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Abstract

Introduction—Cardiomyopathy is a common cause of morbidity and death in patients with

Duchenne muscular dystrophy (DMD).

Methods—A cross-sectional analysis of clinical data from a multi-institutional, international

CINRG DMD Natural History Study of 340 DMD patients aged 2 to 28 years. Cardiomyopathy

was defined as shortening fraction (SF) <28% or ejection fraction (EF) <55%.

Results—231 participants reported a prior clinical echocardiogram study, and 174 had data for

SF or EF. The prevalence of cardiomyopathy was 27% (47/174), and it was significantly

associated with age and clinical stage. The association of cardiomyopathy with age and clinical

stage was not changed by glucocorticoid use as a covariate (P>0.68). In patients with

cardiomyopathy, 57 % (27/47) reported not taking any cardiac medications. Cardiac medications

were used in 12% (15/127) of patients without cardiomyopathy.

Discussion—Echocardiograms were underutilized, and cardiomyopathy was undertreated in this

DMD natural history cohort.
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Introduction

Duchenne muscular dystrophy (DMD) is an X-linked recessive muscle disease characterized

by progressive weakness resulting in premature death. It is the most common form of

muscular dystrophy, affecting about 1 in 3800 – 6000 males.1,2 The dystrophin gene defect

causes absence of the muscle cytoskeletal protein dystrophin and leads to skeletal,

respiratory, and cardiac muscle disease.3 Cardiac disease is now the primary cause of

mortality in over 20% of DMD patients, and proper diagnosis and treatment is an essential

component of care in DMD.4

Diagnosis of cardiac dysfunction in DMD is often difficult, because patients are less active

and do not develop classic early symptoms of heart failure such as exercise intolerance.5 In

order to diagnose cardiac disease appropriately, routine cardiac evaluation is necessary and

recommended.6 In 1990, Nigro et al. published data on cardiac disease in DMD patients

studied between 1976 and 1987. Their findings demonstrated that preclinical disease was

apparent in patients less than age 6 years, and cardiac disease increased over time until all
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patients demonstrated pre-clinical or clinical disease over age 18 years.7 They concluded

that, as improvements in the treatment of skeletal and respiratory complications of DMD

increase, a longer lifespan will permit increasing evidence of cardiac morbidity and

mortality to emerge.

Through the Cooperative International Neuromuscular Research Group (CINRG), a clinical

research network of academic centers, we collected natural history data from all participants

in the CINRG Duchenne Natural History Study (DNHS) enrolled from 2006 to 2009.8,9

These data provide the basis for a comprehensive description of cardiac disease in an

international and representative population of individuals with DMD distributed throughout

the DMD lifespan. The aims of this cross-sectional study were to characterize the patterns of

cardiac investigation and to explore the correlation between cardiac function, age, clinical

stage, and medication use from the first visit in the CINRG DNHS. An evolving

understanding of cardiac disease in DMD may help formulate better diagnosis and treatment

options and improve patient outcomes in the future.

Materials and Methods

Protocol approvals

The institutional review board or ethics review board at each participating institution

approved the study protocol, consent, and assent documents. Informed consent/assent was

obtained from each participant or his legal guardian prior to conducting study procedures.

Participants

A total of 340 participants were enrolled in the CINRG DNHS between May 2006 and July

2009. All participants were required to have: 1) clinical presentation and 2) genetic or

muscle biopsy testing consistent with DMD. Data collected for these analyses were taken

from prior echocardiogram results performed at CINRG sites and/or local cardiac referral

centers and from reports of the participants at their baseline visit. Echocardiograms were not

required for study inclusion and were not part of the study visit assessments.

Cardiac data

Participants completed a review of symptoms at the baseline visit that included cardiac

symptoms and the names of current or past cardiac medications. Participants were

designated “with cardiac medication” if they reported taking angiotensin converting enzyme

inhibitors, beta-blockers, angiotensin II receptor antagonists, diuretics, and/or digoxin.

