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Dilated non-ischemic cardiomyopathy (NIDCM) is one of the most common cardiomyopathies
with an estimated prevalence in the range of 1-2 in 400 individuals (1). Ventricular arrhythmias
(VA) manifesting as sudden cardiac death (SCD) are one of the main causes of death in this
population. Still, the accuracy of arrhythmia risk stratification for primary prevention of SCD
in NIDCM remains suboptimal. Left ventricular ejection fraction (LVEF) is currently the key
variable for identifying patients at higher risk. According to current guidelines, NIDCM
patients with LVEF < 35% would be at high risk of SCD and would warrant an implantable
cardioverter-defibrillator (ICD) (2). Unfortunately, this LVEF-based approach offers a low
positive predictive value. In the recently published DANISH study (Danish Study to Assess
the Efficacy of ICD in Patients With Non-Ischemic systolic Heat Failure on Mortality) the rate
of appropriate ICD therapies over 5 years was only 11% (3). This low rate of VA could be
partially explained by the presence of heart failure as a competing risk of death in a population
with severe LV dysfunction. In fact, the DANISH study failed to confirm any additional benefit
of ICD on survival in NICM patients, in whom implantation was merely based on LVEF. On
the other hand, it is already known that many NIDCM patients suffering from an out-of-
hospital cardiac arrest do not have a severely reduced LVEF (4). These findings emphasize the
urgent need of a more precise and cost-effective risk stratification approach for this population.
Myocardial reentry is the main underlying mechanism of ventricular arrhythmia in patients
with structural heart disease (5). Irreversible myocardial injury leads to apoptosis of cardiac
myocytes and the deposition of myocardial fibrosis, which is the histological substrate needed
for reentry. Using late gadolinium enhancement cardiac magnetic resonance (LGE-CMR)
imaging, the prevalence of fibrosis in NIDCM patients is estimated to be around 30% but
probably depends on the disease evolution state and the cause of NIDCM. Several studies in
the last decade have shown an association between fibrosis and the likelihood to develop VA.

Gulati and colleagues (6) previously reported a 5-year event rate of 30% among NIDCM
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patients having fibrosis in the LGE-CMR, showing that the addition of fibrosis to LVEF could
potentially improve SCD risk stratification. However, not only the presence, but also the extent
of fibrosis can provide further prognostic information. Higher SCD risk (HR: 1.15) has been
described for each 1% increase in the volume of fibrosis (7). Nevertheless, formation of
myocardial fibrosis in NIDCM patients can occur in different areas of the LV following
different patterns. In this regard, whereas fibrosis localized in the interventricular junction is
usually considered an unspecific finding without prognostic implication, mid-wall fibrosis and
septal fibrosis have been described as powerful predictors of SCD (8,9). Therefore, it seems
that pattern recognition could be also important.

In this issue of the Journal (10), Chen et al. show the results of a single-center retrospective
study including 157 NIDCM patients without previous episodes of VA undergoing LGE-CMR
imaging. Authors performed a quantitative and qualitative analysis of fibrosis, classifying
patients according to the pattern of fibrosis distribution: 1) no LGE; 2) focal LGE: at most two
sub-segments with LGE in the same slice; 3) multi-focal LGE: at least three non-contiguous
sub-segments with LGE in the same layer, or in different layers but the same slice; and 4) ring-
like LGE: at least three contiguous sub-segments with LGE at the subepicardial or mid-wall
layer in the same slice. Thirty-three (21%) patients presented a ring-like LGE pattern
characterized by a mainly subepicardial LGE location involving the septal and lateral segments
at basal and mid-cavity. After a median follow-up slightly longer that 1 year, 14 (42%) patients
with a ring-like LGE pattern presented VA. The rate of events in this group was significantly
higher than in patients with focal LGE (a group with a predominant (81.3%) septum
involvement) but presenting ‘only’ a 10% rate of VA events. Patients with a ring-like LGE
pattern had also a higher rate of VA events than patients with a multi-focal LGE pattern (42.4%
vs. 25%), despite showing a similar total amount of LGE. Interestingly, the ring-like LGE

