
Circulation. 2021;143:1359–1373. DOI: 10.1161/CIRCULATIONAHA.120.047640 April 6, 2021 1359

Circulation

Daniele Muser , MD*
Gaetano Nucifora, MD, 

PhD*
⁝
Pasquale Santangeli , 

MD, PhD

https://www.ahajournals.org/journal/circ

*D. Muser and G. Nucifora contributed 
equally.

The full author list is available on page 
1371. 

Key Words: arrhythmias ◼ cardiac 
gadolinium ◼ magnetic resonance 
angiography ◼ prognosis

Sources of Funding, see page 1371

© 2021 American Heart Association, Inc.

Editorial, see p 1374

BACKGROUND: Left ventricular (LV) scar on late gadolinium enhancement 
(LGE) cardiac magnetic resonance has been correlated with life-threatening 
arrhythmic events in patients with apparently idiopathic ventricular 
arrhythmias (VAs). We investigated the prognostic significance of a specific 
LV-LGE phenotype characterized by a ringlike pattern of fibrosis.

METHODS: A total of 686 patients with apparently idiopathic 
nonsustained VA underwent contrast-enhanced cardiac magnetic 
resonance. A ringlike pattern of LV scar was defined as LV subepicardial/
midmyocardial LGE involving at least 3 contiguous segments in the same 
short-axis slice. The end point of the study was time to the composite 
outcome of all-cause death, resuscitated cardiac arrest because of 
ventricular fibrillation or hemodynamically unstable ventricular tachycardia 
and appropriate implantable cardioverter defibrillator therapy.

RESULTS: A total of 28 patients (4%) had a ringlike pattern of scar (group 
A), 78 (11%) had a non-ringlike pattern (group B), and 580 (85%) had 
normal cardiac magnetic resonance with no LGE (group C). Group A 
patients were younger compared with groups B and C (median age, 40 
vs 52 vs 45 years; P<0.01), more frequently men (96% vs 82% vs 55%; 
P<0.01), with a higher prevalence of family history of sudden cardiac death 
or cardiomyopathy (39% vs 14% vs 6%; P<0.01) and more frequent 
history of unexplained syncope (18% vs 9% vs 3%; P<0.01). All patients 
in group A showed VA with a right bundle-branch block morphology 
versus 69% in group B and 21% in group C (P<0.01). Multifocal VAs were 
observed in 46% of group A patients compared with 26% of group B and 
4% of group C (P<0.01). After a median follow-up of 61 months (range, 
34–84 months), the composite outcome occurred in 14 patients (50.0%) in 
group A versus 15 (19.0%) in group B and 2 (0.3%) in group C (P<0.01). 
After multivariable adjustment, the presence of LGE with ringlike pattern 
remained independently associated with increased risk of the composite 
end point (hazard ratio, 68.98 [95% CI, 14.67–324.39], P<0.01).

CONCLUSIONS: In patients with apparently idiopathic nonsustained VA, 
nonischemic LV scar with a ringlike pattern is associated with malignant 
arrhythmic events.

Prognostic Value of Nonischemic Ringlike Left 
Ventricular Scar in Patients With Apparently 
Idiopathic Nonsustained Ventricular Arrhythmias
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The presence of myocardial fibrosis detected by 
late gadolinium enhancement (LGE) cardiac mag-
netic resonance (CMR) has been demonstrated to 

have negative prognostic implications in several heart 
diseases including ischemic heart disease, nonischemic 
cardiomyopathy, hypertrophic cardiomyopathy, and 
myocarditis.1–4 A growing body of evidence has also as-
sociated the presence of LGE with an increased risk of 
life-threatening arrhythmic events in patients present-
ing with ventricular arrhythmias (VAs) even in the pres-
ence of otherwise negative routine diagnostic workup 
including 12-leads ECG and transthoracic echocardiog-
raphy.5–7 However, risk stratification of patients with VA 
and normal ventricular function remains challenging. 
Previous CMR studies have documented LGE in up to 
70% of patients with apparently idiopathic VA, and 
although these patients appear to have a higher risk 
of arrhythmic events over follow-up, the degree of in-
creased risk is highly variable between different pub-
lished series. This makes the presence of LGE at CMR 
a stand-alone risk stratification criterion impractical for 
clinical decision making, particularly with respect to 
the selection of patients for prophylactic implantable 
cardioverter-defibrillator (ICD) implantation.5 7 8 In this 
context, additional studies focused on the identification 

of patients with apparently idiopathic VA who have a 
particularly high risk of malignant arrhythmic events 
during follow-up are needed. Although the presence 
or absence of LGE (as opposed to its extent) has been 
thought to be the primary predictor of cardiovascular 
adverse events in nonischemic cardiomyopathy, most of 
the previous studies have produced conflicting results.2 

9 10 Therefore, using the unique cohort of patients in 
the international idiopathic VA CMR registry, the pres-
ent study investigated whether specific LGE phenotypes 
are more prone to arrhythmogenesis and can identify 
patients with apparently idiopathic nonsustained VA at 
particularly high risk of sudden cardiac death (SCD).

