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Purpose: This study aimed to examine weather left ventricular end-diastolic diameter

(LVDd) could predict mortality from heart failure in patients with Duchenne muscular

dystrophy (DMD) receiving standard cardio-protective therapies.

Patients and Methods: One hundred thirty-three patients with DMD aged ≥10 years who

underwent echocardiography from 2011 to 2015 were included in this study and retro-

spectively followed until August 2018. Patients were divided into two groups according to

LVDd at initial echocardiography: ≤ 54 mm (Group 1: n=119) and ≥ 55 mm (Group 2:

n=14). To identify factors other than LVDd that may affect heart failure-related mortality,

Group 2 patients who developed no left atrial (LA) enlargement, moderate mitral regurgita-

tion (MR), or pulmonary hypertension (PH) during the observation period (Group 2A: n=5)

were compared with those who newly developed one or more of those complications (Group

2B: n=7). Clinical outcomes were all-cause mortality and mortality from heart failure.

Results: Mean observation period was 5.5±1.5 years in Group 1 and 4.4±1.9 years in Group

2. A total of 14 patients (10.5%) died, including 6 of 119 (5.0%) patients in Group 1 and 8 of

14 (57.1%) patients in Group 2 (p<0.001). Among these, 1 (0.8%) patient in Group 1 and 8

(57.1%) patients in Group 2 died from heart failure (p<0.001). Group 2B patients had shorter

survival compared to Group 2A patients (p=0.006).

Conclusion: LVDd ≥ 55 mm is a predictive factor for mortality from heart failure in

patients with DMD. Complications including LA enlargement, moderate MR, and PH were

found to be predictive factors for mortality from heart failure in a short period.

Keywords: cardiomyopathy, heart failure, echocardiography, left atrial enlargement, mitral

regurgitation, pulmonary hypertension

Introduction
Duchenne muscular dystrophy (DMD) is a X-linked recessive disorder caused by

mutations in the dystrophin gene. DMD is associated with progressive degeneration

of skeletal and cardiac muscle tissue, which usually leads to cardiac and respiratory

complications and ultimately, death.1 Multidisciplinary treatments including ster-

oids, scoliosis surgery, respiratory support, and cardiac therapy have improved

survival rates in patients with DMD.2 The use of non-invasive mechanical ventila-

tion has also extended survival. Today, cardiomyopathy is the leading cause of

death in these patients.3 The absence of cytoskeletal dystrophin protein makes

cardiac myocytes vulnerable to mechanical damage.4 Clinically apparent cardio-

myopathy, defined as left ventricular (LV) systolic dysfunction, is commonly

diagnosed after age 10 years. Death from heart failure has been reported in some

patients with cardiomyopathy.
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Previous studies have described the effects of pharma-

cological interventions on cardiac mortality.5–7 However,

despite standard cardio-protective therapies such as angio-

tensin converting enzyme inhibitors (ACEI), angiotensin

receptor blockers (ARB), and beta blockers (BB), cardiac

mortality is still prevalent in this patient population.

Although almost all patients with DMD develop cardi-

omyopathy, the age of onset, progression, and severity of

the disease differ greatly among patients. As heart failure

symptoms are masked by exercise inability due to skeletal

muscle disorder, indices that lead to early therapeutic

intervention for high risk patients are necessary. In the

general population, left ventricular end-diastolic diameter

(LVDd) and left ventricular ejection fraction (LVEF) are

related to prognosis in dilated cardiomyopathy.8 While

DMD patients who died of heart failure reportedly had

significantly worse LV dilatation compared to those who

died of respiratory failure,9 outcome indices that can be

used to predict cardiac mortality have not been fully

explored.

This study aimed to assess whether LVDd can predict

heart failure-related deaths in patients with DMD receiv-

ing standard cardio-protective therapies.

Materials and Methods
Study Design and Participants
This retrospective cohort study targeted patients with

DMD at the National Center of Neurology and

Psychiatry. Patients aged ≥10 years who underwent echo-

cardiography from January 2011 to December 2015 were

included in this study and followed until August 2018.

