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Abstract  

Background: Cardiac magnetic resonance (CMR) allows comprehensive myocardial tissue characterization, 

revealing areas of myocardial inflammation or fibrosis that may predispose to ventricular arrhythmias 

(VAs). With this study we aimed to estimate the prevalence of structural heart disease (SHD) and decipher 

the prognostic implications of CMR in selected patients presenting with significant VAs. 

Methods: Electronic databases were searched for studies enrolling adult patients that underwent CMR for 

diagnostic or prognostic purposes in the setting of significant VAs. A random effects model meta-analysis of 

proportions was performed to estimate the prevalence of SHD. Hazard ratios (HRs) were pooled together in 

order to evaluate the prognostic value of CMR. 

Results: The prevalence of SHD was reported in 18 studies. In all-comers with significant VAs, the pooled 

rate of SHD post-CMR evaluation was 39% (24% in the subgroup of premature ventricular contractions 

and/or non-sustained ventricular tachycardia vs. 63% in the subgroup of more complex VAs). A change in 

diagnosis after use of CMR ranged from 21% to 66% with a pooled average of 35% (29%-41%). A non-

ischaemic cardiomyopathy was the most frequently identified SHD (56%), followed by ischaemic heart 

disease (21%) and hypertrophic cardiomyopathy (5%). After pooling together data from six studies, we 

found that the presence of late gadolinium enhancement was associated with increased risk of major adverse 

outcomes in patients with significant VAs (pooled HR: 1.79; 95% CI: 1.33-2.42). 

Conclusion: CMR is a valuable tool in the diagnostic and prognostic evaluation of patients with VAs. CMR 

should be considered early after initial evaluation in the diagnostic algorithm for VAs of unclear etiology as 

this strategy may also define prognosis and improve risk stratification. 

 

Keywords: cardiac magnetic resonance; ventricular arrhythmias; meta-analysis 
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What is already known on this topic 

 The presence of SHD not only has important therapeutic implications, but also plays a central role in 

risk stratification of patients with significant VAs. 

 CMR allows comprehensive myocardial tissue characterization, revealing areas of myocardial 

inflammation or fibrosis that may predispose to VAs. 

 

What this study adds 

 CMR represents an indispensable imaging tool in the armamentarium for the diagnosis and risk 

stratification of patients with significant VAs. 

 Non-ischaemic causes of VAs are more frequently identified compared to ischaemic, when CMR is 

utilized. 

 

How this study might affect research, practice or policy 

 CMR may be considered early in the diagnostic evaluation of selected patients with VAs of unclear 

etiology, in order to aid decision making regarding the need for further investigations and define 

prognosis. 
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Abbreviations 

 

ACM: Arrhythmogenic cardiomyopathy 

CAD: Coronary artery disease 

CMR: Cardiac magnetic resonance 

HCM: Hypertrophic cardiomyopathy 

IHD: Ischaemic heart disease 

LGE: Late gadolinium enhancement  

MACE: Major adverse cardiovascular events 

NSVT: Non-sustained ventricular tachycardia 

PVCs: Premature ventricular contractions 

SCD: Sudden cardiac death 

SHD: Structural heart disease 

VA: Ventricular arrhythmia 

VF: Ventricular fibrillation 
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Introduction 

Ventricular arrhythmias (VAs) are a major cause of cardiovascular morbidity and mortality worldwide, 

accounting for the vast majority of sudden cardiac deaths (SCD)
1
. Although isolated premature ventricular 

contractions (PVCs) are commonly seen in individuals with structurally normal hearts, more complex forms 

of VAs (i.e. frequent/polymorphic PVCs, ventricular tachycardia – VT, ventricular fibrillation – VF) are 

usually a marker of underlying structural heart disease (SHD)
2
. The presence of SHD in patients with VAs 

not only has important therapeutic implications, but also plays a central role in risk stratification, 

representing a major determinant of unfavorable outcomes
3
.   

Echocardiography is the first-line imaging modality used to assess for SHD in patients with VAs
4
. However, 

normal or borderline/non-specific echocardiographic findings cannot exclude the possibility of underlying 

cardiomyopathy or an arrhythmogenic substrate
5
. On the other hand, cardiac magnetic resonance (CMR) 

bears the additional benefit of comprehensive myocardial tissue characterization, revealing areas of 

myocardial inflammation or fibrosis that may predispose to arrhythmias
6
. In fact, several studies have 

explored the diagnostic and prognostic value of CMR in selected patients with VAs, but their results have 

not yet been quantitatively synthesized in terms of a meta-analytic approach
7-11

.   

Therefore, herein, we performed a meta-analysis to estimate the prevalence of SHD in patients presenting 

with significant VAs. We also investigated the prognostic value of CMR in this patient population. 

Methods 

Eligibility criteria 

Studies published in the English language reporting CMR data on diagnostic (SHD detection) or prognostic 

outcomes in the setting of significant VAs in adult patients were eligible for inclusion. The presence of SHD 

was defined as either diagnosis of SHD according to the investigators or structural abnormalities consistent 

with the presence of SHD (wall motion abnormalities, delayed gadolinium enhancement, intramyocardial fat 

signal). We defined significant VAs as any of the following: premature ventricular contractions (PVCs) that 

were considered by the study investigators to be of clinical importance based on their clinical presentation, 

complexity, or frequency; VT, either sustained or non-sustained (NSVT); VF; aborted SCD. Eligible studies 



                               

6 

 

had to report the number of patients assigned to a new or alternative diagnosis following CMR, either 

directly or via proportion of the total number of patients.  

For the prognostic meta-analysis, eligible studies had to report hazard ratio (HR) for the association of CMR 

with adverse outcomes.  

