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Myocardial Strain and Association With 
Clinical Outcomes in Danon Disease: 
A Model for Monitoring Progression of 
Genetic Cardiomyopathies
Quan M. Bui , MD; Kimberly N. Hong , MD, MHSA; Megan Kraushaar, BS; Gary S. Ma, MD;  
Michela Brambatti , MD, MS; Andrew M. Kahn, MD, PhD; Carol Elias Battiha , MD; Kylie Boynton, BA; 
Garrett Storm , BS; Luisa Mestroni , MD; Matthew R. G. Taylor , MD, PhD; Anthony N. DeMaria, MD;  
Eric A. Adler, MD

BACKGROUND: Myocardial strain can identify subclinical left ventricular dysfunction in various cardiac diseases, but its associa-
tion with clinical outcomes in genetic cardiomyopathies remains unknown. Herein, we assessed myocardial strain in patients 
with Danon disease (DD), a rare X- linked autophagic disorder that causes severe cardiac manifestations.

METHODS AND RESULTS: Echocardiographic images were reviewed and used to calculate myocardial strain from a retrospec-
tive, international registry of patients with DD. Regression analyses were performed to evaluate for an association of global 
longitudinal strain (GLS) and ejection fraction with the composite outcome (death, ventricular assist device, heart transplan-
tation, and implantable cardioverter defibrillator for secondary prevention). A total of 22 patients with DD (male 14 [63.6%], 
median age 16.5 years) had sufficient echocardiograms for analysis. Absolute GLS was reduced with a mean of 12.2% with 
an apical- sparing pattern observed. Univariable regression for GLS and composite outcome showed an odds ratio of 1.32 
(95% CI, 1.02– 1.71) with P=0.03. For receiver operating characteristic analysis, the areas under the curve for GLS and ejection 
fraction were 0.810 (P=0.02) and 0.605 (P=0.44), respectively. An absolute GLS cutoff of 10.0% yielded a true positive rate of 
85.7% and false positive rate of 13.3%.

CONCLUSIONS: In this cohort of patients with DD, GLS may be a useful assessment of myocardial function and may predict 
clinical outcomes. This study highlights the potential use of myocardial strain phenotyping to monitor disease progression and 
potentially to predict clinical outcomes in DD and other genetic cardiomyopathies.
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■ left ventricular hypertrophy ■ strain

Left ventricular (LV) ejection fraction (EF) has been the 
traditional method to assess cardiac function and 
to prognosticate outcomes in patients with heart 

disease. Current guidelines recommend EF thresholds 
for many therapeutic recommendations.1,2 However, 
EF does not directly measure myocardial contractil-
ity and has limited efficacy in predicting outcomes.1 

Reproducible and reliable tools for measuring myocar-
dial function are needed to ensure appropriate patient 
treatment and improve clinical outcomes. Accordingly, 
myocardial strain has been increasingly used in cardio-
vascular disorders because of its ability to detect sub-
clinical myocardial dysfunction independent of motion 
from translation or tethering.3
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Global longitudinal strain (GLS), measured by 
speckle- tracking echocardiography, potentially offers 
a more accurate and direct measure of myocardial 
function. GLS can identify cardiac pathology before 
clinical symptoms and reduction in EF.4,5 GLS has 
been well validated as a prognostic marker in heart 
failure, myocardial infarction, chemotherapy cardio-
toxicity, and amyloid cardiomyopathy.6– 9 It has been 
shown that strain in patients with hypertrophic car-
diomyopathy (HCM) is significantly reduced despite 
normal LV EF.10,11 Furthermore, GLS may be useful in 
differentiating causes of LV hypertrophy not only of 
sarcomeric HCM, but also HCM “phenocopies” such 
as Danon disease (DD), Anderson- Fabry disease, 
Pompe disease, and Friedreich ataxia and more com-
mon ones such as hypertensive heart disease and 
aortic stenosis. However, studies evaluating strain in 
genetic cardiomyopathies remain limited.