Clinical outcomes were all-cause mortality and mortality

from heart failure. Exercise intolerance, a common symp-

tom of heart failure, is not applicable in patients with

DMD due to the inability to ambulate. Thus, heart failure

was diagnosed according to symptoms such as sleep dis-

turbance, loss of appetite, nausea, and abdominal pain or

fullness, as well as supporting data including decreased LV

systolic function and elevated brain natriuretic peptide.10

Sudden death without preceding signs or symptoms of

heart failure was not included in deaths from heart failure.

This study was approved by the institutional review

board of the National Center of Neurology and Psychiatry

(A2015-068). All study participants were provided an

opportunity to opt-out of participation at their free will.

The data used in this study were obtained from

a retrospective survey of clinical practice without any

additional burden on patients. Accordingly, we considered

that ethical issues could be solved by providing opt-out

opportunities rather than written informed consent. This

study was carried out in accordance with the principles of

the Declaration of Helsinki.

Echocardiography
Echocardiography was performed by a single cardiologist

(K.S.) for all patients. LVDd was measured using M-mode

scan of the parasternal long-axis view with a 2D image.

When the M-mode cursor could not be aligned perpendi-

cularly to the LV long axis, LVDd was measured directly

on 2D images. Left atrial (LA) enlargement was defined as

a left atrial diameter (LAD) ≥40 mm. We did not correct

LVDd and LAD for body surface area (BSA), as echocar-

diograms are often evaluated without correction for BSA

in clinical practice. In addition, since non-ambulant DMD

patients cannot keep the standing position, it is not easy to

measure their height and body weight. Mitral regurgitation

(MR) was evaluated by color Doppler flow image and was

classified as none, mild, and moderate by regurgitation jet

area (no severe MR). Pulmonary hypertension (PH) was

defined as a ≥25 mmHg pressure gradient estimated from

peak tricuspid regurgitation flow velocity.

We decided to use LVDd because it can be measured

more easily and is more reproducible than other indices.

Patients were divided into two groups according to LVDd

at initial echocardiography: ≤54 mm (Group 1) and

≥55 mm (Group 2). We used a clinical relevant value of

normal LVDd in men, which has been reported to be 50.2

±4.1 mm,11 although the value may be influenced by age,

physique, and race. Moreover, to clarify the predictive

value of newly developed complications (i.e., LA enlarge-

ment, moderate MR, and PH), subgroup analysis was

performed in Group 2 patients excluding those who had

one or more complications at initial echocardiography.

Specifically, patients in Group 2 who did not have these

complications at initial echocardiography were divided

further into two sub-groups: those who developed no

new complications during the observation period (Group

2A), and those who developed one or more new complica-

tions during the observation period (Group 2B).

Survival curves were compared between Group 1 and

Group 2, and between Group 2A and Group 2B. To assess

the influence of LA dilatation, moderate MR, and PH on

survival, the starting point of the survival curve in Group

2B was defined as when patients developed one or more

new complications.
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Statistical Analysis
Continuous and categorical variables are presented as mini-

mum –maximum (median) and frequencies or percentages,

respectively. Comparisons between Group 1 and Group 2,

and between Group 2A and Group 2B, were performed

using Fisher’s exact probability test and the Mann–

Whitney U-test, respectively. Survival curves in patients

with and without LV dilatation for all-cause mortality and

mortality from heart failure were estimated by the Kaplan-

Meier method. Differences in survival rate were evaluated

using the Log rank test and the Cox proportional hazards

model, including the following candidates of prognostic

factors and covariates: age, mechanical ventilation, frac-

tional shortening (FS), LAD, PH, moderate MR, ACEI/

ARB, BB, aldosterone antagonist, diuretics, pimobendan,

amiodarone, and steroids at initial cardiac evaluation. These

variables were selected by the stepwise procedure (inclu-

sion and exclusion criteria: p=0.1), with therapeutic agents

treated as covariates. Survival curves for Group 2A and

Group 2B were estimated by the Kaplan-Meier method.