Echocardiogram data were obtained from chart review and included the date of the last test

prior to baseline visit and percentages for left ventricular ejection fraction (EF) and

shortening fraction (SF). Echocardiogram images were not performed on a centralized

protocol or centrally reviewed. Cardiomyopathy was defined as a reported EF<55% or

SF<28% or both.10–14

Clinical stage classification

Functional grades using the Brooke and Vignos scales of upper and lower extremity,

respectively, were collected at the baseline visit by centrally trained clinical evaluators. A
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clinical stage classification was adapted from these 2 function scales and from consensus

publications and participants were characterized by clinical stage into 4 groups reflecting

progressive disability from early ambulatory to late non-ambulatory (Table 1).15–19

Glucocorticoids

Participants were categorized into 2 groups: “steroid naïve” or “with steroid”. “Steroid

naïve” participants never received glucocorticoids (GC) or received GC for less than 1

month. Participants who were currently treated or treated for at least 1 month in the past

with GCs were categorized as “with steroid”.

Statistical analysis

Several outcomes were evaluated in this analysis, including continuous measures of age, EF,

and SF and categorical measures of presence of cardiomyopathy and clinical stage. For

continuous outcomes, normality was tested and confirmed using the Shapiro-Wilk normality

test. No normative transformations were necessary. Linear regression models were used to

test the relationship between EF or SF and age and clinical stage. Logistic regression models

were used to test the relationship between presence of cardiomyopathy and age and clinical

stage. Each linear and logistic model was repeated with the addition of GC use (steroid

naïve/with steroid) as a covariate. All tests were two-sided, and a P-value <0.05 was

considered significant. The analysis of steroid use, where length of steroid duration was the

dependent variable, utilized the student t-test on log-transformed data to compare mean

duration between those with defined cardiomyopathy and those without. Stata version 11

(StataCorp, College Station, TX) was used for all analyses.

Results

Patient description

The CINRG DNHS enrolled 340 DMD patients across an age range from 2 to 28 years,

average age of 12.0 years and median age of 11.1 years. Overall, 194/340 (57%) participants

were ambulatory, 257/340 (76%) were “with steroid,” and 83/340 (24%) were “steroid

naïve”. The distribution of ages, ambulatory ability, and GC treatment at study entry were

reported previously.8 Echocardiograms were available from chart review in 231/340 (68%)

participants, and 174 (75%) reported results for SF, EF, or both.

Presence of cardiomyopathy

Based on echocardiography data from 174 participants, the diagnosis of cardiomyopathy

increased from 5% of participants aged 0–5 years to 38% of participants aged 14–17 years

and 61% of participants aged 18 years or older (Table 2). The mean age for development of

cardiomyopathy in this cohort was 16.4±6.2 years at the time of the most recently recorded

echocardiogram prior to enrollment. When analyzed as a continuous measurement, age was

a significant predictor of the presence of cardiomyopathy (Table 3). In all cases, the impact

of GC use as a covariate was not significant for the presence or absence of cardiomyopathy,

nor was restriction of the analysis to participants not currently taking cardiac medications

(Table 3 and data not shown). A total of 35 (20%) of the 174 participants who had

echocardiogram data did not use GC (Table 2). Of the remaining 139 participants who were
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GC users, 95% of participants with cardiomyopathy and 92% of participants without

cardiomyopathy had received GC treatment for greater than 3 months.

Participants’ self-assessments of cardiac symptoms were low. For participants with

cardiomyopathy who responded to the questions (n=44), 11 (25%) reported feeling racing

heart beats, 8 (18%) reported ankle or leg swelling, 6 (14%) reported symptoms of

“congestive heart failure,” and 5 (11%) reported chest pains. The mean EF for participants

reporting symptoms of “congestive heart failure” was 38±11% (n=5). It is unknown if these

symptoms were directly related to cardiac causes. Of the 47 participants who met criteria for

cardiomyopathy, only 20 (43%) were treated with cardiac medications.

