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Abstract
Objective  To describe the natural history of 
cardiomyopathy in patients with Duchenne muscular 
dystrophy (DMD) who are receiving contemporary 
therapies.
Methods  This is a single-institution retrospective cohort 
study of 57 patients aged >15 years with DMD. Serial 
digital echocardiograms were performed over a median 
follow-up of 8 years. Left ventricular dysfunction (LVD) was 
defined as shortening fraction (SF) <29% plus focal wall 
motion abnormalities. Therapies included ACE inhibitors, 
beta-blockers and assisted ventilation.
Results  The SF declined progressively in 53/57 patients 
(93%). LVD occurred in 40 of 57 patients (70%), with 
variable age at onset (median 18 years, IQR 14–21.5 
years). Rate of SF decline (–1.51%±1.16%/year) was 
variable and unrelated to genotype. However, survival was 
shorter for patients with LVD onset at age <18 years vs 
onset at ≥18 years (death at 21.1±2.5 years vs 33.1±4.4 
years; P<0.001). Death occurred in 27/57 (47%) patients 
at a median age of 26.3 years (IQR 20.6–31.5). Death 
was preceded by LVD in 22/27 patients (81%), 15 (68%) 
of whom developed class 4 heart failure (CHF). Time from 
CHF to death was brief (median 8.0 months).
Conclusion  Despite contemporary therapies, SF declined 
progressively in almost all patients. Age at onset of LVD 
and age at death were variable and unrelated to genotype; 
however, survival was shortened for patients with LVD 
onset at age <18 years. Death was usually preceded 
by LVD. CHF was a sentinel event, with death occurring 
shortly thereafter.

Introduction
Duchenne muscular dystrophy (DMD) is 
caused by an X  linked mutation within the 
dystrophin gene at the Xp21.1 locus1 and is 
characterised by degeneration of skeletal and 
cardiac muscle, leading to loss of ambulation, 
respiratory insufficiency and progressive 
cardiac dysfunction.2 As respiratory insuffi-
ciency is now well managed, cardiac dysfunc-
tion has become a common cause of death.3–5 
However, the contemporary natural history 
of cardiac dysfunction in DMD has not been 

described and cardiac prognostic predictors 
are unknown. For example, age of onset of 
left ventricular dysfunction (LVD) does not 
reliably correlate with either skeletal muscle 
weakness or pulmonary function abnormali-
ties,6 and the correlation between dystrophin 
genotypes and cardiac phenotypes remains 
uncertain.7–10 Current DMD guidelines 

Key questions

What is already known about this subject?
►► Cardiac dysfunction is now a major cause of 
death in patients with Duchenne muscular 
dystrophy (DMD), and that the dystrophin genotype 
probably does not predict the course of the 
cardiomyopathy.

What does this study add?
►► Our long-term observations describe a progressive 
course of left ventricular dysfunction (LVD) despite 
treatment with contemporary cardiopulmonary 
therapies and show that LVD is highly variable in 
age of onset and unlikely related to genotype. We 
confirm that most deaths are of cardiac origin. A 
new observation is that onset of LVD at age <18 
years is a predictor of early death. We document 
for the first time that survival after onset of class 
4 heart failure is less than 1 year, making this a 
sentinel event.

How might this impact on clinical practice?
►► A better understanding of the contemporary 
natural history of DMD is needed to predict 
patient prognosis. Our demonstration of marked 
interpatient variability in the natural history of DMD 
cardiomyopathy and the lack of reliable genotype–
phenotype correlations means that the efficacy 
of new therapies will be difficult to assess with 
aggregate data and is best judged in the context 
of each individual patient’s cardiac phenotype. For 
therapies to extend patient survival, they will need 
to delay the onset of LVD past 18 years of age and 
substantially postpone the onset of class 4 heart 
failure.
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recommend close surveillance for LVD and, if present, 
initiation of ACE inhibitor (ACEI) therapy.11 However, it 
is unknown if this approach consistently alters the natural 
history of DMD cardiomyopathy. Herein, we describe the 
modified natural history of cardiac function in patients 
with DMD receiving contemporary cardiopulmonary 
therapies and seek clinical variables that predict cardiac 
course.

Materials and methods
Study design and participants
This is a retrospective cohort study of patients with 
DMD followed at MetroHealth Medical Center Muscular 
Dystrophy Association Clinic. The study’s inclusion 
criteria were a diagnosis of DMD based on typical clin-
ical characteristics, a markedly elevated serum creatine 
kinase level, a mutation of the dystrophin gene consistent 
with DMD and  ≥3 readable echocardiograms from the 
time  frame 2003 through 2015. Exclusion criteria were 
patients aged <16 years at the time of their last echocar-
diogram (due to low likelihood of LVD and clinical heart 
failure in these young patients), <3 readable echocardio-
grams from the eligible time frame or inadequate patient 
follow-up (figure 1).