Differences in survival rate were evaluated using the Log

rank test. P<0.05 was considered statistically significant.

Results
A total of 133 patients were included in this study. Patient

clinical characteristics are summarized in Table 1. At initial

echocardiography, LVDdwas ≤54mm in 119 of 133 (89.5%)

patients (Group 1), and only the remaining 14 (10.5%)

patients had LVDd � 55 mm (Group 2). All patients with

LVDd � 55 mm showed reduced LV systolic function

(FS<0.27) at the first echocardiography. Although median

age at initial echocardiography was slightly higher in Group

2 compared to Group 1, there was no significant difference

(p=0.051). The mean follow-up period was 5.5±1.5 years in

Group 1 and 4.4±1.9 years in Group 2. Figures 1 and 2 show

all-cause mortality and mortality from heart failure, respec-

tively. A total of 14 (10.5%) patients died during the follow-

up period, including 6 of 119 (5.0%) patients in Group 1 and

8 of 14 (57.1%) patients in Group 2. Overall survival during

the 5-year follow-up period analyzed by the Log rank test

revealed a significant difference between Group 1 (96.3%)

and Group 2 (47.6%) (p<0.001). LVDd was not associated

with all-cause mortality in the Cox proportional hazards

model analysis (selected covariates: FS, PH, and steroids).

One (0.8%) patient in Group 1 and 8 (57.1%) patients in

Group 2 died from heart failure. Age range at death from

heart failure was 14–38 (median, 23) years. Survival

probability for the heart failure mortality during the 5-year

follow-up period was estimated to be 99.0% for Group 1,

which was significantly higher than 47.6% for Group 2 (Log

Table 1 Basic Patient Characteristics

Group 1 Group 2 P value

LVDd≤54mm LVDd≥55mm

n 119 14

Age(years) 10-39 (14) 11-27 (18) 0.051

Male, n(%) 119 (100) 14 (100) NA

LVDd(mm) 28-53 (41) 55-73 (60) <0.001

FS(%) 8-47 (29) 1-22 (10) <0.001

LAD(mm) 10-38 (23) 20-45 (27.5) 0.008

Significant MR, n(%) 0 (0.0) 0 (0.0) NA

PH, n(%) 1 (0.8) 1 (7.1) 0.2

Medication

ACEI or ARB, n(%) 45 (37.8) 12 (85.7) <0.001

BB, n(%) 46 (38.7) 13 (92.9) <0.001

Aldosterone antagonist, n

(%)

3 (2.5) 4 (28.6) <0.001

Diuretics, n(%) 3 (2.5) 3 (21.4) 0.001

Pimobendan, n(%) 2 (1.7) 3 (21.4) <0.001

Amiodarone, n(%) 0 (0.0) 2 (14.3) <0.001

Steroid, n(%) 49 (41.2) 6 (42.9) 0.7

Ventilation

NPPV, n(%) 31 (26.1) 7 (50.0) 0.06

IPPV(tracheotomy), n(%) 1 (0.8) 0 (0.0) 0.9

Abbreviations: LVDd, left ventricular end-diastolic diameter; FS, fractional short-

ening; LAD, left atrial diameter; MR, mitral regurgitation; PH, pulmonary hyperten-

sion; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor

blocker; BB, beta blocker; NPPV, non-invasive positive pressure ventilation; IPPV,

invasive positive pressure ventilation.

Figure 1 Kaplan-Meier estimate of survival from all-cause mortality. Overall survi-

val during the 5-year follow-up period analyzed by the Log rank test revealed

a significant difference between Group 1 (96.3%) and Group 2 (47.6%) (p<0.001).
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rank test: p<0.001). LVDd was significantly associated with

mortality from heart failure in the Cox proportional hazards

model analysis (hazard ratio: 1.56, 95% confidence interval:

1.20–2.03; p=0.001; selected covariates: steroids, age, aldos-

terone antagonist, and LAD).