Search strategy – Information sources 

 Electronic databases (Medline, Scopus, Cochrane Library) were searched for relevant studies, up to 

February, 2024. To this end, we used the following search algorithm: (“cardiac magnetic resonance” OR 

CMR) AND (“ventricular arrhythmias” OR sudden cardiac death OR ectopy OR “premature ventricular 

complexes”). The reference lists of the included studies and relevant reviews were also examined for further 

eligible studies. 

Selection process – Data collection process 

Two reviewers (CAP and MAB) independently screened retrieved studies at title and full-text level. Any 

discrepancies were resolved by consensus, with the involvement of a third reviewer (TK). A pre-specified 

form was used to extract epidemiological and clinical data of the included studies. 

Outcomes of Interest 

The primary outcome of interest was the rate of SHD post-CMR evaluation. In a secondary sub-analysis, we 

estimated the rate of change in diagnosis post-CMR as a secondary outcome, excluding studies that reported 

only data for structural abnormalities without assigning a final clinical diagnosis. We also determined the 

proportions of types of SHD post-CMR evaluation. Given the fact that some cardiomyopathies may have 

overlapping and indistinguishable features on CMR, we classified the most common SHDs into three main 

categories based on distinct anatomical and morphological characteristics: (i) ischaemic heart disease (IHD), 

(ii) non-ischaemic cardiomyopathy, including dilated cardiomyopathy (DCM), arrhythmogenic 

cardiomyopathy (ACM) and inflammatory cardiomyopathies (myocarditis and/or sarcoidosis) and (iii) 

hypertrophic cardiomyopathy (HCM). 

For the prognostic meta-analysis, major adverse cardiovascular outcomes (MACE) that included death 

and/or arrhythmic endpoints were assessed. 

Risk of bias of individual studies 
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The QUIPS tool was used for the quality assessment of the prognostic studies. Each study was assessed as 

being of low, moderate, or high risk of bias for any of the following domains: study participation, study 

attrition, prognostic factor measurement, outcome measurement, study confounding, statistical analysis, and 

reporting. 

Statistical analysis 

Meta-analysis of proportions using the logit transformation method was performed in order to estimate the 

prevalence of SHD, to explore the impact of CMR on diagnostic reclassification and determine the 

distribution of the most common disease entities in patients with significant VAs
12

. A random effects model 

(Mantel-Haenszel method) was selected a priori given the heterogeneity in study design across the included 

studies. Between-study heterogeneity was assessed with the I
2
 statistic. Values lower than 25% indicated 

low, while values greater than 70% indicated severe heterogeneity
13

. Funnel plot and Egger’s test were used 

to assess the risk of publication bias. To evaluate the impact of each study on the overall effect size, one 

study removed sensitivity analysis was performed. Finally, potential sources of between-study heterogeneity 

were investigated via subgroup analysis based on the severity of presenting VAs (PVCs and/or NSVT vs. 

unstable VAs/aborted SCD). 

HRs (unadjusted or adjusted) and corresponding 95% confidence intervals (CI) of individual studies were 

pooled together in order to evaluate the prognostic value of CMR. All analyses were performed using 

Revman version 5.3 (Copenhagen: The Nordic Cochrane Center, The Cochrane Collaboration, 2014) and 

Comprehensive Meta-analysis version 2 (Englewood, New Jersey). 

 

Results 

Electronic search yielded 3,189 studies. Following screening at titles and abstract level, 33 full-texts were 

assessed for eligibility. Finally, 21 unique studies (13 studies reporting data on the prevalence of SHDs, 3 

studies reporting prognostic data and 5 studies reporting both diagnostic and prognostic data) met eligibility 

criteria and were included in this review
6-11, 14-21

. A detailed flow diagram is shown in Figure 1.   

Meta-analysis of SHD prevalence 

Characteristics of included studies 
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18 studies enrolling 4,275 patients were included in the meta-analysis of SHD prevalence
6, 7, 9-11, 14-19, 22-28

. 

Two studies (Zorzi et al. 2021 and Zorzi et al. 2018) had overlapping populations but they reported data on 

different outcomes, and thus their results were used in different analyses
20, 28

.  Specifically, the study of 

Zorzi et al. 2021
28

, which was the larger one, was included in the main analysis of our study (for the 

prevalence of SHD)while the study of Zorzi et al. 2018
20

 was included only in the sub-analysis for the 

diagnostic reclassification.  

10 studies (including that of Zorzi et al. 2018) were prospective
6, 7, 10, 11, 20, 22-26

, while the rest of the studies 

had a retrospective design
9, 14-19, 27, 28

. Six studies enrolled only patients with sustained VT/VF or aborted 

SCD
6, 15-17, 19, 20

, seven studies included exclusively patients with PVCs and/or NSVT
11, 22-27

 and the rest of 

the studies included patients from the entire spectrum of VAs
7, 9, 10, 14, 18

. Except for the study of William et 

al., where CMR was performed only in the subset of patients with no SHD based on the initial investigation, 

in all other eligible studies CMR was systematically performed in all participating patients.  In all studies, 

the initial diagnostic work-up prior to CMR included clinical evaluation, electrocardiogram, and 

transthoracic echocardiography. In most studies, additional tests were performed (i.e. coronary anatomy 

assessment, electrophysiological study), when deemed appropriate by the treating physicians
6, 9-11, 14, 15, 17-20, 

23, 25
.  

Baseline patient characteristics and CMR approach 

Baseline characteristics of included studies are summarized in Table 1. The mean age of enrolled patients 

was 45±16 years. The mean left ventricular ejection fraction by CMR was 57%±9%. A multiparametric 

CMR approach, based on various parameters such as anatomical and functional indices, LGE, T1 and T2-

weighted imaging, was adopted by all studies for SHD detection. 

Visual inspection of the funnel plot and Egger’s test (p=0.36) did not reveal any significant publication bias 

(Supplementary Figure 1).  