Of these, 11 were treated with angiotensin converting enzyme inhibitors (ACEi), 4 were

treated with ACEi and beta-blockers (BB), 3 were treated with ACEi, BB, and digoxin, and

2 were treated with ACEi and digoxin. Of the 127 participants without cardiomyopathy, 15

(12%) were treated with cardiac medications, including 11 with ACEi, 2 with ACEi and

digoxin, 1 with BB, and 1 with BB and digoxin.

Clinical Stage

A total of 162 participants had data from echocardiograms and a clinical stage determination

and were included in this analysis (Table 4). Of the participants analyzed, 134 (83%) were

treated with GCs either currently or in the past. Thirty-five (22%) participants were treated

with cardiac medications.

Table 4 shows the analysis of the dichotomous cardiomyopathy diagnosis with clinical stage

by logistic regression. There was significantly increased prevalence of cardiomyopathy in

the late non-ambulatory stage and a trend towards increased presence of cardiomyopathy in

the early non-ambulatory stage. EF and SF were associated significantly with clinical stage

such that a more severe clinical stage corresponded to a decrease in EF and SF

(Supplementary Table 1). Specifically, participants in the late non-ambulatory stage had an

EF that was decreased significantly over those in the early ambulatory stage. While only the

participants in the late non-ambulatory stage had significantly lower EF values, there was a

significant overall trend in the association (P = 0.007). The addition of GC use as a covariate

did not have a significant effect on the association between clinical stage and

cardiomyopathy, SF, or EF. Limiting the analysis to those not currently taking cardiac

medications did not change the interpretation of the association of cardiomyopathy with

clinical stage (data not shown).

Discussion

Results from the baseline data of cardiac disease in DMD from a multi-center, multi-

national natural history study demonstrate a significant disease burden from cardiomyopathy

based on echocardiogram findings alone. The mean age for development of cardiomyopathy

of age 16.4 years was determined based on the age of the last recorded echocardiogram prior

to enrollment. Previous studies showed a range of ages from 13.2 to 14.1 years, which was

based on the age of first abnormal echocardiogram.20,14 Nearly 15% of participants between

ages 6 and 13 years met criteria for cardiomyopathy, and this increased to over 50% of
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participants older than age 14 years. Age was a significant predictor of cardiomyopathy and

negatively correlated with EF and SF measures. Surprisingly, 32% of subjects enrolled in

the CINRG DNHS did not report having a clinical echocardiogram by the time of their first

visit in the CINRG DNHS. Of these, approximately one-third were 10 years or older, a

cohort that demonstrated a 34% prevalence of cardiomyopathy in those who did have an

echocardiogram at baseline. Also concerning is that greater than half of the participants with

cardiomyopathy reported no treatment with cardiac medications at baseline. Previous studies

support the therapeutic benefit of pharmacological treatment of cardiomyopathy in DMD

patients.10,21–23,20,24 Our findings suggest that under-treatment of cardiomyopathy in DMD

could be a significant cause of comorbidity.

There is wide variability in past reports of the prevalence of cardiomyopathy using

echocardiography in DMD patients. The largest study correlating age with incidence and age

of onset of cardiomyopathy was Nigro et al. (1990).7 The age groupings in our study were

consistent with that study, however the previous study used a definition of cardiomyopathy

based on an EF<45% and broader electrocardiogram (ECG) and echocardiogram criteria in a

cohort of 328 Italian DMD patients. Nigro et al. also did not specify if their participants

were treated with GCs and/or cardiac medications. Therefore, our study reports a lower

incidence of cardiomyopathy for each age range studied, including a 61% incidence in

participants older than 18 years. While it is often stated that all subjects with DMD greater

than 18 years of age have evidence of cardiomyopathy, this refers to the more inclusive

definition used in the Nigro et al. study including ECG changes and not solely

echocardiogram measures of systolic function.

In the CINRG DNHS, age was a significant predictor for the presence of cardiomyopathy.

