patients with NIDCM confirmed by CMR
who were followed up for 2 years. CMR evaluation included LGE, native T1 mapping and
ECV values. The primary endpoint was the occurrence of a major adverse cardiovascular
event (MACE) which was divided in two groups: HF-related events and arrhythmia-related
events. Optimal cutoffs for prediction of MACE occurrence were calculated for all CMR
guantitative values.

Results

Fifty-eight patients (26%) developed a MACE during follow-up, 42 patients (19%) with HF
related events and 16 patients (7%) arrhythmia-related events. T1 Z-score (p = 0.008) and
global ECV (p = 0.001) were associated with HF-related events occurrence, in addition to left
ventricular ejection fraction (p < 0.001). ECV > 32.1% (optimal cutoff) remained the only
CMR independent predictor of HF-related events occurrence (HR 2.15 [1.14-4.07], p =
0.018). In the arrhythmia-related events group, patients had increased native T1 Z-score and
ECV values, with both T1l Z-score > 4.2 and ECV > 30.5% (optimal cutoffs) being
independent predictors of arrhythmia-related events occurrence (respectively, HR 2.86 [1.06—
7.68], p =0.037 and HR 2.72 [1.01-7.36], p = 0.049).

Conclusions

ECV was the sole independent predictive factor for both HF- and arrhythmia-related events in
NIDCM patients. Native T1 was also an independent predictor in arrhythmia-related events
occurrence. The addition of ECV and more importantly native T1 in the decision-making
algorithm may improve arrhythmia risk stratification in NIDCM patients.



Background

Nonischemic dilated cardiomyopathy (NIDCM) is a public health concern with a prevalence
ranging from 1/400 to 1/250 in the general population [1]. Dilated cardiomyopathy (DCM) is
defined as left ventricular (LV) dilatation with systolic dysfunction and may be either
idiopathic or secondary to multiple causes. Even if rhythm disorders are common [2], heart
failure (HF)- related events are the prevailing cause of morbidity and mortality in patients
with NIDCM [3]. Current therapeutic guidelines are based upon LV ejection fraction (LVEF)
and clinical symptoms to answer both HF- and arrhythmia-related complications [4]. Hence,
implantable cardioverter-defibrillators (ICDs) are recommended for primary prevention in
patients with symptomatic HF (New York Heart Association (NYHA) class II-111) and LVEF
< 35% despite 3 months of optimal medical treatment and for secondary prevention in
individuals with ventricular arrhythmia. Risk stratification in NIDCM patients should deal
with both HF-related events and arrhythmia-related events. Treatment options for HF and
arrhythmia-related events are different, thus indicating the need to improve risk stratification
of NIDCM patients and prognosis evaluation [5]. Interestingly, cardiovascular magnetic
resonance (CMR) has emerged as a relevant tool in risk stratification, in addition to provide
information on the possible underlying etiology of NIDCM patients [6, 7]. CMR commonly
identifies focal replacement fibrosis using late gadolinium enhancement (LGE), but NIDCM
is also associated with increased interstitial fibrosis which cannot be evaluated by LGE [8].
More recent quantitative CMR techniques, particularly myocardial T1 mapping, have
emerged as novel methods for diffuse interstitial fibrosis assessment [9, 10]. Indeed, T1
mapping performed prior to and after gadolinium injection can provide an estimate for
extracellular volume fraction (ECV), which is a quantitative marker of interstitial contrast
agent accumulation [11]. Most studies evaluating T1 mapping parameters were monocentric,
based on a single CMR scan, or more focused on HF-related events [8, 12-14]. Puntmann et
al. [8] assessed the prognostic value of T1 mapping parameters in a large multicentric,
without special regard of arrhythmic endpoints despite their importance in NIDCM.

The objective of our study was therefore to evaluate the prognostic value of CMR findings,
including quantitative T1 and ECV, for both HF-related and arrhythmia-related events in
NIDCM patients.