Synthesis of individual results 

In all-comers with significant VAs, the pooled prevalence of SHD post-CMR evaluation was 39% (29%-

49%) (Figure 2). In the subgroup of patients with PVCs and/or NSVT (12 studies; 3,299 patients) the rate of 

SHD ranged from 11% to 40% with a pooled average of 24% (19%-30%) (Supplementary Figure 2). In the 
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subgroup of sustained VT and/or SCD (10 studies; 1,007 patients) the prevalence of SHD ranged from 25% 

to 83% with a pooled average of 63% (Supplementary Figure 3). 

12 studies reported data on the ability of CMR to reclassify clinical diagnosis. In these studies, pre-CMR 

evaluation led to a diagnosis in 23% (14%-35%) of the patient population. A change in diagnosis after the 

use of CMR ranged from 21% to 66% with a pooled average of 35% (29%-41%) (Figure 3). The 

corresponding value was 29% for the subgroup of PVCs and/or NSV and 39% for the subgroup of sustained 

VT and/or SCD (Supplementary Figure 4 and 5, respectively). Types of SHD identified by CMR imaging 

are shown in Table 2. A non-ischaemic cardiomyopathy was the most frequently identified SHD (pooled 

proportion among CMR-detected heart diseases: 56%), followed by IHD (pooled proportion among CMR-

detected heart disease: 21%), and HCM (pooled proportion among CMR-detected heart diseases: 5%) 

(Figure 4). Separate analyses for the specific diagnoses of non-ischaemic cardiomyopathy are shown in 

Supplementary Figure 6.   

 No significant change was detected in the rate of diagnosis change after performing one study removed 

sensitivity analysis (Supplementary Figure 7). After removing two studies
11, 17

 that excluded patients with 

CAD from the analysis for IHD proportion, its pooled proportion was 24% (95% 0.16-0.34; I
2
: 87%). 

Results remained unchanged in all sensitivity analyses (Supplementary Figure 8). 

Meta-analysis of Prognostic Studies 

Eight studies, comprising 2,889 patients in total, were included in the meta-analysis for the prognostic value 

of CMR
8, 9, 17, 21, 22, 24, 28, 29

. The median follow-up period ranged from 2.6 to 5.1 years among the included 

studies. Two studies included exclusively patients with sustained VT or aborted SCD
17, 28

, four studies 

enrolled only patients with PVCs/NSVT
21, 22, 24, 29

 and the rest of the studies included mixed patient 

populations
8, 9

. Six studies reported data on the prognostic value of late gadolinium enhancement (LGE)
8, 9, 

17, 21, 28, 29
. Three studies evaluated the prognostic significance of myocardial abnormalities detected by 

CMR
9, 22, 24

. Details on baseline characteristics and quality assessment of prognostic studies are presented in 

Table 3 and Supplementary Table 1, respectively. 

After pooling together HRs of individual studies, we found that LGE was associated with increased risk of 

MACE in patients with significant VAs (pooled HR: 1.79; 95% CI: 1.33-2.42; I
2
: 78%) (Figure 5). The 
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results remained significant even when we performed subgroup analysis based on VA type (pooled HR: 

2.41; 95% CI: 1.8-3.22; I
2
: 7% for sustained VT and/or SCD and pooled HR: 1.79; 95% CI: 1.25-2.56; I

2
: 

83% for PVCs and/or NSVT) (Supplementary Figures 9 and 10, respectively).  

Discussion 

This is a systematic review and meta-analysis on the diagnostic and prognostic role of CMR in patients 

presenting with new, significant VAs without a known underlying arrhythmogenic substrate. The main 

findings of our study can be summarized in the following key points: (i) CMR substantially improved the 

ability to detect SHD as the arrhythmogenic substrate compared to conventional investigations; (ii) CMR 

changed the initial diagnosis in one third of the patients; (iii) LGE was a powerful prognostic marker, 

conveying almost a two-fold higher risk of major adverse outcomes in patients with significant VAs.  

Transthoracic echocardiography is the first-line imaging modality used for anatomic and functional 

assessment of the heart as well as SHD detection in patients with new VAs
4
. Apart from a detailed 

echocardiographic evaluation, contemporary guidelines recommend the exclusion of                                             

CAD either invasively or non-invasively based on the patient’s pre-test probability as a first-step in the 

evaluation of patients presenting with significant VAs (i.e. NSVT, VT) or SCD
3, 4

. Nonetheless, a substantial 

proportion of these patients have non-specific or even normal echocardiographic findings and no or non-

obstructive CAD. Thus, a structural abnormality may not be detected and patients receive an alternative 

diagnosis, such as right ventricular outflow tract or idiopathic VA, or no diagnosis at all. Our study 

aggregates the results of previous studies that investigated the role of CMR in this population and provides 

specific information regarding the true prevalence of SHD. As a result, the correct diagnosis is frequently 

achieved only post-CMR. In regards to the specific population of our study, most patients were relatively 

young with preserved or mildly reduced ejection fraction. 

A non-ischaemic cardiomyopathy was more frequently detected than IHD in this population. In light of high 

morbidity and mortality rates associated with VAs, these findings have important clinical implications, since 

a rational diagnostic strategy would refine the treatment of patients with VAs
3
. 

CAD, in the form of scar from prior MI or acute coronary syndrome, is the leading cause of VT, and SCD. 

However, there are caveats in the presumed association of VAs with underlying CAD. Specifically, stable 
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obstructive CAD may just be a bystander in the setting of underlying non-ischaemic cardiomyopathies and 

in fact, a large proportion of patients with VAs are treated for coronary artery disease found in invasive 

angiograms without a CMR as part of their work-up. In other cases, myocardial fibrosis responsible for re-

entrant VAs maybe due to myocardial infarction with non-obstructive coronary arteries (MINOCA) from 

plaque rupture and embolization or recanalization
30-32

. In both scenarios, CMR can be helpful in identifying 

the underlying substrate and reaching the correct diagnosis. In our study of young patients with new 

significant VAs and no known arrhythmogenic substrate upfront, our results suggest that non-ischaemic 

causes of VAs are more frequently identified compared to ischaemic, when CMR is utilized. These findings 

of our meta-analysis, together with the fact that CMR can accurately differentiate ischaemic from non-

ischaemic cardiomyopathy based on the LGE distribution pattern
33

, suggest that CMR may be considered 

early in the diagnostic evaluation of selected patients with VAs of unclear etiology, in order to aid decision 

making regarding the need for further investigations (e.g. coronary anatomy assessment) (Figure 6). 