Assessment of left ventricular function
Echocardiograms were  obtained annually whenever 
possible as part of routine care. Imaging was performed 
using either Philips Sonos 500 or Philips iE33 (Andover, 
Massachusetts) systems and stored in a digital format. All 
relevant echocardiographic parameters were remeasured 
by one of two authors (MW, RCB) who were blinded 
to clinical data. Concordance between authors was 
assessed by randomly selecting 15 echocardiograms for 

independent measurements. Some digital images (n=15) 
prior to 2005 were not retrievable so clinical report data 
were abstracted. Left ventricular (LV) dimensions were 
obtained from parasternal long axis views. The LV minor 
axis dimension at end-diastole (LVIDd) was measured at 
the mitral chordae level or at the first frame of isometric 
contraction if gastric compression of the inferolateral wall 
reduced the minor axis dimension. End-systolic dimen-
sion (LVIDs) was measured at the same location at the 
smallest systolic diameter. Shortening fraction (SF) was 
calculated as {[(LVIDd–LVIDs)/LVIDd] ×100}. The SF 
incorporates the basilar aspect of the inferolateral wall, 
the predominant area of early LV dysfunction in DMD. All 
standard LV views were reviewed for evidence of abnormal 
wall motion. The presence of both SF <29% and focal wall 
motion abnormalities defined LVD. Mitral inflow veloc-
ities were obtained from the apical four-chamber view. 
The SF rather than LV ejection fraction was selected to 
characterise changes in LV function since biplane apical 
images, required for reliable measurement of LV ejec-
tion fraction, become problematic in older patients with 
DMD as loss of acoustic windows follows loss of intercostal 
muscle. Difficulty of peripheral venous access precluded 
use of intravenous contrast. The echocardiographic meas-
urement of SF in patients with DMD reasonably reflects 
the LV ejection fraction as assessed by cardiac magnetic 
resonance imaging (CMR).12

Patient information
The electronic medical record was reviewed for medica-
tions including beta-blockers, ACEI, angiotensin receptor 
blockers (ARB), digoxin, steroids and diuretics. Thera-
pies were initiated after the onset of LVD in 45 patients 
and before LVD onset in 12 patients. Class 4 heart failure 
(CHF) was defined by dyspnoea, orthopnoea, fluid reten-
tion and the initiation of diuretic therapy. Supporting 
data included radiological evidence of pulmonary conges-
tion and an elevated B-type natriuretic peptide. Date of 
death was obtained from the State of Ohio Bureau of 
Vital Statistics.

Genotyping
Mutations within the dystrophin gene were identified 
using one or more of the following methods: PCR, 
southern blots, DMD gene sequencing and/or genomic 
hybridisation array, depending on the technology that 
was available at the time of diagnosis.9

Statistical analysis
Data are reported as follows: means with the corre-
sponding SD for parametric, interval data; medians with 
the IQR for non-parametric interval or ordinal data; and 
percentages for categorical data. Parametric, interval 
data are defined as having both a value for skewness and 
kurtosis between −3 and +3. Differences between groups 
were analysed using the following statistical tools: Χ2 or 
Fisher’s exact test for categorical data; Mann-Whitney 
U test for ordinal data or non-parametric interval data; 

Figure 1  Flow chart of patient cohort.
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and t-test for parametric interval data. Log-rank test was 
used in comparing the survival curves if the assumption 
of proportional hazard was met. If the assumption was 
not met, then Tarone-Ware test was used. Concordance 
between the two echocardiogram readers was assessed 
using intraclass correlation coefficient. Differences 
among the three genotypes were analysed using Kruskal-
Wallis test. If the P value was <0.05, then the appropriate 
post-hoc comparisons were performed using Mann-
Whitney U test coupled with Bonferroni correction. Data 
were analysed using IBM SPSS Statistics V.23. Statistical 
significance was defined a priori as a ‘p value’  <0.05, 
two-tailed.

Results
Patient characteristics
Review of the patient registry identified 103 patients with 
dystrophin gene mutations, 93 of whom had a clinical 
diagnosis of DMD. Applying inclusion/exclusion criteria 
left a study cohort of 57 patients (figure 1). Patients’ clin-
ical characteristics are shown in table 1.

