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Abstract

Genetic testing for hypertrophic cardiomyopathy (HCM) can provide an important clinical marker 

for disease outcome and family screening. This study set out to validate our recently developed 

phenotype-based HCM genotype predictor score. Patients clinically diagnosed with HCM and 

evaluated by genetic counselors comprised the study cohort. Genotype score was derived based on 

clinical and echocardio-graphic variables. Total score was correlated with the yield of genetic 

testing. Of 564 HCM patients, 198 sought genetic testing (35 %; 55 % male; mean age at 

diagnosis, 50 ±20 years). Of these, 101 patients (51 %) were genotype positive for a HCM-

associated genetic mutation (55 % male; mean age at diagnosis, 42 ± 18 years). Cochran-Armitage 

analysis showed similar, statistically significant trends of increased yields for higher genotype 

scores for both the original and study cohort. Validated by the current study, this scoring system 

provides an easy-to-use, clinical tool to aid in determining the likelihood of a positive HCM 

genetic test.

J. Martijn Bos, Bos.Martijn@mayo.edu. 

Electronic supplementary material The online version of this article (doi:10.1007/s12265-016-9681-5) contains supplementary 
material, which is available to authorized users.

Compliance with Ethical Standards
Conflict of Interest The authors declare that they have no competing interests.

Human Subjects/Informed Consent Statement All procedures followed were in accordance with the ethical standards of the 
responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 
2000 (5). Informed consent was obtained from all the patients for being included in the study. No animal studies were carried out by 
the authors for this article.

HHS Public Access
Author manuscript
J Cardiovasc Transl Res. Author manuscript; available in PMC 2016 June 14.

Published in final edited form as:
J Cardiovasc Transl Res. 2016 April ; 9(2): 153–161. doi:10.1007/s12265-016-9681-5.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

Hypertrophiccardiomyopathy; Genetics; Sudden cardiac death; Genotype predictor

Introduction

Hypertrophic cardiomyopathy (HCM) is one of the most common inherited cardiac diseases 

affecting about 1 in 500 individuals [1]. Typically inherited in an autosomal dominant 

fashion, its phenotype is characterized by variable penetrance and expressivity [2]. 

Currently, over 24 genes associated in the pathogenesis have been identified, and clinical 

genetic testing has been available for over a decade. While genetic testing gene panels may 

vary in size depending on the company or institution providing the test, all panels at 

minimum include the nine established and most commonly associated myofilament HCM 

genes (ACTC1, MYBPC3, MYH7, MYL2, MYL3, TNNC1, TNNI3, TNNT2, and TPM1). 

Genotype-phenotype correlations have shown variable results among different cohorts [3–

15], and while the mutant genotype is present at birth, HCM can be phenotypically silent 

during early childhood only to become manifest as a clinical entity during puberty, 

adolescence, or even later in adulthood. Following diagnosis of a patient with HCM, 

screening of all first degree relatives of a confirmed HCM index patient is advocated by 

current HCM guidelines [16, 17]. This is done using a combination of clinical history, 

physical examination, electrocardiography, and echocardiography, while mutation-specific 

confirmatory genetic testing is reserved for first degree relatives of a HCM patient after a 

specific HCM-associated mutation has been identified in the index case [16–18].

Currently, the yield of genetic testing for the known HCM-associated genes in a confirmed 

index patient ranges from 30 to 50 % [8–15]. Thus, clinical tools to determine the a priori 

yield of genetic testing have emerged to aid physicians and their patients in the decision 

whether to pursue genetic testing [5, 6, 14, 19–21]. In a recent publication from our 

institution [20], we reported the development of a new phenotype-based, genetic prediction 

score that uses six routinely assessed, clinical parameters to create a score that associates 

strongly with the likelihood of a positive HCM genetic test result. To establish the usability 

of this tool in clinical practice, we herein aimed to validate the original genotype predictor 

score using a new cohort of HCM patients seen by a certified genetic counselor as a routine 

part of their Mayo Clinic HCM evaluation.

Methods

In this IRB approved study, a retrospective review of the electronic medical record (EMR) 

was performed of all HCM patients seen by a cardiac genetic counselor between January 1, 

2005 and June 30, 2014. The study cohort included all patients with a confirmed diagnosis 

of HCM using standard clinical, electrocardiographic, and echocardiographic criteria seen in 

the Mayo Clinic HCM Clinic. This created a distinct validation cohort to compare to our 

original study cohort comprised of patients evaluated at Mayo Clinic used in manuscript that 

first described the genotype predictor score [20]. Again, this validation cohort is distinct 
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from the sentinel study as these patients were evaluated at Mayo Clinic in the time frame 

after enrollment of the research cohort had ended.