Certainly, a one-size-fits-all diagnostic approach would be flawed by the fact that patients with VAs 

represent a heterogeneous population with diverse clinical characteristics. Therefore, the optimal diagnostic 

approach should be individualized based on patient’s risk profile. 

The upfront use of CMR can have significant prognostic impact in these patients. CMR with LGE, as shown 

in our study, can help identify patients at higher risk for future adverse events. Similar results have been also 

reported for other tissue characterization CMR techniques. Zorzi et al. showed that the presence of 

myocardial edema, as detected on T2-weighted imaging, was independently associated with a lower risk of 

ICD discharge for arrhythmic events during follow-up in SCD survivors (HR: 0.22; 95% CI: 0.05-0.94)
28

. 

Moreover, based on the results of our subgroup analysis, CMR can effectively risk-stratify patients with 

PVCs/NSVΤ. Therefore, a close follow-up would be beneficial in patients with NSVT and LGE on CMR 

imaging, even in the absence of a specific diagnosis. Taken together, CMR represents an indispensable 

imaging tool in the armamentarium for the diagnosis and risk stratification of patients with VAs. 

 

Study Limitations and Strengths 
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 Our study has several limitations that should be acknowledged. First, some of the cardiac conditions studied 

in our meta-analysis (i.e. ACM, DCM, myocarditis) may have overlapping and indistinguishable features on 

CMR. This limitation makes the accurate differentiation of these conditions based only on CMR somewhat 

problematic, introducing a kind of misclassification bias in the existing literature. Second, a high degree of 

heterogeneity was observed in most analyses, likely due to differences in study design (patient selection, 

type of VAs studied, CMR techniques used to diagnose SHD, pre-CMR work-up used to assign an initial 

diagnosis) among the included studies. Patients with VAs represent a heterogeneous population and thus the 

reported between-study heterogeneity was anticipated and is inevitable. However, in an attempt to 

homogenize the existing data, we performed a subgroup analysis based on VAs severity (PVCs/NSVT vs. 

VT/SCD). Finally, some of the included studies were at high risk of bias, mainly due to patient selection. 

 

Conclusion 

CMR is a valuable tool in the diagnostic and prognostic evaluation of patients with VAs, by revealing an 

underlying SHD in a significant proportion of the patient population. Moreover, CMR reclassified the initial 

diagnosis based on conventional assessment in one third of the patients. CMR should be considered early 

after initial evaluation in the diagnostic algorithm for VAs of unclear etiology as this strategy may improve 

risk stratification of these patients and alter prognosis. 

 

Contributorship statement 

Conception: CAP, TDK 

Design: CAP, PNK, MAB, TDK 

Electronic search: CAP, MAB 

Data extraction: DGK, IT 

Statistical analysis: CAP, DGK, TZ 

Risk of bias: CAP, DP 

Writing: CAP, PNK, MAB TDK 

Editing/final review: All authors 

Guarantor is TDK 



                               

13 

 

REFERENCES 

1. Hayashi M, Shimizu W, Albert CM. The spectrum of epidemiology underlying sudden cardiac death. 

Circulation research. 2015;116:1887-1906 

2. Arnar DO, Mairesse GH, Boriani G, Calkins H, Chin A, Coats A, et al. Management of asymptomatic 

arrhythmias: A european heart rhythm association (ehra) consensus document, endorsed by the heart 

failure association (hfa), heart rhythm society (hrs), asia pacific heart rhythm society (aphrs), cardiac 

arrhythmia society of southern africa (cassa), and latin america heart rhythm society (lahrs). EP Europace. 

2019;21:844-845 

3. Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ, Curtis AB, et al. 2017 aha/acc/hrs 

guideline for management of patients with ventricular arrhythmias and the prevention of sudden cardiac 

death. Circulation. 2018;138:e272-e391 

4. Zeppenfeld K, Tfelt-Hansen J, de Riva M, Winkel BG, Behr ER, Blom NA, et al. 2022 esc guidelines for the 

management of patients with ventricular arrhythmias and the prevention of sudden cardiac death: 

Developed by 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 the association 

for european paediatric and congenital cardiology (aepc). European heart journal. 2022;43:3997-4126 

5. Papadopoulos CH, Oikonomidis D, Lazaris E, Nihoyannopoulos P. Echocardiography and cardiac arrhythmias. 

Hellenic journal of cardiology : HJC = Hellenike kardiologike epitheorese. 2018;59:140-149 

6. White JA, Fine NM, Gula L, Yee R, Skanes A, Klein G, et al. Utility of cardiovascular magnetic resonance in 

identifying substrate for malignant ventricular arrhythmias. Circulation. Cardiovascular imaging. 2012;5:12-

20 

7. Andreini D, Dello Russo A, Pontone G, Mushtaq S, Conte E, Perchinunno M, et al. Cmr for identifying the 

substrate of ventricular arrhythmia in patients with normal echocardiography. J Am Coll Cardiol Img. 