METHODS
Study Population
The data supporting the study findings will be made available on 
reasonable request. This is a retrospective multicenter observa-
tional study focused on patients with nonsustained VA of appar-
ent idiopathic nature according to a routine diagnostic workup 
including physical examination, 12-lead ECG, transthoracic 
echocardiography, and noninvasive or invasive ischemic evalu-
ation who also underwent additional contrast-enhanced CMR 
evaluation. Patients were selected from an ongoing international 
idiopathic VA CMR registry that includes patients with both non-
sustained and sustained VA from 7 institutions across the United 
States, Europe, and Japan. No prespecified criteria were used to 
select patients for CMR and, for the purpose of this study, we 
included only patients with apparently idiopathic nonsustained 
VA. In particular, all patients had ECG documentation of nonsus-
tained VA, including frequent premature ventricular contractions 
([PVCs] ≥1000/24 hours) or episodes of nonsustained ventricular 
tachycardia (NSVT). Baseline ECGs were reviewed at each center 
by a single experienced cardiologist (≥5 years of clinical experi-
ence) who was blinded to clinical and outcome data. Absence of 
significant coronary artery disease was demonstrated by a maxi-
mal exercise stress test, functional imaging, computed tomog-
raphy coronary angiography, or invasive coronary angiography. 
Patients with any abnormal baseline ECG findings (ie, sinus 
QRS with depolarization/repolarization abnormalities), abnor-
mal transthoracic echocardiography findings (ie, dimension and 
function—global and regional—of the left ventricular [LV] and 
right ventricular [RV] chambers), positive ischemic evaluation, 
and other systemic diseases that may be associated with LGE 
were excluded. In addition, patients with documented sustained 
VA (ventricular tachycardia [VT] or ventricular fibrillation [VF], 
N=54 in the registry) were excluded.

A total of 699 patients from the registry between January 
2002 and December 2018 met the inclusion criteria for the 
study. Of these, 13 (all with no evidence of LGE) were lost 
at follow-up and excluded from the analysis. Therefore, the 
final study cohort consisted of 686 patients, of whom 518 
from a previous study who underwent extended follow-up 
for the purpose of the present investigation.11 A deidentified 
database of patients with full DICOM (Digital Imaging and 
Communications in Medicine) data sets from the participating 
centers was used for data collection and analysis. Institutional 
review board approval was obtained at each center, and 

Clinical Perspective

What Is New?
• In patients presenting with nonsustained ventricu-

lar arrhythmias and normal ECG and echocardio-
graphic findings, the presence of late gadolinium 
enhancement (LGE) on cardiac magnetic resonance 
is associated with increased risk of major arrhyth-
mic events over follow-up.

• The extent of the increase in risk is not homog-
enous across all the spectrum of patients with a 
positive LGE finding.

• The presence of a specific midmyocardial/subepi-
cardial ringlike LGE pattern is associated with a par-
ticularly high risk of malignant arrhythmic events, 
which is independent of the total LGE burden and 
presence of other additional risk factors.

What Are the Clinical Implications?
• Cardiac magnetic resonance should be consid-

ered in the diagnostic workup of patients with 
apparently idiopathic nonsustained ventricular 
arrhythmias to detect concealed cardiomyopathic 
substrates and improve risk stratification.

• Identification of LGE with ringlike pattern in these 
patients deserves proper clinical attention, close 
follow-up, and careful evaluation for primary 
prevention implantable cardioverter-defibrillator 
implantation.
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written informed consent was obtained for anonymized 
medical information to be included in a research registry. A 
detailed description of the study protocol is presented in Table 
I in the Data Supplement.

Cardiac Magnetic Resonance
All participants underwent CMR with 1.5-T scanners. The 
CMR acquisition protocol and analysis are described in detail 
in Table I in the Data Supplement. All CMR studies were ana-
lyzed offline using a dedicated software (Circle CVI-42, Circle 
Cardiovascular Imaging, Calgary, Alberta, Canada). Images 
were evaluated by 2 independent expert investigators with 
>15 years (G.N.) and >5 years (D.M.) of experience in CMR 
imaging blinded to clinical data. Any discrepancies between 
the investigators were then adjudicated by revision and con-
sensus between the two of them. Visual assessment for the 
presence and distribution of LGE areas for each LV myocardial 
segment was performed using a standard 17-segment cardiac 
model. Dichotomous presence or absence of RV LGE was also 
determined. Quantification of LGE extent was performed in the 
short-axis slices by manually drawing endocardial and epicardial 
borders and selecting a region of interest in the remote healthy 
myocardium. Mean signal intensity and SD of the region of 
interest were then measured, and enhanced myocardium was 
defined as myocardium with a signal intensity ≥5 SDs above 
the mean of the region of interest.12 The extent of LGE was 
expressed as a percentage of the LV mass. LGE pattern was 
defined as ringlike if there were at least 3 contiguous segments 
with subepicardial/midmyocardial LGE in the same short-axis 
slice.13 On the basis of the presence and distribution of LGE, 
patients were divided into 3 groups: group A characterized by 
the presence of LV LGE with a ringlike pattern, group B charac-
terized by the presence of LV LGE with no ringlike pattern, and 
group C with no evidence of LGE (Figures 1 and 2).

Electrophysiological Study and Catheter 
Ablation
In patients who underwent catheter ablation (CA) of VA, 
the site of origin of the arrhythmia was determined based 
on detailed activation and pace mapping, as described previ-
ously.14 Acute procedural success was defined as absence of 
spontaneous or inducible PVC with burst pacing from the RV 
apex or isoproterenol infusion for 30 minutes after radiofre-
quency ablation. Programmed electric stimulation (PES) with 
up to triple extrastimuli from 2 ventricular sites with at least 2 
drive cycle lengths was performed in selected patients at the 
discretion of the attending electrophysiologist but was typi-
cally driven by the evidence of structural abnormalities on pre-
procedural CMR by a previous history of unexplained syncope 
or family history of SCD. PES was considered positive if mono-
morphic sustained VT was induced, whereas polymorphic VT 
or VF was not considered specific. The decision to implant an 
ICD was at the discretion of the attending electrophysiologist 
and the referring physician based on clinical, imaging, and 
electrophysiological study findings.

Outcomes
The end point of the study was time to the composite outcome 
of (1) death from any cause, (2) resuscitated cardiac arrest 

because of VF or hemodynamically unstable VT, and (3) appro-
priate implantable cardioverter-defibrillator (ICD) therapy.

