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In this multicenter study we investigated whether echocardiography-derived left ventricular global 
longitudinal strain (LV GLS), an indicator of myocardial fibrosis, independently predicts a positive 
genotype in hypertrophic cardiomyopathy (HCM). We performed a cross-sectional analysis including 
HCM patients with genetic testing results and echocardiographic data from two Austrian HCM 
registries. Echocardiographic parameters were measured in post-processing analysis by a blinded 
investigator. Among 125 patients with HCM, a positive genotype was present in 39%. Worse LV 
GLS was associated with a positive genotype in univariate analysis (Odds Ratio [OR] 95% CI 1.141, 
1.018–1.279, p = 0.023). In multivariate regression analysis adjusted for genotype predictors (age 
at diagnosis < 45 years, arterial hypertension, positive family history of HCM, maximal to posterior 
wall thickness [MWTH: PWTH], reverse curve septal phenotype), the reverse curve septal phenotype 
remained as a single independent predictor of genotype-positive HCM (OR 6.948, 2.342–20.614, 
p < 0.001). Adding LV GLS to established Toronto and Mayo genotype prediction scores did not improve 
their performance. To conclude, worse LV GLS was not independently associated with genotype-
positive HCM and did not improve the diagnostic yield of genetic testing in HCM in a multivariate 
model. Our study highlights the reverse curve septal phenotype as the strongest genotype predictor in 
HCM.
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Hypertrophic cardiomyopathy (HCM) is defined as left ventricular hypertrophy not solely explained by 
abnormal loading conditions. HCM is the most common hereditary cardiomyopathy affecting up to 0.6% in 
the general population1. According to the novel 2023 ESC guidelines on cardiomyopathies, genetic testing is 
recommended to confirm the diagnosis in every patient and to enable cascade genetic testing in relatives, which 
should facilitate closer clinical follow-ups, earlier diagnosis and prevention of cardiac complications2. Moreover, 
genotype-positive (i.e. carriers of a pathogenic or likely pathogenic [P/LP] variant) compared to genotype-
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negative HCM patients are at higher risk for subsequent cardiovascular events according to the Sarcomeric 
Human Cardiomyopathy (ShaRe) Registry3. However, in clinical practice a positive genotype can only be 
identified in approximately 40% of HCM patients2. Genetic testing is a challenge to the health care system, as 
it is costly and capacities at genetic institutes are limited. Gruner et al. developed the Toronto Hypertrophic 
Cardiomyopathy Genotype Score for Prediction of a Positive Genotype in HCM („Toronto Score“). Predictors 
of a positive genotype were younger age at diagnosis, female sex, the absence of arterial hypertension, a positive 
family history of HCM, a reverse curve or neutral septal phenotype, and a higher ratio of maximal to posterior 
wall thickness (MWTH: PWTH)4. Bos et al. were able to confirm similar genotype predictors in a large cohort 
of 1053 HCM patients presenting the Phenotype-Based Genetic Test Prediction Score for Unrelated Patients 
(„Mayo Score“)5. Both scores demonstrated good to excellent diagnostic accuracy4-7. Yet, both scores show 
limited diagnostic accuracy in their intermediate ranges4,5, and underline the necessity of novel parameters to 
improve pretest probability in those patients.

In genotype-positive HCM, a higher degree of myocardial fibrosis revealed by cardiac magnetic resonance 
imaging (cMRI) was shown in several studies8-10. Echocardiography-derived myocardial deformation analysis 
is an in-expensive and readily available modality delivering left ventricular global longitudinal strain (LV GLS) 
as readout. LV GLS serves well as an indicator of myocardial fibrosis in HCM, but previous studies reported 
conflicting results regarding the associations between LV GLS and a positive genotype11-13.

In this multicenter study we aimed to investigate whether echocardiography-derived LV GLS independently 
predicts a positive genotype and improves the diagnostic yield of the Toronto and Mayo Genotype Prediction 
Score for patients with HCM.