2020;13:410-421 

8. Dawson DK, Hawlisch K, Prescott G, Roussin I, Di Pietro E, Deac M, et al. Prognostic role of cmr in patients 

presenting with ventricular arrhythmias. J Am Coll Img. 2013;6:335-344 

9. Ge Y, Antiochos P, Seno A, Qamar I, Blankstein R, Steigner M, et al. Diagnostic impact and prognostic value of 

cardiac magnetic resonance in patients with ventricular arrhythmias. J Am Coll Img. 2023 

10. Hennig A, Salel M, Sacher F, Camaioni C, Sridi S, Denis A, et al. High-resolution three-dimensional late 

gadolinium-enhanced cardiac magnetic resonance imaging to identify the underlying substrate of ventricular 

arrhythmia. Europace : European pacing, arrhythmias, and cardiac electrophysiology : journal of the working 

groups on cardiac pacing, arrhythmias, and cardiac cellular electrophysiology of the European Society of 

Cardiology. 2018;20:f179-f191 

11. Nikolaidou C, Kotanidis CP, Wijesurendra R, Leal-Pelado J, Kouskouras K, Vassilikos VP, et al. Cardiac 

magnetic resonance to detect the underlying substrate in patients with frequent idiopathic ventricular 

arrhythmias. Diagnostics (Basel, Switzerland). 2021;11 

12. Barker TH, Migliavaca CB, Stein C, Colpani V, Falavigna M, Aromataris E, et al. Conducting proportional meta-

analysis in different types of systematic reviews: A guide for synthesisers of evidence. BMC medical research 

methodology. 2021;21:189 

13. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ (Clinical 

research ed.). 2003;327:557-560 

14. Cabanelas N, Vidigal Ferreira MJ, Donato P, Gaspar A, Pinto J, Caseiro-Alves F, et al. Added value of cardiac 

magnetic resonance in etiological diagnosis of ventricular arrhythmias. Revista portuguesa de cardiologia : 

orgao oficial da Sociedade Portuguesa de Cardiologia = Portuguese journal of cardiology : an official journal 

of the Portuguese Society of Cardiology. 2013;32:785-791 

15. Gil KE, Truong VT, Zareba KM, Varghese J, Simonetti OP, Rajpal S. Parametric mapping by cardiovascular 

magnetic resonance imaging in sudden cardiac arrest survivors. The international journal of cardiovascular 

imaging. 2023;39:1547-1555 

16. Marçal PC, Braggion-Santos MF, Wada DT, Santos MK, Moreira HT, Volpe GJ, et al. Cardiac magnetic 

resonance as an etiological diagnosis tool in recovered sudden cardiac death or unstable ventricular 

arrhythmia patients. Arquivos brasileiros de cardiologia. 2023;120:e20220411 

17. Rodrigues P, Joshi A, Williams H, Westwood M, Petersen SE, Zemrak F, et al. Diagnosis and prognosis in 

sudden cardiac arrest survivors without coronary artery disease: Utility of a clinical approach using cardiac 

magnetic resonance imaging. Circulation. Cardiovascular imaging. 2017;10:e006709 



                               

14 

 

18. Weisser-Thomas J, Ferrari VA, Lakghomi A, Lickfett LM, Nickenig G, Schild HH, et al. Prevalence and clinical 

relevance of the morphological substrate of ventricular arrhythmias in patients without known cardiac 

conditions detected by cardiovascular mr. The British journal of radiology. 2014;87:20140059 

19. William J, Xiao X, Shirwaiker A, Patel H, Prabhu S, Ling LH, et al. Diagnostic evaluation of unexplained 

ventricular tachyarrhythmias in younger adults. Journal of cardiovascular electrophysiology. 2023;34:959-

966 

20. Zorzi A, Susana A, De Lazzari M, Migliore F, Vescovo G, Scarpa D, et al. Diagnostic value and prognostic 

implications of early cardiac magnetic resonance in survivors of out-of-hospital cardiac arrest. Heart rhythm. 

2018;15:1031-1041 

21. 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 idiopathic nonsustained ventricular arrhythmias. 

Circulation. 2021;143:1359-1373 

22. Aquaro GD, Pingitore A, Strata E, Di Bella G, Molinaro S, Lombardi M. Cardiac magnetic resonance predicts 

outcome in patients with premature ventricular complexes of left bundle branch block morphology. Journal 

of the American College of Cardiology. 2010;56:1235-1243 

23. Crescenzi C, Zorzi A, Vessella T, Martino A, Panattoni G, Cipriani A, et al. Predictors of left ventricular scar 

using cardiac magnetic resonance in athletes with apparently idiopathic ventricular arrhythmias. Journal of 

the American Heart Association. 2021;10:e018206 

24. Hosseini F, Thibert MJ, Gulsin GS, Murphy D, Alexander G, Andrade JG, et al. Cardiac magnetic resonance in 

the evaluation of patients with frequent premature ventricular complexes. JACC. Clinical electrophysiology. 

2022;8:1122-1132 

25. Muser D, Santangeli P, Castro SA, Casado Arroyo R, Maeda S, Benhayon DA, et al. Risk stratification of 

patients with apparently idiopathic premature ventricular contractions: A multicenter international 

cmr registry. JACC. Clinical electrophysiology. 2020;6:722-735 

26. Scorza R, Jansson A, Sörensson P, Rosenqvist M, Frykman V. Magnetic resonance detects structural heart 

disease in patients with frequent ventricular ectopy and normal echocardiographic findings. Diagnostics 

(Basel, Switzerland). 2021;11 

27. Yokokawa M, Siontis KC, Kim HM, Stojanovska J, Latchamsetty R, Crawford T, et al. Value of cardiac magnetic 

resonance imaging and programmed ventricular stimulation in patients with frequent premature ventricular 

complexes undergoing radiofrequency ablation. Heart rhythm. 2017;14:1695-1701 

28. Zorzi A, Mattesi G, Baldi E, Toniolo M, Guerra F, Cauti FM, et al. Prognostic role of myocardial edema as 

evidenced by early cardiac magnetic resonance in survivors of out‐of‐hospital cardiac arrest: A multicenter 
study. Journal of the American Heart Association. 2021;10:e021861 

29. Ghannam M, Siontis KC, Kim MH, Cochet H, Jais P, Eng MJ, et al. Risk stratification in patients with frequent 

premature ventricular complexes in the absence of known heart disease. Heart rhythm. 2020;17:423-430 