During consultation with one of our genetic counselors, all the patients were offered genetic 

testing for HCM using any of the commercially available genetic tests. The philosophy of 

the Department of Clinical Genetics at the Mayo Clinic is to inform patients, but not to sway 

the ultimate decision as to whether or not the patient will pursue testing. Counselors try to 

remain neutral in the discussion about advantages and disadvantages of testing, simply 

providing enough information for patients to make educated decisions. Genetic tests were 

chosen based on available insurance reimbursement and patient preference. Genetic analysis 

was performed by several commercial companies, including Transgenomic, GeneDx, 

Correlagen, Ambry Genetics, Harvard Partners, and the Mayo Clinic. The uptake of the 

genetic test was determined following review of all the patients included in this study. The 

genetic test result as provided on the original report was used for analysis of the genotype 

predictor score; variants classified as likely pathogenic, possible or probably pathogenic, or 

variant of uncertain significance (VUS) were considered genotype positive as reported to 

patient at the time of consultation. Additionally, all variants were re-analyzed at the time of 

this study to by determining minor allele frequency in population databases (ExAC) [22], 

reference in clinical databases (ClinVAR) as well as by application of various in silico 

mutation prediction tools (PolyPhen, SIFT, Mutation Assessor, Condel and Grantham score). 

Variants that were seen at MAF >0.01 % based on data not present at clinical evaluation 

were reclassified as VUS-likely benign after which the genotype predictor score was 

recalculated (Supplemental Data) [23–49].

Subsequently, the EMR of patients who opted for genetic testing was further evaluated for 

clinical, diagnostic, and genetic testing results, including but not limited to components of 

the Mayo Clinic Phenotype-Based Genotype Predictor Score. Data recorded included 

gender, age at diagnosis, family history of HCM (FHHCM), family history of sudden 

cardiac death (FHSCD), history of hypertension, symptoms at the time of diagnosis, septal 

shape, maximum left ventricular wall thickness (MLVWT), degree of left ventricular 

outflow tract obstruction (LVOTO), history of surgical myectomy or catheter-based septal 

ablation, presence of implantable cardioverter defibrillator (ICD), company performing 

testing, and specific mutation and mutation classification identified. In this study, a family 

history of HCM includes a first or second degree relative who has been diagnosed with 

HCM. Family history of sudden cardiac death includes first or second degree relatives who 

died suddenly and unexpectedly before the age of 40.

The Mayo genotype score, outlined in our previously published paper [20], was 

retrospectively calculated for each patient and correlated with their test result as reported on 

their genetic test report assigning one point for the presence of these established variables: 

age at diagnosis ≤45 years, MLVWT ≥20 mm on echocardiography, reverse curve septal 

shape on echocardiogram, positive FHHCM, and positive FHSCD. The presence of 

hypertension resulted in subtracting one point from their score. Echocardiograms of patients 

without documentation of their septal shape were reviewed by two independent investigators 

(SLM, JHA) blinded to clinical and genetic information, and disagreements on septal shape 
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determination were unified by consensus opinion with input from a third expert reviewer 

(SRO).

Demographics and genotype-phenotype correlations were compared using Student’s t test 

and Fisher’s exact test. Cochran-Armitage trend test was utilized to establish presence of a 

significant trend in correlation between genotype score and yield of genetic testing for both 

the study cohort as well as the initial study cohort used to develop the genotype predictor 

score. Statistical analyses were carried out using JMP 10.0 statistical software (SAS Institute 

Inc, Cary, NC, USA.).

Results

Overall, 564 patients were not only diagnosed with HCM using standard clinical, ECG, and 

echocardiographic criteria between January 2005 and June 2014, but were also seen by a 

genetic counselor. Demographic information for the cohort is summarized in Table 1. 

Genetic testing was offered to all the patients, but was performed in only 198 of 564 patients 

(35 %), serving as the study cohort for validation of the genotype predictor score. The most 

common reasons cited by patients who declined clinical genetic testing were the financial 

cost of the genetic test, lack of insurance reimbursement, and concerns regarding genetic 

privacy and fear of future misuse of genetic information. However, full dissection of the 

reasons for genetic test declinations was beyond the scope of this study.