In Group 1, LV dilatation was noted only in 6 patients

(0.5%) at final echocardiography. A decline in FS preceded

LV dilatation in all 6 patients. None of the patients had

complications (i.e., LA enlargement, moderate MR, or PH)

at final echocardiography. One patient in Group 1 who died

from heart failure without LV dilatation (LVDd: 50 mm) was

hospitalized for fatigue, abdominal fullness, and dyspnea,

and echocardiography at the time of death revealed severe

hypokinesis of the LV wall and pericardial effusion.

Five patients died from causes other than heart failure;

specifically, 1 died from sudden death, 1 from multiple

organ failure after resuscitation from cardio-pulmonary

arrest, 1 from renal failure and respiratory failure due to

pneumonia, and 2 from unknown causes.

Table 2 summarizes the characteristics of patients in

Group 2A (n=7) and Group 2B (n=5). Most patients in

Group 2B had symptomatic heart failure, resulting in shorter

survival compared to patients in Group 2A (Log rank test:

p=0.006) (Figure 3).

Discussion
The present study investigated whether LVDd was

a predictive factor for mortality from heart failure in patients

with DMD aged � 10 years. Patients with LVDd � 55 mm

at initial echocardiography had a significantly higher mortality

compared to those without. Moreover, most patients with

LVDd � 55 mm who newly developed one or more compli-

cations (i.e., LA enlargement, moderate MR, and PH) died in

Figure 2 Kaplan-Meier estimate of survival from heart failure. Survival probability

for the heart failure mortality during the 5-year follow-up period analyzed by the

Log rank test revealed a significant difference between Group 1 (99.0%) and Group

2 (47.6%) (p<0.001).

Table 2 Characteristics of Patients in Group 2A and Group 2B

Group 2A Group 2B P value

n 5 7

Age(years) 15-27 (18) 11-22 (18) 0.4

Male, n(%) 5(100) 7(100) NA

LVDd(mm) 55-63 (57) 56-73 (57) 0.6

FS(%) 4-16 (12) 4-22 (13) 0.6

LAD(mm) 22-31 (27) 24-36 (28) 0.2

Significant MR, n(%) 0 (0.0) 4 (57.1) 0.07

PH, n(%) 0 (0.0) 3 (42.9) 0.2

Medication

ACEI or ARB, n(%) 5 (100) 6 (85.7) 0.6

BB, n(%) 5 (100) 7 (100) NA

Aldosterone antagonist, n(%) 2 (40.0) 7 (100) 0.045

Diuretics, n(%) 1 (20.0) 3 (42.9) 0.4

Pimobendan, n(%) 1 (20.0) 2 (28.6) 0.6

Amiodarone, n(%) 1 (20.0) 2 (28.6) 0.6

Steroid, n(%) 2 (40.0) 3 (42.9) 0.7

Ventilation

NPPV, n(%) 2 (40.0) 5 (71.4) 0.3

IPPV(tracheotomy), n(%) 0 (0.0) 0 (0.0) NA

Abbreviations: LVDd, left ventricular end-diastolic diameter; FS, fractional short-

ening; LAD, left atrial diameter; MR, mitral regurgitation; PH, pulmonary hyperten-

sion; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor

blocker; BB, beta blocker; NPPV, non-invasive positive pressure ventilation; IPPV,

invasive positive pressure ventilation.

Figure 3 Kaplan-Meier estimate of survival from heart failure for Group 2A and

Group 2B. Group 2B had a significantly shorter survival rate compared with Group

2A (p=0.006).
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a short period after symptomatic heart failure. Vasan et al

reported that, in the general population, an increase in LV

internal dimension is a risk factor for congestive heart failure

in individuals with no history of myocardial infarction.12

DMD results from a mutation in the dystrophin gene, which

is responsible for the absence of the protein dystrophin.