Methods

Study design

This was a prospective longitudinal multicenter study in which a cohort of adult patients with
NIDCM was followed for 2 years. All 15 participating French centers were referral university
hospital centers specialized in CMR. The study was approved by the institutional ethics
committees, and written informed consent was obtained from all participants
(NCT02352129). All procedures were carried out in accordance with the Declaration of
Helsinki.



Native T1 Post-contrast T1 LGE

Fig. 1 Image analysis and post-processing.

Segmentation of both native T1 and post-contrast T1 myocardium and blood pool allowed
Extracellular volume fraction (ECV) quantification, in the 16 segments of the myocardium.
Linear midwall enhancement in late gadolinium enhancement (LGE) enabled identification of
focal fibrosis (arrows).

A total of 262 consecutive adults meeting the diagnostic criteria for NIDCM [15, 16] were
enrolled between December 2011 and January 2017. Patients meeting the following inclusion
criteria for DCM were eligible: typical symptoms of HF at the time of diagnosis and an LVEF
< 45% with a LV end-diastolic volume (LVEDV) > 90 ml/m2 measured by
echocardiography. Patients were excluded if DCM was caused by hypertension, ischemic or
valvular disease or hypertrophic cardiomyopathy based on previous medical history or CMR
findings. Additional exclusion criteria were generally accepted contraindications to CMR
(claustrophobia, implantable devices, former metallic cardiac valves and non-CMR
compatible vascular clips) or a history of renal disease with a current estimated glomerular
filtration rate < 30 ml/min/1.73 m2. Patients with hepatic insufficiency; bone metabolism
abnormalities, which influence the fibrosis process; or unstable, non-treated or acute HF
during the past month were also excluded. Demographics, medical history, NYHA class,
medications and laboratory tests were collected for all subjects.

Study procedures

All subjects underwent CMR on a 1.5 T or 3 T scanner (Additional file 1: Table S1) in
addition to clinical examination, electrocardiogram (ECG), rhythmic 24 h-holter and
echocardiography at baseline. Applied CMR protocols compiled with local institutional
practices to match with daily clinical practices, but were similar in the key elements of the
protocol (Additional file 1: Table S2). Assessment of cardiac volume, mass and LVEF were
performed on contiguous short-axis slices from base to apex. Cine CMR images were
acquired in long-axis views (2- and 4-chambers and LV outflow tract) with an ECG-gated
balanced steady-state free precession sequence. To match daily clinical practices, LGE
sequence choice was left to the local teams but was performed at 10 min after injection by an



inversion-recovery gradient echo or phase sensitive inversion recovery gradient echo
sequence in three different planes (short-axis, 2- and 4-chambers). T1 mapping using a
Modified Look-Locker Imaging technique (MOLLI) with embedded motion correction was
performed before and at 15 min after intravenous injection of 0.2 mmol/kg gadoterate
meglumine (Dotarem®, Guerbet, France). For 1.5 and 3 T studies, a 5(3)3 and a 4(1)3(1)2
MOLLI acquisition schemes were respectively used for pre and postcontrast T1 mapping [17,
18] and performed over three slices in the LV short-axis view (base, mid, apex).