Kirchmann et al. (2005) and Markham et al. (2008) also found that patient age had a

significant impact on SF.25,12 Several prior studies reported no correlation between cardiac

involvement and patient age; however, most were limited by smaller sample sizes.26–31 In

our study, GC treatment was not shown to significantly affect the correlation between

cardiomyopathy and age. In contrast, Markham et al (2008) suggested a protective effect of

GC treatment on development of cardiomyopathy.12

Our study showed that cardiomyopathy is associated significantly with clinical stage when

later stages were compared with the earlier least symptomatic stage, classified as early

ambulatory. In particular, the strongest association was observed by comparing the late non-

ambulatory stage with the early ambulatory stage. Few studies report both specific clinical

stage and cardiac data. Van Brockel et al. (2009) found a 50% (7/14) prevalence of

cardiomyopathy using ventriculography in late, non-ambulatory males on respiratory

support, and Silversides et al. (2003) showed a 58% (7/12) prevalence of cardiomyopathy in

non-ambulatory, GC naïve patients.31,32 An association between decreasing EF and SF and

increasing severity of clinical stage is inter-related with and confirms the association

between cardiomyopathy, age, and clinical stage.

This study showed that GC treatment did not significantly impact the presence or absence of

cardiomyopathy as assessed by prior echocardiogram result reported at study enrollment.

The majority of participants received GC therapy for greater than a year. These results were
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similar to prior reports by Gulati et al. (2005) and Kirchmann et al. (2005) that also

demonstrated no significant correlation between cardiac involvement and GC therapy.28,25

However, 2 recent studies demonstrate beneficial effects of GC therapy on cardiomyopathy.

Barber et al. (2013) showed delayed onset of cardiomyopathy related to GC therapy.33

Schram et al. (2013) showed that GC therapy, in addition to renin-angiotensin-aldosterone

system antagonists, significantly improved survival over a 15 year follow-up period.34 Other

series reported stabilization of cardiac function with exposure to GCs (prednisone and/or

Deflazacort).35,11,13,31,12 Our analysis is limited by a relatively small number of GC naïve

participants (n=35). Longitudinal follow-up of this cohort may provide additional insights

into any impact of GC therapy on cardiomyopathy.

Interestingly, we found that 12% of participants without evidence of cardiomyopathy were

taking cardiac medications. This included 5 of 52 who were less than age 10 years and 10 of

75 who were greater than age 10 years. One previous study, and the 10 year follow up,

demonstrated a beneficial effect of angiotensin converting enzyme inhibitor therapy on

cardiac function after 5 years and on mortality after 10 years.10,21 Some practitioners

prescribe cardiac medications prior to the onset of cardiomyopathy; however determination

of the benefits of this practice requires further study.36

There are some potential limitations to this study inherent in a natural history cohort.

However, these limitations are balanced by the inherent strength that the cohort reflects

current clinical management. We were unable to obtain a complete dataset on the presence

or absence of cardiomyopathy for all participants, because not all participants had

echocardiography results for a variety of reasons including: 1) young age at enrollment, 2)

as a function of the clinical care received, or 3) because EF and SF could not be measured

on the clinical echocardiogram prior to enrollment. Furthermore, a limitation of using both

SF and EF if available is that there may not be an exact correlation between the 2 measures.

Also, this study did not collect data on preclinical markers of cardiomyopathy, including

myocardial strain imaging or cardiac magnetic resonance imaging. However, these

preclinical markers are not yet used broadly in the evaluation and management of DMD

patients. Lastly, the limitations of a cross-sectional approach in the baseline dataset will be

addressed in future studies by assessing longitudinal results in the CINRG DNHS.

In conclusion, this analysis of baseline data of the CINRG DNHS confirms the significant

impact of cardiomyopathy in DMD. While few subjects with DMD may display overt

clinical symptoms of cardiomyopathy, nearly 15% of participants who were age 6–13 years

had decreased systolic function on echocardiogram. Cardiomyopathy was correlated

significantly with age and clinical stage. Cardiomyopathy was underdiagnosed and

undertreated in DMD patients included in this international cohort, which supports the need

for increased physician awareness and further development of early cardiac treatment

protocols for DMD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Spurney et al. Page 7

Muscle Nerve. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Acknowledgments

Funding: This project was funded through grants from the U.S. Department of Education/NIDRR (#H133B031118,
#H133B090001), the NIH/NINDS Paul D. Wellstone Muscular Dystrophy Research Centers (U54HD053177), the
U.S. Department of Defense (#W81XWH-09-1-0592) and NIH/NCRR (#UL1RR031988).

