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Abstract Speckle-tracking left ventricular global longi-

tudinal strain (GLS) assessment may provide substantial

prognostic information for hypertrophic cardiomyopathy

(HCM) patients. Reference values for GLS have been

recently published. We aimed to evaluate the prognostic

value of standardized reference values for GLS in HCM

patients. An analysis of HCM clinic patients who underwent

GLS was performed. GLS was defined as normal (more

negative or equal to -16 %) and abnormal (less negative

than -16 %) based on recently published reference values.

Patients were followed for a composite of events including

heart failure hospitalization, sustained ventricular arrhyth-

mia, and all-cause death. The power of GLS to predict

outcomes was assessed relative to traditional clinical and

echocardiographic variables present in HCM. 79 HCM

patients were followed for a median of 22 months (inter-

quartile range 9–30 months) after imaging. During follow-

up, 15 patients (19 %) met the primary outcome. Abnormal

GLS was the only echocardiographic variable independently

predictive of the primary outcome [multivariate Hazard ratio

5.05 (95 % confidence interval 1.09–23.4, p = 0.038)].

When combined with traditional clinical variables, abnor-

mal GLS remained independently predictive of the primary

outcome [multivariate Hazard ratio 5.31 (95 % confidence

interval 1.18–24, p = 0.030)]. In a model including the

strongest clinical and echocardiographic predictors of the

primary outcome, abnormal GLS demonstrated significant

incremental benefit for risk stratification [net reclassification

improvement 0.75 (95 % confidence interval 0.21–1.23, p\
0.0001)]. Abnormal GLS is an independent predictor of

adverse outcomes in HCM patients. Standardized use of

GLS may provide significant incremental value over tradi-

tional variables for risk stratification.
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Introduction

Hypertrophic cardiomyopathy (HCM) is the most prevalent

inherited cardiovascular disease, affecting approximately 1

in 500 people worldwide [1]. HCM is a heterogeneous and

unpredictable disease that can be associated with significant

cardiovascular morbidity and mortality, most commonly

related to heart failure and ventricular arrhythmias [2–7].

Current methods of risk stratification for patients with HCM

are imperfect, relying on a combination of clinical and

imaging variables [1, 8]. Although standard two-dimen-

sional transthoracic echocardiography (TTE) adequately

characterizes structural and functional parameters in HCM,

the prognostic utility of routine TTE is limited.

Speckle-tracking echocardiography has emerged as a

quantitative technique for accurate evaluation of regional

myocardial function through analysis of the motion of

speckles identified on routine TTE. Speckle-tracking left

ventricular global longitudinal strain (GLS) incorporates

strain measurements from all myocardial segments into a

single measure of myocardial function [9] and may predict

adverse cardiovascular events in HCM patients [10, 11]. To

date, however, the prognostic utility of GLS has been limited

by the lack of standardized reference ranges. We hypothe-

sized that abnormal GLS, as defined by recently published

reference values [12], would predict adverse cardiovascular

events in a cohort of HCM patients compared to traditional

clinical and echocardiographic variables. To address this

hypothesis, we incorporated GLS values into HCM clinical

risk prediction in a retrospective analysis.

Methods

Established outpatient HCM clinic patients were main-

tained in a database at the Emory HCM Clinic. GLS ana-

lysis was included as part of the routine TTE evaluation

beginning in August 2009. Patients were required to have

at least one follow-up visit or hospitalization C30 days

after index GLS assessment to be eligible for the study.

Demographics, clinical characteristics, TTE measures, and

long-term outcomes were assessed retrospectively as

detailed below. The Emory University Institutional Review

Board approved all aspects of this study prior to the initi-

ation of formal data analysis.

Study population

All subjects underwent outpatient evaluation and GLS at the

Emory HCM clinic between August 2009 and May 2013.