The  mean age at the time of the first and last echo-
cardiograms was similar for patients with and without 
LVD. Patients were followed for a median of 8 years. 
Over 97% of patients with LVD received ACEI or ARB 
therapy, and two-thirds of patients with LVD were treated 

with a beta-blocker. Patients with CHF were treated with 
diuretics. Long-term steroid therapy was uncommon (10 
patients). All but seven patients received non-invasive 
ventilation or ventilation via tracheostomy.

Echocardiographic observations
The number of echocardiograms reviewed per patient 
ranged from 3 to 14 (mean 7.2±2.9). Echocardiographic 
measurements were reproducible with interobserver vari-
ability, expressed as intraclass correlations, as follows: 
LVIDd r=0.98, LVIDs r=0.97 and SF r=0.82.

A progressive decline in SF occurred in 53 of 57 
patients. Their rate of decline was −1.51±1.16% per year. 
Forty (70.2%) patients exhibited LVD during their clin-
ical course. Age at onset of LVD varied markedly with a 
median value of 18 years (IQR 14–21.5 years). All patients 
with LVD demonstrated a decline in SF despite contem-
porary therapies (table 2).

Marked individual variability occurred in the % change 
in SF per year (range: −0.45% to −3.8% per year). For 
patients with LVD, the LVIDd was significantly larger 
in the final echocardiogram (table  2). The difference 
between the LVIDd in the last versus the first echocardio-
gram was even greater among patients with CHF (with 
initial and final values of 5.1±0.9 cm and 6.8±0.6 cm, 
respectively; P<0.001).

Table 1  Patient characteristics

Variable Total (N=57)

Left ventricular dysfunction

P valueNo (n=17) Yes (n=40)

Race

 � European American 48 (84.2%) 17 (100%) 31 (77.5%) 0.046

 � African–American 5 (9.4%) 0 (0%) 5 (12.5%) 0.308

 � Hispanic 1 (1.8%) 0 (0%) 1 (2.5%) 1.000

 � Asian 2 (3.5%) 0 (0%) 2 (5%) 1.000

 � Unknown 1 (1.8%) 0 (0%) 1 (2.5%) 1.000

Age at first visit, years 18.1±6.7 17.8±6.4 18.2±6.9 0.839

Age at last visit, years 25.5±7. 1 24.9±7.1 25.8±7.1 0.663

Follow-up, years 7.1±2.8 7.4±2.7 7.0±2.8 0.620

Respiratory support 50 (87.7%) 14 (82.4%) 36 (90.0%)* 0.415

Medications

 � ACEI or ARB 51 (89.5%) 12 (70.6%) 39 (97.5%)† 0.007

 � Beta-blocker 33 (57.9%) 6 (35.3%) 27 (67.5%) 0.039

 � Digoxin 15 (26.3%) 1 (5.9%) 14 (35.0%) 0.025

 � Diuretics 18 (31.6%) 2 (11.8%) 16 (40.0%) 0.060

 � Any steroid 15 (26.3%) 6 (35.3%) 9 (22.5%) 0.341

 � Steroids >2 years 10 (17.5%) 4 (23.5%)‡ 6 (15.0%)‡ 0.464

 � No medication 0 (0%) 0 (0%) 0 (0%)

*Invasive or non-invasive support indicated in 38 patients but refused by 2 patients.
†Lisinopril 11±5.5 mg daily.
‡Prednisone 20 mg daily.
ACEI, ACE inhibitor; ARB, angiotensin receptor blocker.
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Dystrophin genotypes and cardiac phenotype
We assessed the cardiac course of three genetic groups: 
group A, isolated deletion of exon 44, n=9; group B, 
isolated deletion of exon 51, n=5; group C, a diverse 
comparison group of the remaining patients with 
different mutations, each mutation shared by less than 
three patients (n=43). Cardiac dysfunction was unpre-
dictable and highly variable both among the individual 
patients with identical mutations (groups A and B; 
figure 2) and in the intergroup comparisons of cardiac 
function (table 3).

The individual ages of onset of LVD were strikingly 
variable (group A range: 14–29 years, group B: 10–22 
years; and group C: 10–40 years). There was no apparent 
association between a genetic group and onset of LVD at 
age <18 years as compared with onset at ≥18 years.

All genetic groups demonstrated a decline of SF over 
time (described by calculating the regression slope of 
SF versus age for each patient and then determining the 
mean slope for each group), and this decline did not 
differ significantly between groups (table  3). All three 
genetic groups demonstrated an increase in LVIDd over 
time (table 3).

Patient outcomes
The significant contributions of LVD and CHF to 
outcomes are shown in table 4.

Causes of death for the seven patients with LVD but no 
CHF included sepsis (1), pulmonary infections (3), other 
respiratory complications (2) and unknown or ‘sudden’ 

(2). Of the 40 patients who exhibited LVD at some point 
during the observation period, 15 (38%) progressed to 
CHF at a mean age of 25±6.9 years.