The authors would like to thank Dr. Avital Cnaan for her critical review of the manuscript and the patients and
families who have volunteered their time to take part in this project. We would also like to thank the dedicated
CINRG researchers who continue to commit countless hours.

Abbreviations

ACEi angiotensin converting enzyme inhibitor

BB beta blocker

CI confidence interval

CINRG Cooperative International Neuromuscular Research Group

DMD Duchenne muscular dystrophy

DNHS Duchenne Natural History Study

ECG electrocardiogram

EF ejection fraction

GC glucocorticoids

OR odds ratio

SF shortening fraction

References

1. Emery AE. Population frequencies of inherited neuromuscular diseases--a world survey.
Neuromuscular disorders: NMD. 1991; 1(1):19–29. [PubMed: 1822774]

2. Mendell JR, Shilling C, Leslie ND, Flanigan KM, al-Dahhak R, Gastier-Foster J, Kneile K, Dunn
DM, Duval B, Aoyagi A, Hamil C, Mahmoud M, Roush K, Bird L, Rankin C, Lilly H, Street N,
Chandrasekar R, Weiss RB. Evidence-based path to newborn screening for Duchenne muscular
dystrophy. Annals of neurology. 2012; 71(3):304–313. [PubMed: 22451200]

3. Hoffman EP, Brown RH Jr, Kunkel LM. Dystrophin: the protein product of the Duchenne muscular
dystrophy locus. Cell. 1987; 51(6):919–928. [PubMed: 3319190]

4. Eagle M, Baudouin SV, Chandler C, Giddings DR, Bullock R, Bushby K. Survival in Duchenne
muscular dystrophy: improvements in life expectancy since 1967 and the impact of home nocturnal
ventilation. Neuromuscular disorders: NMD. 2002; 12(10):926–929. [PubMed: 12467747]

5. Gilroy J, Cahalan JL, Berman R, Newman M. Cardiac and pulmonary complications in Duchenne’s
progressive muscular dystrophy. Circulation. 1963; 27(4 Pt 1):484–493. [PubMed: 13947981]

6. Bushby, K.; Muntoni, F.; Bourke, JP. Neuromuscular disorders: NMD; 107th ENMC international
workshop: the management of cardiac involvement in muscular dystrophy and myotonic dystrophy;
7th–9th June 2002; Naarden, the Netherlands. 2003. p. 166-172.

7. Nigro G, Comi LI, Politano L, Bain RJ. The incidence and evolution of cardiomyopathy in
Duchenne muscular dystrophy. Int J Cardiol. 1990; 26(3):271–277. [PubMed: 2312196]

8. McDonald, CHE.; Abresch, R.; Han, J.; Escolar, D.; Florence, J.; Duong, T.; Arrieta, A.; Clemens,
P.; Hoffman, E.; Cnaan, A. CINRG Investigators. Muscle & nerve. The CINRG Duchenne Natural
History Study - A longitudinal natural history study in the era of glucocorticoid therapy: Design of
the protocol and methods. in press

Spurney et al. Page 8

Muscle Nerve. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



9. Henricson EAR, Cnaan A, Hu F, Duong T, Arrieta A, Han J, Escolar DM, Florence JM, Clemens
PR, Hoffman EP, McDonald CM. CINRG Investigators. The CINRG Duchenne Natural History
Study: Clucocorticoid treatment preserves clinically-meaningful functional milestones and reduces
rate of disease progression as measured by manual muscle testing and other commonly used clinical
trial outcome measures. Muscle & nerve. in press.