Clinical demographics of the patients who underwent genetic testing (n=198) are 

summarized in Table 1. In brief, just over half the patients undergoing testing were male 

(55 %) with a mean age of HCM diagnosis of 50.0 ± 19.7 years. FHHCM was present in 72 

patients (36 %) and a FHSCD in 64 (32 %). A sigmoid septum (51 % of patients) was the 

most frequent septal shape seen on cardiac imaging followed by reverse septal curvature 

(24 %). The genetic testing was carried out by six commercial providers, and genetic panels 

ranged from single gene to 31 genes included summarized in Supplemental Table 1. The 

majority of patients (91 %) underwent comprehensive genetic testing for at least nine HCM-

associated genes.

Additionally, the patients who chose to forgo genetic testing (n = 366; 60 % male) are 

summarized in Table 1. Compared to the patients in the study cohort, these patients were 

younger at diagnosis (46.1 ± 17.8 vs. 50 ± 19.7 years; p =0.02). Conversely, the patients in 

the study cohort had higher likelihood of family history of HCM (36 vs. 27 %; p =0.02), 

family history of SCD (32 vs. 12 %; p<0.01), or family history of HCM and/or SCD (52 vs. 

30 %; p<0.01), respectively.

Overall, 101 patients (51 %) were genotype positive for an HCM-associated mutation in one 

or more HCM-associated genes (55 % male; mean age at diagnosis, 41.9±17.9 years). 

Demographic information is summarized in Table 2. Similar to previous observations, 

mutations were most commonly found in MYBPC3 (53 % of genotype positive patients) and 

MYH7 (29 %), distantly followed by TNNT2 (5 %). Six patients (6 %) had ≥1 disease-

associated mutations (Table 3). Of the 82 mutations, 29 (35 %) were classified on the genetic 

test report as variants of uncertain significance (VUS). All specific variants and yield of 
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these variants among individual patients are summarized in Supplemental Table 2 complete 

with data on population frequency (ExAC) as well as results from various in silico mutation 

prediction tools.

Overall and akin to previous observations, genotype positive patients were more severely 

affected than genotype negative patients with respect to age at diagnosis, FHHCM, FHSCD, 

and MLVWT (Table 2). Genotype positive patients were significantly younger than the 

genotype negative patients (41.9 ± 17.9 vs. 58.3 ± 18.0 years, respectively; p < 0.001). A 

FHHCM was present in a majority of genotype positive patients (54 %) compared to 

genotype negative patients (18 %; p < 0.001) similar to FHSCD (40 versus 25 %, 

respectively; p = 0.03). Conversely, a history of systemic hypertension was a more prevalent 

in genotype negative patients (39 %) compared to genotype positive patients (23 %; p 
=0.01). Sigmoid septal shape was the most common morphology in all genetically tested 

participants, though reverse curve was significantly more common in the genotype positive 

patients compared to genotype negative patients (37 and 11 % respectively, p < 0.001). 

Lastly, genotype positive patients showed significantly more hypertrophy (MLVWT 

21.3±7.5 mm) compared to genotype negative patients (18.3 ± 4.4 mm; p < 0.001; Table 2).

Akin to our sentinel paper, in this cohort evaluated at the same institution, the genotype 

predictor score strongly correlated with the yield of genetic testing. A significant shift to the 

right could be seen for genotype positive patients with many of the patients (n=46; 45 %) 

having a score of 3 or greater. Conversely, a large proportion of genotype negative patients 

had a score of 0 or less (n=45; 45 %; p<0.001; Fig. 1). For overall yield of genetic testing, 

the genotype predictor score correlated with the yield of genetic testing as seen previously 

(Fig. 2a). Patients scoring −1 on the genotype predictor score, meaning there was a history 

of systemic hypertension in the absence of other at-risk markers for a positive genetic test 

result, had the lowest genetic mutation yield (6/20 patients; 30 %). From there, an increasing 

yield of genetic testing could be observed with each increase of the genotype score to a yield 

of genetic testing of 83, 94, and 83 % in patients with a predictor score of 3, 4, and 5, 

respectively. Although compared to the original study, percentages at both ends of the score 

are slightly higher for patients with a score of −1 and slightly less between a score of 4 and 

5, this is likely caused by the lower number of genotype positive patients in the validation 

cohort (N = 101) compared to the original study cohort (n = 359). In fact, Cochran-Armitage 

trend analyses demonstrated for both the studies that there was a significant trend 

associating a higher phenotype-based genotype prediction score with likelihood of a positive 

genetic test result validating the developed model scores (p < 0.001; Fig. 2a, b).