Survival analyses indicated that the cumulative survival 
of group A patients over time was similar to the cumu-
lative survival of patients in groups B and C combined 
(figure 3A). Death occurred at a significantly earlier age 
for patients with onset of LVD at age <18 years compared 
with patients with LVD onset at age  ≥18 years (age at 
death 21.1±2.5 years vs 33.1±4.4 years, respectively; 
P<0.001; figure 3B). Although the mean age at death was 
significantly different for the two groups (P<0.001), the 
rate of death per time appeared similar. Furthermore, 
the slope of decline in SF did not differ between those 
with onset of LVD at age <18 compared with those with 
onset at age ≥18 years (−1.61±0.88 vs −1.20±0.95, respec-
tively; P=0.166). Patients developing CHF had a reduced 
survival compared with those with LVD but no CHF 
(P=0.005; figure 3C). Onset of CHF was a sentinel event, 
with a median survival from the onset of CHF to death 
of just 8 months (IQR 2.5–19 months, n=15 patients) 
(figure 3D).

Discussion
Despite the use of contemporary cardiopulmonary thera-
pies, all patients observed more than 5 years experienced 
a progressive decline in heart function which progressed 
to LVD in most. However, both the rate of decline in 
cardiac function and the age at onset of LVD were vari-
able. Once LVD advanced to CHF, survival was brief, with 
death usually occurring within 1 year. A cardiac pheno-
type was identified in that patients with onset of LVD at 
age <18 years died at a younger age than those with onset 
of LVD at ≥18 years, suggesting that early onset of LVD 
may be a good marker for patients with a more severe 
cardiac phenotype.

These results imply that contemporary therapies did 
not significantly alter the relentless progression of heart 
dysfunction; that is, therapies did not achieve significant 
reverse remodelling of DMD cardiomyopathy. If our 
results are replicated, then the inability of contemporary 
treatments to alter the long-term progression of DMD 
cardiomyopathy is distinct and contrasts with that seen 
in idiopathic cardiomyopathy, where therapy can alter 
the progression of LV dysfunction and reverse remod-
elling is common.13 14 It is not surprising that the DMD 

Table 2  Echocardiographic data comparing those with versus without LV dysfunction during follow-up

Variable

No LV dysfunction (n=17) LV dysfunction (n=40)

Initial Final P value Initial Final P value

LVIDd (cm) 3.8±0.4 3.9±0.6 0.999 4.6±0.7 5.5±1.2 <0.001

SF (%) 33.8±6.3 33.4±5.3 0.843 25.0±8.8 13.7±7.1 <0.001

E/A 1.6±0.4 1.5±0.3 0.416 1.5±0.5 1.7±0.6 0.252

E/A, ratio of mitral inflow velocity during early diastole/velocity to atrial contraction; LV, left ventricular; LVIDd, left ventricular internal diameter 
at end-diastole; SF, shortening fraction.

Figure 2  Plots of shortening fraction (SF) versus age for 
patients with identical genotypes. Patients with deletion of 
exon 44 (solid lines) or deletion of exon 51 (dotted lines) 
exhibit variability in the age when the SF falls below 29% 
(solid horizontal line) even when having identical genotypes. 
Subsequently, the SF continues to decline at similar rates. 
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cardiomyopathy is progressive since ongoing myocyte 
death is consequent to the genetic abnormality. As LV 
dilatation ensues, the increased wall stress aggravates the 
progression of LVD.

Short-term outcome data
Short-term studies in predominantly younger patients 
have reported that medications improve LV function in 
DMD cardiomyopathy.15–17 However short-term observa-
tions could be confounded by random variations in LV 
ejection fraction or by the chance assignment of patients 
with a favourable cardiac phenotype to the active therapy 
group. In contrast, our findings of progressive LVD are 
supported by a recent study using the more sensitive 
diagnostic modality of CMR, which showed a decline in 
LV function and LV myocardial strain in a young cohort 
despite ongoing therapy.18 The view that ACEI/ARB 
therapy has limited efficacy over time is also supported 
by a recent analysis of these therapies in adults with LV 
systolic dysfunction of diverse aetiologies.19