Image postprocessing and analysis

All images were independently analyzed by two radiologists specialized in cardiac imaging
(M.Q. and A.J.) who were blinded to the clinical data. Quantification of LV volumes and
function and analysis of LGE were performed centrally with Argus software (Siemens
Healthineers, Erlangen, Germany). The presence of LGE was visually assessed, by consensus
agreement of the two readers in case of discrepancies, and defined as linear midwall
enhancement visible on two different views with one of the two being the short-axis view.
Pre- and postcontrast T1 maps were analyzed using Osiri X software (Pixmeo, Geneva,
Switzerland). ECV was measured directly on the ECV map and was calculated by the
software from pre- and post-T1 maps and the patient’s hematocrit value [19] (Fig. 1). ECV
measures were carried out in the 16 segments at the basal, mid and apical myocardial levels.
The subendocardial and subepicardial regions were excluded (offset values, 5%) to avoid
partial volume effects with blood or epicardial fat [17]. The ECV global value was calculated
as the segmental mean value of the 16 segments for each patient. ECV global values of the
base, mid and apex slices were calculated as the segmental mean values on the corresponding
segments (base: segments 1-6; mid: 7-12; apex: 13-16). The maximum ECV among all
segments was also reported. Patient’s hematocrit value was derived from routine blood tests
performed the same day as the CMR exam [20]. Myocardial fibrosis was distinguished
between focal replacement fibrosis caused by myocardial infarction and diffuse interstitial
fibrosis, characterized by the accumulation of collagen in myocardial interstitial tissue. In the
present study, we considered the presence of LGE to be a surrogate marker of focal
replacement fibrosis; and an increased native myocardial T1 and/or myocardial ECV to be a
surrogate marker of diffuse interstitial fibrosis [21]. To enable combined analysis of different
CMR scanners, T1 values were converted to Z-scores.

Outcomes

The primary outcome was long-term prognosis, assessed according to major adverse
cardiovascular events (MACE) occurrence. MACEs were divided into two groups: [1] HF-
related events, including: HF death, HF hospitalizations, heart transplant, LV assist device
implantation for advanced HF; and [2] arrhythmia related events, including: sudden death
(SD), sustained ventricular tachycardia (VT), appropriate ICD shocks, resuscitated cardiac
arrest, ventricular fibrillation. When more than one event occurred in a patient, the first event
was used. The outcome data were collected during 2 years of follow-up through electronic
medical records and systematic phone calls every 6 months by an independent physician
blinded to the imaging results. Cardiac cause of death was verified by death certificates and
medical records. VT was identified on an ECG in the case of symptomatic patients and by
recording of an arrhythmia if the patient had an ICD or rhythmic holter.



Statistical analysis

Continuous variables were expressed as the mean +/- standard deviation (SD) or as the
median and interquartile range, depending on the normality of the distribution. Categorical
variables were presented as the number of patients and percentages. Continuous variables
were compared using Student’s t-test or the Mann-Whitney test, and categorical variables
using the chi-square test or Fisher’s exact test as appropriate. MACE-free survival curves
were generated using the Kaplan—Meier method. Time to event was measured from the date
of first CMR. Univariate and multivariate associations of risk covariates with MACEs were
determined by logistic and Cox proportional hazards regression. For each outcome (MACE,
HF-related events and arrhythmia-related events), any statistically significant factor in
univariate analyses (at p < 0.10) was selected as a potential candidate for the multivariate
analysis. Multivariate Cox proportional hazards models were performed with a stepwise
selection (likelihood ratio, significance level for entry: p = 0.10, significance level for staying
in the model: p = 0.05) modeling to determine independent associations with the outcomes
(adjusted hazard ratio, HR, and 95% confidence interval). A receiver operating characteristic
curve analysis was used to identify the optimal LVEF, T1 Z-score, and ECV value to
discriminate patients with and without a risk of HF- or arrhythmia related events. The optimal
cutoff point was calculated by determining the value that provided the best sensitivity and
specificity based on the Youden index. These cutoff values were used for the Kaplan—Meier
curves and the Cox regressions.

All analyses considered two-sided p-values, with statistical significance defined by p < 0.05.
Statistical analyses were performed with SAS (version 9.4, SAS Institute, Cary, North
Carolina, USA).

