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We thank Dr. Schnell and Professor Carré for their interest in our study.1 They quite correctly emphasize the importance of additional clinical evaluation of athletes presenting with T-wave inversion (TWI) and a normal echocardiogram, which can diagnose a cardiac condition, specifically cardiomyopathy or myocarditis, in up to 20% of individuals. In this setting, cardiac magnetic resonance imaging appears to be the most useful additional investigation.1
The are likely multiple reasons for the comparatively low genetic yield of 10% despite a comprehensive panel of 311 genes. As the authors imply, several variants of undetermined significant were discovered that might prove pathogenic in the future. It is also well established that some inherited cardiac conditions, including the apical variant of hypertrophic cardiomyopathy (HCM),2 have a low genetic yield. However, data is also emerging which point to more complex mechanisms at play, including the influence of modifier genes and epigenetic variables. An interaction of several factors may therefore be required to cause full expression of an inherited cardiac condition in some individuals, even in diseases traditionally regarded as monogenic (including HCM3).
Despite comprehensive clinical evaluation and genetic testing, the cause of TWI remained unknown in 80% of our athletes. This may partly be explained by the variable age-related penetrance of HCM, for which reason we strongly recommend regular repeat evaluation and long-term follow-up of athletes with TWI. Indeed, a recent publication from our group highlighted the importance of this strategy, demonstrating how a single ECG screening will fail to detect a significant proportion of young athletes who willdevelop a cardiomyopathy.4 A second possibility is that in some athletes, particularly those of African/Afro-Caribbean ethnicity, TWI may simply be the manifestation of athlete’s heart. However, based on current evidence we would caution against attributing TWI solely to exercise, particularly when present in the  lateral leads. Indeed, lateral TWI was associated with a clinical diagnosis of cardiomyopathy in approximately 60% of white athletes and 18% of black athletes. Furthermore, the presence of lateral TWI was associated with a pathogenic or likely pathogenic variant in 14% of our cohort.  
We agree with the authors that systematic evaluation of first-degree relatives of athletes with TWI is likely to prove a fruitful avenue of further investigation. Indeed, similar approaches in the setting of sudden arrhythmic death syndrome have shown to significantly increase the yield of diagnoses beyond genetic testing through molecular autopsy.5 Such a strategy would not only be important for determining whether TWI represents a subtle or early manifestation of a cardiac disorder in any given individual, but would also help inform co-segregation studies in those families with variants of uncertain significance.

In clinical practice, however, systematic screening of first-degree relatives of an athlete poses several challenges. For one, a large proportion of our cohort were from overseas and their families did not reside in the UK, making clinical evaluation of first-degree relatives difficult in this setting. Secondly, when invited for review, some relatives may express concern about a potential abnormality being discovered when they are otherwise well and asymptomatic and their relative does not have a clear phenotype. Ultimately, long-term follow-up and large international registries of athletes with TWI will likely prove the most useful avenue in unravelling the enigma of this repolarization anomaly.
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