Clinical Follow-Up
Patients were routinely evaluated at 3- to 6-month intervals 
after CMR by clinic visits, ambulatory Holter monitoring, and 
telephone calls to confirm the absence of arrhythmias symp-
toms. Medical records were reviewed to determine the occur-
rence of hospital admission attributable to cardiovascular 
causes and implantation of an ICD. Vital status and date of 
death were determined by querying the respective national 
death indices. The cause of death was confirmed from a com-
bination of medical records, death certification, and postmor-
tem results. ICD interrogations were reviewed to assess ICD 
therapies among patients who underwent ICD implantation; 
ICD shocks or antitachycardia overdrive pacing were consid-
ered appropriate if triggered by VF or sustained VT.

Statistical Analysis
Continuous variables were expressed as median (25th to 75th 
percentile) and compared using the Kruskal–Wallis rank test. 
Categorical data were expressed as counts and percentages and 
compared using the χ2 test. The Spearman correlation coeffi-
cient was used to test correlation between continuous variables. 
Survival curves were generated by the Kaplan–Meier method 
and compared by the log-rank test. Univariable and multivari-
able Cox proportional hazards analyses were used to test the 
association between the time to outcome event and baseline 
covariates. Event times were measured from the date of CMR 
study. All potential confounders (including age, gender, family 
history of SCD/cardiomyopathy, history of unexplained syncope, 
PVC burden, multifocal VA, VA with a non-left bundle branch 
block inferior axis morphology, LV end-diastolic volume indexed 
[EDVi], LV ejection fraction [LVEF], presence, pattern and extent 
of LGE, and CA) were initially entered into the multivariable 
model on the basis of known clinical relevance; then we per-
formed a model reduction by excluding variables with a P value 
>0.20 based on the log-likelihood test. The proportional haz-
ards assumption was assessed globally and for all variables using 
the Schoenfeld residuals test. As part of an exploratory analy-
sis to further improve risk stratification of patients with ringlike 
and non-ringlike LGE pattern, the prevalence of additional risk 
factors (including family history of cardiomyopathy/SCD, his-
tory of syncope, multifocal PVC, and induction of sustained VT 
at PES) in the ringlike and non-ringlike groups was compared 
between patients who experienced outcome events and those 
who remained free from events at follow-up. Two-tailed tests 
were considered statistically significant at the 0.05 level. P val-
ues were adjusted for multiple comparisons using the Benjamini 
and Hochberg method.15 All the analyses were performed using 
IBM SPSS version 25.0 software (IBM Corp, Armonk, NY).

RESULTS
Study Population
Clinical characteristics of the study sample according to 
the presence and distribution of LGE are presented in 
Table  1. A total of 106 patients (15%) had evidence 
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of LV-LGE, with 28 patients (4%) displaying a ringlike 
pattern (group A) and 78 (11%) a non-ringlike pattern 
of scar (group B). The remaining 580 cases (85%) had 
normal CMR scans with no LGE (group C). Compared 
with groups B and C, group A patients were younger, 

more frequently men, more frequently had a family his-
tory of SCD/cardiomyopathy, and more frequently had 
a history of unexplained syncope. Overall, 25 patients 
had a family history of cardiomyopathy. Of these, 21 
(68%) had a family history of dilated cardiomyopathy, 2 

Figure 1. Ring-like left ventricular scar.
A 31-year-old man with family history of sudden cardiac death presenting with palpitations related to multifocal PVC (A) and evidence on LGE-CMR of subepicar-
dial fibrosis with a ringlike pattern involving the LV free wall (B). A 54-year-old man presenting with palpitations related to multifocal PVC (C) and evidence on LGE-
CMR of midmyocardial fibrosis with a ringlike pattern involving the septum and LV inferior and lateral walls (D). LGE-CMR indicates late gadolinium enhancement 
cardiac magnetic resonance; LV, left ventricular; and PVC, premature ventricular contraction. 
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(8%) of LV noncompaction, and 2 (8%) of arrhythmo-
genic RV cardiomyopathy. None of the affected family 
members underwent genetic testing, which precluded 
a further characterization of specific causes. Treatment 
with at least 1 antiarrhythmic drug or β-blockers was 
attempted in 497 patients (72%). There was no signifi-
cant difference in the use of β-blockers or antiarrhyth-
mic drug therapy across the 3 patient groups, with the 
exception of class III agents, which were more frequent-
ly used among group A patients. All patients in group 
A presented with VA having a right bundle-branch 
block morphology compared with 33 patients (42%) in 
group B and 48 (8%) in group C (P<0.01). The preva-
lence of multifocal PVC was significantly higher among 
group A patients (13, 46%) compared with groups B 

(20, 26%) and C (22, 4%; P<0.01). A total of 593 12-
lead ECGs (86%) of the VA were available for digital 
measurement. The median QRS duration was 151 ms 
(136–169 ms) with no significant difference among the 
3 groups (group A: 158 ms [141–178 ms] vs group B: 
151 ms [134–165 ms] vs group C: 151 ms [136–169 
ms]; P=0.27). Fragmentation in ≥1 lead (defined as a 
deflection of ≥0.5 mV on the QRS that did not cross 
baseline)16 was observed in 105 cases (18%), of whom 
there were 9 (32%) in group A versus 15 (20%) in 
group B versus 81 (17%) in group C (P=0.10).