Methods
Study design
This is an Austrian multi-center cross-sectional analysis of the HCM Registries Graz and Innsbruck. The 
study was conducted in compliance with Good Clinical Practice and the Declaration of Helsinki. All patients 
provided written informed consent to participate and both registries were approved by the ethics committees 
of the competent Medical Universities of Graz (EC-No 30–286 ex 17/18) and Innsbruck (EC-No 1192/2023). 
For this study, we included patients with a diagnosis of HCM, availability of genetic testing results and a stored 
transthoracic echocardiography study with adequate image quality of apical chamber views allowing for post-
hoc offline myocardial deformation analysis. In our study, HCM was defined as either an interventricular 
septal thickness ≥ 13 mm and guideline-defined cardiomyopathy-specific red flags, or ≥ 15 mm not explainable 
by loading conditions, or ≥ 17  mm. Patients were enrolled between 2019 and 2023. Demographic and vital 
parameters, laboratory values, signs and symptoms of HCM, past medical history, and genetic testing results 
were retrieved from registry data. Family histories of HCM and sudden cardiac death (SCD) were re-assessed 
via individual phone calls. Echocardiographic studies were performed within 6 months before or after blood 
sampling.

Genetic testing
Genetic testing was conducted in all patients either with (1) panels that included candidate genes coding 
for sarcomeric HCM; or (2) segregation analysis if the familial HCM-causing variant was known. Genotype 
was classified as positive in case of a pathogenic ([P], class V) or likely pathogenic ([LP], class IV) variant in 
accordance with international criteria14.

Echocardiographic analysis
Echocardiographic analyses were performed off-line from digitally stored electrocardiogram (ECG)-gated 
images and loops using the post-processing software TomTec (TomTec Imaging Systems, Munich, Germany), 
by a blinded investigator (VS) and as described previously15-19. Left ventricular ejection fraction (LVEF) 
was assessed via Simpson´s biplane method. Extent of hypertrophy was assessed by measuring end-diastolic 
interventricular septum and end-diastolic posterior wall thickness (PWTH) in parasternal long axis view16,20. 
Maximal left ventricular wall thickness (MWTH) was defined as the thickest end-diastolic wall measurement 
at any segment21-23. Septal phenotype was classified assessing apical four-, three-, and two-chamber views, into 
reverse curve, sigmoid, apical, or neutral17,24. Left ventricular outflow tract obstruction (LVOTO) was defined as 
a peak LVOT gradient at rest ≥ 30 mmHg2,25. Myocardial deformation analysis assessing LV GLS was performed 
using the automatically generated auto-strain as described previously15,18. Briefly, endocardial borders were 
tracked automatically defining enddiastole and endsystole via ECG. If contours were not tracked correctly by 
the software, readjustment was performed by the blinded investigator. Peak systolic strain was assessed in apical 
four-, three- and two-chamber views resulting in the average peak systolic LV GLS. For simplification purposes, 
higher LV GLS values are described as worse, while lower LV GLS is described as better in this study.

Statistical analysis
Continuous variables were reported as medians [25–75th percentile], and count data as absolute frequencies 
(column%). Group comparisons were performed with Chi-Square Test, Student´s t-Test or Mann-Whitney U 
Test, as appropriate. Correlations between continuous variables were assessed by Spearman´s rank correlation. 
Associations between LV GLS and genotype were analyzed in univariate and multivariate binary regression 
analysis. Parameters that were associated with a positive genotype in the Toronto and Mayo Score were included 
in univariate analysis, and the strongest predictors in multivariate analysis4,5. These confounders included age 
at diagnosis, positive family history of HCM, positive family history of SCD, MWTH: PWTH ratio, reverse 
curve septal phenotype, and arterial hypertension. Diagnostic accuracies of both Toronto and Mayo Score 
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(Supplementary Table S1) and the added value of LV GLS were analyzed using receiver-operating characteristics 
(ROC) analyses, and expressed as area under the ROC curve (AUC) with 95% confidence intervals (CI)4,5.

All statistical analyses were performed with IBM SPSS statistics version 29 and a P-value < 0.05 was considered 
statistically significant.