HCM was defined as the presence of a non-dilated left

ventricle with wall thickness of at least 15 mm in at least one

myocardial segment in the absence of any associated cardiac

or systemic disease. Traditional clinical variables of interest

included demographics (age and sex), functional assessment

(New York Heart Association [NYHA] class), pertinent

history (family history of sudden cardiac death, history of

arrhythmias, and history of unexplained syncope [no iden-

tifiable neurologic or cardiovascular cause]), and diagnostic

testing (exercise treadmill test for blood pressure response,

standard 12-lead electrocardiography, and 24 h Holter

monitoring for arrhythmias). Blood pressure response to

exercise was assessed using a standard or modified Bruce

protocol with an abnormal blood pressure response defined

as less than 20 mmHg increase from rest to peak exercise.

Arrhythmias included atrial fibrillation and non-sustained

ventricular tachycardia (NSVT; defined as C3 beats at C120

beats per minute). Prior or interval septal reduction therapy

(SRT; including surgical myectomy and transcatheter

alcohol septal ablation) was also recorded.

Echocardiography

Standard two-dimensional and Doppler TTE was performed

on a GE Vivid 7 and E9 (General Electric, Milwaukee, WI).

Traditional echocardiographic variables included measures

of chamber quantification, markers of dynamic obstruction,

spectral Doppler assessment of outflow tract gradients and

diastolic parameters, and color Doppler assessment of mitral

valve regurgitation. Specifically, left ventricular (LV)

ejection fraction and left atrial volume index (LAVI) were

assessed by the Simpson biplane method of discs. Maximal

LV wall thickness was measured in the basal, mid, and

apical short axis views at end-diastole. Systolic anterior

motion of the mitral valve was assessed by M-mode in the

parasternal long axis at the level of the mitral valve leaflets.

Spectral Doppler assessment included pulsed wave and

continuous wave Doppler evaluation in the LV mid-cavity

and outflow tract, pulsed wave Doppler evaluation of early

mitral inflow (E wave) and tissue Doppler assessment of the

lateral mitral annulus (e0 wave). Diastolic function and LV

filling pressures were characterized by the ratio of the E

wave to the e0 wave (E/e0).
Speckle-tracking GLS analysis was performed on-line on

apical long-axis, apical 4-chamber, and apical 2-chamber

views (GE EchoPAC, General Electric, Milwaukee, WI).

The frame rate for analysis was between 60 and 80 frames/s.

The timing of aortic valve closure was indicated on the apical

3-chamber view. Peak longitudinal strain values were mea-

sured for each of the 17-segment American Heart Associa-

tion model and GLS was presented as the average strain

value of all evaluable segments. GLS was dichotomized

based on published reference values [12], with normal GLS

defined as more negative or equal to -16 %, and abnormal

defined as values less negative than -16 % (Fig. 1).
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Outcomes

The primary composite outcome included heart failure hos-

pitalization, sustained ventricular arrhythmia, and all-cause

death during follow-up. Heart failure hospitalization was

defined as hospital admission for worsening dyspnea and

congestive findings such as pulmonary and peripheral edema

treated with intravenous diuretic therapy. Sustained ventricular

arrhythmias included appropriate implantable cardioverter–

defibrillator shocks, greater than 30 s of ventricular tachy-

cardia on Holter monitoring, or resuscitated pulseless ven-

tricular tachycardia or ventricular fibrillation cardiac arrest.

Statistics

Categorical variables are presented as proportions and

continuous variables are presented as the mean ± standard

deviation (unless otherwise stated). Categorical variables

were analyzed by the Chi square test. Normally distributed

continuous variables were assessed with the Student t test

and non-normally distributed continuous variables were

assessed with the Mann–Whitney U test. The difference in

event-free survival according to normal and abnormal GLS

was evaluated by Kaplan–Meier survival analysis and

compared by the Mantel–Cox log-rank test. Traditional

clinical variables, echocardiographic variables, and GLS

were assessed by univariate Cox regression analyses to

identify predictors of the primary composite outcome.