Designation of genotype status and correlation with genotype predictor score for this study 

was based on the result as reported on the original (commercial) genetic test report 

(Supplemental Table 2). Additionally, all variants were retrospectively cross-referenced with 

literature, genomic population databases, and in silico prediction tools to further stratify 

variants. Results for each variant are summarized in Supplemental Table 2. In doing so, 11 

variants previously reported as VUS, disease-associated or (likely) pathogenic, would by 

current knowledge be demoted to VUS-(likely) benign status, especially because of a minor 

allele frequency >0.01 % in population controls (ExAC) [20, 50]. Interestingly, close 

inspection of the patients hosting these demoted variants revealed that all of these patients 
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had a low genotype score based on clinical phenotype suggesting an a priori low outcome of 

positive genetic test. In fact, all patients had a score ranging from −1 to 2 with no score of 3 

or higher observed (data not shown). As a result, compared to the results in the study cohort, 

the yield of genetic testing for patients with a genotype score −1, 0, 1, or 2 decreased to 16, 

20, 26, and 61 %, respectively (p < 0.001; Supplemental Figure 1).

Discussion

Genetic testing of unselected patients with HCM diagnosed using standard clinical, 

electrocardiographic, and echocardiographic criteria has a reported yield for sarcomeric gene 

mutations in the range of 30 to 50 % [9–15, 20]. This leads to practical problems as current 

guidelines recommend all clinically diagnosed HCM patients to pursue genetic testing in 

addition to clinical screening of first degree relatives [9–15, 20]. If this testing reveals 

specific, disease-causing mutations, first degree relatives can undergo mutation-specific 

confirmatory genetic testing. Herein, phenotype negative relatives who do not host the 

family’s HCM-causative mutation need not be clinically screened further whereas family 

members with the variant (phenotype positive or negative) must be followed more closely.

To improve management and genetic counseling, several investigators have attempted to 

identify clinical markers that can predict the likelihood of a positive genetic test [5, 6, 14, 

19–21]. As a positive genetic test provides a useful diagnostic test for further screening of 

relatives of the HCM index cases, a valid tool to determine the outcome of the genetic test 

would have significance not only for the individual patient but also for their relatives.

We recently developed a genotype predictor score [20], that based on six easy-to-assess 

clinical parameters provides the a priori yield of the HCM genetic test and can thereby help 

providers, patients, and their family members decide whether to pursue genetic testing. 

However, this study was performed in a single cohort of patients referred for research 

genetic testing in the era of research-based genetic testing. Herein, we set out to validate the 

genotype predictor score in a subsequent cohort of unique patients with HCM evaluated by 

Mayo Clinic, who underwent commercially available, clinical genetic testing. In fact, in the 

new cohort, we were able to successfully validate the previously established and published 

Mayo HCM Genotype Predictor Score, demonstrating a similar increased yield of genetic 

testing for patients with a higher genotype predictor score as exemplified by significant 

Cochran-Armitage values.

Aside from validation of the Mayo Clinic Genotype Predictor, we made a number of 

additional observations along the way. First of all, utilization of the genetic testing for 

patients at Mayo Clinic was relatively low. Although over 500 patients were evaluated over a 

9-year period (years 2005 to 2014) and had a genetic counseling session with a licensed 

genetic counselor as part of their comprehensive evaluation, nearly two-thirds declined 

HCM genetic testing, a percentage that has stayed consistent over the years. Indeed, there 

were observed phenotypic differences between the patients who chose to pursue genetic 

testing and those who did not. Among these, patients who did have a genetic test done had a 

significantly higher frequency of family history of HCM and/or SCD, which might explain 

some of the motivation to pursue HCM genetic testing. However, it must be stressed that the 
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philosophy of Mayo Clinic genetic counselors on genetic testing is the patient’s choice and 

theirs alone. This is emphasized by the fact that still 30 % of patients that declined genetic 

testing had a family history of HCM and/or SCD. In addition, despite using the same cardiac 

genetic counselors in our genetic heart diseases program, the uptake for HCM genetic 

testing among patients with HCM has been lower than the uptake for long QTsyndrome 

(LQTS) genetic testing suggesting differences in value—whether perceived or real—of the 

genetic test for patients affected with one of these two diseases (data not shown). Therefore, 

the clinical phenotype and culminating genotype predictor score can be used as an additional 

educational tool to aid patients, their family members as well as their providers to decide 

whether to pursue genetic testing and the anticipated likelihood that the HCM genetic test 

will return a positive result.