30. Kramer CM. Role of cardiac mr imaging in cardiomyopathies. Journal of nuclear medicine : official 

publication, Society of Nuclear Medicine. 2015;56 Suppl 4:39s-45s 

31. McCrohon JA, Moon JC, Prasad SK, McKenna WJ, Lorenz CH, Coats AJ, et al. Differentiation of heart failure 

related to dilated cardiomyopathy and coronary artery disease using gadolinium-enhanced cardiovascular 

magnetic resonance. Circulation. 2003;108:54-59 

32. Repetto A, Dal Bello B, Pasotti M, Agozzino M, Viganò M, Klersy C, et al. Coronary atherosclerosis in end-

stage idiopathic dilated cardiomyopathy: An innocent bystander? European heart journal. 2005;26:1519-

1527 

33. Papanastasiou CA, Kampaktsis PN, Bazmpani MA, Zegkos T, Efthimiadis G, Tsapas A, et al. Diagnostic 

accuracy of cmr with late gadolinium enhancement for ischemic cardiomyopathy: A systematic review and 

meta-analysis. JACC. Cardiovascular imaging. 2023;16:399-401 

 

 

 

 

 



                               

15 

 

Table 1: Baseline Characteristics of Included Studies  

Study Study design Cohort 

Size 

Inclusion criteria/type of VA studied Diagnostic work-up prior to CMR CMR parameters assessed Age, years  

(mean) 

Male, % LVEF by CMR, 

%  

(mean) 

No. of patients with 

SHDs, (%) 

Definition of SHD 

Studies including patients from the entire spectrum of VAs  

Andreini et 

al., 2020 

Prospective 946 1)VEBs>1000/24h; NSVT; sustained 

VT/ Aborted SCD 

2) absence of any pathological findings 

at TTE 

Clinical evaluation; ECG; TTE Anatomical and functional 

parameters; LGE; T2-weighted 

imaging 

41±16 64 58±8 241 (25) Definite clinical diagnosis (e.g. IHD, myocarditis, ACM) based on 

established criteria 

Weisser et 

al., 2014 

Retrospective 76 VEBs (Lown≥2); VT; VF Clinical evaluation; ECG; TTE; EPS Anatomical and functional 

parameters; LGE; T2-weighted 

imaging 

45±17 51 NR 20 (26) Definite clinical diagnosis (e.g. IHD, myocarditis, ACM) based 

on established criteria 

Cabanelas et 

al., 2013 

Retrospective 113 Complex VEB; NSVT; VT/VF of 

unclear etiology based on initial 

evaluation 

Clinical evaluation; ECG; TTE; stress testing Anatomical and functional 

parameters; LGE; T1-weighted 

imaging 

42±16 58 NR 48 (42) Definite clinical diagnosis (e.g. IHD, myocarditis, ACM) based 

on established criteria 

Ge et al., 

2023 

Retrospective 642 1) NSVT; VT/Aborted SCD 

2) without ACS 

Clinical evaluation; laboratory 

investigations; ECG; TTE; EPS; stress 

testing; C/A or CCTA 

Anatomical and functional 

parameters; LGE 

54±15  60 57±10 333 (52)  Definite clinical diagnosis (e.g. IHD, myocarditis, ACM) based 

on established criteria 

Henning et 

al., 2018 

Prospective 157 1) NSVT; VT, VF/Aborted SCD 

2) without ACS<3 months 

Clinical evaluation; laboratory 

investigations;  ECG, TTE; signal average 

ECG; C/A or CCTA  

Anatomical and functional 

parameters; LGE 

54±17 75 55±14  105 (67) Definite clinical diagnosis (e.g. IHD, myocarditis, ACM) based 

on established criteria 

Studies including exclusively patients with sustained VT/VF and/or SCD  

Marçal et al., 

2023 

Retrospective 64 Unstable VAs (VT, VF)/ Aborted SCD Clinical evaluation; laboratory 

investigations; ECG; TTE 

Anatomical and functional 

parameters; LGE; T2-weighted 

imaging 

55±15 72 44±14 53 (83) Definite clinical diagnosis (e.g. IHD, myocarditis, ACM). The 

criteria for each diagnosis were not specified. 

White et 

al.,2012 

Prospective 82 1) Sustained VT/Aborted SCD 

2) without ACS≤30 days 

Clinical evaluation; ECG; TTE; C/A Anatomical and functional 

parameters; LGE; T1 and T2-

weighted imaging 

52±15 67 51±19  61 (74)  Definite clinical diagnosis (e.g. IHD, myocarditis, ACM) based 

on established criteria 

Rodrigues et 

al., 2017 

Retrospective 164 1) Sustained VT/Aborted SCD  

2) without CAD (defined as luminal 

obstruction<30%) 

Clinical evaluation; ECG; TTE; C/A; EPS Anatomical and functional 

parameters; LGE; T1 and T2-

weighted imaging 

48±15 65 58±16 80 (49) Definite clinical diagnosis (e.g. IHD, myocarditis, ACM) based 

on established criteria 

Zorzi et al., 

2021
*

 

Retrospective 101 Aborted SCD Clinical evaluation; ECG; TTE; C/A Anatomical and functional 

parameters; LGE; T2-weighted 

imaging 

46±21 71 NR 72 (71) Definite clinical diagnosis (e.g. IHD, myocarditis, ACM) based 

on established criteria 

Zorzi et al., 

2018
* 

Prospective 44 Aborted SCD Clinical evaluation; ECG; TTE; C/A Anatomical and functional 

parameters; LGE; T2-weighted 

imaging 

NR 84 NR 37 (84) Definite clinical diagnosis (e.g. IHD, myocarditis, ACM). The 

criteria for each diagnosis were not specified. 