Other outcome data
Long-term longitudinal outcome data for the DMD 
cardiomyopathy are sparse. Several studies suggest that 
our results may be representative of DMD populations in 

general. An echocardiographic study found the mean age 
at onset of cardiomyopathy was 16.5 years (range 3.6–36.5 
years), comparable with our finding of LVD onset at a 
median age of 18 years.20 A 1-year echocardiographic 
study in patients undergoing surgery for scoliosis showed 
the SF percentage decreased by approximately 1% per 
year,21 like our cohort in whom SF declined at a mean 
rate of 1.51±1.16% per year. The multicentre Pediatric 
Cardiomyopathy Registry report included 128 patients 
with DMD from 57 centres. These retrospective observa-
tions were prior to 1995; only a small minority received 
an ACEI or ARB, none received a beta-blocker and it 
is unclear what proportion received home respiratory 
support. Death occurred in 50% of patients within 5.5 
years of the diagnosis of cardiomyopathy,22 comparable 
with our actively treated cohort with a median survival of 
6.8 years after onset of LVD. A recent CMR study showed 
steady progression of LVD and myocardial fibrosis over 
several years, with the LV ejection fraction declining at a 
rate of 0.58%±0.10% per year, more rapidly if late gado-
linium enhancement was evident.23 Their young cohort 
had few outcome events. Cardiac function was assessed in 
a young cohort using CMR; LV ejection fractions tended 
to decrease and LV global circumferential strain showed 
a significant decline despite 1 year of ACEI/ARB treat-
ment.18 These data support our finding that once LVD 
is evident, there is usually steady progression of cardiac 
dysfunction, suggesting current therapies do not substan-
tially alter the natural history of DMD cardiomyopathy.

CHF and death
The extremely short survival of patients who developed 
CHF is a new and important observation; CHF is a sentinel 
event with dire prognostic implications. This observation 
contrasts with that of idiopathic dilated cardiomyopathy 
where treatment often reverses CHF symptoms and a 
sustained clinical improvement follows.13 We suggest that 
a therapy for DMD cardiomyopathy can only be consid-
ered effective if it prevents or delays onset of CHF. Onset 
of CHF could be used both as an outcome measure and 
as a negative prognostic marker. Our finding implies that 

Table 3  LV dysfunction and genotypes

Group A

P value

Group B

P value

Group C

Deletion 44 Deletion 51 Other mutations

n=9 n=5 n=43

LV dysfunction 4 (44.4%) 0.109* 2 (40.0%) 0.151† 34 (79.0%)

SF regression slope −1.8±1.1 0.751‡ −1.4±0.6 −1.5±1.2

SF change per year, % −1.49±1.44 0.827‡ −1.41±0.56 −1.24±1.18

Delta LVIDd, cm§ 0.77±0.09 0.412‡ 0.12±0.70 0.68±0.85

Group A, isolated deletion of exon 44; group B, isolated deletion of exon 51; group C, all other dystrophin mutations.
*Group A versus groups B and C combined.
†Group B versus groups A and C combined.
‡Comparison among the three groups (Kruskal-Wallis test).
§Final LVIDd–initial LVIDd.
LV, left ventricular; LVIDd, left ventricular minor axis dimension in end-diastole; SF, shortening fraction.

Table 4  Cardiovascular outcomes

Variable
Total 
(n=57)

Left ventricular dysfunction

No (n=17) Yes (n=40) P value

Number of 
deaths

27 (47.4%) 5 (29.0%) 22 (55.0%) 0.091

Death 
preceded by 
CHF

15 0 15 <0.0001

Death not 
preceded by 
CHF

12 5 7 0.478

Mean age at 
death, years

26.0±6.8 27.6±7.3 25.7±6.8 0.349

CHF, class 4 heart failure.
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patients with CHF are not good candidates for implanted 
intracardiac defibrillators since current guidelines 
include a ‘reasonable expectation of meaningful survival 
for more than 1 year’.24

Genotype–phenotype correlations, cardiac natural history and 
cardiac phenotypes
Our modest sample size precludes a definitive answer as to 
whether differences exist in outcomes between different 
dystrophin genotypes.25 However, our observation that 
patients with identical exon deletions have highly vari-
able ages at onset of LVD implies that the clinical course 
is not predicted by the genotype. Additionally, classifying 
cardiac phenotypes by age at onset of LVD could have 
important prognostic implications: patients with onset of 
LVD at <18 years had a severe phenotype and experienced 
an earlier death. However, there was no clear association 
between a patient’s dystrophin genotype and the presence 

of either the severe or mild cardiac phenotype, suggesting 
a patient’s dystrophin genotype cannot be used to predict 
the trajectory of his cardiac function over time. This 
observation has important implications for the evaluation 
of current and future therapies; that is, efficacy of cardiac 
therapies should be evaluated in the context of each indi-
vidual patient’s cardiac phenotype. For example, good 
heart function over time might be mistakenly attributed 
to a therapy when the cause is attributable to a favourable 
cardiac phenotype. Regarding the aetiology of cardiac 
phenotypic variability, it is likely that cardiac function is 
related not just to a patient’s dystrophin mutation, but to 
his entire genetic milieu, including the presence of detri-
mental or beneficial cardiac modifier genes.20