Independent predictors of the primary outcome were ana-

lyzed by backward conditional multivariate Cox regression

analyses separately for traditional echocardiographic

variables plus GLS and traditional clinical variables plus

GLS to evaluate the predictive power of GLS in both con-

texts. A predictive model was created that combined all

clinical and echocardiographic variables associated with

p B 0.15 on univariate analysis. Model goodness-of-fit was

tested with the Hosmer–Lemeshow test. The incremental

benefit of incorporating GLS was assessed by analysis of the

increase in C-statistic and continuous net reclassification

improvement based on our multivariate model before and

after the addition of GLS [13]. Bootstrapping with 1000

samples was then conducted for all of our multivariate

analyses to assess internal validity. Inter-observer variability

was assessed with Cohen’s kappa coefficient for categorical

variables and intra-class correlation for continuous vari-

ables. Statistical analyses were performed with SPSS ver-

sion 20 (Chicago, Illinois) and SAS version 9.3 (Cary, North

Carolina). A p value of\0.05 was considered significant.

Results

Of 104 HCM patients with GLS imaging, 25 did not have

C30 days of follow-up. Thus, 79 patients were included in

the final analysis. Overall, 70 patients (88 %) had asym-

metric septal hypertrophy, 6 patients (8 %) had concentric

LV hypertrophy, and 3 patients (4 %) had isolated apical

hypertrophy. All 17 myocardial segments were analyzed in

73 (92 %) of the 79 patients, with an average of 15.3

segments evaluated in the 6 other patients. Of 1,343

potential segments available for analysis, only 10 segments

(0.7 %) were non-evaluable due to poor image quality.

Fig. 1 Typical global longitudinal strain (GLS) results. Demonstra-

tion of normal GLS (equal to or more negative than -16 %; a) and

abnormal GLS (less negative than -16 %; b). Longitudinal strain

values were obtained for each of the 17 AHA segments from the

apical long-axis (‘‘LAX’’), apical 4-chamber (‘‘A4C’’), and apical

2-chamber (‘‘A2C’’) views. GLS (shown as ‘‘GLPSS’’ and ‘‘GLPS’’

in a and b, respectively) was defined as the average value of all

evaluable segments. AHA American Heart Association
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Traditional clinical and echocardiographic variables

and GLS classification

Baseline patient characteristics stratified by GLS classifi-

cation are presented in Table 1. Patients with abnormal

GLS had significantly higher LV wall thicknesses, LAVI,

and E/e0 on average compared to patients with normal

GLS. Otherwise, there were no significant baseline differ-

ences for those with abnormal versus normal GLS. At

baseline, 7 patients (9 %) had a prior history of SRT. At a

median follow-up of 112 days (interquartile range

26–803 days), 10 patients (12 %) underwent subsequent

SRT. Ultimately, 17 patients (21 %) had any SRT by the

end of study. There were no significant differences in GLS

dependent on prior SRT (p = 0.12), SRT in follow-up (p =

0.17), or any SRT by study end (p = 0.89).

Traditional clinical and echocardiographic variables

and outcome status

At a median follow-up of 22 months (interquartile range

9–30 months), 15 patients (19 %) met the primary com-

posite outcome. The individual components of the primary

outcome stratified by abnormal GLS are listed in Table 2.

The average time to event was 11 months (5 months for

heart failure hospitalization, 18 months for sustained ven-

tricular arrhythmia, and 13 months for all-cause death).

Regarding baseline clinical and echocardiographic charac-

teristics, more patients experiencing the primary outcome

had a history of NSVT (33 vs 6 %, p = 0.003) and abnormal

GLS (87 vs 48 %, p = 0.006); average LV wall thickness

was significantly larger (26 ± 7 vs 22 ± 7 mm, p = 0.042)

and GLS was significantly less negative (-11.5 ± 3.0 vs -

15.0 ± 4.2 %, p = 0.004) in those who met the primary

outcome. Otherwise, there were no significant differences in

baseline clinical or echocardiographic variables between

patients meeting the primary outcome and those not. Kap-

lan–Meier survival analysis stratified by normal and

abnormal GLS is depicted in Fig. 2.