Results

Study population

Among the 262 consecutive patients included in the study, 37 patients (14%) were excluded
from the final analysis due to loss to follow-up (n = 14), withdrawal of consent (n = 4), severe
claustrophobia during CMR (n = 4), ischemic disease (n = 10) or non-diagnostic imaging due
to artifacts (n = 5). The remaining 225 subjects constituted the study cohort (Fig. 2). The
baseline characteristics of the patients are summarized in Table 1. The mean age of the cohort
was 57+/- 14 years, and 65% of subjects were men. A total of 147 (81%) patients had a
NYHA functional class of Il or less. The mean LVEF and LVEDV were 29.3 +/- 9.7% and
145 +/- 48 ml/m2, respectively. LGE was present in 52% of the patients, and the mean native
T1 Z-score and ECV were respectively 3.0 +/- 2.3 and 29.3 +/- 4.1%.

During a median follow-up of 23.9 (18.7-24.2) months, a total of 58 patients (26%)
developed MACEs (Additional file 1: Table S3). HF-related events were the principal MACE
(n =42, 19%). 9 patients died (4%): 6 patients from HF death (3 from cardiogenic shock and
3 from refractory acute pulmonary edema) and 3 patients from SD (Additional file 1. Table
S4). The remaining patients presented during follow-up either hospitalizations for HF (n =
29), heart transplant (n = 7), sustained VT (n = 8), or appropriate ICD shocks (n = 5).
Prognostic value of CMR findings for HF-related events In the HF-related events group,
patients with a higher NYHA class were more prone to developing a MACE (p = 0.001).



According to univariate analysis, patients with HF-related events had worse LVEF (24.4 +/-
9.0 vs. 30.7 +/-9.7%; p < 0.001), increased LVEDV (159 +/- 46 vs. 141 +/- 47 ml/m2; p =
0.011) (Table 1). Patients who presented HF-related events showed significantly higher values
of ECV and T1 Z-score (31.3 +/-4.5% vs 28.7 +/- 3.8%; p = 0.002 and 3.8 +/- 2.5 vs 2.7 +/-
2.2; p = 0.008, respectively). These parameters were also found to be predictive of HF-related
events development, with an increase of 1% of the global ECV and native T1 Z-score leading
respectively to a + 17% and + 22% higher risk (OR 1.17 [1.07-1.28], p = 0.001, AUC 0.66
and OR 1.22 [1.04-1.42], p = 0.014, AUC 0.64, respectively) (Table 2). The optimal ECV
cutoff value was 32.1%, with an almost fourfold increase in risk when the value was above
this threshold (OR 3.56 [1.66—7.64], p = 0.001, AUC 0.62).

Kaplan—Meier curves showed that patients with LVEF < 27.8%, native T1 Z-score > 3.8, and
ECV > 32.1% were at higher risk of HF-related events occurrence (p < 0.001, p = 0.004, and
p < 0.001, respectively) (Fig. 3).

Multivariate analyses showed that, ECV was the only CMR independent predictor of HF-
related events occurrence (HR 2.15 [1.14-4.07], p = 0.018) when above the optimal 32.1%
threshold (Table 3). Sex, NYHA, and LVEF were also significantly associated with the
prediction of HF-related events (p = 0.038, p = 0.002, and p = 0.008, respectively).

Multivariate analyses in the HF-related events group were similar to those made for
exploratory purposes on all MACE (HF- or arrhythmia-related events) (Additional file 1:
Tables S5, S6, and Fig. S1).

n=262 patients were eligible between
December 2011 and January 2017

n=23 excluded patients for consent withdrawal
(n=4), severe claustrophobia (n=4), ischemic

n=239 patients were included for follow-up disease (n=10), and non-diagnostic imaging (1= 5)

n=14 excluded patients for loss to follow-up (n=14)

n=225 patients ultimately analyzed in the
study

n=167 patients without MACE n=58 patients with MACE

n=42 patients with n=16 patients with
HF-related events arrhythmia-related events

Fig. 2 Flow chart of the study protocol. HF heart failure, MACEs major adverse
cardiovascular events