Study strengths and limitations
A single-institution observational study provides consist-
ency in analysis of echocardiographic data, a standardised 

Figure 3  (A) Survival for those with deletion of exon 44 (n=9) versus the remaining cohort (n=48). The survival curves are 
similar, although the duration of follow up was less for those with a deletion of exon 44. The median survival time for the entire 
cohort was 31.7 years (95% CI 27.4 to 36.0 years). (B) Survival of patients with onset of LVD at age <18 years (n=18) vs age ≥18 
years (n=22). Death occurred at an earlier age if LVD developed at age <18 years (P<0.001). The slopes of the survival curves 
appeared similar. (C) Survival after onset of LVD in patients with (n=15) and without (n=25) CHF. The development of CHF 
reduced the survival time (P=0.005). (D) Survival after onset of CHF (n=15). Survival was brief after onset of CHF. CHF, class 4 
heart failure; LVD, left ventricular dysfunction. 
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approach to therapies and a high level of detail regarding 
each patient’s clinical course. However, our retrospective 
cohort design means that we cannot determine causal 
relationships. The small size of our cohort means that 
our observations require confirmation to assure that they 
are generalisable.

The advantages and limitations of echocardiography as 
our primary imaging modality deserve discussion, since 
CMR has become the preferred diagnostic modality.23 25 
Echocardiographic measures of cardiac function were 
chosen because CMR with late gadolinium enhancement 
for detection of fibrosis was not commonly available at 
the time of their presentation, and many older patients 
would have been unsuitable (ie, spinal rods and/or intol-
erance of the physical demands of CMR). Assessment of 
SF by echocardiography was shown to correlate with LV 
ejection fraction by CMR in cohorts of young patients 
with muscular dystrophy.12 26 Since CMR is a more sensi-
tive diagnostic modality, it is probable that a greater 
proportion of our patients would have been identified 
as manifesting cardiac dysfunction and at an earlier age 
had we used CMR as our imaging modality.23 27 28 Overall, 
our observations regarding progression of LV dysfunc-
tion and patient outcomes are valid and independent 
of the imaging modality. Importantly, echocardiography 
remains the most widely used imaging modality for 
patients with DMD.

The retrospective design of our study meant we could 
not always ascertain the age at onset of LVD. Addition-
ally, patients <16 years of age were evaluated by paediatric 
cardiologists from another institution and digital storage 
of the echocardiographic images was not performed. 
This precluded an analysis of serial LV function. Varia-
tions in medication dosage might confound the natural 
history of LVD, but our dosing regimens were similar for 
the patients with LVD. Additionally, the ATLAS trial of 
low-dose versus high-dose lisinopril did not find a marked 
difference in patient outcomes.29

Conclusion
Our longitudinal study of cardiac function in patients with 
DMD found that SF declined over time in most patients 
despite contemporary cardiopulmonary therapies and 
in all patients after onset of LVD. Once CHF appeared, 
death was imminent. Within this general pattern, there 
was marked interpatient variability in both the  rate of 
progression and age at onset of LVD. The median age at 
death was 26.3 years, but when LVD occurred at <18 years 
of age survival was shortened. Dystrophin genotype did 
not predict the rate of SF decline, age at onset of LVD, or 
a mild or severe cardiac phenotype.

Acknowledgements  We thank Dr Douglas Einstadter for obtaining the dates of 
patient deaths.

Contributors  All authors participated in the study design. MW and RCB were 
responsible for abstracting both the echocardiographic data and the data from 
the medical records. The statistical analysis was performed by DMS and RCB. 

All authors contributed to the revisions of the manuscript and approved the final 
version.

Funding  This research received no specific grant from any funding agency in the 
public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent  Not required.

Ethics approval  The study was approved by the MetroHealth Medical Center 
Institutional Review Board (IRB# IRB06-00655).

Provenance and peer review  Not commissioned; internally peer reviewed.

Data sharing statement  There are no unpublished data apart from the content of 
the submitted manuscript.

Open Access  This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work 
is properly cited and the use is non-commercial. See: http://​creativecommons.​org/​
licenses/​by-​nc/​4.​0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2018. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

References
	 1.	 Muntoni F, Torelli S, Ferlini A. Dystrophin and mutations: one 

gene, several proteins, multiple phenotypes. Lancet Neurol 
2003;2:731–40.