Results
The study cohort comprised 125 patients with HCM with a mean age at diagnosis of 53 ± 16 years and 38% 
women. Median NT-proBNP was 543 (193, 1396) pg/ml, and median eGFR was 79 (64, 94) ml/min/1,73 m². 
Genotype was positive in 49 patients (39%), with 34 patients (70%) carrying a P/LP variant in MYBPC3, 10 
patients (20%) in MYH7, 2 patients (4%) in MYL3, and one patient (2%) each in MYH6, TPM1 and TNNI3. 
Arterial hypertension was present in 83 patients (67%), dyslipidemia in 58 (47%), atrial fibrillation in 27 (22%), 
coronary artery disease in 18 (15%), and diabetes mellitus in 9 (7%) patients. Mean LVEF was 59 ± 7%. Median 
MWTH was 19.9 (18.2, 22.4) mm with a median PWTH of 11.2 (9.7, 12.6) mm. Resting LVOT gradient was 
available in 110 patients with a median gradient of 10 (5, 35) mmHg and 35 (32%) patients had a resting LVOT 
gradient ≥ 30 mmHg (Table 1).

Left ventricular global longitudinal strain
Median LV GLS was − 19.1 (-21.0, -16.0) and correlated significantly with LVEF (Spearman r=-0.560, p < 0.001), 
NT-proBNP (r = 0.445, p < 0.001), and Troponin T (r = 0.303, p = 0.002). Patients with prior implantable 
cardioverter-defibrillator (ICD) implantation had worse LV GLS values compared to those without ICD 
(-17.2 [-18.5, -13.1] vs. -19.4 [-21.4, -16.2], p = 0.005). LV GLS was worse in patients with compared to those 
without reverse curve septal phenotype (-18.1 [-20.2, -15.1] vs. -19.4 [-21.5, -16.4], p = 0.035), and was better 
in those with compared to those without sigmoid septal phenotype (-20.1 [-21.6, -18.1] vs. -18.1 [-20.6, -15.2], 
p = 0.006). There was no correlation between LV GLS and other genotype predictors as age at diagnosis, arterial 
hypertension, positive family history of HCM or SCD, MWTH or PWTH.

Determinants of a positive genotype
LV GLS was significantly worse in genotype-positive HCM, while LVEF did not differ between genotype-
positive and genotype-negative HCM. Genotype-positive HCM patients were significantly younger at diagnosis, 
had higher rates of ICD implantation, more often a positive family history of HCM, and lower prevalences of 
LVOTO, arterial hypertension, dyslipidemia and coronary artery disease. The reverse curve septal phenotype 
was more prevalent in genotype-positive HCM, while the sigmoid phenotype was associated with genotype-
negative HCM. MWTH did not differ between groups, while PWTH was significantly increased in genotype-
negative HCM leading to a lower MWTH: PWTH ratio in those patients (Table 1).

In univariate analyses, a positive genotype was associated with worse LV GLS (OR 1.141, CI 1.018–1.279, 
p = 0.023), younger age at diagnosis (OR 0.947, CI 0.922–0.973, p < 0.001), the absence of arterial hypertension 
(OR 0.176, CI 0.078–0.396, p < 0.001), a positive family history of HCM (OR 3.378, CI 1.454–7.846, p = 0.005), 
a reverse curve septal phenotype (OR 18.700, CI 7.207–48.523, p < 0.001), presence of either reverse curve or 
neutral septal phenotype (OR 17.571, CI 5.021–61.497, p < 0.001), and a higher MWTH: PWTH ratio (OR 9.604, 
CI 2.858–32.279, p < 0.001), p = 0.023). Stratifying MWTH and age by evidence-based cut-offs of 20 mm and 45 
years, respectively, both variables were predictive of a positive genotype (OR 2.171, CI 1.043–4.520, p = 0.038 and 
OR 5.797 CI 2.510–13.390, p < 0.001) (Table 2).

In multivariate analysis, significant parameters from univariate analyses as age at diagnosis < 45 years, positive 
family history of HCM, arterial hypertension, MWTH: PWTH ratio and a reverse curve septal phenotype were 
included in addition to LV GLS. In this model, a reverse curve septal phenotype remained as the only predictor 
of a positive genotype in HCM (OR 6.948 CI 2.342–20.614, p < 0.001) (Table 3).