William et 

al., 2023 

Retrospective 32 Unstable VAs; sustained VT of unclear 

etiology based on initial evaluation 

Clinical evaluation; ECG; TTE; CA or 

CCTA 

NA NR NR NR 8 (25) Definite clinical diagnosis (e.g. IHD, myocarditis, ACM). The 

criteria for each diagnosis were not specified 

Gil et al., 

2023 

Retrospective 35 Aborted SCD of unclear etiology 

based on initial evaluation 

Clinical evaluation; ECG; TTE; C/A or 

CCTA 

Anatomical and functional 

parameters; LGE; T1 and T2-

mapping 

47±14 57 49±13 26 (74) Definite clinical diagnosis (e.g. IHD, myocarditis, ACM) based 

on established criteria 

Studies including exclusively patients with PVCs and/or NSVT  

Nikolaidou et 

al., 2021 

Prospective 72 1) PVCs (≥500/24 h) or NSVT  

2) absence of any pathological findings 

at TTE 

3) No CAD 

Clinical evaluation; ECG; TTE; anatomical 

or functional assessment of coronary 

anatomy 

Anatomical and functional 

parameters; LGE; T2-weighted 

imaging; FT-CMR 

46±16 47 60±6 24 (33) Definite clinical diagnosis (e.g. IHD, myocarditis, ACM) based 

on established criteria or PVC-induced cardiomyopathy 

Scorza et 

al.,2022 

Prospective 51 1) PVCs>10,000/24h 

2) Normal findings at TTE and 

exercise test 

Clinical evaluation; ECG; TTE; Exercise 

testing 

Anatomical and functional 

parameters; LGE; T2-weighted 

imaging 

59±21 55 55±4 10 (20) Abnormal LV or RV volume, abnormal wall thickness, regional 

dyskinesia, myocardial edema, fibrosis and EF lower than 55%. 

Crescenzi et 

al., 2021 

Prospective 251 1) Athletes with >100 PVCs/24 h or ≥1 
repetitive VA (couplets, triplets, or 

NSVT)/24h 

2) Negative FH, ECG, TTE 

Clinical evaluation; ECG; TTE; Exercise 

testing; CCTA or imaging stress testing 

Anatomical and functional 

parameters; LGE; T1 and T2-

weighted imaging 

27±16 74 63±7 28 (11) Presence of LGE, fatty infiltration and/or edema 

Hosseini et 

al., 2022 

Prospective 255 1) PVCs≥5%/24h 

2) Negative initial diagnostic work-up 

Clinical evaluation; ECG; TTE Anatomical and functional 

parameters; LGE 

55±16 47 53±9 35 (14) Presence of LGE and/or regional WMAs 

Yokokawa 

et., 2017 

Retrospective 321 Patients with frequent PVCs referred 

for ablation 

 

NR Anatomical and functional 

parameters; LGE 

52±15 49 51±12 64 (20) Definite clinical diagnosis (e.g. IHD, myocarditis, ACM). The 

criteria for each diagnosis were not specified 

Aquaro et al., 

2010 

Prospective 396 1) PVCs>1,000/24h 

2) Negative initial diagnostic work-up 

Clinical evaluation; ECG; TTE; exercise 

testing 

Anatomical and functional 

parameters; FSE 

34±17 68 60±8 124 (31) RV WMAs, RV dilation and/or dysfunction and/or fatty 

infiltration based on established criteria 

Muser et al., 

2020 

Prospective 518 1) PVCs>1,000/24h 

2) Negative routine diagnostic work-up 

Clinical evaluation; ECG; TTE; Exercise 

testing or CCTA or imaging stress testing or 

C/A 

Anatomical and functional 

parameters; LGE 

44±15 57 63±7 85 (16) WMAs, fatty infiltration and/or presence of LGE 

*
Studies with overlapping population. Data from these studies were used only in different analyses 

ACM: Arrhythmogenic cardiomyopathy; C/A: Coronary angiography; CCTA: Coronary computed tomography angiography; ECG: Electrocardiogram; EF: Ejection fraction; EPS: Electrophysiological study; FH: Family history; FSE: Fast spin echo images; FT: feature-tracking; 

IHD: Ischaemic heart disease; LGE: Late gadolinium enhancement; NR: Not reported; NSVT: Non-sustained ventricular tachycardia; PVC: Premature ventricular contractions; SCD: Sudden cardiac death; TTE: Transthoracic echocardiography; VEBs: Ventricular ectopic beats; 

VF: Ventricular fibrillation
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Table 2: Distribution of Structural Heart Diseases and Diagnosis Reclassification based on CMR, as reported by Individual Studies 

Study No. of patients 

with non-CMR 

based diagnosis,  

n (%) 

Change in 

diagnosis,  

n (%) 

IHD,  

n (%) 

Non-ischemic cardiomyopathy 

(ACM, DCM, inflammatory 

cardiomyopathies),  

n (%) 

HCM, 

n (%) 

Andreini et al., 

2020 

0 (0) 241 (26) 22 (9) 185 (77) 13 (5) 

Marçal et al., 

2023 

38 (59) 15 (23) 11 (21) 9 (17) 2 (4) 

White et al.,2012 42 (51) 41 (50) 29 (48) 23 (38) 1 (2) 

Rodrigues et al., 

2017 

53 (32) 50 (31) 13 (16) 27 (34) 9 (11) 

Henning et al., 

2018 

73 (46) 48 (31) 46 (44) 52 (65) 3 (3) 

Ge et al., 2023 167 (26) 214 (33) 106 (32) 149 (45) 17 (5) 

Zorzi et al., 2021
 

32/44 (73)
*
 11/44 (25)

*
 21 (29) 24 (33) 3 (4) 

Cabanelas et al., 

2013 

0 (0) 48 (43) 7 (15) 40 (83) 1 (2) 

William et al., 

2023 

8 (21) 8 (25) 1 (13) 6 (75) 0 (0) 

Gil et al., 2023 3 (9) 23 (66) 6 (23) 15 (58) 4 (15) 

Nikolaidou et al., 

2021 

0 (0) 39 (54) 1 (3) 23 (59) 0 (0) 

Weisser et al., 

2014 

4 (5) 16 (21) 2 (10) 17 (85) 1 (5) 

* 
Results from Zorzi et al. 2018. Data on diagnostic reclassification were presented only in the study of Zorzi et al. 2018. 