The aim of this study was to analyze the associ-
ation of various echocardiographic parameters with 
clinical outcomes in a cohort of patients with DD, a 
rare X- linked genetic cardiomyopathy that ultimately 
progresses to end- stage heart failure.12

METHODS
Study Population
A retrospective, international registry was created to 
understand the natural history of DD (Clini calTr ials.gov 
Identifier NCT03766386). Medical records, including 

past medical and surgical history, medications, labora-
tory results, genetic testing, ECGs, and Digital Imaging 
and Communications in Medicine imaging were solic-
ited. Patients gave consent to participate in the registry 
between January 2018 and December 2019. DD di-
agnosis was confirmed with genetic testing confirming 
a LAMP2 mutation and/or with histochemical staining 
for LAMP2 deficiency on muscle biopsies. All echocar-
diograms included in the study were completed at an 
outside facility, but were re- interpreted at University of 
California, San Diego. Patients without adequate qual-
ity echocardiograms were excluded from the study 
(Figure 1). Adequate quality was defined by absence of 
signal dropout or artifacts and <2 myocardial borders 
obscured. The study was approved by the University 
of California, San Diego Human Research Protection 
Program and University of Colorado Multi- Institutional 
Review Board. Informed consent was obtained from 
all patients enrolled in the registry. With the goal of ad-
vancing the field of rare genetic diseases, the study 
data will be available from the corresponding author 
upon reasonable request.

Two- Dimensional Echocardiographic 
Evaluation
Echo measurements were obtained accord-
ing to the adult and pediatric Cardiac Chamber 
Quantification Guidelines of the American Society of 
Echocardiography.13,14 EF and left atrial (LA) volume 
indexed to body surface area were measured using 
the Simpson biplane method from the apical 4-  and 
2- chamber views. LV endocardial dimensions, inter-
ventricular septal diameter and left ventricular posterior 
wall diameter (LVPWd) were measured at end- diastole. 
LV mass was calculated using the cube formula and rel-
ative wall thickness was calculated as 2 times LVPWd 
divided by LV end- diastolic diameter. Given a high pro-
portion of pediatric patients (age <18 years), Z- scores 
were calculated for interventricular septal diameter, 
LVPWd, LV end- diastolic diameter, and LV mass ac-
cording to a previous imaging assessment.15 Diastolic 
parameters, including mitral inflow velocities (early [E] 
and late [A]), pulsed wave tissue Doppler velocity of the 
mitral annulus (e’), E/A and E/e’ ratios were assessed 
using 2016 American Society of Echocardiography di-
astology guidelines.16

Two- Dimensional Strain Evaluation
Strain analysis was completed using EchoInsight 
software v.3.2.3.5564 (Epsilon Imaging, Ann Arbor, 
MI, USA). For 2D strain analysis, 2D gray- scale track-
ing included the standard 2, 3, and 4- chamber apical 
views. Longitudinal strain (LS) was measured glob-
ally and regionally (basal, mid, apex) in all 22 patients. 
To avoid confusion when communicating about 

CLINICAL PERSPECTIVE

What Is New?
• In Danon disease, a reduction in global longi-

tudinal strain is associated with the composite 
outcome of death, ventricular assist device, 
heart transplantation, and implantable cardio- 
defibrillator for secondary prevention.

What Are the Clinical Implications?
• Global longitudinal strain may be a use-

ful marker to follow longitudinally and pre-
dict clinical outcomes in patients with genetic 
cardiomyopathies.
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LA left atrial
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strain, values will be reported as an absolute number. 
Myocardial strain was measured independently (by 
QB and MK).

Statistical Analysis
For patients with >1 echocardiogram, the most re-
cent study was used for comparison and regression 
analyses. Echocardiographic parameters and LS were 
aggregated within the entire DD cohort and then com-
pared by sex. Strain values were compared based 
on groups that experienced the composite outcome 
and those that did not. Logistic regression was used 
to determine associations between GLS and com-
posite outcome. Linear regression was completed to 
evaluate for relationships between strain and EF with 
time. Receiver operating characteristic curves were 
used to propose a GLS cutoff for the composite out-
come. Scatter plots displayed GLS and EF across 
time. Scatter plots were created using data from all 

available echocardiograms, including patients with 
multiple studies. Additional scatter plots were provided 
in the supplemental section that includes data only 
from the most recent echocardiogram.