pattern was a predictor of VAs independently of the global LGE burden.
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Despite its limitations, the results of this study provide a further piece of the puzzle in SCD
risk stratification among patients with NIDCM, identifying the ring-like LGE pattern as
particularly arrhythmogenic, even in patients without severe LV dysfunction. This specific scar
phenotype, that can be assessed using LGE-CMR, has been previously associated with a
particularly high risk of malignant arrhythmic events in patients without a previous NIDCM
diagnosis. Muser D and coworkers recently reported that 4% of patients with apparently
‘idiopathic’ non-sustained VA undergoing LGE-CMR presented a subepicardial/mid-
myocardial ring-like fibrosis pattern that was associated with a 3-fold increase in the risk of
life-threatening VA, when compared to other types of scar distribution (11). Likewise, these
authors found that this risk increase was independent of the total LGE burden. Zorzi et al. also
showed that athletes with a stria pattern in the LGE presented higher risk of malignant VA than
those with a spotty LGE pattern (12).

Whether this ring-like pattern of fibrosis formation is a consequence of different NICDM
phenotypes or different environmental insults is not completely understood yet. Still, some
NIDCM-associated mutations seem to be related with this type of scar distribution. Ortiz-
Genga and colleagues previously described an international series of 28 families with a
truncating mutation in the FLNC, a gene encoding the filamin C protein (13). This mutation
results in a NIDCM phenotype characterized by mild to moderate LV systolic dysfunction,
subepicardial fibrosis with a characteristic concentric pattern (ring-like) and frequent SCD (40
cases in 21 of 28 families). Smith and coworkers (14) recently reported a deep description of
107 patients with pathogenic DSP (desmoplakin) mutations. They described that
circumferential LGE with a primarily subepicardial distribution was present in 20% of these
patients, who also showed intramyocardial fat adjacent to fibrosis. The presence of LGE
frequently occurred in the absence of significant LV systolic dysfunction. Similar findings have

been reported by Segura-Rodriguez and colleagues (15) in patients with arrhythmogenic right
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ventricular cardiomyopathy (ARVC) with LV involvement and a pathogenic mutation in
desmosomal genes, which frequently show a characteristic LV subepicardial circumferential
LGE pattern, as opposite to carriers of non-desmosomal mutations. These findings suggest that
the ring-like scar pattern is the phenotype of a specific NIDCM subtype characterized by a non-
severe LV dysfunction but with a significant risk of malignant VA. Despite a classification of
this NIDCM phenotype as ‘arrhythmogenic LV cardiomyopathy’ has been proposed, we do
not have specific diagnostic criteria yet, or specific recommendations for how to protect this
population.

For a correct interpretation of the article of Chen et al., however, some important limitations
should be bear in mind. The precise prevalence of the ring-like LGE pattern in the NIDCM
population is not well known. Chen et al. describe a selected population of patients with
NIDCM undergoing a LGE-CMR study in a single tertiary center. In this population, 78% and
21% of patients presented any pattern of LGE and a ring-like LGE pattern, respectively. These
proportions are higher than the previously reported prevalence of fibrosis in the rest of the
series, and it could be explained in part by the presence of a selection bias; authors included
only hospitalized patients, most of them having symptoms of heart failure and a poor functional
class. This selection of patients within a more advanced stage of the disease could also explain
the 20% incidence of VA after only 13 months of follow-up, an out-of-scale event rate in a
population without previous arrhythmic events. As a consequence, the external validation of
these results for the general population of patients with NIDCM is limited. Further prospective
studies including non-selected patients would be welcomed to confirm the real prevalence of
the ring-like LGE pattern among the NIDCM population and the VA events incidence at longer
follow-up. Moreover, we are still far from understanding the genetic mechanisms underlying

this particular NIDCM scar phenotype. Still, we believe that this study pushes our knowledge
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one grain of sand forward, heading in the right direction: towards a personalized and accurate

estimation of VA/SCD risk in NIDCM patients.