Outcome prediction

Echocardiographic predictors of the primary composite

outcome are shown in Table 3. The only independent

echocardiographic predictor of the primary outcome was

GLS. Clinical predictors of the primary outcome and GLS

Table 1 Baseline clinical variables grouped by GLS classification

All n = 79 (%) Normal GLS n = 36 (%) Abnormal GLS n = 43 (%) p value

Clinical variables

Age 44 ± 16 45 ± 16 42 ± 17 0.47

Male 43 (54) 19 (53) 24 (56) 0.79

NYHA class 1.8 ± 0.8 1.7 ± 0.7 1.9 ± 0.9 0.29

Atrial fibrillationa 12 (15) 3 (8) 9 (21) 0.12

Family history of SCD 4 (5) 1 (3) 3 (7) 0.62

NSVT on Holter monitoring 9 (12) 2 (6) 7 (16) 0.14

Unexplained syncope 15 (19) 7 (19) 8 (19) 0.92

BP decrease with exercise 8 (10) 3 (8) 5 (12) 0.63

Echocardiographic variables

Ejection fraction 63 ± 6 63 ± 3 63 ± 7 0.58

Left atrial volume index (mL/m2) 45 ± 18 38 ± 14 50 ± 19 0.03

Resting gradient [mmHg; median (IQR)] 9 (0, 47) 4 (0, 43) 21 (0, 67) 0.18

Resting gradient [30 mmHg 29 (37) 11 (31) 18 (42) 0.30

Wall thickness (mm) 22 ± 7 20 ± 1 25 ± 1 0.002

Wall thickness [30 mm 10 (13) 2 (6) 8 (19) 0.08

Systolic anterior motion 40 (51) 19 (53) 21 (49) 0.73

E/e0 13.8 ± 9.4 10.6 ± 4.0 16.5 ± 11.7 0.003

Mitral regurgitationb 1.3 ± 0.8 1.2 ± 0.8 1.4 ± 0.8 0.38

Mitral regurgitation [1? 28 (35) 13 (36) 15 (35) 0.91

Global strain (%) -14.3 ± 4.2 -18.2 ± 2.0 -11.0 ± 2.4 \0.0001

BP blood pressure, E early trans-mitral inflow Doppler wave, e0 early lateral mitral annular tissue Doppler wave, GLS global longitudinal strain,

IQR interquartile range, NSVT non-sustained ventricular tachycardia, NYHA New York Heart Association, SCD sudden cardiac death
a Of the 12 patients, 10 had paroxysmal atrial fibrillation and 2 had permanent atrial fibrillation (both in the abnormal GLS group)
b Mitral regurgitation grading: 0 = none, 1 = mild, 2 = moderate, 3 = severe
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are shown in Table 4. A history of NSVT and abnormal

GLS were both independently associated with the primary

outcome. The clinical and echocardiographic variables

included in our predictive model are shown in Table 5. In

this model, both a history of NSVT and abnormal GLS

were again independent predictors of the primary outcome.

The C-statistic of our predictive model was 0.76 prior to

inclusion of GLS, and increased to 0.81 with the addition

of GLS (p = 0.10). The incremental value of GLS for risk

stratification of our primary outcome was demonstrated by

net reclassification improvement of 0.75 [95 % confidence

interval (CI) 0.21–1.23, p \ 0.0001], primarily driven by

correct upward risk reclassification of patients with events,

as demonstrated in Fig. 3.