Continuous variables were reported either as mean 
with SD or as median with interquartile range as appro-
priate based on normality of distribution assessed by 
Shapiro– Wilk test. Categorical variables were expressed 
as counts with percentages. Variables were compared 
using the unpaired Student t test, Mann– Whitney test, 
and Fisher exact tests, as appropriate. Pearson and 
Spearman correlations were used based on normality of 
distribution. The conventional P value of ≤0.05 was used 
to determine level of statistical significance. All reported 
P values were 2- sided. Interobserver reliability was as-
sessed using Cronbach’s alpha, the most widely used 
objective measure of reliability. Statistical analyses and 
figures were completed using SPSS v.27.0 (IBM Corp., 
Armonk, NY, USA) and GraphPad Prism 9 (GraphPad 
Software Inc., La Jolla, CA, USA).

Figure 1. Study selection and flow diagram.
DD indicates Danon disease.
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RESULTS
There were 49 patients included in the registry, but only 
22 patients with DD had sufficient quality echocardio-
grams for both standard echo and myocardial strain 
evaluation (Figure  1). Patients were predominantly 
male (14, 63.6%), White (21, 95.5%), and pediatric age 
<18 years (14, 63.6%) with a median age of 16.5 years 
(Table  1). Males and females differed significantly in 
median age (14.3 versus 27.9  years) and body mass 
index (19.7 versus 24.4 kg/m2), respectively.

Parameters from the most recent echocardiogram 
available included median (interquartile range [IQR]) EF 
of 60.0 (12.5) %, median (IQR) interventricular septal 
diameter 12.8 (9.80)  mm, median (IQR) LVPWd 11.6 
(12.1) mm, mean (SD) LV end- diastolic diameter 40.7 
(8.54) mm, median (IQR) LV mass index 125.9 (112.5) g/
m2, and median (IQR) LA volume index 21.2 (10.3) mL/
m2 (Table  2). There were notable sex differences in 

LV end- diastolic diameter, LA volume index, and LV 
mass index (Table  2). Compared with normal values 
described in the adult and pediatric American Society 
of Echocardiography cardiac chamber quantification 
guidelines, LV mass, interventricular septal diameter, 
and LVPWd were significantly greater in patients with 
DD.13,14 This observation held true for pediatric pa-
tients when looking at associated Z- scores (Table 2). 
Interestingly, of the 21 patients who had available LA 
volume index data, 90.5% were either normal (16– 
34 mL/m2) or below normal (<6 mL/m2).

GLS was reduced with a mean (SD) of 12.2 (5.18) 
% (normal reference GLS value <18%) with an ob-
served regional strain gradient: mean (SD) apex (16.7 
[7.15] %), mid (11.1 [5.09] %), and basal (9.06 [4.74] %) 
(Table 3).17 Comparisons of apex with basal and mid 
regional strains were significantly different, both with 
P values <0.0001 (Figure 2). GLS and regional strain 
did not differ between males and females. Bull’s eye 

Table 1. Baseline Characteristics

Baseline characteristics Patients with DD (n=22) Male (n=14) Female (n=8) P value

Age, median y (IQR) 22 16.5 (10.4, 24.2) 14 14.3 (9.08, 17.7) 8 27.9 (17.4, 38.9) 0.001

Pediatric, n (%) 22 14 (63.6%) 14 12 (85.7%) 8 2 (25.0%) 0.004

White patients, n (%) 22 21 (95.5%) 14 13 (92.9%) 8 8 (100.0%) 0.439

BMI, median kg/m2 (IQR) 22 22.7 (18.8, 26.5.0) 14 19.7 (18.2, 25.8) 8 24.4 (23.1, 33.4) 0.020

Pediatric, age <18 years; BMI indicates body mass index; DD, Danon disease; and IQR, interquartile range.