Dystrophin-deficient cardiomyocytes have an abnormally

high membrane fragility. The loss of membrane integrity

leads to increased permeability, thereby causing abnormal

stress-induced influx of extracellular Ca2+ and membrane

microrupture.13,14 In the dilated left ventricle, myocytes are

stretched and this may facilitate further dilatation.

Previous studies demonstrated that ACEI/ARB and BB

improve LV dysfunction,15–21 suggesting that interven-

tions with these agents could improve FS or EF.

However, for DMD patients with asymptomatic cardio-

myopathy, a mild, or even significant improvement of LV

function does not directly improve their quality of life. We

emphasize the need for clinical research focused on not

only improving LV function but also preventing sympto-

matic heart failure and resulting deaths. Duboc et al

reported that an earlier intervention with perindopril was

significantly associated with higher survival, free from all-

cause death, over 10 years of follow-up in patients with

preserved EF at baseline.5 The authors mentioned that

depressed LV function (LVEF <45%) was a predictor of

poor outcome, although they made no reference to LVDd.

The present study focused on LVDd because LV systolic

dysfunction is common in DMD cardiomyopathy, whereas

LV dilatation is not always observed. Most patients without

LV dilatation escaped death from heart failure, even with LV

systolic dysfunction. However, patients with LV dilatation

had high mortality. Unlike LV dilatation that occurs indepen-

dently of time (age), FS decline tends to increase with age.

We considered the possibility that specific patients were

more susceptible to death from heart failure regardless of

age. Mekacini et al reported that no definite correlations were

found between the clinical severity of myopathy and LV

involvement.22 Wang et al reported that despite standard

therapies including ACEI and BB, FS declined progressively

in almost all patients, and that once heart failure deteriorated

to New York Heart Association (NYHA) class 4, the survival

period was short.23 On the other hand, Kwon et al reported

that cardiac function in late-stage DMD patients (Swinyard-

Deaver’s stage 7 or 8) showed stabilization of EF on ade-

quate ventilatory support and optimal cardiac medication

therapy until their mid-30s.24 Based on the results of the

present study, we considered LVDd to be a critical marker

for heart failure-related death. In patients with DMD cardio-

myopathy, once LV dilates, it is generally irreversible.

Although FS is also a potential predictive factor for heart

failure-related mortality, it is reduced in a considerable num-

ber of DMD patients aged � 10 years. Thus, cutoff FS that

predicts death from heart failure is speculated to be much

lower than the normal range (0.25–0.43). Standard cardio-

protective therapies such as ACEI, ARB, and BB do not

necessarily prevent LV dilatation. The mechanism underly-

ing LV dilatation that affects only a portion of patients

remains unknown. Neither the age of onset nor severity of

LV dysfunction is correlated with the site of gene mutation.25

At our institution, we have managed cardiomyopathy

in patients with DMD for over 7 years according to

recommendations summarized in a review article pub-

lished by Bushby et al26. ACEI/ARB and BB are initiated

at the onset of LV systolic dysfunction. Since no clinical

evidence has been shown for other pharmacological thera-

pies in DMD cardiomyopathy, the review recommends

traditional treatment strategies for advanced heart failure.

However, recent reports recommend that treatment with

ACEI/ARB be initiated by 10 years of age.27,28 As such,

since 2018, we have followed this recommendation when

treating DMD patients with normal EF (these patients

were not included in the present study). While the optimal

timing for initiation of treatment with aldosterone antago-

nists remains unknown, early initiation has been shown to

offer effective and safe cardioprotection in mice29 and

DMD patients.30–32 However, it is unclear whether the

attenuation of cardiac systolic dysfunction by aldosterone

antagonists reduces mortality from heart failure, and there

are no specific treatment policies for DMD patients with

advanced heart failure. Thus, mortality from heart failure

is still a major problem despite the availability of contem-

porary cardio-protective therapies. We use aldosterone

antagonists when LVDd exceeds 54 mm based on studies

on heart failure in the general population.33,34 Aldosterone

antagonist use was significantly associated with survival

free from heart failure in the Cox proportional hazards

model analysis (hazard ratio: 0.00, 95% confidence inter-

val: 0.00–0.17; p=0.007). Although survival is affected by

the extent of aggressive therapy for end-stage heart failure,

patients with end-stage heart failure generally do not

recover even with intensive care.