10. Duboc D, Meune C, Lerebours G, Devaux JY, Vaksmann G, Becane HM. Effect of perindopril on
the onset and progression of left ventricular dysfunction in Duchenne muscular dystrophy. Journal
of the American College of Cardiology. 2005; 45(6):855–857. [PubMed: 15766818]

11. Houde S, Filiatrault M, Fournier A, Dube J, D’Arcy S, Berube D, Brousseau Y, Lapierre G,
Vanasse M. Deflazacort use in Duchenne muscular dystrophy: an 8-year follow-up. Pediatr
Neurol. 2008; 38(3):200–206. [PubMed: 18279756]

12. Markham LW, Kinnett K, Wong BL, Woodrow Benson D, Cripe LH. Corticosteroid treatment
retards development of ventricular dysfunction in Duchenne muscular dystrophy. Neuromuscular
disorders: NMD. 2008; 18(5):365–370. [PubMed: 18436445]

13. Markham LW, Spicer RL, Khoury PR, Wong BL, Mathews KD, Cripe LH. Steroid therapy and
cardiac function in Duchenne muscular dystrophy. Pediatr Cardiol. 2005; 26(6):768–771.
[PubMed: 15990951]

14. Viollet L, Thrush PT, Flanigan KM, Mendell JR, Allen HD. Effects of angiotensin-converting
enzyme inhibitors and/or beta blockers on the cardiomyopathy in Duchenne muscular dystrophy.
The American journal of cardiology. 2012; 110(1):98–102. [PubMed: 22463839]

15. Brooke MH, Fenichel GM, Griggs RC, Mendell JR, Moxley R, Miller JP, Province MA. Clinical
investigation in Duchenne dystrophy: 2. Determination of the “power” of therapeutic trials based
on the natural history. Muscle & nerve. 1983; 6(2):91–103. [PubMed: 6343858]

16. Brooke MH, Griggs RC, Mendell JR, Fenichel GM, Shumate JB, Pellegrino RJ. Clinical trial in
Duchenne dystrophy. I. The design of the protocol. Muscle & nerve. 1981; 4(3):186–197.
[PubMed: 7017401]

17. Bushby K, Finkel R, Birnkrant DJ, Case LE, Clemens PR, Cripe L, Kaul A, Kinnett K, McDonald
C, Pandya S, Poysky J, Shapiro F, Tomezsko J, Constantin C. Diagnosis and management of
Duchenne muscular dystrophy, part 2: implementation of multidisciplinary care. Lancet Neurol.
9(2):177–189. [PubMed: 19945914]

18. Bushby K, Finkel R, Birnkrant DJ, Case LE, Clemens PR, Cripe L, Kaul A, Kinnett K, McDonald
C, Pandya S, Poysky J, Shapiro F, Tomezsko J, Constantin C. Diagnosis and management of
Duchenne muscular dystrophy, part 1: diagnosis, and pharmacological and psychosocial
management. Lancet Neurol. 9(1):77–93. [PubMed: 19945913]

19. Vignos PJ Jr, Spencer GE Jr, Archibald KC. Management of progressive muscular dystrophy in
childhood. JAMA. 1963; 184:89–96. [PubMed: 13997180]

20. Ramaciotti C, Heistein LC, Coursey M, Lemler MS, Eapen RS, Iannaccone ST, Scott WA. Left
ventricular function and response to enalapril in patients with duchenne muscular dystrophy during
the second decade of life. The American journal of cardiology. 2006; 98(6):825–827. [PubMed:
16950195]

21. Duboc D, Meune C, Pierre B, Wahbi K, Eymard B, Toutain A, Berard C, Vaksmann G, Weber S,
Becane HM. Perindopril preventive treatment on mortality in Duchenne muscular dystrophy: 10
years’ follow-up. Am Heart J. 2007; 154(3):596–602. [PubMed: 17719312]

22. Ishikawa Y, Bach JR, Minami R. Cardioprotection for Duchenne’s muscular dystrophy. Am Heart
J. 1999; 137(5):895–902. [PubMed: 10220639]