Table 2. Echo Parameters at Last Follow- up

Echo parameters Patients with DD (n=22) Male (n=14) Female (n=8) P value

Age at last echocardiogram, median y (IQR) 22 17.6 (16.7) 14 14.3 (8.10) 8 29.6 (13.3) <0.05

EF, median % (IQR) 22 60.0 (13.5) 14 66.0 (13.5) 8 55.0 (11.5) 0.082

IVSd, median mm (IQR) 22 12.8 (9.80) 14 16.0 (19.7) 8 11.4 (3.55) 0.188

Z score, median (IQR) 13 6.77 (16.9) 12 7.80 (19.3) 1 5.34* …

LVPWd, median mm (IQR) 22 11.6 (12.1) 14 18.0 (16.9) 8 10.6 (3.65) 0.212

Z score, median (IQR) 13 7.71 (12.2) 12 10.0 (12.5) 1 3.98* …

LVEDD, mean mm (SD) 22 40.7 (8.54) 14 38.1 (8.59) 8 45.2 (6.77) 0.049

Z score, mean (SD) 13 −2.41 (2.02) 12 −2.38 (2.11) 1 −2.84* …

LVESD, mean mm (SD) 22 27.5 (10.5) 14 24.3 (9.18) 8 33.0 (11.0) 0.080

LA volume index, median mL/m2 (IQR) 21 21.2 (10.3) 13 15.5 (10.4) 8 24.2 (20.5) 0.020

LV mass, median g/m2 (IQR) 22 228.3 (175.6) 14 250.2 (688.7) 8 175.0 (111.4) 0.402

Z score, median (IQR) 13 8.13 (22.5) 12 9.19 (26.7) 1 3.06 …

LV mass index, median g (IQR) 22 125.9 (112.5) 14 149.4 (303.5) 8 97.2 (49.2) 0.042

E/A, mean (SD) 20 1.84 (0.39) 13 1.82 (0.38) 7 1.88 (0.42) 0.779

e’ lat, mean cm/s (SD) 16 10.1 (4.86) 12 9.20 (5.19) 4 12.6 (2.69) 0.117

e’ med, mean cm/s (SD) 15 5.80 (2.20) 12 5.69 (2.38) 3 6.25 (1.56) 0.640

RWT, median (IQR) 22 0.59 (0.80) 14 0.94 (1.06) 8 0.45 (0.17) 0.082

RVSP, mean mm Hg (SD) 19 22.1 (6.96) 13 21.6 (7.78) 6 23.2 (5.19) 0.616

DD indicates Danon disease; E/A, ; EF, ejection fraction; e’ lat, ; e’ med, ; IQR, interquartile range; IVSd, interventricular septal diameter; LA, left atrium; LV, left 
ventricular; LVEDD, left ventricular end diastolic diameter; LVESD, left ventricular end systolic diameter; LVPWd, left ventricular posterior wall diameter; RVSP, 
right ventricular systolic pressure; and RWT, relative wall.

*Only 1 female patient met pediatric definition and therefore only a single Z score was reported.
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plot in patients with DD reflected an apical- sparing pat-
tern that has been previously described (Figure 3).18 In 
patients with multiple echocardiograms, strain did not 
change significantly over time, likely because of short 
follow- up time. The interobserver reliability for strain 
measurements for GLS, apex, mid, and base seg-
ments was >0.800.

The composite outcome occurred in a total of 7 pa-
tients, with 3 of them requiring heart transplantation 
and 4 requiring implatable cardioverter defibrillator 
(ICD) for secondary prevention. The indications for ICD 
were cardiac arrest (n=1), ventricular tachycardia (n=2), 
and 1 with nonsustained ventricular tachycardia with 
syncope (n=1). Univariable logistic regression analysis 
between GLS and composite outcome found a signif-
icant odds ratio (OR) for GLS of 1.32 with a P value of 
0.03. Univariable analyses for other echocardiographic 
parameters included LV mass index OR 1.00 (95% 
CI, 1.00– 1.02) with a P value of 0.05, interventricular 
septal diameter OR 1.10 (95% CI, 0.993– 1.22) with P 
value of 0.07, LVPWd OR 1.12 (95% CI, 0.995– 1.27 
with P value of 0.06), LV end- diastolic diameter OR 

1.02 (95% CI, 0.913– 1.14) with P value of 0.75 and rel-
ative wall OR 1.70 (95% CI, 0.491– 5.85, with P value 
of 0.40 [Table S1]). Mean GLS differed by presence of 
the composite outcome (8.43 versus 13.9%, P=0.016) 
(Figure 4). For receiver operating characteristic analy-
sis, the area under the curve for GLS and EF was 0.810 
(P=0.02) and 0.605 (P=0.44), respectively (Figure 5). An 
absolute GLS cutoff of 10.0% yielded a true positive 
rate of 85.7% and false positive rate of 13.3%.