Prognostic value of CMR findings for arrhythmia-related events

Sixteen (7%) patients developed arrhythmia-related events during follow-up. Native T1 Z-
score and ECV > 30.5% (optimal cutoff for patients with arrhythmia- related events
discrimination) were found to be predictive, with an increase of 1% of the global native T1 Z-
score leading to a + 27% higher risk of arrhythmia related event occurrence (OR 1.27 [1.02—
1.59], p = 0.035, AUC 0.69) (Table 2). Patients with ECV > 30.5% were at higher risk
respectively of arrhythmia-related events, with an almost fourfold increase in risk when the
value was above this cutoff (OR 3.58 ([1.21-10.61], p = 0.022, AUC 0.65) (Table 2).

Kaplan—Meier curves showed that patients with either native T1 Z-score > 4.2, or ECV >
30.5% were at higher risk of arrhythmia-related events occurrence (p = 0.013 and p = 0.011
respectively) (Fig. 4). Multivariate analyses confirmed that ECV and native T1 Z-score above
their respective optimal cutoff values (30.5% and 4.2 respectively) were the two CMR
independent predictors of arrhythmia-related events occurrence (HR 2.72 [1.01-7.36], p =
0.049, and HR 2.86 [1.06-7.68], p = 0.037 respectively) (Table 3). Atrial fibrillation was also
significantly associated with the prediction of arrhythmia related events (p = 0.012).

Discussion

Our study investigated the predictive value from quantitative CMR features for MACEs in
NIDCM patients and reported the following main findings: (1) NIDCM patients with HF-
related or arrhythmia-related events had higher native T1 and ECV values compared with
NIDCM patients without MACES; (2) noninvasive measures of diffuse interstitial fibrosis by
native T1 and ECV were significantly predictive of MACEs; (3) increased ECV remained the
only significant independent parameter predictive for both HF- and arrhythmia related events;
(4) increased native T1 (Z-score > 4.2) was also an independent predictor of arrhythmia
related events in NIDCM patients.

The two main complications for NIDCM patients are HF- and arrhythmia-related events.
Traditionally, guidelines recommend ICD for primary prevention of SD based on NYHA and
LVEF. However, it is precisely the patients who may not be eligible to ICD due to these
guidelines that are likely to benefit from ICD thanks to their lower competing risk of non-SD.
In this perspective, the latest European guidelines for the management of patients with
ventricular arrhythmias and the prevention of SCD suggest (class of recommendation Ila) for
the first time 1ICD implantation in NIDCM patients with LVEF > 35% (LVEF < 50%) and two
or more risk factors [22]. Those risk factors include syncope, presence of LGE, inducible
sustained monomorphic VT at programmed electrical stimulation, and high-risk genetic
variants. Considering the LGE as a risk-factor [23, 24] but its inherent limitation to identify
diffuse myocardial disease, our study investigated the predictive value of T1 and ECV in
arrhythmia-related events in NIDCM patients as a primary outcome, which makes its
originality. We found in our study that ECV was the sole independent predictor of both HF-
and arrhythmia-related events with an almost 2 to threefold higher risk when above a cutoff of
32.1% and 30.5% respectively. By contrast, native T1 was only independently associated with
arrhythmia-related events and might therefore be more useful to select patients eligible for
ICD. Our results on ECV are consistent with the recent literature. Two recent cohorts
analyzed T1 and ECV prognostic value in arrhythmia-related events in NIDCM patients [12,
25].