23. Jefferies JL, Eidem BW, Belmont JW, Craigen WJ, Ware SM, Fernbach SD, Neish SR, Smith EO,
Towbin JA. Genetic predictors and remodeling of dilated cardiomyopathy in muscular dystrophy.
Circulation. 2005; 112(18):2799–2804. [PubMed: 16246949]

24. Rhodes J, Margossian R, Darras BT, Colan SD, Jenkins KJ, Geva T, Powell AJ. Safety and
efficacy of carvedilol therapy for patients with dilated cardiomyopathy secondary to muscular
dystrophy. Pediatr Cardiol. 2008; 29(2):343–351. [PubMed: 17885779]

25. Kirchmann C, Kececioglu D, Korinthenberg R, Dittrich S. Echocardiographic and
electrocardiographic findings of cardiomyopathy in Duchenne and Becker-Kiener muscular
dystrophies. Pediatr Cardiol. 2005; 26(1):66–72. [PubMed: 15793655]

Spurney et al. Page 9

Muscle Nerve. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



26. Ahmad M, Sanderson JE, Dubowitz V, Hallidie-Smith KA. Echocardiographic assessment of left
ventricular function in Duchenne’s muscular dystrophy. Br Heart J. 1978; 40(7):734–740.
[PubMed: 687470]

27. Farah MG, Evans EB, Vignos PJ Jr. Echocardiographic evaluation of left ventricular function in
Duchenne’s muscular dystrophy. Am J Med. 1980; 69(2):248–254. [PubMed: 7405946]

28. Gulati S, Saxena A, Kumar V, Kalra V. Duchenne muscular dystrophy: prevalence and patterns of
cardiac involvement. Indian J Pediatr. 2005; 72(5):389–393. [PubMed: 15973020]

29. Melacini P, Vianello A, Villanova C, Fanin M, Miorin M, Angelini C, Dalla Volta S. Cardiac and
respiratory involvement in advanced stage Duchenne muscular dystrophy. Neuromuscular
disorders: NMD. 1996; 6(5):367–376. [PubMed: 8938701]

30. Ramaciotti C, Scott WA, Lemler MS, Haverland C, Iannaccone ST. Assessment of cardiac
function in adolescents with Duchenne muscular dystrophy: importance of neurohormones. J Child
Neurol. 2002; 17(3):191–194. [PubMed: 12026234]

31. Silversides CK, Webb GD, Harris VA, Biggar DW. Effects of deflazacort on left ventricular
function in patients with Duchenne muscular dystrophy. The American journal of cardiology.
2003; 91(6):769–772. [PubMed: 12633823]

32. van Bockel EA, Lind JS, Zijlstra JG, Wijkstra PJ, Meijer PM, van den Berg MP, Slart RH, Aarts
LP, Tulleken JE. Cardiac assessment of patients with late stage Duchenne muscular dystrophy.
Netherlands heart journal: monthly journal of the Netherlands Society of Cardiology and the
Netherlands Heart Foundation. 2009; 17(6):232–237.

33. Barber BJ, Andrews JG, Lu Z, West NA, Meaney FJ, Price ET, Gray A, Sheehan DW, Pandya S,
Yang M, Cunniff C. Oral Corticosteroids and Onset of Cardiomyopathy in Duchenne Muscular
Dystrophy. The Journal of pediatrics. 2013

34. Schram G, Fournier A, Leduc H, Dahdah N, Therien J, Vanasse M, Khairy P. All-Cause Mortality
and Cardiovascular Outcomes With Prophylactic Steroid Therapy in Duchenne Muscular
Dystrophy. Journal of the American College of Cardiology. 2013

35. Biggar WD, Harris VA, Eliasoph L, Alman B. Long-term benefits of deflazacort treatment for
boys with Duchenne muscular dystrophy in their second decade. Neuromuscular disorders: NMD.
2006; 16(4):249–255. [PubMed: 16545568]

36. Politano L, Nigro G. Treatment of dystrophinopathic cardiomyopathy: review of the literature and
personal results. Acta myologica: myopathies and cardiomyopathies: official journal of the
Mediterranean Society of Myology/edited by the Gaetano Conte Academy for the study of striated
muscle diseases. 2012; 31(1):24–30.

