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Background
Contrast-enhanced cardiovascular magnetic resonance (CMR) with late gadolinium enhancement (LGE) has emerged as an in vivo marker of myocardial fibrosis, although its significance in identifying high risk hypertrophic cardiomyopathy (HCM) patients remains unresolved. Previous meta-analyses have included studies with data involving overlapping patient populations, thus confounding effect estimates.

Methods
We searched PubMed and Web of Science for clinical trials that investigated the prognostic utility of LGE in HCM patients. We excluded studies with overlapping data. Pooled odds ratios (ORs), hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated to assess the role of LGE CMR in the risk stratification of HCM patients.

Results
Five studies of unique cohorts were retrieved from 393 citations for the analysis. In total, 2993 patients (mean age = 54.6 years; median follow up = 36.8 months) were included. After synthesizing data, meta-analysis showed that the presence of LGE was associated with a significantly increased risk of sudden cardiac death (SCD)/aborted SCD (pooled OR = 3.42, 95%CI = 1.97-5.94; P < 0.001), cardiac death (pooled OR = 2.93, 95%CI = 1.53-5.61; P = 0.001), all-cause mortality (pooled OR=1.80, 95%CI = 1.21-2.69; P = 0.004), and a trend towards increased risk of heart failure death (pooled OR = 2.21, 95%CI = 0.84-5.80; P = 0.107). Three publications reported results with quantitative LGE. There was a significant relationship between the extent of LGE and risk of SCD (pooled HR 1.56/10% LGE, 95% CI = 1.33-1.82, p < 0.0001), all-cause mortality (pooled HR 1.29/10%LGE, 95% CI = 1.09-1.51, p = 0.002), heart failure mortality (pooled HR 1.61/10% LGE, 95% CI 1.21-2.13, p = 0.001), and cardiovascular mortality (pooled HR 1.57/10% LGE, 95% CI 1.30-1.89, p < 0.001). After adjusting for baseline characteristics, the extent of LGE remained a strong independent predictor for SCD events (pooled HRadjusted 1.36/10%LGE, 95% CI 1.10-1.69, p = 0.005).

Conclusions
Extensive LGE by CMR identifies high-risk HCM patients, and is an independent predictor of sudden death. Quantitative assessment of myocardial fibrosis by LGE can thus be a clinically useful tool to help risk stratify patients with HCM.[image: A12968_2016_Article_5041_Fig1_HTML.jpg]
Figure 1Forest plot of presence of LGE and risk of adverse events.
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All cause mortality

Study name Statistics for each study
Odds Lower Upper
ratio  limit limit p-Value
Bruder et al (2010) 5469 1.242 24083 0.025
Rubinshtein et al (2010) 3.580 0.764 16.775  0.106
Chan et al (2014) 1931 1.043 3575 0.036
Ismail et al (2014) 1.264 0.691 2312 0447
1.803 1.208 2689  0.004
Cardiac Death
Study name Statistics for each study
Odds Lower Upper
ratio  limit limit  p-Value
Bruder et al (2010) 8.008 1.036 61.869 0.046
Rubinshtein etal (2010) 10.328 0.578 184.512  0.112
Chan et al (2014) 31471 1.295 7.761  0.012
Ismail et al (2014) 1.542 0492 4835 0457
2929 1.530 5.605 0.001

SCD/Aborted SCD
Study name Statistics for each study
Odds Lower Upper
ratio limit limit p-Value
Bruder et al (2010) 5.145 0.646 40.996 0.122
Rubinshtein et al (2010) 13.622 0.781 237.552 0.073
Chan et al (2014) 3324 1628 6.786  0.001
Hen et al (2014) 8.097 0470 139.565 0.150
Ismail et al (2014) 2344 0784 7.006 0.127
3.419 1.967 5.941 0.000

HF death
Study name Statistics for each study
Odds Lower Upper
ratio  limit limit  p-Value
Bruder et al (2010) 5557 0303 101.895 0.248
Rubinshtein et al (2010)  3.905 0.186 81.839  0.380
Chan et al (2014) 15.088 0.833 273.442 0.066
Ismail et al (2014) 1.280 0.397 4124  0.679
2211 0.843 5798  0.107
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