When reverse curve septal phenotype was omitted from the multivariate model, family history of HCM 
(OR 2.876, CI 1.035–7.991, p = 0.043), arterial hypertension (OR 0.357, CI 0.128–0.990, p = 0.048), MWTH: 
PWTH ratio (OR 5.666, CI 1.351–23.757, p = 0.018), and age at diagnosis < 45 years (OR 3.843, CI 1.356–10.891, 
p = 0.011) independently predicted a positive genotype, while LV GLS did not (OR 1.141, CI 0.994–1.310, 
p = 0.061).

Sensitivity analyses excluding patients with prior septal reduction therapy (n = 7) yielded comparable results. 
The association between LV GLS and genotype remained statistically significant in univariate analysis (p = 0.028) 
but not in the multivariate model (p = 0.313).

Genotype-prediction scores
Both the Toronto Score (short and long model) and the Mayo Score were applied and their diagnostic accuracy 
assessed (Supplementary Table S2). Both scores showed excellent accuracies in predicting a positive genotype 
(Toronto Score: AUC 0.834, p < 0.001; Mayo Score: AUC 0.806, p < 0.001). The short model of the Toronto Score 
demonstrated acceptable accuracy (AUC 0.760, p < 0.001).

LV GLS was stratified by -19.0% as the value demonstrating best fit with a positive genotype. Regarding both 
scores, addition of LV GLS did not improve diagnostic accuracy, respectively. Within the intermediate score 
range between 0 and 6 points, the long model of the Toronto Score demonstrated poor diagnostic accuracy (AUC 
0.530, p = 0.718) which was, however, not improved by adding LV GLS (AUC = 0.523, p = 0.784) (Supplementary 
Fig. 1).
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All subjects
N = 125

Genotype +
(P/LP)
N = 49

Genotype -
N = 76 P-value

Demographics and clinical characteristics

Age at investigation, years 58 (46, 67) 51 (42, 59) 61 (53, 71) < 0.001

Age at diagnosis, years 55 (41, 66) 43 (37, 56) 60 (49, 71) < 0.001

Women, n (%) 48 (38) 18 (37) 30 (40) 0.759

Systolic BP, mmHg 136 (119, 151) 132 (115, 150) 140 (121, 152) 0.356

Diastolic BP, mmHg 80 (71, 90) 77 (68, 87) 82 (75, 92) 0.120

Heart rate (from ECG), min− 1 68 (59, 76) 67 (59, 78) 68 (59, 75) 0.726

BMI, kg/m² 26 (23, 30) 25 (24, 29) 27 (23, 31) 0.357

BSA, m² 1.93 (1.78, 2.08) 1.94 (1.79, 2.07) 1.90 (1.75, 2.09) 0.794

NYHA functional class, n (%) 0.777

I 55 (45) 22 (47) 33 (43)

II 41 (33) 17 (36) 24 (32)

II-III 17 (14) 10 (11) 12 (16)

III 10 (8) 3 (6) 7 (9)

Angina pectoris, n (%) 35 (29) 12 (26) 23 (30) 0.572

Syncope, n (%) 13 (11) 5 (11) 8 (11) 0.984

Palpitations, n (%) 36 (31) 16 (36) 20 (28) 0.357

NT-proBNP, pg/ml 543 (193, 1396) 733 (296, 1546) 466 (146, 1316) 0.139

Troponin T, pg/ml 13 (9, 20) 12 (8, 22) 29 (9, 19) 0.826

eGFR, ml/min/1,73m2 79 (64, 94) 80 (69, 98) 78 (60, 90) 0.215

ICD, n (%) * 15 (12) 11 (23) 4 (5) 0.003

primary 8 (6) 5 (10) 3 (4) 0.163

secondary 7 (6) 6 (12) 1 (1) 0.009

Prior Myectomy, n (%) 2 (2) 1 (2) 1 (1) 0.741

Prior PTSMA, n (%) 5 (4) 4 (8) 1 (1) 0.053

Comorbidities, n (%)