Echocardiography is the standard modality for evaluating

cardiac function in DMD patients.9 For non-ambulant patients

and their caregivers, transferring the patient from a wheelchair

to an examination table, and into a lateral decubitus position,
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is stressful. Therefore, we often carry out echocardiography in

a seated position for obese non-ambulant patients. In addition,

scoliosis and thoracic deformity make echocardiography

more difficult. LVDd can be measured more easily and is

more reproducible than other indices.

In a recent study, DMD patients with normal EF were

shown to have reduced circumferential strain on cardiac

magnetic resonance imaging (MRI).35 Another study

reported that DMD patients with EF >55% were positive

for late gadolinium enhancement in 30% of cases.36

Although ventricular strain rate and late gadolinium

enhancement can predict early myocardial damage, cardiac

MRI is costly and time-consuming compared with echocar-

diography. Furthermore, the relationship between early

abnormal findings and heart failure-related death is not

well understood.

In the general population, 2013 ACCF/AHA guidelines

for the management of heart failure classify heart failure

into Stages A, B, C, and D.37 Stage C, which corresponds to

NYHA classes 2 and 3, is defined as structural heart disease

with prior or current symptoms of heart failure. Due to loss

of exercise capability, DMD patients do not complain of

dyspnea on exertion, and thus, Stage C heart failure cannot

be applied to DMD cardiomyopathy. For non-ambulant

DMD patients, symptomatic heart failure is equivalent to

NHYA class 4. From this perspective, asymptomatic

patients with LV dilatation can be classified as Stage

C. We suggest that the timing of additional therapeutic

strategies should be identified to prevent NYHA class 4

heart failure in DMD patients with LV dilatation. For this

reason, we propose the following stage classification for

DMD cardiomyopathy based on the results of the present

study (Figure 4): Stages 0, 1, and 3 corresponding to Stages

A, B, and D according to ACCF/AHA guidelines, respec-

tively. We classify asymptomatic DMD patients with LV

dilatation as Stage 2, rather than Stage C. Furthermore, we

suggest that stage variation is clinically more important than

FS (or EF) variation in individual patients.Since death from

heart failure occurs even in young patients undergoing

ACEI/ARB and BB therapies, additional therapeutic strate-

gies based on LVDd are needed in order to prevent heart

failure-related death.

Limitations
This study was carried out with a retrospective cohort study

design at a single institution. The observation period was

only a part of the entire course of DMD cardiomyopathy.

Some patients dropped out and could not be followed up to

the end of the observation period. Finally, characteristics of

patients in our hospital may not be representative of those of

the entire DMD population. Therefore, there is concern as to

whether the findings of the present study can be applied to

other facilities or regions.

Prospective long-term trials with a large sample size

will be necessary to determine the impact of LVDd on

survival in DMD patients.

Conclusion
LVDd is a predictive factor for mortality from heart failure

in patients with DMD. Patients who developed symptomatic

heart failure frequently exhibited LA enlargement, moderate

MR, and PH in addition to LV dilatation and had poor

prognoses. Strategies aimed at preventing LV dilatation are

necessary to improve survival from heart failure.

Funding
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Figure 4 Proposed stage classification for DMD cardiomyopathy. Stage 2 is specific for non-ambulant DMD patients.

Notes: →: within normal limit, ↑: increase, ↓: dicrease, +: present, -; absent.

Abbreviations: FS, fractional shortening; LVDd, left ventricular end-diastolic diameter; LAD, left atrial diameter; MR, mitral regurgitation; PH, pulmonary hypertension.
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