Conflicts of Interest: Nothing to Disclose



123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

REFERENCES:

1.- Hershberger RE,Hedges DJ, Morales A. Dilated cardiomyopathy: the complexity of a
diverse genetic architecture. Nat Rev Cardiol. 2013;10:531-547.

2.- Priori SG, Blomstréom-Lundqvist C, Mazzanti A, Blom N, Borggrefe M, Camm J, et al.
2015 ESC Guidelines for the management of patients with ventricular arrhythmias and the
prevention of sudden cardiac death: The Task Force for the Management of Patients with
Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death of the European Society
of Cardiology (ESC). Endorsed by: Association for European Paediatric and Congenital
Cardiology (AEPC). Eur Heart J. 2015;36:2793-2867.

3.- Kagber L, Thune JJ, Nielsen JC, Haarbo J, Videbaek L, Korup E, et al. Defibrillator
Implantation in Patients with Nonischemic Systolic Heart Failure. N Engl J Med
2016;375:1221-1230.

4.- Stecker EC, Vickers C, Waltz J, Socoteanu C, John BT, Mariani R, et al. Population-based
analysis of sudden cardiac death with and without left ventricular systolic dysfunction: two-
year findings from the Oregon Sudden Unexpected Death Study. JACC 2006;47:1161-1166.
5.- Andreu D, Ortiz-Pérez JT, Boussy T, Fernandez-Armenta J, de Caralt TM, Perea RJ, et al.
Usefulness of contrast-enhanced cardiac magnetic resonance in identifying the ventricular
arrhythmia substrate and the approach needed for ablation. Eur Heart J. 2014 ;35:1316-26.

6.- Gulati A, Jabbour A, Ismail TF, Guha K, Khwaja J, Raza S, et al. Association of fibrosis
with mortality and sudden cardiac death in patients with nonischemic dilated cardiomyopathy
JAMA 2013;309:896-908.

7-. Neilan TG, Coelho-Filho OR, Danik SB, Shah RV, Dodson JA, Abbasi SA, et al. CMR
quantification of myocardial scar provides additive prognostic information in nonischemic

cardiomyopathy. JACC Cardiovasc Imagin 2013;6:944-54.


https://pubmed.ncbi.nlm.nih.gov/?term=Hershberger+RE&cauthor_id=23900355
https://pubmed.ncbi.nlm.nih.gov/?term=Hershberger+RE&cauthor_id=23900355
https://pubmed.ncbi.nlm.nih.gov/?term=Morales+A&cauthor_id=23900355
https://pubmed.ncbi.nlm.nih.gov/26320108/
https://pubmed.ncbi.nlm.nih.gov/26320108/
https://pubmed.ncbi.nlm.nih.gov/26320108/
https://pubmed.ncbi.nlm.nih.gov/26320108/
https://pubmed.ncbi.nlm.nih.gov/26320108/
https://pubmed.ncbi.nlm.nih.gov/?term=K%C3%B8ber+L&cauthor_id=27571011
https://pubmed.ncbi.nlm.nih.gov/?term=Thune+JJ&cauthor_id=27571011
https://pubmed.ncbi.nlm.nih.gov/?term=Stecker+EC&cauthor_id=16545646
https://pubmed.ncbi.nlm.nih.gov/?term=Vickers+C&cauthor_id=16545646
https://pubmed.ncbi.nlm.nih.gov/?term=Waltz+J&cauthor_id=16545646
https://pubmed.ncbi.nlm.nih.gov/24394378/
https://pubmed.ncbi.nlm.nih.gov/24394378/
https://pubmed.ncbi.nlm.nih.gov/?term=Gulati+A&cauthor_id=23462786
https://pubmed.ncbi.nlm.nih.gov/?term=Jabbour+A&cauthor_id=23462786
https://pubmed.ncbi.nlm.nih.gov/?term=Ismail+TF&cauthor_id=23462786
https://pubmed.ncbi.nlm.nih.gov/?term=Neilan+TG&cauthor_id=23932642
https://pubmed.ncbi.nlm.nih.gov/?term=Coelho-Filho+OR&cauthor_id=23932642
https://pubmed.ncbi.nlm.nih.gov/?term=Danik+SB&cauthor_id=23932642