Scatter plots and linear regression analyses were 
completed to show the relationships of GLS and EF 
from the most recent echocardiogram with time 
(Figure 6). Both plots show that males have echocar-
diograms earlier in life compared with females, which 
correlates with known sex differences in the age- of- 
onset for the natural history of DD. In the GLS scatter 
plot, there was a linear downward trend with time in the 
male cohort (R2=0.488) compared with the female co-
hort (R2=0.0590; Figure 6A). Furthermore, all patients 
who experienced the composite outcome had reduced 
absolute strain value, defined as a cutoff of GLS <18%. 
In the EF scatter plot, there was also a downward trend 
observed with time in males (R2=0.391) and females 
(R2=0.110), but the composite outcome occurred in 
patients despite a preserved EF (Figure 6B). Additional 
scatter plots using GLS and EF from all available echo-
cardiograms are provided in the supplemental section 
(Figure S1).

DISCUSSION
To our knowledge, this is the most comprehensive 
analysis of the standard echo and strain measure-
ments of patients with DD. In this cohort, we observed 
(1) a reduction in GLS with an apical- sparing pattern; 
(2) a significant decrease in GLS in patients who expe-
rienced the composite outcome of death, advanced 
therapies, and ICD for secondary prevention com-
pared with those who did not; and (3) a sizeable and 
significant area under the curve for GLS with a pro-
posed cutoff of GLS <10% to predict the composite 
outcome. These results suggest a potential role for 
using myocardial strain in DD to monitor disease pro-
gression, predict clinical outcomes, and evaluate ef-
ficacy of therapeutic interventions.

Table 3. GLS and Regional LS at Last Follow- Up

LS Patients with DD (n=22) Males (n=14) Females (n=8) P value

GLS, mean % (SD) 12.2 (5.18) 11.1 (4.56) 14.1 (5.94) 0.234

Apex LS, mean % (SD) 16.7 (7.15) 16.0 (6.91) 18.1 (7.82) 0.533

Mid LS, mean % (SD) 11.1 (5.09) 9.72 (4.09) 13.5 (6.02) 0.141

Basal LS, mean % (SD) 9.06 (4.74) 7.79 (4.19) 11.3 (5.08) 0.124

DD indicates Danon disease; GLS, global longitudinal strain; and LS, longitudinal strain.

Figure 2. Observed differences in regional longitudinal 
strain.
A regional longitudinal strain gradient was observed from base to 
apex that was significant.
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In this relatively small study, GLS appeared to out-
perform EF with regard to association with clinical out-
comes and reliability as a marker to trend over time. 
Using speckle- tracking of echocardiograms to quantify 
GLS has advantages over using EF to measure myo-
cardial function. While EF and GLS are correlated, it is 
important to note that EF predominantly measures ra-
dial myocardial function while GLS measures longitudi-
nal myocardial function.5 The myocardial fibers that are 
at greatest risk for disarray are located in the innermost 
area of the myocardium, the subendocardial region, and 
are responsible for longitudinal deformation.19 Therefore, 
GLS predominantly measures subendocardial function, 

which is more sensitive to ischemia and changes in wall 
stress, and can predict subclinical disease before re-
duction in EF.4,5,20 It has been hypothesized that strain 
may be most useful in settings of significant LV hypertro-
phy where EF often inadequately assesses systolic func-
tion.7,20 Patients with HCM represent a cohort that has 
preserved or hyperdynamic EF despite overall systolic 
function being considerably reduced.10,20 The hypertro-
phied ventricles lead to reductions in cavity volumes, 
which affect the inputs of calculated EF.20 On a more 
mechanistic level, the contractility of individual cardiac 
myocytes may be impaired because of various reasons 
including cardiomyocyte hypertrophy, fiber disarray, and 
interstitial fibrosis, which may not be captured by tra-
ditional echocardiographic parameters.19 Furthermore, 
impaired cardiac performance may be related to the ex-
tent of hypertrophy based on observations that LV mass 
and regional wall thickness affect global and regional 
myocardial mechanics.19 Although the pathophysiology 
driving hypertrophy in DD is very different compared 
with sarcomeric HCM, interstitial fibrosis is a common 
end- stage finding in both diseases. It is possible that 
strain is a more sensitive mechanical marker for inter-
stitial fibrosis than EF and thus can be used to predict 
outcomes earlier.