Table 1 Patients'baseline characteristics (n =225)

All patients (n=225) No HF- nor arrhythmia- HF-related events  Arrhythmia-related
related events “No MACE" {n=42) events (n=16)
(n=167) T e e
p-value p-value
Demagraphics
Age, years 5754145 58314137 5354169 0115 6064151 0455
Male, % 146 (64.9) 100 (61.7) 34(81.0) 0.028 12(750) 0418
Clinical and biological indices
Heart rate, beats/min (nmiss =49) 73116 72416 77118 0051 74415 0469
Systolic bload pressure, mmHg 1234£23 124122 116119 0012 124£35 0377
(nmiss =43}
Diastolic bloed pressure, mmHg 74414 74£13 72414 0281 75425 0275
(nmiss=43)
NYHA functional class (nmiss=43)
<l 147 (80.8) 115(865) 22(61.1) 0.001 10{769) 0401
>l 35{19.2) 18{135) 14(389) 0001 3(237) 0401
eGFR, mi/mn (nmiss=32) 89440 87437 99447 0179 B7140 0954
Hematocrit, % (nmiss=34) 419445 415444 424443 0322 441451 0101
Cardiovascular risk factors
Body mass index, ka/m? (nmiss=31) 267152 268452 68154 007 252450 033
Hypertension (nmiss=28) 66 (33.5) 52(359) 1002560 0258 4308 1000
Diabetes mellitus (nmiss=28) 2{(147) 19(13.10) 8(205) 0306 2(154) 0684
Atrial fibrillation (nmiss=28) 13(66) 6{41) 4(103) 0283 3(B1) 0028
Dyslipidemia (nmiss=28) 52{264) 40074 9(23.0) 0685 3(B1) 1000
Smaking, current or previous (nmiss=28) 76 (38.6) 55(379 16410 0716 5(385) 1000
Alcohol excass (nmiss = 30) 14(7.)) 10(7.0) 4(103) 0503 0(00) 1.000
Family history of cardiomyopathyor SO 32(16.3) 24(167) 6(154) 1000 20054 1000
{nmiss=29)
Medication
RAS inhibitors (nmiss = 25) 186 (93.0) 140(95.2) 33(546) 0.032 13{929) 0525
Diuretics {nmiss = 26) 151 (759) 107(733) 32(82.1) 0303 12(857) 0522
Beta blocker (nmiss= 26) 183 (920) 136(632) 35(89.7) 0498 12(857) 0282
(MR parameters
LVEF, % (nmiss=3) 293497 307497 244490 <0001 2804658 0267
LVEDV, ml/m? (nmiss=7) 145448 141147 159146 0.011 150454 0423
[V mass, gfm2 {nmiss=10) 905+244 9034252 0174218 0334 8394235 0858
LGE presence, % {nmiss=7) 113(51.8) 76 (47.2) 26 (634) 0080 11(688) 0120
Native T1 Z-score (nmiss=8) 304123 27422 38425 0.008 40416 0014
ECY, % {(nmiss=12) 293441 87438 313445 0002 306438 0097
(lobal strain {nmiss=29) —88+129 —01429 —74+329 <0001 -914+21 0908

Bold values indicate significant p value {p < 0.05)

" Fisher's exact test for qualitative variables and Wilcoxon's test for quantitative variables. Reference group In"No MACE” {n=167). Values are mean standard
deviatlan (SDJ, n (36). P <0.05 {versus patients without MACEs) Is considered significant

HF heart-fallure, MACE major adverse cardiovascular event, NYHA New York Heart Assoclation, eGFR estimated glomerular filtration rate, BM! body mass index, S0
sudden death, RAS renin-anglotensin-aldosterone system, CMR cardiac magnetic resonance, LVEF left ventricular ejection fraction, LVEDV left ventricular end-diastolic
volume, LV left ventricular, LGE late gadolinium enhancement, ECV extracellular volume fraction, nmiss number of missing values



Both studies found that ECV was the strongest independent predictor of arrhythmia-related
events with an ECV optimal cut-off value very similar to ours, strengthening the potential role
of ECV as a predictive marker of arrhythmia-related events. By contrast, native T1 was not
independently associated with arrhythmia-related events in those two studies. The differences
in native T1 findings may come from differences in the cohorts, in the methodology to map
T1, as well as differences in the number of arrhythmia-related events. Indeed, in Di Marco et
al. [25], despite a larger cohort, there was a lower number of arrhythmia-related events, with
only 2% of events compared to 7% in our cohort. Also, T1 was evaluated only in the mid-
ventricular short axis slice. The prevalence of arrhythmia-related events also differed from the
one found in Rubis et al. [12] who had different outcomes for arrhythmia burden endpoint
(presence of VT or high burden of premature ventricular contraction). The consistency in
ECV findings may suggest ECV consideration as an additional risk factor along those already
included in the brand new 2022 European Society of Cardiology guidelines [22], while the
place of native T1 remains to be further investigated.