Reproducibility analysis

Inter-observer variability for GLS was assessed by 2

independent operators (G.H. and M.P.) in 20 randomly

selected patients. The intra-class correlation coefficient for

GLS was 0.95 (p \ 0.0001) with excellent agreement

between readers for classification of normal and abnormal

GLS (Cohen’s kappa coefficient 0.89, p \ 0.0001).

Discussion

In this study evaluating the incremental benefit of standard

speckle-tracking GLS measurements in an HCM popula-

tion, we observed two primary and significant findings.

First, we found abnormal GLS, independent of traditional

Table 2 Individual components of the primary composite outcome

All n = 79 (%) Normal GLS n = 36 (%) Abnormal GLS n = 43 (%) p value

Primary composite outcome 15 (19) 2 (6) 13 (30) 0.006

Heart failure hospitalization 9 (11) 0 (0) 9 (21)

Sustained ventricular arrhythmia 6 (8) 2 (6) 4 (9)

All-cause death 1 (1) 0 (0) 1 (2)

GLS global longitudinal strain

Fig. 2 Primary composite outcome Kaplan–Meier survival analysis

for patients with normal and abnormal global longitudinal strain

(GLS). Primary composite outcome = heart failure hospitalization,

sustained ventricular arrhythmia, and all-cause death. Normal GLS is

equal to or more negative than -16 % (B-16 %) and abnormal GLS

is less negative than -16 % ([-16 %)

Table 3 Echocardiographic predictors of primary outcome

Variable Univariate Multivariate

Hazard ratio

(95 % CI)

p value for

Cox regression

Hazard ratio

(95 % CI)

p value for

Cox regressiona

Ejection fraction (per 5 %) 0.95 (0.62–1.40) 0.72 0.86(0.59–1.22) 0.35

Left atrial volume index (per 10 mL/m2) 1.34 (1.0–1.79) 0.045 1.10 (0.82–1.62) 0.38

Resting gradient (per 10 mmHg) 1.10 (1.0–1.22) 0.098 1.0 (1.0–1.22) 0.25

Wall thickness (per 10 mm) 1.97 (1.0–3.71) 0.052 1.22 (0.60–2.59) 0.52

Systolic anterior motion 1.56 (0.55–5.39) 0.40 0.78 (0.16–3.8) 0.76

E/e0 1.02 (0.99–1.06) 0.16 1.0 (0.96–1.04) 0.94

Mitral regurgitation 1.46 (0.78–2.72) 0.24 1.14 (0.52–2.49) 0.74

Abnormal GLS 6.34 (1.43–28.1) 0.015 5.05 (1.09–23.4) 0.038

a Results similar with 1,000 sample bootstrapping: p = 0.047 for abnormal GLS, p = non-significant for all others

E early trans-mitral inflow Doppler wave, e0 early lateral mitral annular tissue Doppler wave, GLS global longitudinal strain
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clinical and echocardiographic markers, predicts a com-

posite endpoint inclusive of heart failure and sustained

ventricular arrhythmias. Second, the incorporation of GLS

in a routine clinical HCM TTE protocol demonstrated

excellent inter-observer consistency, which further sup-

ports routine measurement of GLS as both feasible and

practical [9, 14, 15]. In aggregate, our findings suggest that

the use of this quantitative myocardial imaging modality

may be a valuable addition to risk stratification algorithms

for HCM patients.

Several clinical and echocardiographic variables have

been previously implicated for risk prediction in HCM

patients, including NYHA functional class [2, 5–7, 16],

atrial fibrillation [2, 6, 7], sustained or non-sustained ven-

tricular arrhythmia [5, 6], severity of LVOT obstruction [4,

6, 7], severity of LV hypertrophy [3, 7, 16], and extent of

left atrial enlargement [6]. However, no clinical or echo-

cardiographic variable has demonstrated consistent prog-

nostic power across these studies. GLS has also previously

been associated with increased risk of major adverse car-

diac events in HCM patients, but these were relatively

small studies that lacked the implementation of standard-

ized reference ranges for abnormal GLS [10, 11, 17, 18].