None of the patients had a definite diagnosis of ar-
rhythmogenic RV cardiomyopathy according to the 
2010 task force recommendations.17 A single patient 
in group C met criteria for a borderline diagnosis of 

Figure 2. Non-ringlike left ventricular scar.
A 40-year-old man presenting with frequent PVC of 2 different morphologies (A) and evidence on LGE-CMR of patchy areas of midmyocardial scar (non-ringlike 
pattern) involving the inferolateral LV wall (B). LGE-CMR indicates late gadolinium enhancement cardiac magnetic resonance; LV, left ventricular; and PVC, prema-
ture ventricular contraction.
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Table 1. Baseline Clinical Characteristics and Imaging Findings According to the Distribution of LGE

Variable

Group A: ventricu- 
lar arrhythmia 
and ringlike LGE 
(N=28)

Group B: ventricu-
lar arrhythmia and 
non-ringlike LGE 
(N=78)

Group C: ventricu-
lar arrhythmia and 
no LGE (N=580) P value

Age, years 40 (34–53) 52 (43–64) 45 (29–55) <0.01

Male sex, n (%) 27 (96) 64 (82) 317 (55) <0.01

Family history of sudden cardiac death, n (%) 7 (25) 8 (10) 28 (5) <0.01

Family history of cardiomyopathy, n (%) 10 (36) 5 (6) 10 (2) <0.01

History of unexplained syncope, n (%) 5 (18) 7 (9) 15 (3) <0.01

Symptoms, n (%) 0.26

 Asymptomatic 6 (21) 7 (9) 97 (17)  

 Chest pain 2 (7) 0 13 (2)  

 Palpitations 16 (57) 63 (81) 418 (72)  

 Dizziness 2 (7) 5 (6) 34 (6)  

 Fatigue 2 (7) 5 (6) 34 (6)  

Type of ventricular arrhythmias

 Frequent premature ventricular contraction (≥1000/24 h), n (%) 27 (96) 76 (97) 568 (98) 0.88

 Nonsustained ventricular tachycardia (≥4 consecutive beats), n (%) 5 (18) 11 (14) 56 (10) 0.26

 Premature ventricular contraction burden, % of 24-h beats 17 (16–28) 17 (14–23) 17 (10–20) 0.20

 Multifocal premature ventricular contraction, n (%) 13 (46) 20 (26) 22 (4) <0.01

ECG morphology of the arrhythmia, n (%) <0.01

 Left bundle branch block: inferior axis 0 21 (27) 423 (73)  

 Left bundle branch block: superior axis 0 3 (4) 34 (6)  

 Right bundle branch block: inferior axis 3 (11) 21 (27) 75 (13)  

 Right bundle branch block: superior axis 25 (89) 33 (42) 48 (8)  

Medical therapy

 β-Blockers, n (%) 18 (64) 37 (47) 279 (48) 0.28

 Class I antiarrhythmic drugs, n (%) 3 (11) 23 (30) 161 (28) 0.20

 Class III antiarrhythmic drugs, n (%) 15 (54) 37 (47) 169 (29) <0.01

 Catheter ablation, n (%) 12 (43) 34 (44) 261 (45) 0.95

Cardiac magnetic resonance findings

 Left ventricle

  End-diastolic volume index, mL/m2 90 (75–98) 77 (69–90) 77 (68–86) 0.02

  Ejection fraction, % 57 (55–62) 65 (58–70) 64 (59–69) <0.01

  Left ventricular ejection fraction between 50% and 55%, n (%) 4 (14) 6 (8) 27 (5) 0.08

  Mass index, g/m2 71 (66–80) 65 (57–70) 59 (51–67) <0.01

  Regional wall motion abnormalities, n (%) 15 (54) 12 (15) 0 <0.01

  Intramyocardial fat signal, n (%) 7 (25) 9 (12) 0 <0.01

  Segments with LGE, n 6 (5–8) 2 (1–3) — <0.01

  Scar volume, left ventricular mass, % 7 (5–10) 3 (2–5) — <0.01

 LGE pattern

  Subepicardial, n (%) 25 (89) 31 (40) — <0.01

  Midwall, n (%) 15 (54) 36 (46) — 0.65

  Subendocardial/transmural, n (%) 0 16 (21) — <0.01

 LGE location

  Septum, n (%) 17 (61) 27 (35) — 0.03

  Anterior wall, n (%) 10 (36) 11 (14) — 0.02

  Lateral wall, n (%) 25 (89) 42 (54) — <0.01

(Continued )
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arrhythmogenic RV cardiomyopathy because of 1 major 
criterion (NSVT of left bundle branch block with supe-
rior axis) plus 1 minor criterion (evidence of regional RV 
wall motion abnormalities in association with an RV-
EDVi ≥100 mL/m2), and 6 patients (4 in group C and 2 
in group B) met criteria for possible arrhythmogenic RV 
cardiomyopathy because of a single major criterion in 4 
cases (NSVT of left bundle branch block with superior 
axis) and 2 minor criteria (NSVT of left bundle branch 
block and inferior axis or >500 PVC/24 hours plus RV 
abnormalities on CMR) in the remaining 2 cases (Tables 
II and III in the Data Supplement).

CMR Findings
Imaging results are summarized in Table  1. Overall, 
group A patients had a larger LV volume (median EDVi, 
90 [75–98] vs 77 [69–90] vs 77 [68–86] mL/m2; P<0.01) 
and lower LVEF (median LVEF, 57% [55%–62%] versus 
65% [58%–70%] versus 64% [59%–69%]; P<0.01]. 
No significant differences were detected in RV volume 
and function among the 3 groups.

The median extent of LGE was 42% to 7% of the LV 
(75% to 10% in group A versus 32% to 5% in group 
B; P<0.01). The overall distribution of LGE was different 
between groups A and B, with group A patients hav-
ing a predominant lateral (89%) and inferior (82%) wall 
involvement (vs 54% and 26% in group B, respectively; 
P<0.01). Septal involvement was observed in 17 cases 
(61%) in group A versus 27 (35%) in group B (P<0.01). 
In the majority of group A patients, LGE distribution was 
subepicardial (extension through the outer one third of 
the LV myocardium of the free wall or outer one third to 
the right side of the septum: 25 cases, 89%) with exten-
sion to the midwall in 15 cases (54%) compared with 31 
(40%) and 36 (46%) of the cases in group B (P<0.01 and 
P=0.61, respectively). None of the group A patients had 
evidence of subendocardial or transmural areas of LGE 
compared with 16 (21%) in group B (P<0.01; Figure 3). 
The extent of LGE showed a weak correlation with the LV 
EDVi (ρ=0.27; P<0.01) and the LVEF (ρ=–0.32; P<0.01), 