Arterial hypertension 83 (67) 21 (44) 62 (82) < 0.001

Dyslipidemia 58 (47) 13 (28) 45 (59) < 0.001

Diabetes mellitus 9 (7) 2 (4) 7 (9) 0.292

Atrial fibrillation 27 (22) 13 (27) 14 (18) 0.255

Coronary artery disease 18 (15) 2 (4) 16 (21) 0.009

Family history, n (%)

Positive family history of HCM 31 (25) 19 (40) 12 (16) 0.004

Positive family history of SCD 26 (21) 10 (20) 16 (21) 0.931

<50 years 12 (10) 4 (8) 8 (11) 0.662

<40 years 3 (2) 2 (4) 1 (1) 0.324

Echocardiography

Septal phenotype, n (%) < 0.001

Sigmoid 44 (36) 3 (6) 41 (54) < 0.001

Reverse curve 41 (33) 33 (69) 8 (10) < 0.001

Neutral 36 (29) 12 (25) 24 (32) 0.432

Apical 3 (2) 0 (0) 3 (4) 0.163

LVEF, % 61 (54, 65) 60 (53, 65) 61 (55, 65) 0.345

LV GLS, % -19.1 (-21.0, -16.0) -18.1 (-20.7, -15.1) -19.8 (-21.5, -16.8) 0.034

MWTH, mm 19.9 (18.2, 22.4) 20.9 (18.3, 22.5) 19.5 (18.0, 22.4) 0.377

PWTH, mm 11.2 (9.7, 12.6) 10.8 (8.9, 11.8) 11.7 (10.2, 13.9) 0.001

MWTH: PWTH ratio 1.8 (1.6, 2.0) 1.9 (1.7, 2.3) 1.7 (1.5, 1.9) < 0.001

Resting LVOT Gradient, mmHg 10 (5, 35) 9 (4, 19) 15 (5, 63) 0.064

Resting LVOT Gradient 
 ≥ 30 mmHg, n (%) 35 (32) 7 (16) 28 (41) 0.006

Genetic testing

P/LP variant, n (%) 49 (39)

MYBPC3, n (%) 34 (70)

MYH7, n (%) 10 (20)

MYL3, n (%) 2 (4)

Continued
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Discussion
In this study, worse LV GLS was not independently associated with a positive genotype in HCM patients in 
univariate analysis and did not enhance information on the HCM genotype in addition to known genotype 
predictors. To our knowledge, this is the first study aiming to improve diagnostic accuracy of the Toronto and 
Mayo Score by adding LV GLS. Our results highlight the reverse curve septal phenotype as the strongest genotype 

Multivariate binary logistic 
regression model.

Variable Odds Ratio (95% CI) P-Value

Age at Diagnosis < 45 years 2.769 (0.875–8.756) 0.083

Positive Family History of HCM 2.378 (0.768–7.364) 0.133

Arterial Hypertension 0.540 (0.173–1.6839 0.288

MWTH: PWTH 3.363 (0.730-15.487) 0.120

LV GLS 1.090 (0.936–1.268) 0.267

Reverse Curve Septal Phenotype 6.948 (2.342–20.614) < 0.001

Table 3.  Multivariate predictors of genotype-positive HCM (n = 125). Abbreviations: CI = confidence interval; 
HCM = hypertrophic cardiomyopathy; LV GLS = left ventricular global longitudinal strain; MWTH = maximal 
wall thickness; PWTH = posterior wall thickness.

 

Univariate binary logistic 
regression analyses.