Moreover, previous GLS studies did not adjust for tradi-

tional HCM risk factors [10, 11]. Assessing the prognostic

value of abnormal GLS, independent of previously

accepted clinical and echocardiographic risk markers, was

the primary purpose of the current study.

Our data highlight GLS as a potentially valuable sub-

clinical biomarker for patients with HCM. An explanation

for the improved predictive value of GLS may be that

abnormal GLS is a better surrogate of the underlying

Table 4 Addition of GLS to clinical predictors of primary outcome

Variable Univariate Multivariate

Hazard ratio

(95 % CI)

p value for

logistic regression

Hazard ratio

(95 % CI)

p value for

logistic regressiona

Age 0.98 (0.95–1.01) 0.24 0.98 (0.95–1.01) 0.21

Male 0.65 (0.24–1.80) 0.41 0.51 (0.18–1.43) 0.20

NYHA class 1.37 (0.75–2.5) 0.31 1.38 (0.72–2.65) 0.33

Atrial fibrillation 2.53 (0.80–8.0) 0.12 1.8 (0.42–7.67) 0.43

Family history of SCDb 0.046 (0–1599) 0.56 – –

NSVT on Holter monitoring 4.61 (1.57–13.5) 0.005 3.38 (1.14–10) 0.029

Unexplained syncope 0.48 (0.11–2.15) 0.34 0.37 (0.08–1.73) 0.21

BP decrease with exercise 1.36 (0.31–6.03) 0.69 0.92 (0.15–5.45) 0.92

Abnormal GLS 6.34 (1.43–28.1) 0.015 5.31 (1.18–24) 0.030

BP blood pressure, GLS global longitudinal strain, NSVT non-sustained ventricular tachycardia, NYHA New York Heart Association, SCD sudden

cardiac death
a Results similar with 1,000 sample bootstrapping: p = 0.026 for abnormal GLS, p = 0.035 for NSVT on Holter monitoring, p = non-significant

for all others
b Family history of SCD not included in multivariate analysis due to small number of affected patients

Table 5 Best overall predictors of primary outcome

Variable Univariate Multivariate

Hazard ratio

(95 % CI)

p value for

Cox regression

Hazard ratio

(95 % CI)

p value for

Cox regressiona

Atrial fibrillation 2.53 (0.80–8.0) 0.12 2.4 (0.57–10.1) 0.23

NSVT on Holter monitoring 4.61 (1.57–13.5) 0.005 3.28 (1.1–9.77) 0.033

Left atrial volume index (per 10 mL/m2) 1.34 (1.0–1.79) 0.045 1.10 (0.82–1.48) 0.61

Resting gradient (per 10 mmHg) 1.10 (1.0–1.22) 0.098 1.10 (1.0–1.22) 0.23

Wall thickness (per 10 mm) 1.97 (1.0–3.71) 0.052 1.48 (0.74–3.11) 0.27

Abnormal GLS 6.34 (1.43–28.1) 0.015 4.87 (1.07–22.2) 0.041

Determined by univariate p B 0.15; these variables were included in predictive model

GLS global longitudinal strain, NSVT non-sustained ventricular tachycardia
a Results similar with 1,000 sample bootstrapping: p = 0.046 for abnormal GLS, p = non-significant for all others

562 Int J Cardiovasc Imaging (2015) 31:557–565

123



myofibril disarray and myocardial fibrosis present in HCM

compared to previously reported HCM risk factors. It has

been shown that myocardial segments with abnormal GLS

in HCM patients correlate with replacement fibrosis on

cardiac magnetic resonance (CMR) and computed tomog-

raphy imaging [19–25], as well as interstitial fibrosis

present within surgical histopathology specimens post-

myectomy [26, 27]. In addition, GLS has demonstrated

utility for differentiating HCM from other causes of

increased LV wall thickness [28, 29], delineating septal

and apical hypertrophy patterns [30], and identification of

subclinical myocardial dysfunction in HCM gene positive

patients [31]. In regards to SRT, GLS does not normalize

after surgical myectomy [32] or transcatheter alcohol septal

ablation [33], which also supports the proposition that

abnormal GLS is more representative of the permanent

pathologic cellular changes present in HCM rather than

clinically relevant severe LV hypertrophy.