While the apical- sparing strain pattern in DD may 
resemble that in cardiac amyloidosis, differentiating 
between the 2 cardiac disorders is relatively straight-
forward since the former predominantly affects a pe-
diatric population and the latter rarely affects people 
before the age of 40.21,22 Thus, the intriguing question 
lies in whether strain can discern DD from other pe-
diatric HCM phenocopies, such as Friedrich ataxia, 
Pompe disease, and Anderson- Fabry disease. In a 

Figure 3. Representative Danon disease longitudinal strain bull’s eye plots.
Representative bull’s eye plots from male and female patients with Danon disease demonstrate an apical 
sparing that is similar to the “cherry on top” pattern seen with cardiac amyloidosis. Lat indicates lateral; 
and Sep indicates septal.

Figure 4. GLS stratified by composite outcome.
GLS indicates global longitudinal strain.
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cohort of 25 patients with Friedrich ataxia, LS was ob-
tained in apex (−21%±4%), mid (−15%±3%), and basal 
(−16%±2%) segments from the septum.23 The authors 
concluded that a longitudinal base- to- apex gradient 
was rarely detected in patients with Friedrich ataxia.24 
There are limited strain studies in Pompe disease, but 
1 study of 12 patients reported a minor reduction in 
GLS of 20.7±1.9%.25 In a study that included 21 pa-
tients with Anderson- Fabry disease with LVH, LS was 
reported for apex (−19.0±4.7%), mid (−18.0±5.5%), and 

basal regions (−10.1%±2.0%).26 More recently, Esposito 
et al27 described LS in 23 patients with Anderson- Fabry 
disease at time of diagnosis and found that LS in the 
basal segments was always more compromised than 
in mid and apical segments, but less prominent than 
the “apical sparing” seen in cardiac amyloidosis. In 
summary, sarcomeric HCM and associated pediatric 
phenocopies usually had significant reductions in GLS, 
but DD appears to have a more pronounced apical- 
sparing strain pattern. LA volume index may also help 

Figure 5. Receiver operating curve for global longitudinal strain and ejection fraction for the 
composite outcomes.
 

Figure 6. Scatter plots of (A) GLS and (B) EF with time.
*, Composite outcome; green *, Heart transplant. Scatter plots of global longitudinal strain (GLS) and ejection fraction (EF) with time. 
All echocardiograms including patients with multiple studies were used to form the plots.
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distinguish DD from other pediatric HCM phenocop-
ies. Typically, LA volume is increased in HCM and is 
associated with obstruction, mitral regurgitation, and 
diastolic dysfunction.21 However, in this study, most 
patients with DD had a normal or below normal LA 
volume. While this may be related to the young age of 
this cohort, further work will be needed to validate and 
understand this mechanism.

As promising, personalized therapies continue to 
develop for DD, HCM, and other genetic and acquired 
cardiomyopathies, it is critical to identify potential end 
points of efficacy as well as biomarkers that may pre-
cede onset of severe cardiac dysfunction.28,29 This is 
particularly true given the size and duration of these tri-
als, which will unlikely be powered to detect mortality 
end points. Cardiac magnetic resonance imaging has 
gained popularity in risk stratification through quantifi-
cation of fibrosis and may be a good end point of effi-
cacy, but has significant limitations of cost, prohibitive 
use with implantable devices, and required sedation 
for pediatric patients. Our study raises the intriguing 
possibility that strain may be a useful marker to follow 
as GLS deceased linearly with time. In fact, strain has 
been shown to improve in studies of therapeutics for 
cardiac amyloidosis.30 We propose that GLS be re-
ported together with EF for all patients with genetic car-
diomyopathies in order to facilitate needed studies to 
validate whether strain accurately monitors progression 
of disease and predicts clinical outcomes. Furthermore, 
assessment of GLS may be of particular utility in syn-
dromes associated with preserved EF, such as heart 
failure with preserved EF and restrictive cardiomyopa-
thies, both of which are associated with high morbidity 
and mortality despite having EFs in the normal range.