ACM: Arrhythmogenic cardiomyopathy; CMR: Cardiovascular magnetic resonance; HCM: Hypertrophic cardiomyopathy; IHD: Ischemic heart disease; DCM: Dilated 

cardiomyopathy 
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Table 3: Baseline Characteristics and Results of Prognostic Studies  

Study Cohort 

size 

Patient population Study design Follow-up, 

years 

(median) 

Male, % Age, years 

(mean ± SD) 

LVEF, % 

(mean ± SD) 

CMR findings assessed 

for prognosis 

Study Outcomes Results,  

HR (95% CI) 

Ge et al., 

2023 

642 NSVT; sustained 

VT/aborted SCD 

Retrospective 4.4 60 54±15 57±10 LGE; abnormal CMR 

findings (LVEF <50%, 

presence of any wall  

WMA in the LV or RV, 

presence of LGE, and 

abnormal LV wall 

thickness meeting 

criteria for HCM) 

Composite of death, recurrent 

VT/VF requiring therapy, and HF 

hospitalization 

 

HR: 3.18 (1.8-5.5) for 

NSVT, HR: 2.69 (1.8-4) for 

sustained VT/SCD 

Zorzi et al., 

2021 

101 Aborted SCD Retrospective 3.9 71 46±21 NR LGE; ME Appropriate ICD intervention HR: 1.46 (0-6-3.54); HR: 

0.22 (0.05-0.94) 

Rodrigues 

et., 2017 

164 Sustained VT/Aborted 

SCD 

Retrospective 2.7 65 48±15 58±16 LGE Composite of significant nonfatal 

VAs (appropriate antitachycardia 

pacing or ICD shock, sustained 

VT or VF) and death 

HR: 1.9 (1.1-3.4) 

Dawson et 

al., 2013 

373 NSVT/sustained VT Prospective 2.6 64 51±15 60±13 LGE Composite of cardiac death/arrest, 

new episode of sustained VT, or 

appropriate ICD discharge 

HR: 3.3 (1.8-5.8) 

Muser et al., 

2021 

686 PVCs/NSVT Retrospective 5.1 59 NR NR LGE Composite of all-cause death, 

resuscitated cardiac arrest and 

appropriate ICD therapy 

HR: 1.27 (1.21-1.33) 

Aquaro et al., 

2010 

396 PVCs>1000/24h of 

LBBB morphology 

Prospective 
3.4

* 68 60±8 34±17 RV abnormalities 

(WMA, dilation and/or 

dysfunction, signal 

alteration) 

Composite of cardiac death, 

resuscitated cardiac arrest, and 

appropriate ICD shock. 

HR: 32 (4.2-244.8) 

Ghannam et 

al., 2019 

272 Patients with frequent 

PVCs referred for 

ablation 

 

Retrospective 
4

*
 

49 52±15 52±12 LGE Long-term VT HR: 1.4 (1.1-1.7) 

Hosseini et 

al., 2022 

255 PVCs>5%/24h Prospective 3 47 55±16 53±9 Myocardial 

abnormalities (presence 

of LGE and/or regional 

WMAs) 

Composite of mortality, VF, 

sustained VT, or reduction in 

LVEF≥10%. 

HR: 4.35 (1.34-14.15)  

* 
mean value 

CI: Confidence interval; CMR: Cardiac magnetic resonance; HR: Hazard ratio; ICD: Implantable cardioverter defibrillator; LGE: Late gadolinium enhancement; LVEF: Left ventricular ejection fraction; ME: Myocardial edema; NSVT: Non sustained ventricular 

tachycardia; PVCs: Premature ventricular complexes; SCD: Sudden cardiac death; VT: Ventricular tachycardia; VF: Ventricular fibrillation; WMA: Wall motion abnormality 
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Figure Legends  

 

Figure 1: PRISMA flow chart. The selection process is reported according to Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines. 

Figure 2: Meta-analysis results. Forest plot demonstrating rates of structural heart disease post-CMR. CI: Confidence interval; CMR: Cardiac magnetic resonance; SHD: Structural heart disease  

Figure 3: Meta-analysis results. Forest plot demonstrating rates of change in diagnosis post-CMR. CI: Confidence interval; CMR: Cardiac magnetic resonance; SHD: Structural heart disease  

Figure 4: Meta-analysis results. Forest plots demonstrating pooled proportions of (A) Non ischaemic cardiomyopathy (Inflammatory cardiomyopathy, ACM, DCM); (B) Ischemic heart disease; (C) 

Hypertrophic cardiomyopathy, post-CMR evaluation. ACM: Arrhythmogenic cardiomyopathy; CI: Confidence interval; CMR: Cardiac magnetic resonance; DCM: Dilated cardiomyopathy; HCM: 

Hypertrophic cardiomyopathy; SHD: Structural heart disease 

Figure 5: Meta-analysis results. Forest plot demonstrating pooled hazard ratios for major adverse cardiovascular outcomes. CI: Confidence interval 

Figure 6: Summary of the meta-analysis main findings and their clinical implications. CMR: Cardiac magnetic resonance; HCM: Hypertrophic cardiomyopathy; IHD: Ischemic cardiomyopathy; LGE: 

Late gadolinium enhancement; MACE: Major adverse cardiovascular outcomes; NSVT: Non-sustained ventricular tachycardia; PVCs: Premature ventricular contractions; SHD: Structural Heart Disease; SCD: 

Sudden cardiac death; SVT: Sustained ventricular tachycardia; VAs: Ventricular arrhythmias 