There are important clinical implications of our findings.

First, after adjusting for traditional markers of HCM disease

progression and pathogenesis, abnormal GLS retained

independent association with a primary outcome consisting

of heart failure, sustained ventricular arrhythmias, and all-

cause death in this cohort of HCM patients. These findings

suggest that the incorporation of GLS with standardized

reference values into the evaluation of HCM patients may be

useful for risk stratification. Second, the addition of GLS

into a routine clinical TTE protocol was feasible from both

the practical and economic aspects of a busy clinical echo-

cardiography lab. Simplistic acquisition and interpretation

of GLS cumulatively adds less than 5 min to the evaluation

of a HCM patient [34]. Moreover, the elimination of the

need for potentially costly complementary imaging, such as

CMR, may render GLS a more cost-effective imaging

modality, provided decreased financial burden comes

without the expense of inadequate prognostic utility. Future

direct comparisons between CMR and GLS in HCM repre-

sent an important area of further study, with particular

potential implications for patients with contraindications or

limited access to CMR imaging. Whether GLS impacts

specific clinical algorithms and assists medical decision-

making (i.e. identifying HCM patients at high-risk for

Fig. 3 Reclassification of outcome events and non-events based a

predictive model with the incorporation of abnormal global longitu-

dinal strain (GLS). The baseline model included atrial fibrillation,

NSVT on Holter monitoring, left atrial volume index, LV outflow

gradient, and maximum LV wall thickness. NRIEVENT represents the

net percentage of patients with an event that were correctly assigned a

higher predicted risk after the addition of abnormal GLS to the model.

NRINON-EVENT represents the net percentage of patients without an

event that were correctly assigned a lower predicted risk after the

addition of abnormal GLS to the model. NRITOTAL represents the sum

of NRIEVENT and NRINON-EVENT. KM Kaplan–Meier, LV left

ventricle, NRI net reclassification improvement, NSVT non-sustained

ventricular tachycardia
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ventricular arrhythmias) will require carefully designed

prospective and longitudinal trials.

Limitations

Several limitations of this study are noteworthy. First, the

small sample size limited the overall power of this study, as

well as the interpretation of multivariate analyses. How-

ever, we believe the demonstration that abnormal GLS was

already highly predictive of the primary outcome in a

modestly sized cohort also represents an overall strength of

the study. Second, because of the retrospective nature of

this study, we cannot be sure other unidentified con-

founders present in the study cohort affected the primary

outcome. Third, this was a single center study utilizing

only GE equipment and a single cardiac sonographer,

which may limit applicability to other centers with differ-

ent equipment and personnel. However, meta-analytic data

has shown that inter-vendor differences do not cause sig-

nificant variability in GLS values [12] and our inter-

observer analysis demonstrated excellent reproducibility.

Lastly, our primary composite outcome included heart

failure hospitalization, sustained ventricular arrhythmia,

and all-cause death, which may appear as a heterogeneous

combination. However, heart failure and sustained ven-

tricular arrhythmias are the most common causes of mor-

bidity and mortality in HCM patients [2–7] and similar

composites have been reported in prior research evaluating

GLS in HCM patients [10, 11, 18]. Future prospective

study incorporating large patient populations will be nee-

ded for validation of this initial and provocative data.

Conclusions

Abnormal speckle-tracking GLS is independently associated

with adverse cardiovascular outcomes in patients with HCM.

The feasibility, high reproducibility, and validated reference

values of normal GLS may support more routine use of this

modality in the TTE examination of HCM patients.
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