Table 2 CMR parameters—univariate analysis in the pradiction of HF- and arrhythmia-refated events

HF-related events {n=42) Arrhythmia-related events (n=16)

OR  95%CF  pvalue’ AUC(W® OR o5 (P pvalie’  AUC 5"

HR 102 1.00+1.04 (0087 a08 101 098-1.05 (587 501
LVEF 053  08%-09%7 <0.001 698 03 092103 0281 585
LVEF » optimal cutoff 0N 0.10-045 <0001 a83 042 012-154 ¢ 383
LVEDV 10 1010 0.032 630 100 083101 (479 561
LV mass 100 09%-102 0728 343 100 085102 (830 486
LGE presence 1% 096353 (066G 58] 246 082-740 G109 608
Native T1 Z-score 122 1.04-142 0.014 640 177 102-159 0.035 689
Native T1 Zscore»optimal cutof® 300 146620 0.003 628 EE 120-870 0.022 637
ECV global 117 1.07-1.28 0.001 6.1 113 039-1.29 ¢a70 650

Base ECV 1 1.02-1.20 a.011 618 108 0%-122 0206 580

Mid-ECV 114 1.051.23 0.001 €57 105 093119 0409 574

Apex ECY 107 098%116 7 138 112 099146 s 654
ECV > optimal cutoff* 356 166764 0.001 623 158 121-1041 0.022 652
ECV maximurn 110 1.04-1.17 0.002 629 1.07 038115 0139 615

Bold values indicate significant p value {p < 0.05)

HF heart Gilure, (WA cardiac magnetic resonance imaging, HR heart rate, LVEF left ventricular jaction fraction, IVEDY left ventricular end-diastolic volume, LY left
ventricular NYHA New York Haart Association, LGE [ate gadolinium enhancement, ECV extracallular volume fraction

< 0.05 is considered significant

? (hchels ratios with 95% confidance intervals (univariate fogistic regrassion)

b frea under the ROC curve

“The Youden index was used to dapict optimal cutoff values from the ROC curves (275 for MACE, 278 for heart filure and 34.0 for amhythmia)
% The Youden inday was used to dapict optimal cutoff values from the ROC curves (4.0 for MACE, 38 for heart failure and 4.2 for arhythmia)

" The Youdan index was usad to depict optimal cutoff valuas from the ROC curves (30,1 for MACE, 32,1 for heart failure and 305 for anthythmia)
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Fig. 3 Cumulative 2-year heart failure (HF)-related events-free survival rate depending
on CMR parameters.
A Native T1 Z-score: < 3.8 vs. > 3.8; based on the optimal cutoff determined by the Youden
index. B Late gadolinium enhancement (LGE): present vs. absent. C Extracellular volume
(ECV): < 32.1% vs. > 32.1%; based on the optimal cutoff determined by the Youden index. D
Left ventricular ejection fraction (LVEF): < 27.8% vs. > 27.8%; based on the optimal cutoff
determined by the Youden index

Another interesting finding that we share with Rubis et al., is that replacement fibrosis
assessed with LGE was not a significant predictor of arrhythmia-related events (p = 0.12) in
NIDCM patients. Commonly, LGE is an accepted parameter for predicting cardiac outcomes,
with midwall fibrosis being associated with MACEs [23, 24, 26]. Its importance has also been
reconfirmed in Di Marco et al. study [25] in arrhythmia-related events in non-ischaemic
cardiomyopathies. Nevertheless, this difference of LGE prognostic value in NIDCM patients
may be due to the causes of DMC, to differences in the population baseline characteristics but
also in LGE evaluation. In our study, almost half of patients without any MACE had an LGE,
which is comparable to Rubis et al. population [12] but much higher than Di Marco et al.