whereas no correlation was observed between PVC bur-
den and LV EDVi (P=0.64), LVEF (P=0.89), or LGE extent 
(P=0.43). Overall, 53% of patients with evidence of LGE 
and 46% of those with a ringlike scar pattern had VA 
with no evidence of multifocal origin or QRS fragmenta-
tion. In particular, LGE was present in 33 (60%) of 55 
patients with multifocal PVCs versus 73 (12%) of 631 
patients without multifocal PVCs (P<0.01). The pattern 
of LGE was ringlike in 13 (39%) of the 33 patients with 
multifocal PVCs and LGE compared with 15 (21%) of 
73 of those without multifocal PVCs and LGE (P=0.04). 
Among the 105 patients (23%) with PVC QRS fragmen-
tation, LGE was present in 24 (23%) compared with 81 
(17%) of 488 of those without fragmentation (P=0.13). 
The LGE pattern was ringlike in 9 (38%) of 24 cases with 
PVC QRS fragmentation and LGE versus 19 (24%) of 81 
of those without QRS fragmentation and LGE (P=0.17).

Outcomes
After the CMR evaluation, 307 patients (45%) under-
went CA (12 patients, 43% in group A; 34 patients, 
44% in group B; and 261 patients, 45% in group C; 
P=0.95). Acute procedural success was achieved in 263 
cases (86%) with no significant difference among the 3 
groups (9 patients, 75% in group A; 26 patients, 77% 
in group B; and 228 patients, 87% in group C; P=0.33). 
PES was performed in 106 (35%) of 307 patients who 
underwent CA, and sustained monomorphic VT was in-
ducible in 12 (11%) of 106 patients, of whom 9 (19%) 
of 48 of those had evidence of CMR abnormalities and 
3 (5%) of 58 of those had normal CMR. Twenty pa-
tients (3%) underwent primary prevention ICD implan-
tation (10 patients in group A, 11 in group B, and none 
in group C). The indication for ICD implantation was 
the presence of CMR myocardial abnormalities associ-
ated with either history of unexplained syncope/family 
history of SCD (16 patients) or induction of hemody-
namically unstable sustained VT during PES (4 patients).

After a median follow-up of 61 months (34–84 
months), 3 patients (0.4%) died, 19 (3.0%) had a 

  Inferior wall, n (%) 23 (82) 20 (26) — <0.01

 Right ventricle

  End-diastolic volume index, mL/m2 78 (71–93) 81 (69–91) 81 (72–91) 0.83

  Ejection fraction, % 62 (59–68) 61 (57–66) 61 (56–67) 0.86

  Regional wall motion abnormalities, n (%) 1 (4) 5 (6) 32 (6) 0.86

  Intramyocardial fat signal, n (%) 0 3 (4) 2 (0.3) <0.01

  LGE, n (%) 1 (4) 6 (8) — 0.79

LGE indicates late gadolinium enhancement.

Table 1. Continued

Variable

Group A: ventricu- 
lar arrhythmia 
and ringlike LGE 
(N=28)

Group B: ventricu-
lar arrhythmia and 
non-ringlike LGE 
(N=78)

Group C: ventricu-
lar arrhythmia and 
no LGE (N=580) P value
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resuscitated cardiac arrest, and 9 (1.0%) experienced ap-
propriate ICD shocks for sustained monomorphic VT (5 
patients, all with fast VT ≥250 beats per minute) or VF 
(4 patients; Table 2). All 3 patients who died had no ICD 
implanted and experienced witnessed SCD. Overall, the 
incidence of the composite outcome was significantly 
higher among patients with inducible sustained VT (6 
patients, 50%) compared with those noninducible (9 pa-
tients, 10%; P<0.01; Figure I in the Data Supplement). All 
6 patients with VT inducibility who experienced events at 
follow-up also had evidence of LGE on CMR. CA (hazard 
ratio [HR], 0.96 [95% CI, 0.47–1.94]; P=0.90) or acute 
ablation success (HR, 0.47 [95% CI, 0.15–1.46]; P=0.23) 
did not appear to affect the composite outcome during 
follow-up. Similarly, the use of β-blockers (HR, 1.95 [95% 

CI, 0.91–4.14]; P=0.18) or antiarrhythmic drug (HR, 2.64 
[95% CI, 0.82–5.61]; P=0.15) had no significant interac-
tion with the composite outcome at follow-up.

By Kaplan–Meier analysis, the risk of composite 
outcome was significantly higher in group A patients 
compared with group B and group C patients (log rank 
P<0.01; Figure 4). Moreover, the presence of ringlike 
scar was significantly associated with worse outcomes 
compared with other scar patterns (HR, 2.58 [95% CI, 
1.24–5.34]; P=0.02) even after adjustment for LGE ex-
tent (HR, 2.39 [95% CI, 1.11–6.01]; P=0.03). In par-
ticular, Kaplan–Meier analysis of patients with ringlike 
LGE versus those with non-ringlike LGE, stratified by 
the highest tertile of LGE extent (≥5%), shows that 
the incidence of the composite end point was higher 

Figure 3. Distribution of left ventricular scar.
Distribution of LGE according to the 17-segment American Heart Association model (A) and myocardial layers (B; outer circle, subepicardial layer; middle circle, 
midwall; inner circle, subepicardial layer). LGE indicates late gadolinium enhancement.