	 2.	 Bushby K, Finkel R, Birnkrant DJ, et al. Diagnosis and management 
of Duchenne muscular dystrophy, part 1: diagnosis, and 
pharmacological and psychosocial management. Lancet Neurol 
2010;9:77–93.

	 3.	 Birnkrant DJ, Ararat E, Mhanna MJ. Cardiac phenotype determines 
survival in Duchenne muscular dystrophy. Pediatr Pulmonol 
2016;51:70–6.

	 4.	 Eagle M, Baudouin SV, Chandler C, et al. Survival in Duchenne 
muscular dystrophy: improvements in life expectancy since 1967 
and the impact of home nocturnal ventilation. Neuromuscul Disord 
2002;12:922–9.

	 5.	 Passamano L, Taglia A, Palladino A, et al. Improvement of survival 
in Duchenne Muscular Dystrophy: retrospective analysis of 835 
patients. Acta Myol 2012;31:121–5.

	 6.	 Birnkrant DJ, Ashwath ML, Noritz GH, et al. Cardiac and pulmonary 
function variability in Duchenne/Becker muscular dystrophy: an initial 
report. J Child Neurol 2010;25:1110–5.

	 7.	 Jefferies JL, Eidem BW, Belmont JW, et al. Genetic predictors 
and remodeling of dilated cardiomyopathy in muscular dystrophy. 
Circulation 2005;112:1799–2804.

	 8.	 Nigro G, Politano L, Nigro V, et al. Mutation of dystrophin gene and 
cardiomyopathy. Neuromuscul Disord 1994;4:371–9.

	 9.	 Ashwath ML, Jacobs IB, Crowe CA, et al. Left ventricular dysfunction 
in duchenne muscular dystrophy and genotype. Am J Cardiol 
2014;114:284–9.

	10.	 Magri F, Govoni A, D'Angelo MG, et al. Genotype and phenotype 
characterization in a large dystrophinopathic cohort with extended 
follow-up. J Neurol 2011;258:1610–23.

	11.	 McNally EM, Kaltman JR, Benson DW, et al. Contemporary 
cardiac issues in Duchenne muscular dystrophy. Circulation 
2015;131:1590–8.

	12.	 Soslow JH, Xu M, Slaughter JC, et al. Evaluation of 
echocardiographic measures of left ventricular function in patients 
with Duchenne muscular dystrophy: assessment of reproducibility 
and comparison to cardiac magnetic resonance imaging. J Am Soc 
Echocardiogr 2016;29:983–91.

	13.	 Broch K, Murbræch K, Andreassen AK, et al. Contemporary outcome 
in patients with idiopathic dilated cardiomyopathy. Am J Cardiol 
2015;116:952–9.

	14.	 Hazebroek MR, Moors S, Dennert R, et al. Prognostic relevance 
of gene-environment interactions in patients with dilated 
cardiomyopathy. Applying the MOGE(S) classification. J Am Coll 
Cardiol 2015;66:1313–23.

	15.	 Giglio V, Ramaciotti C, Heistein LC, Coursey M. Left ventricular 
function and response to enalapril in patients with Duchenne 
muscular dystrophy during the second decade of life. Am J Cardiol 
2007;99:147–8.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/S1474-4422(09)70271-6
http://dx.doi.org/10.1002/ppul.23215
http://dx.doi.org/10.1177/0883073810371003
http://dx.doi.org/10.1161/CIRCULATIONAHA.104.528281
http://dx.doi.org/10.1016/j.amjcard.2014.04.038
http://dx.doi.org/10.1007/s00415-011-5979-z
http://dx.doi.org/10.1016/j.echo.2016.07.001
http://dx.doi.org/10.1016/j.echo.2016.07.001
http://dx.doi.org/10.1016/j.amjcard.2015.06.022
http://dx.doi.org/10.1016/j.jacc.2015.07.023
http://dx.doi.org/10.1016/j.jacc.2015.07.023
http://dx.doi.org/10.1016/j.amjcard.2006.10.008


Open Heart

8 Wang M, et al. Open Heart 2018;5:e000783. doi:10.1136/openhrt-2018-000783

	16.	 Duboc D, Meune C, Lerebours G, et al. Effect of perindopril on the 
onset and progression of left ventricular dysfunction in Duchenne 
muscular dystrophy. J Am Coll Cardiol 2005;45:855–7.

	17.	 Viollet L, Thrush PT, Flanigan KM, et al. Effects of angiotensin-
converting enzyme inhibitors and/or beta blockers on the 
cardiomyopathy in Duchenne muscular dystrophy. Am J Cardiol 
2012;110:98–102.