Limitations
The main study limitation is the relatively small sample 
size and events, but DD is a rare disease, and this is 
the largest study of DD echocardiographic and strain 
parameters to our knowledge. The recruitment strat-
egy for patients into the registry may have introduced 
a selection bias given both international and national 
representation. There were significant differences in 
baseline characteristics between patients included 
and excluded from the study, which was determined 
by echocardiogram availability (Table  4). Patients ex-
cluded from the study (“No Echo”) were more likely to 
be female and older. However, there were no differ-
ences in outcomes between those included versus 
excluded from the study (Table  4). Echocardiograms 
were obtained by different sonographers on different 
machines, which could yield variable quality. However, 
echocardiographic images were rigorously scrutinized 
to ensure quality by 2 physicians and 1 additional so-
nographer. It should also be acknowledged that there 

is a learning curve when assessing echocardiographic 
parameters in young pediatric patients. Age-  and sex- 
matched controls, including normal and other types of 
hypertrophic conditions, were not directly compared 
because of sufficient literature on corresponding strain 
patterns. Only longitudinal global strain was measured 
and not radial or circumferential strain. Furthermore, 
strain analysis was completed using software from a 
single vendor and hence not generalizable to all meth-
ods of LS assessment.

CONCLUSIONS
In this cohort of patients with DD, we found that GLS 
may be associated with clinical outcomes of mortality, 
device placement for secondary prevention, and need 
for advanced therapies. GLS compared with EF may 
offer further risk stratification of myocardial function in 
patients with genetic and acquired cardiomyopathies. 
Future studies should validate the association of strain 
with clinical outcomes and evaluate whether strain may 
help assess patient appropriateness for treatments 
and enrollment in clinical trials for a range of therapeu-
tics in development.
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Table 4. Logistic Regression Analysis for Composite 
Outcome (Death, HTx, LVAD, ICD for Secondary Prevention)

Echo (N=22) No echo (N=27)
P 
value

Age, median y 
(IQR)

22 16.5 (13.8) 27 30.0 
(22.0)

0.001

Pediatric, no. (%) 22 14 (63.6%) 27 7 (25.9%) 0.001

Male, no. (%) 22 14 (63.6%) 27 9 (18.4%) 0.047

White patients, 
no. (%)

22 21 
(95.5%)

27 23 
(85.2%)

0.362

BMI, median kg/
m2 (IQR)

22 22.7 (7.6) 26 25.4 (6.9) 0.139

Cumulative 
outcome, no. (%)

22 7 (31.8%) 27 10 
(37.0%)

0.769

HTx, no. (%) 22 3 (13.6%) 27 8 (29.6%) 0.303

Device implant, 
no. (%)

22 12 (54.5%) 27 16 
(59.3%)

0.779

Death, no. (%) 22 0 (0%) 27 2 (7.4%) 0.495

BMI indicates body mass index; HTx, heart transplant; ICD, implantable 
cardioverter defibrillator; IQR, interquartile range; and LVAD, left ventricular 
assist device.
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Table S1. Logistic Regression Analysis for Other Echo Variables and the Composite Outcome (Death, 
HTx, LVAD, ICD for Secondary Prevention). 
 

Regression 

Analysis Odds Ratio 95% CI p-value 

Univariate       

LV mass index 1.00 (1.00-1.02) 0.05 

IVSD 1.10 (0.993-1.22) 0.07 

LVPWD 1.12 (0.995-1.27)  0.06 

LVEDD 1.02 (0.913-1.14)  0.75 

RWT 1.70 (0.491-5.85)  0.40 

 
 
LV, left ventricle; IVSD, interventricular septal diameter; LVPWD, left ventricular posterior wall diameter; 
LVEDD, left ventricular end-diastolic diameter; RWT, relative wall thickness 

 
 
 



Figure S1. Scatter Plots of Most Recent (A) GLS and (B) EF with Time. 
 
 

 
 
 
 
*, Composite outcome; *, Heart transplant 
Scatter plots of global longitudinal strain (GLS) and ejection fraction (EF) with time. For each patient, 
only the most recent echocardiogram was used for GLS and EF analysis and displayed in the plots. 

 