When compared to our initial study [20], there were some notable differences between the 

original patient cohort in whom the Mayo Genotype Predictor Score was developed and the 

current validation cohort, especially in regard to the yield of genetic testing between the two 

cohorts (51 % in the validation cohort vs. 34 % in the original cohort). Most importantly, the 

patients in the validation cohort showed a stronger family history of disease evidenced by a 

higher frequency of reported FHSCD and/or FHHCM (52 % of the validation cohort as 

compared to 37 % of those in the earlier study; p < 0.001; data not shown). This may explain 

the larger yield of genetic testing in the current study. In addition, after reclassification of the 

variants by applying the same stringent classification guidelines, and taking into account that 

the PRKAG2 and LAMP2 genes were not analyzed in the original cohort, the yield would in 

fact be closer to 44 % and therefore more comparable to the original study.

The reasons for declining or accepting HCM genetic testing are complex and are dependent 

on individual patient psychological, social, and family values as well as extrinsic insurance, 

financial, and privacy concerns. The specific reasons were not prospectively assessed during 

patients’ visit, and comprehensive analysis of low uptake was therefore beyond the scope of 

this paper. Several investigators have reported previously on genetic screening issues and 

have highlighted the importance of patient autonomy as a central tenet of genetic counseling, 

and although it may be medically and scientifically beneficial in the provider’s opinion to 

know an individual’s genetic mutation status, each patient has the absolute right to decide 

for themselves on this issue of paramount personal importance [19, 51]. Reasons commonly 

cited for refusal of genetic testing, especially among asymptomatic individuals, include 

genetic privacy, concerns over misuse of genetic information by employers or healthcare 

organizations, and financial concerns. Further, specifically in regards to the HCM genetic 

test, the absence of a genotype-guided therapies might be a reason underlying the low 

utilization of HCM genetic testing in contrast to the much higher utilization seen in our long 

QT syndrome clinic that utilizes the same cardiogenetic counselor (data not shown).

The final study cohort of 198 patients comprised those HCM patients who agreed to clinical 

genetic testing and was used to validate the Mayo Genotype Predictor Score developed from 

an earlier and separate population of Mayo Clinic HCM patients [20]. When compared to 

our initial study [20], there were some notable differences between the earlier model patient 

cohort in whom the Mayo Genotype Predictor Score was developed and the current 

validation patient cohort. Our validation cohort has a stronger family history of disease 
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evidenced by a higher frequency of reported FHSCD and/or FHHCM (52 % of the current 

cohort as compared to 37 % of those in the earlier study; p < 0.001). Additionally, it would 

seem that the yield of genetic testing is higher in the validation cohort compared to that in 

the original study (51 % in the validation cohort and 34 % in the original). That being said, if 

the validation cohort genetic yield is calculated with the exclusion of patients with variants 

reclassified as likely benign and those positive for LAMP2 and PRKAG2 variants (not tested 

for in the original study), the yield is 45 %, more in line with the yield of the original study.

However, despite phenotypic differences and ultimately different yield in genetic testing, our 

study successfully validated the Mayo Clinic HCM Genotype Predictor showing a 

significant Cochran-Armitage score for trend testing in both the models. The difference in 

disease characteristics of the model and validation HCM populations reinforces the general 

validity of the Mayo Genotype Predictor model in HCM populations which have been 

reported previously to differ significantly based on differences between HCM seen in the 

community and in a referral HCM practice. To further confirm this predictive tool’s 

generalizable utility, future studies involving patients seen at other HCM centers are 

necessary. For patients with HCM seen at our center, implementation of the genotype 

predictor score has already aided both providers in genetic testing counseling as well as 

patients in decision making.

Though many patients found cost of testing to be a limiting factor, appropriately selected 

patient genetic testing could stand to avoid stressful and costly screening of family members 

with negative proband testing.