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

8.- Leyva F, Taylor RJ, Foley PWX, Umar F, Mullligan LJ, Patel K, et al. Left ventricular
midwall fibrosis as a predictor of mortality and morbidity after cardiac resynchronization
therapy in patients with nonischemic cardiomyopathy. JACC 2012;60:1659-1667

9.- Halliday BP, Baksi AJ, Gulati A, Newsome S, Izgi C, Arzanauskaite M et al. Outcome in
Dilated Cardiomyopathy Related to the Extent, Location, and Pattern of Late Gadolinium
Enhancement. JACC Cardiovasc Imaging 2019;12:1645-1655.

10.- Chen W, Qianc W, Zhanga X, Lia D, Qiana Z, Xu H, et al. Ring-like Late Gadolinium
Enhancement for Predicting Ventricular Tachyarrhythmias in Nonischemic Dilated
Cardiomyopathy. Eur Heart J Cardiovasc Imaging. 2021;in press.

11.- Muser D, Nucifora G, Muser D, Nucifora G, Pieroni M, Castro SA, et al. Prognostic Value
of Nonischemic Ringlike Left Ventricular Scar in Patients With Apparently ldiopathic
Nonsustained Ventricular Arrhythmias. Circulation. 2021;143:1359-1373.

12.- Zorzi A, Marra MP, Rigato I, De lazzari M, Susana A, Niero A, et al. Nonischemic Left
Ventricular Scar as a Substrate of Life-Threatening Ventricular Arrhythmias and Sudden
Cardiac Death in Competitive Athletes. Circ Arrhythm Electrophysiol. 2016 Jul;9:e004229.
13.- Ortiz-Genga MF, Cuenca S, Dal Ferro M, Zorio E, Salgado-Aranda R, Climent V, et al.
Truncating FLNC mutations are associated with high-risk dilated and arrhythmogenic
cardiomyopathies. J Am Coll Cardiol. 2016;68:2440-2451.

14.- Smith ED, Lakdawala NK, Papoutsidakis N, Aubert G, Mazzanti A, McCanta AC, et al.
Desmoplakin cardiomyopathy, a fibrotic and inflammatory form of cardiomyopathy distinct
from typical dilated or arrhythmogenic right ventricular cardiomyopathy. Circulation.
2020;141:1872-1884.

15.- Segura-Rodriguez D, Bermudez-Jiménez FJ, Carriel V, Lopez-Fernandez S, Gonzalez-

Molina M, Oyonarte Ramirez JM, et al. Myocardial fibrosis in arrhythmogenic


https://pubmed.ncbi.nlm.nih.gov/?term=Leyva+F&cauthor_id=23021326
https://pubmed.ncbi.nlm.nih.gov/?term=Taylor+RJ&cauthor_id=23021326
https://pubmed.ncbi.nlm.nih.gov/?term=Foley+PW&cauthor_id=23021326
https://pubmed.ncbi.nlm.nih.gov/?term=Halliday+BP&cauthor_id=30219397
https://pubmed.ncbi.nlm.nih.gov/?term=Baksi+AJ&cauthor_id=30219397
https://pubmed.ncbi.nlm.nih.gov/?term=Gulati+A&cauthor_id=30219397
https://pubmed.ncbi.nlm.nih.gov/?term=Muser+D&cauthor_id=33401956
https://pubmed.ncbi.nlm.nih.gov/?term=Nucifora+G&cauthor_id=33401956
https://pubmed.ncbi.nlm.nih.gov/?term=Muser+D&cauthor_id=33401956
https://pubmed.ncbi.nlm.nih.gov/33401956/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Zorzi+A&cauthor_id=27390211
https://pubmed.ncbi.nlm.nih.gov/?term=Perazzolo+Marra+M&cauthor_id=27390211
https://pubmed.ncbi.nlm.nih.gov/?term=Rigato+I&cauthor_id=27390211

171  cardiomyopathy: a genotype-phenotype correlation study. Eur Heart J Cardiovasc Imaging.

172 2020;21:378-386.



Wordcount

Word count: 1372