population. The high prevalence in our cohort of LGE in both MACE and without MACE
group may explain the lack of prognostic value of LGE, but also suggests a limitation and
lack of reproducibility of LGE assessment compared to quantitative tissue characterization
based on T1 and ECV. Our study therefore supports the pathophysiological role of diffuse
interstitial fibrosis in NIDCM and may offer perspectives in clinical management and early
therapeutic intervention. In this regard, Di Marco et al. [25] therefore proposed a risk-model
based on LVEF, LGE, and also ECV which achieved an excellent predictive ability for
arrhythmia-related events in NIDCM patients. Finally, our findings could also raise awareness
about the need for early detection of myocardial disease through T1 and ECV, prior to any
NYHA or LVEF impairment, or LGE presence.

Limitations

The main limitations of our study are the short-term follow- up and its relatively small sample
size. These factors may explain the overall low rate of MACEs, especially in the arrhythmia-
related events group which may limit the prognostic factors because of a lack of statistical
power. Moreover, CMR referral itself introduced a selection bias, and our population might
be more likely to be stable and to not have severe LVEF impairment given the exclusion of
patients with an ICD. In addition, we did not perform quantitative evaluation of LGE because
our study was focused on T1 and ECV. Finally, the etiology in DCM patients may impact the
prognosis of CMR findings but was not known in our patients, to best match clinical
practices; this point should be an interesting avenue for further studies.

Table 3 Multivariate analysis of HF- and arrhythmia-related
events prediction—stepwise Cox proportional hazards regression

Varlable AdJusted 95% C1 p-value’
hazard-ratio

Outcome: HF-related events (n=20%)

Men {raf. Women) 2238 1.05 4% 0.038
MYHAZ = 11 (ref <11} 282 145 549  0.002
LVEF =278 038 019 077  0.008
ECv=>321% 215 1.14 407 0018
Outcome: arrhythmiz-related events (n=183)
Atrial fibrillation {ref noy 505 143 1788 0.012
T1 Z-score =427 286 106 768 0037
ECY>3058 272 1.01 736 0.049

Bold values indicate significant p value (p = 0.05)

HF heart failure, LVEF [eft ventricular ejection fraction, LVEDV left ventricular end-
diastolic volume, LV left ventricular, NYHA New York Heart Association, LGE late
gadolinium enhancement, ECV extracellular volume fraction

" P =0.05 is considered significant

? For each outcome, the Youden index was used to depict optimal cutoff values
from the ROC curves (see Table 2)
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Fig. 4 Cumulative 2-year arrhythmia-related event-free survival rate depending on
CMR parameters.
A Native T1 Z-score: < 4.2 vs. > 4.2; based on the optimal cutoff determined by the Youden
index. B Late gadolinium enhancement (LGE): present vs. absent. C Extracellular volume
(ECV): < 30.5% vs. > 30.5%; based on the optimal cutoff determined by the Youden index. D
Left ventricular ejection fraction (LVEF): < 34.0% vs. > 34.0%; based on the optimal cutoff
determined by the Youden index

Conclusion

In patients with NIDCM, noninvasive assessment of myocardial fibrosis by quantitative ECV
was predictive of both HF- and arrhythmia-related events. Native T1 (Z-score > 4.2) was also
an independent predictor of arrhythmia-related events, which may therefore be useful for
improved selection of patients for ICD. The addition of these quantitative CMR markers of
diffuse interstitial fibrosis in the decision-making algorithm may improve arrhythmia risk
stratification in NIDCM patients.
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