D
ow

nloaded from
 http://ahajournals.org by on February 21, 2023



Muser et al Ringlike LGE and Ventricular Arrhythmias

Circulation. 2021;143:1359–1373. DOI: 10.1161/CIRCULATIONAHA.120.047640 April 6, 2021 1367

ORIGINAL RESEARCH 
ARTICLE

for patients with ringlike LGE, irrespective of LGE ex-
tent (Figure  4). Furthermore, the ringlike pattern of 
LGE was associated with a significantly higher inci-
dence of outcome events during follow-up also when 
compared with a similar extent of LGE in contiguous 
segments with a non-ringlike distribution (Figure II in 
the Data Supplement).

After multivariable adjustment, the presence of LGE 
with ringlike pattern remained independently associat-
ed with increased risk of the composite end point (HR, 
68.98 [95% CI, 14.67–324.39]; P<0.01; Table 3).

Prevalence of Additional Risk Factors 
According to LGE Pattern and Outcome 
Events
A total of 80 patients (12%) had at least 1 additional 
risk factor, which included family history SCD/cardio-
myopathy, history of syncope, multifocal PVC, and sus-
tained VT induction at PES. The prevalence of additional 
risk factors was not significantly different between pa-
tients with a ringlike LGE pattern who experienced out-
come events over follow-up compared with those who 
remained free from events (64% vs 57%; P=1.00). In 
contrast, patients with non-ringlike LGE pattern who 
had events at follow-up also had a significantly higher 
prevalence of additional risk factors compared with 
those who remained free from events (67% vs 22%; 
P<0.01) as shown in Table IV in the Data Supplement 
and in Figure 5 by Kaplan–Meier analysis.

DISCUSSION
The present study investigated whether a specific CMR 
scar phenotype characterized by LV midmyocardial/sub-
epicardial ringlike pattern of LGE is associated with risk 
of life-threatening arrhythmic events among patients 
presenting with apparently idiopathic nonsustained VA.

The main clinical messages arising from our study 
are as follows:

1. The absence of any LGE in patients with idio-
pathic VA is usually associated with a good long-
term prognosis. These patients can be reassured 
that their risk of malignant arrhythmic events over 
follow-up is low.

2. The presence of LGE does increase the risk of 
major arrhythmic events over follow-up, in line 
with previous findings. However, the extent of 
the increase in risk is not homogenous across all 
of the spectrum of patients with a positive LGE 
finding.

3. The presence of a distinct ringlike LGE pattern is 
associated with a particularly high risk of malig-
nant arrhythmic events, which is independent of 
the total LGE burden and presence of other addi-
tional risk factors. Identification of this specific LGE 
pattern in these patients deserves proper clinical 
attention, close follow-up, and careful evaluation 
for primary prevention ICD implantation.

The link between the presence of myocardial fibrosis 
detected by LGE-CMR and the risk of malignant ar-
rhythmic events in patients presenting with VA has al-
ready been reported in previous studies.5–7,11 However, 
risk stratification based only on the presence of LGE in 
patients with apparently idiopathic VA and normal ven-
tricular function remains challenging, because previous 
CMR studies have reported LGE in up to 70% of these 
patients.5,7,8 With such a high prevalence of positive 
LGE, this CMR criterion remains impractical for clinical 
decision making, particularly with respect to the selec-
tion of patients truly at high risk who may benefit from 
ICD implantation.

In this context, an evaluation of the pattern of distri-
bution of LGE may offer additional valuable prognostic 
information beyond the mere presence and extent of 
LGE. In our study, the presence of LGE with a subepi-
cardial/midmyocardial ringlike pattern was associated 
with an almost 3-fold increase in the risk compared to 
other types of scar distribution (Figure 4). These results 
are of important clinical value, because LGE distribu-
tion patterns can be readily determined by a qualitative 

Table 2. Long-Term Outcomes According to Presence and Distribution of LGE

Variable

Group A: ventricular  
arrhythmia and ringlike LGE 
(N=28)

Group B: ventricular arrhyth-
mia and non-ringlike LGE 
(N=78)

Group C: ventricular  
arrhythmia and no LGE 
(N=580) P value

Primary prevention implantable cardio-
verter-defibrillator implantation

10 (63) 11 (65) 0 <0.01

Clinical outcomes

 Death 3 (11) 0 0 <0.01

 Resuscitated cardiac arrest 6 (21) 11 (14) 2 (0.3) <0.01

  Appropriate implantable cardioverter-
defibrillator shock

5 (18) 4 (5) 0 <0.01

 Composite outcome 14 (50) 15 (19) 2 (0.3) <0.01

Values shown are n (%). LGE indicates late gadolinium enhancement.
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assessment of CMR images and, most important, do 
not require quantitative analyses that may be cumber-
some and time consuming.

Previous studies have correlated specific VA charac-
teristics, such as presence of multifocal PVC and PVC-
QRS fragmentation, with the presence of abnormali-
ties found on CMR.8,11,16,19,20 The aforementioned VA 
characteristics could be considered red flags to identify 
subjects that may present concealed cardiomyopathic 
substrates despite normal ECG and echo findings and 
prompt for a more comprehensive diagnostic workup 
including CMR, although the lack of these features 
does not necessarily rule out the presence of concealed 
structural abnormalities or a ringlike scar pattern. In-
deed, 53% of patients with evidence of LGE and 46% 
of patients with a ringlike scar pattern in our study did 
not present multifocal PVCs or PVC-QRS fragmenta-
tion. Possible explanations include the fact that some 

PVC-QRS characteristics including likelihood of frag-
mentation are related to the specific arrhythmia site 
of origin. Indeed, QRS fragmentation is commonly ob-
served for PVCs arising from the left ventricular outflow 
tract region (including aortic cusps and aorto-mitral 
continuity), the LV summit region, and the papillary 
muscles typically in the absence of detectable structural 
heart disease.21–24 Similarly, a broader QRS duration, 
which may impact the likelihood of detecting fragmen-
tation, may also be related to an epicardial focus.25,26