Variable Odds Ratio (95% CI) P-Value

Age at Diagnosis 0.947 (0.922–0.973) < 0.001

Age at Diagnosis < 45 years 5.797 (2.510–13.390) < 0.001

Female Sex 0.890 (0.424–1.868) 0.759

Arterial Hypertension 0.176 (0.078–0.396) < 0.001

Positive Family History of HCM 3.378 (1.454–7.846) 0.005

Positive Family History of SCD 0.962 (0.396–2.334) 0.931

Reverse Curve Septal Phenotype 18.700 (7.207–48.523) < 0.001

Reverse Curve or Neutral Septal Phenotype 17.571 (5.021–61.497) < 0.001

MWTH 1.051 (0.942–1.173) 0.375

MWTH ≥ 20 mm 2.171 (1.043–4.520) 0.038

MWTH: PWTH 9.604 (2.858–32.279) < 0.001

LV GLS 1.141 (1.018–1.279) 0.023

Table 2.  Univariate predictors of genotype-positive HCM (n = 125). Abbreviations: CI = confidence interval; 
HCM = hypertrophic cardiomyopathy; LV GLS = left ventricular global longitudinal strain; MWTH = maximal 
wall thickness; PWTH = posterior wall thickness; SCD = sudden cardiac death.

 

All subjects
N = 125

Genotype +
(P/LP)
N = 49

Genotype -
N = 76 P-value

Demographics and clinical characteristics

MYH6, n (%) 1 (2)

TPM1, n (%) 1 (2)

TNNI3, n (%) 1 (2)

Table 1.  Baseline characteristics of the total sample and stratified by genotype (Genotype-positive [+] 
vs. Genotype-negative [-]) Continuous variables given as median [25th-75th percentile] and counts as 
absolute frequencies (column%).  * None of the ICD implantations were related with septal reduction 
therapy. Abbreviations: AF = atrial fibrillation; BP = blood pressure; BMI = body mass index; BSA = body 
surface area; ECG = electrocardiogram; eGFR = estimated glomerular filtration rate; HCM = hypertrophic 
cardiomyopathy; ICD = implantable cardioverter defibrillator; LP = likely pathogenic; LV GLS = left ventricular 
global longitudinal strain; LVEF = left ventricular ejection fraction; LVOT, =left ventricular outflow tract; 
MWTH = maximal wall thickness; NT-proBNP = N-terminal prohormone of brain natriuretic peptide; 
NYHA = New York Heart Association; P = pathogenic; PTSMA = percutaneous transluminal septal myocardial 
ablation; PWTH = posterior wall thickness; SCD = sudden cardiac death.
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predictor in HCM. It extends previous studies investigating associations between LV GLS and genotype-positive 
HCM in a multicenter cohort from a mid-European country.

Associations of LV GLS
LV GLS is an in-expensive and easily accessible technique, and serves well as an indicator of myocardial fibrosis 
both in HCM and other cardiac diseases12,26,27. In our cohort, worse LV GLS was associated with surrogates 
of heart failure severity, including a lower LVEF, higher NT-proBNP and higher Troponin T levels. Extensive 
late gadolinium enhancement (LGE) in cMRI is an additional risk factor for SCD2,28. In line with this, patients 
with previous ICD implantation in our study had worse LV GLS values than those without. Moreover, LV GLS 
was worse in patients with reverse curve septal phenotype compared to those without, and better in those with 
sigmoid septal phenotype compared to those without. The same associations between both reverse curve and 
sigmoid septal phenotype and LV GLS were described previously by Geske et al. The authors also reported 
associations between higher maximum wall thickness and worse LV GLS, which were not observed in our 
cohort11.