Limitations of the current study include the significant number of HCM patients who 

declined genetic testing. It is possible that patients who opted for genetic studies had self-

selected for a higher genetic positivity than unselected patients. However, within the patient 

group who consented to genetic testing, there was a graded level of genetic positivity that 

correlated with the individual patient phenotype score. We speculate that the ability to select 

HCM patient more likely to be genetically positive for HCM genetic mutations will further 

the adoption of genetic testing in HCM patients and offer a greater economic rationale for 

genetic screening of both the patients and their first degree relatives. At minimum, this 

simple phenotype-based genotype predictor now provides essential information for the 

genetic counseling session to enable the providers and the patients to truly engage in shared 

decision making.

Conclusions

The Mayo HCM predictor score provides an easy-to-use, clinical tool to aid in determining 

the a priori yield of the HCM genetic test. In our clinic, approximately 65 % of patients 

referred for genetic counseling opted not to or were unable to pursue genetic testing. 

Implementation of the genotype predictor score should aid providers in genetic testing 

counseling as well as patients in decision making.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Distribution of genotype score between genotype positive and genotype negative patients

Murphy et al. Page 13

J Cardiovasc Transl Res. Author manuscript; available in PMC 2016 June 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Yield of genetic testing in each scored subgroup in validation cohort (top) and original data 

cohort [20] (bottom) with Cochran-Armitage analysis showing a significant correlation for 

trend in genotype score for both the studies (p < 0.001)
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Table 1

Cohort demographics and comparison between patients who did (study cohort) and did not pursue genetic 

testing

N (%) All patients
564

No genetic testing
366 (65)

Study cohort
198 (35)

p value

Sex M/F, n (% male) 327/237 (58) 219/147 (60) 108/90 (55) 0.3

Age at diagnosis (years) 47.9± 18.1 46.1 ± 17.8 50.0± 19.7 0.02

FH HCM, n (%) 170 (30) 98 (27) 72 (36) 0.02

FH SCD, n (%) 108 (19) 44 (12) 64 (32) <0.001

FH HCM and/or SCD, n (%) 214 (38) 111 (30) 103 (52) <0.001

Hx of hypertension, n (%) 177 (32) 116 (32) 61 (31) 0.9

Symptoms at diagnosis, n (%) 445 (79) 291 (80) 154 (78) 0.7

MLVWT (mm) 18.9± 6.0 18.4 ±5.8 19.8± 6.3 <0.001

LVOT gradient (mm Hg) 69.8±7.5 71.3 ±37.7 67.0 ±36.9 0.2

Septal shape, n (%)

    Sigmoid 100 (51)

    Reverse curve 48 (24)

    Neutral 21 (11)

    Apical 20 (10)

Myectomy, n (%) 281 (50) 192 (52) 89 (45) 0.1

ICD, n (%) 155 (27) 100 (27) 55 (28) 0.9
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Table 2

Cohort demographics and comparison between genotype positive and genotype negative patients

Genotype positive Genotype negative p value

N (%) 101 (51) 97 (49)

Sex M/F, n (% male) 56/45 (55) 52/45 (54) 0.9

Age at diagnosis (years) 41.9± 17.9 58.3± 18.0 <0.001

FH HCM, n (%) 55 (54) 17 (18) <0.001

FH SCD, n (%) 40 (40) 24 (25) 0.03

FH HCM and/or SCD, n (%) 26 (26) 7 (7) <0.001

Hx of hypertension, n (%) 23 (23) 38 (39) 0.01

Symptoms at diagnosis, n (%) 75 (74) 79 (81) 0.2

MLVWT (mm) 21.3 ±7.5 18.3 ±4.4 <0.001

LVOT gradient (mm Hg) 62.4±39.5 71.2±33.9 0.2

Septal shape, n (%)

    Sigmoid 37 (37) 63 (65) <0.001

    Reverse curve 37 (37) 11 (11) <0.001

    Neutral 12 (12) 9 (9) 0.7

    Apical 10 (10) 10 (10) 0.8

Myectomy, n (%) 46 (46) 43 (44) 0.9

ICD, n (%) 42 (42) 13 (13) <0.001
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Table 3

Yield of genetic testing

Gene Number of patients N = 198 Yield among all
patients (%)

Yield among genotype
positive patients (%)

Genotype positive 101 51

MYBPC3 54 27 53

MYH7 29 15 29

TNNT2 5 3 5

Multiple 6 3 5

MYL2 2 1 2

ACTC1 1 1 1

MYL3 1 1 1

TNNI3 1 1 1

LAMP2 1 1 1

PRKAG2 1 1 1
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