The presence of nonischemic LV scar with a subepi-
cardial/midmyocardial layered distribution preferentially 
involving an LV-free wall has been associated previously 
with an increased risk of SCD27 and a similar type of 
ringlike LGE distribution with genetically determined 
forms of left-dominant arrhythmogenic cardiomyopa-
thy linked to mutations in the desmoplakin or filamin 
C genes.13,28–30 It is conceivable that at least a subset 

Figure 4. The effect of presence, extent, and pattern of left ventricular scar on long-term outcomes.
Kaplan–Meier survival curves showing survival free from the composite outcome according to LGE presence and pattern (A) and stratified by the highest tertile of 
LGE extent: >5% of LV mass (B) versus ≤5% of LV mass (C). LGE indicates late gadolinium enhancement; and LV, left ventricular.
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of our patients with ringlike LGE pattern indeed were 
affected by left-dominant arrhythmogenic cardiomy-
opathy presenting with apparently idiopathic VA. In 
this regard, it is important to emphasize that a family 
history of SCD was present in 25% of patients with 
ringlike scar, and 36% of cases had family members 
with nonischemic cardiomyopathy. Our findings may 
have significant implications for genetic screening of 
the proband and clinical/genetic screening of the family 
members of the proband.13,28,29 These subjects should 
be evaluated for possible arrhythmia-related symptoms 
and screened for asymptomatic VA with ECG and/or 
more extended cardiac monitors, taking into consider-
ation that the large majority of our patients had only 
minimal or no symptoms. If repetitive VAs are detected, 
CMR investigation should be considered to assess if a 
similar ringlike LGE pattern is present. Additional stud-
ies are needed to determine whether there may be a 
benefit of “cascade” CMR screening of family mem-
bers of the proband regardless of the presence of VA. 
The lack of systematic genotype analysis for our pa-
tients and affected family members represents a limita-
tion of our study as detailed in the Data Supplement. 
However, the clinical relevance of genetic testing spe-
cifically for risk stratification of SCD is still unclear, and 
more studies are needed to determine whether specific 
genetic mutations are conclusively associated with a 

more malignant arrhythmic prognosis. In fact, to date 
genetic testing is not recommended for SCD risk strati-
fication in most cardiomyopathies with an arrhythmic 
phenotype because of the variable diagnostic yield, low 
penetrance of mutations, phenotypic heterogeneity 
even in subjects with the same mutation in the same 
family, relevance of environmental (ie, sport, overlap-
ping pathologies, and other conventional risk factors) 
and genetic modifiers, and frequent detection by next-
generation sequencing of new mutations classified as 
variants of unknown or uncertain significance with no 
immediate diagnostic or clinical implications. 31–39

The LGE extent in our sample of patients with ring-
like scar (median 7%) was lower compared with other 
reports (median, 19%–21%).13,40 Previous studies have 
reported a significant correlation among LV dysfunc-
tion, LGE extent, and ECG abnormalities, potentially 
explaining the smaller degree of LGE extent in our 
population associated with no evidence of ECG abnor-
malities.40 Furthermore, the lack of any significant ECG 
depolarization/repolarization abnormality has also been 
reported in a variable proportion of patients included in 
studies specifically focused on left-dominant forms of 
arrhythmogenic cardiomyopathy.13,28,29,40

It is interesting to note that a ringlike scar pattern 
remained associated with a substantially higher risk of 
outcome events independent of the total burden of LGE 

Table 3. Univariable and Multivariable Cox Proportional Hazards Analysis of Baseline Covariates in Relation to Outcome Events

Variable

Univariable Multivariable

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age 1.00 (0.98–1.03) 0.74   

Male sex 3.70 (1.42–9.63) <0.01   

Family history of sudden cardiac death, cardiomyopathy, or both 6.89 (3.30–14.39) <0.01   

History of unexplained syncope 7.76 (3.34–18.02) <0.01   

β-Blockers 1.95 (0.91–4.14) 0.18   

Antiarrhythmic drug therapy 2.64 (0.82–5.61) 0.15   

Premature ventricular contraction burden 0.99 (0.95–1.02) 0.54   

Multifocal premature ventricular contraction 15.70 (7.74–31.84) <0.01 5.68 (2.45–13.15) <0.01

Right bundle branch block: superior axis* 59.85 (14.13–253.35) <0.01   

Right bundle branch block: inferior axis* 9.58 (1.76–52.32) <0.01   

Left bundle branch block: superior axis* 5.68 (0.52–62.68) 0.22   

Non–left bundle branch block: inferior axis morphology 29.13 (6.95–122.08) <0.01   

Left ventricular diastolic volume indexed 1.04 (1.02–1.07) <0.01   

Left ventricular ejection fraction 0.95 (0.89–1.00) 0.09   

Ringlike late gadolinium enhancement pattern† 174.96 (39.73–770.42) <0.01 68.98 (14.67–324.39) <0.01

Non-ringlike late gadolinium enhancement† 67.89 (15.51–297.08) <0.01 25.39 (5.33–120.93) <0.01

Late gadolinium enhancement extent 1.27 (1.21–1.33) <0.01   

Catheter ablation performed 0.96 (0.47–1.94) 0.90   

Acute ablation success 0.47 (0.15–1.46) 0.23   

*In comparison with left bundle branch block: inferior axis.
†In comparison with absence of late gadolinium enhancement.
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(Figure 4) and also when compared to a similar extent of 
LGE in contiguous segments with a non-ringlike distribu-
tion. This is in line with previous reports showing that, 
in patients with idiopathic dilated cardiomyopathy, there 
is a nonlinear relationship between LGE extent and out-
comes, with predictive models using LGE presence and 
location being superior to models based on LGE bur-
den.2,4,10 In particular, it has been shown that, in patients 
with dilated cardiomyopathy, concomitant LGE in the 
septum and free-wall (possibly reflecting a ringlike pat-
tern at least in some cases) accounted for the greatest 
risk of SCD even when the absolute scar burden is small.2 
In addition, LGE was commonly observed in the absence 
of concomitant wall motion abnormalities or global LV 
dilation or dysfunction. In this regard, the peculiar non-
transmural distribution sparing the inner layers of the LV 
wall may preserve myocardial contractility, thus explain-
ing the absence of wall motion abnormalities and the 
underrecognition of the structural abnormalities detected 
at CMR by conventional transthoracic echocardiography.