	18.	 Hor KN, Mazur W, Taylor MD, et al. Effects of steroids and 
angiotensin converting enzyme inhibition on circumferential strain 
in boys with Duchenne muscular dystrophy: a cross-sectional and 
longitudinal study utilizing cardiovascular magnetic resonance. J 
Cardiovasc Magn Reson 2011;13:53–60.

	19.	 Packer M. Love of Angiotensin-Converting converting enzyme in the 
time of cholera. JACC Heart Fail 2016;4:403–8.

	20.	 Barp A, Bello L, Politano L, et al. Genetic modifiers of Duchenne 
Muscular Dystrophy and dilated cardiomyopathy. PLoS One 
2015;10:e141240.

	21.	 Roberto R, Fritz A, Hagar Y, et al. The natural history of cardiac and 
pulmonary function decline in patients with duchenne muscular 
dystrophy. Spine 2011;36:E1009–17.

	22.	 Connuck DM, Sleeper LA, Colan SD, et al. Characteristics and 
outcomes of cardiomyopathy in children with Duchenne or Becker 
muscular dystrophy: a comparative study from the Pediatric 
Cardiomyopathy Registry. Am Heart J 2008;155:998–1005.

	23.	 Tandon A, Villa CR, Hor KN, et al. Myocardial fibrosis burden 
predicts left ventricular ejection fraction and is associated with age 

and steroid treatment duration in duchenne muscular dystrophy. J 
Am Heart Assoc 2015;4:e001338.

	24.	 Kusumoto FM, Calkins H, Boehmer J, et al. HRS/ACC/AHA expert 
consensus statement on the use of implantable cardioverter-
defibrillator therapy in patients who are not included or not well 
represented in clinical trials. Circulation 2014;130:94–125.

	25.	 Tandon A, Jefferies JL, Villa CR, et al. Dystrophin genotype-
cardiac phenotype correlations in Duchenne and Becker muscular 
dystrophies using cardiac magnetic resonance imaging. Am J 
Cardiol 2015;115:967–71.

	26.	 Spurney CF, McCaffrey FM, Cnaan A, et al. Feasibility and 
reproducibility of echocardiographic measures in children with 
muscular dystrophies. J Am Soc Echocardiogr 2015;28:999–1008.

	27.	 Hor KN, Taylor MD, Al-Khalidi HR, et al. Prevalence and distribution 
of late gadolinium enhancement in a large population of patients 
with Duchenne muscular dystrophy: effect of age and left ventricular 
systolic function. J Cardiovasc Magn Reson 2013;15:1532–42.

	28.	 Florian A, Ludwig A, Engelen M, et al. Left ventricular systolic 
function and the pattern of late-gadolinium=enhancement 
independently and additively predict adverse cardiac events 
in muscular dystrophy patients. J Cardiovasc Magn Reson 
2014;16:81–9.

	29.	 Packer M, Poole-Wilson PA, Armstrong PW, et al. Comparative 
effects of low and high doses of the angiotensin-converting enzyme 
inhibitor, Lisinopril, on morbidity and mortality on chronic heart 
failure. Circulation 1999;100:2312–8.

http://dx.doi.org/10.1016/j.jacc.2004.09.078
http://dx.doi.org/10.1016/j.amjcard.2012.02.064
http://dx.doi.org/10.1186/1532-429X-13-60
http://dx.doi.org/10.1186/1532-429X-13-60
http://dx.doi.org/10.1016/j.jchf.2016.02.012
http://dx.doi.org/10.1371/journal.pone.0141240
http://dx.doi.org/10.1097/BRS.0b013e3181fea1ed
http://dx.doi.org/10.1016/j.ahj.2008.01.018
http://dx.doi.org/10.1161/JAHA.114.001338
http://dx.doi.org/10.1161/JAHA.114.001338
http://dx.doi.org/10.1161/CIR.0000000000000056
http://dx.doi.org/10.1016/j.amjcard.2015.01.030
http://dx.doi.org/10.1016/j.amjcard.2015.01.030
http://dx.doi.org/10.1016/j.echo.2015.03.003

	Progressive left ventricular dysfunction and long-term outcomes in patients with Duchenne muscular dystrophy receiving cardiopulmonary therapies
	Abstract
	Materials and methods
	Study design and participants
	Assessment of left ventricular function
	Patient information
	Genotyping
	Statistical analysis

	Results
	Patient characteristics
	Echocardiographic observations
	Dystrophin genotypes and cardiac phenotype
	Patient outcomes

	Discussion
	Short-term outcome data
	Other outcome data
	CHF and death
	Genotype–phenotype correlations, cardiac natural history and cardiac phenotypes
	Study strengths and limitations

	Conclusion
	References