Genotype-positive HCM and LV GLS
There is a strong rationale linking worse LV GLS with a positive genotype in HCM. In large cohorts, genotype-
positive compared to genotype-negative HCM patients had more advanced heart failure, cardiac fibrosis and a 
higher risk of subsequent HCM complications, including arrhythmias and heart failure3,8-10. In that regard, LV 
GLS may not only serve as an indicator of myocardial fibrosis, but also of worse cardiac function. Interestingly, 
in our sturdy there was no difference between genotype-positive and -negative patients regarding LVEF, NT-
proBNP and Troponin T, which is in line with a previous study indicating that LV GLS delivers information on 
myocardial disease beyond these parameters12. Still, results from previous studies on associations between LV 
GLS and genotype in HCM are conflicting11,13. In 2014 Geske et al. reported worse regional strain values mid-
inferoseptal, basal anteroseptal and basal inferoseptal in genotype-positive HCM, while LV GLS was similar 
in genotype-positive and genotype-negative HCM even in univariate analysis. They reported a younger age at 
diagnosis compared to our cohort (43 ± 18 vs. 53 ± 16 years), a higher number of prior ICD implantation (27% 
vs. 12%), more patients with positive family history of HCM (43% vs. 25%), and higher LVEF (68 ± 8 vs. 59 ± 7%), 
while the prevalence of positive genetic testing was identical, with 39%. In the cohort of Geske et al., one third of 
all patients had prior septal reduction therapy (SRT), which might have influenced regional deformation analysis 
(6% prior SRT in our cohort). Geske et al. associated worse regional strain values with the reverse curve septal 
phenotype, and better values with the sigmoid phenotype, which is similar to univariate associations with LV 
GLS observed in our cohort. While distribution of septal phenotypes was overall comparable in both cohorts 
(sigmoid 39% vs. 36%; reverse curve 33% both), genetic testing results in septal phenotype subgroups differed 
substantially. In our cohort, only three patients with sigmoid phenotype were genotype positive, which may partly 
explain the differing results in univariate analysis regarding global strain values11. In 2023 Zhang et al. reported 
conflicting results showing better LV global circumferential strain (LV GCS), LV global radial strain (LV GRS) 
and LV GLS values in genotype-positive HCM in their cohort of 117 Chinese patients. Characteristics from their 
cohort differ from ours with younger age at diagnosis and lesser comorbidities as arterial hypertension, diabetes 
mellitus and coronary artery disease. Moreover, they adjusted for known genotype predictors, but their analyses 
are limited by omitting septal phenotype as a covariate13.

Zhang et al. hypothesized that LV GLS might be increased in early stages of genotype-positive HCM 
indicating hypercontractility, and may decrease during the disease course as a marker of myocardial fibrosis and 
heart failure progression13. In our study and the study by Geske and colleagues, the reverse curve and sigmoid 
septal phenotype, as a visualization of differences in septal wall thickness at different positions of the septum, 
were strongly associated with LV GLS11. Our study suggests that worse LV GLS is rather a function of septal 
phenotype than of the underlying genotype. Integrating existing literature with our findings, evidence is likely 
insufficient to consider LV GLS as a valid surrogate for genotype-positive HCM.

Genotype prediction scores
According to the 2023 cardiomyopathy guidelines genetic testing is recommended in every HCM patient to 
enable diagnosis, prognosis, therapy and cascade genetic testing2. With growing awareness among clinicians, 
ubiquitously applied genetic testing is becoming a challenge to the health care system since it is costly and in 
Austria only available at selected genetic institutes which are constantly strained with assignments and unable 
to deliver reports timely. The Toronto and Mayo Score are easily applicable in a clinical setting and are useful in 
tailoring genetic testing4,5. Validation of both scores has been performed previously and indicates generalizability 
to the overall HCM populations4-7. Both scores proved to be of excellent accuracy in our cohort and can be used 
to support physicians in clinical decision-making. Still, diagnostic accuracy in the intermediate score group 
remains low and could not be improved by adding LV GLS in our study. In those patients, the decision on 
whether a genetic testing should be performed still remains difficult and needs to be assessed individually in 
clinical practice.

Limitations
The results of our study are limited by the small sample size increasing the risk of type II error. As HCM is mainly 
a regional myocardial disease, the lack of regional strain analysis is one of the major limitations of our study. 
Moreover, since cohorts were enrolled from referral centers, referral bias may preclude generalizability to the 
overall HCM population. Yet, baseline characteristics are overall comparable to larger HCM cohorts such as the 
ShaRe registry3.
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Conclusions
Worse LV GLS was not independently associated with genotype-positive HCM in our study and did not improve 
the diagnostic accuracy of established genotype prediction scores. Our study highlights the reverse curve septal 
phenotype as the strongest genotype predictor in HCM. Further studies are warranted to optimize genetic 
testing strategies in HCM patients.

Data availability
The data underlying this article will be shared on reasonable request with the corresponding author.
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