Of note, the risk of outcome events associated with 
the presence of a ringlike LGE pattern appeared inde-
pendent of the coexistence of additional arrhythmic 
risk factors, whereas patients with non-ringlike LGE 
may need to present additional risk factors to have 
truly increased arrhythmic risk (Figure 5). This finding 
may have important clinical implications for the selec-
tion of patients who may benefit from prophylactic 
ICD implantation and warrants further investigation. 
In this context, we found that inducibility of VT by 
PES at the time of the CA procedure correlated with 
major arrhythmic events during follow-up. In addition, 

among patients who underwent PES, 19% of those 
with evidence of LGE on CMR had inducible VT, and 
67% of them experienced major arrhythmic events 
during follow-up confirming the value of PES in risk 
stratification of patients with nonsustained VA and 
evidence of scar on CMR.8 41

It is notable that neither CA nor acute ablation suc-
cess appeared to influence outcomes during follow-
up. It is important to point out that, in all of our cases, 
CA was performed because of symptomatic VA after 
a failed attempt at controlling symptoms with antiar-
rhythmic drug. As such, the main purpose of CA was to 
alleviate symptoms and improve quality of life and not 
specifically to prevent the occurrence of life-threatening 
arrhythmic events during follow-up. As such, although 
our analysis does not suggest a beneficial impact of CA 
on major arrhythmic outcomes over follow-up, further 
studies are needed to evaluate whether a more system-
atic adoption of CA in patients with LGE on CMR (both 
ringlike and non-ringlike) to target all spontaneous and 
inducible VA regardless of their association with symp-
toms and modify the abnormal arrhythmogenic sub-
strate may be beneficial.

The findings from this study should mainly alert the 
practicing clinicians about specific patterns of LGE on 
CMR that are associated with a particularly high risk 
of malignant arrhythmic outcomes over follow-up. 
Although our results strongly suggest that patients 
with a ringlike scar pattern may derive benefit from 
prophylactic ICD implantation, we remain cautious 
to recommend this practice because we still believe 
that a properly designed prospective study specifically 

Figure 5. The effect of additional risk factors on long-term outcomes.
Survival free from the composite outcome according to the presence of additional risk factors in patients with ringlike (A) and non-ringlike LGE pattern (B). Ad-
ditional risk factors: family history SCD/cardiomyopathy, history of syncope, multifocal PVC, and sustained VT induction at programmed stimulation (see also Table 
IV in the Supplement). LGE indicates late gadolinium enhancement; LV, left ventricular; SCD, sudden cardiac death; and VT, ventricular tachycardia.
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evaluating the benefit and risks of ICD therapy in this 
group is needed.

Study Limitations
This observational study was conducted at tertiary re-
ferral centers for the diagnosis and management of 
VA and, as such, it is affected by an unavoidable de-
gree of referral bias. Although the current standard at 
all the participating institutions, also in light of the re-
sults from this study, is to consider CMR evaluation for 
all patients referred for apparently idiopathic repetitive 
nonsustained VA to detect concealed cardiomyopathic 
substrates, this registry included data from a 16-year 
period and 7 different institutions. As expected in the 
context of a registry study of this kind, the criteria to 
proceed with CMR evaluation in patients with appar-
ently idiopathic PVC/NSVT were not prespecified. This 
factor may have introduced a degree of selection bias 
that may have influenced the prevalence of CMR ab-
normalities. However, our patient population appears 
quite representative of an unselected cohort of “all 
comers” with apparently idiopathic VA, because the 
overall patient demographics (eg, mean age and pro-
portion of males and females), as well as the regional 
distribution of VA in our study (70% arising from the 
outflow tract and 30% nonoutflow tract origin), are 
superimposable to what has been reported in other 
large series of patients with idiopathic VA.42–44 Data 
regarding the number of patients evaluated for fre-
quent PVC/NSVT during the same 16-year registry pe-
riod but not referred for CMR were not collected, and 
the criteria to refer patients to CA, PES, and ICD im-
plantation were not standardized. In this regard, the 
end point of appropriate ICD therapies can be influ-
enced by the specific device programming, thus intro-
ducing some ascertainment bias. In addition, patients 
with an ICD are inherently followed more intensively 
from an arrhythmia standpoint. The small number of 
patients with ringlike scar, as well as the small number 
of outcome events, may have underpowered the mul-
tivariable analysis to appraise independent predictors 
of outcome events, thus affecting the HR estimates. 
Data on LV remodeling and scar progression by fol-
low-up CMR were not systematically collected. Last, 
the lack of systematic genotype analysis or additional 
invasive characterization of the myocardial substrate 
with biopsy represent a limitation as further clarified 
in the Data Supplement. However, the primary objec-
tive of our study was to describe the particular clinical 
characteristics and evaluate the prognostic value of 
a specific pattern of LGE distribution in subjects with 
apparently idiopathic VA. As such, an additional char-
acterization of the underlying myocardial substrate or 
genetic analysis, although of interest, was beyond the 
scope of our study and needs additional investigation.

Conclusions
In patients presenting with apparently idiopathic non-
sustained VA based on routine diagnostic investigation, 
the presence of nonischemic LV LGE with a subepicar-
dial/midmyocardial ringlike distribution identifies a sub-
group at particularly high risk of malignant arrhythmic 
events during follow-up. Identification of this specific 
LGE pattern deserves proper clinical attention, close 
follow-up, and careful evaluation for primary preven-
tion ICD implantation.
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