Appendix

The CINRG network sites that contributed to this project include: University of California,

Davis – Michelle Cregan, Erica Goude, Merete Glick, Linda Johnson, Jay Han, Nanette

Joyce, David Kilmer, Alina Nicorici, Sundaram Medical Foundation and Apollo Children’s

Hospital, Chennai – C. Chidambaranathan, Suresh Kumar, Holland Bloorview Kids

Rehabilitation – Laila Eliasoph, Elizabeth Hosaki, Angela Gonzales, Vivienne Harris,

Alberta Children’s Hospital – Angela Chiu, Jennifer Thannhauser, Lori Walker, Caitlin

Wright, Mehrnaz Yousefi, Queen Silvia Children’s Hospital – Anne-Christine Alhander,

Lisa Wahlgren, Anne-Berit Ekstrom, Anna-Karin Kroksmark, Ulrika Sterky, Children’s

National Medical Center – Marissa Birkmeier, Tina Duong, Sarah Kaminski, Royal

Children’s Hospital – Kate Carroll, Katy DeValle, Rachel Kennedy, Andrew Kornberg,

Victoria Rodriguez, Dani Villano, Hadassah Hebrew University Hospital – Adina Bar Leve,

Elana Wisband, Debbie Yaffe, Instituto de Neurosciencias Fundacion Favaloro – Luz

Andreone, Jose Corderi, Lilia Mesa, Lorena Levi, Mayo Clinic – Krista Coleman-Wood,

Ann Hoffman, Wendy Korn-Petersen, Nancy Kuntz, Duygu Selcen, Children’s Hospital of

Pittsburgh of UPMC and the University of Pittsburgh – Hoda Abdel-Hamid, Christopher

Spurney et al. Page 10

Muscle Nerve. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Bise, Ann Craig, Casey Nguyen, Jason Weimer, Washington University, St. Louis – M. Al-

Lozi, Julaine Florence, Paul Golumbak, Glenn Lopate, Justin Malane, Betsy Malkus, Renee

Renna, Jeanine Schierbacker, Catherine Seiner, Charlie Wulf, Children’s Hospital of

Virginia – Susan Blair, Barbara Grillo, Karen Jones, Eugenio Monasterio, University of

Tennessee, Memphis –Meegan Barrett-Adair, Judy Clift, Cassandra Feliciano, Rachel

Young, Children’s Hospital of Westmead –Kristy Rose, Richard Webster, Stephanie Wicks,

University of Alberta – Lucia Chen, Cameron Kennedy, University of Puerto Rico –Brenda

Deliz, Sheila Espada, Pura Fuste, Carlos Luciano, Centro Clinico Nemo – Maria Beneggi,

Luca Capone, Alessandro Molteni, Valentina Morettini, Texas Children’s Hospital – Anjali

Gupta, Robert McNeil, University of Minnesota –Amy Erickson, Marcia Margolis, Cameron

Naughton, Gareth Parry, David Walk, The CINRG Coordinating Center –Adrienne Arrieta,

Naomi Bartley, Paola Canelos, Robert Casper, Avital Cnaan, Tina Duong, Fengming Hu,

Zoë Sund, and Angela Zimmerman.

Spurney et al. Page 11

Muscle Nerve. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Spurney et al. Page 12

Table 1

Definition of clinical stage evaluation used in the CINRG Duchenne Natural History Study based on

functional grade.

Stage Status

Functional grade

DefinitionLeg Arm

1 Early ambulatory 1 1 Normal or slight developmental delay

2 Middle/Late ambulatory 2–6 1–2 Progression to inability to climb stairs

3 Early non-ambulatory 7 1–3 Unable to walk, able to use upper limb

4 Late non-ambulatory 7 4–6 Unable to walk, limited use of upper limb
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