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Care of DMD Patients is a team sport

Who should care for DMD patients?



Background
Duchenne muscular dystrophy (DMD)

◼ X-linked skeletal and cardiac myopathy

◼ Incidence 1:5000 live male births

◼ Most frequent inherited muscular 
dystrophy

◼ Deficiency in dystrophin protein leads to 
skeletal, pulmonary and cardiac disease

◼ However, many systems are affected



• POSSIBLE LEARNING AND 
COGNITIVE DIFFICULTIES 
(speech, learning, behavior, 
sensory, psychosocial))

• DECREASED HEART 
FUNCTION

• CARDIOMYOPATHY
• LEADS TO HEART FAILURE

• WEAKENS DIAPHRAGM
• REQUIRES VENTILATION IN 

TEENS
• LEADS TO PNEUMONIA

• LOSS OF MUSCLE MASS
• WEAKNESS
• INFLAMMATION
• FIBROSIS

• BRITTLE AND WEAK

Duchenne:

Not Just a 

Skeletal Muscle 

Disease

Care of DMD 

Patients is a 

team sport and 

involves many 

specialties

The Heart is the 

most active 

muscle and 

development of 

cardiomyopathy 

is universal



Cardiomyopathy: Definition
What does the term “cardiomyopathy” mean?



Cardiomyopathy is a disease of the heart muscle
Normal size, EF, no 

scar

1) Muscle cell injury - cell death

2) Chamber dilates

3) Walls become thin

4) Scar formation (fibrosis)

5) Function declines leading to 

Heart Failure

Cardiomyopathy: Definition

Dilated heart, abnormal 

EF, scar formation



Heart Failure: Definition

What does “Heart Failure” mean?
▪ Complicated mechanism
▪ The heart fails to meet the 

needs of the body
▪ Does NOT mean the heart 

has failed (stopped working)

▪ Occurs when cardiac 
function is poor but can 
occur with good function 
and increased demand

▪ Body’s response at first 
helpful but eventually 
causes harm



History of DMD - Cardiac Care and 
Disease Natural History

▪ Past - clinical course characterized at a time 
when imaging was “less sophisticated”’

▪ “Cardiomyopathy does not manifest until late teen 
early adult years”

▪ If we can’t see it must not be there

▪ Present - What we do know now…
▪ The myocardium is dystrophin deficient

▪ Cardiac disease is present at birth

▪ ECG is abnormal at birth

▪ Disease progresses with time and best                           
assessed by non-invasive imaging

▪ Cardiac disease is a significant contributor                                      
to disease related morbidity and mortality



Background
Care Considerations

◼ Original 8 Domains
◼Diagnosis
◼Corticosteroid management
◼Rehabilitation
◼Orthopedic management
◼Pulmonary 
◼Psychosocial
◼GI, Swallowing, Nutrition
◼Cardiac



◼ Best available expert opinions of the time
◼ Issues:

◼ No methodology for evaluating whether 
providers were providing care in agreement 
with the care considerations

◼ Now slightly dated
◼ New advances in cardiac management
◼ New advances in pulmonary management
◼ Novel therapies on the horizon

◼ Gaps in knowledge 
◼ Did not address GI, GU, oral health, bone health, 

endocrine, adult care, palliative care, etc

Background
Care Considerations (CC)



◼ Newly Added Domains

◼ Guidelines for lifelong Duchenne  care 

◼ Primary/acute care 

◼ Transition

◼ Significant updates in bone health and GI

◼ Focus today is cardiac care

Background
Care Considerations (CC)



▪ Care considerations in DMD – has evolved 
from general

History of DMD - Cardiac Care 
Considerations

Bushby et al NM 2002, Hor et al, NM 2018, Buddhe, Hor et al 2018 
Pediatrics, Bourke, Hor et al, NM 2019

to more specific cardiac care



▪ Cardiac care considerations in DMD –based on 
skeletal disease state

2010

History of DMD - Cardiac Care 
Considerations

Bushby et al NM 2010, Birnkrant e al, Lancet Neurology 2018

▪ Update Cardiac care considerations in DMD – New 
guidelines detail more specific standard of cardiac 
care

▪ New recommendations includes: 
▪ More detail on cardiac monitoring and adoption of the use 

of cardiac MRI when it can be performed without sedation
▪ Consideration of anti-fibrotic treatment earlier when scar is 

seen



▪ New guidelines are more specific based on new 
literature

Updated Cardiac Care Considerations

Buddhe, Hor et al 2018 Pediatrics, Hor et al, NM 2018



▪ Addresses unique situations including cardiac 
monitoring for surgical procedures

Updated Cardiac Care Considerations

Birnkrant et al, Lancet Neurology 2018



▪ 2 Companion papers published in in 2018 further 
detail cardiac management

Updated Cardiac Care Considerations

Birnkrant et al, Lancet Neurology 2018,
Buddhe, Hor et al 2018 Pediatrics, Hor et al, NM 2018



▪ National Heart Lung Blood Institute-sponsored 
cardiac care consideration working group 

▪ Three priorities addressed
▪ Imaging (Echocardiogram vs Cardiac MRI)
▪ Cardiac Medical Therapy
▪ Cardiac Electrophysiology Issues
▪ Other

2018 Updated Cardiac Care Considerations
A More Proactive Approach



▪ Cardiac Imaging Sub-Committee
▪ Age at first evaluation
▪ Pediatric
▪ Carriers

▪ Initial imaging (Echo vs Cardiac MRI)
▪ Frequency of subsequent imaging 

▪ Pediatric
▪ Adult
▪ Carriers

▪ Issue: sub-optimal echo imaging as patients age 
when it is most important, particularly those requiring 
mechanical ventilator assistance

2018 Updated Cardiac Care Considerations
A More Proactive Approach



▪ Cardiac Medical Therapy (Sub-committee)

▪ ACEi/ARB, Beta-blockers, mineralocorticoid 
antagonists, other diuretics, role of digoxin, 
inotropes 

▪ Pediatrics - when to start therapies, which 
therapies

▪ Adults - which therapies, presuming all will be on 
ACEi or ARB by the time they see an adult 
cardiologist

2018 Updated Cardiac Care Considerations
A More Proactive Approach



▪ Cardiac Electrophysiology (Sub-committee) 
▪ Initial ECG evaluation

▪ When to initiate
▪ How often to repeat
▪ Frequent findings, impact of those findings

▪ Consideration for ICD 
▪ EF cutoff in the absence of other markers in this population
▪ Pediatric vs. adult 
▪ QRS duration and biventricular pacing
▪ Antiarrhythmic drug therapy (Beta-blockers, others)

2018 Updated Cardiac Care Considerations
A More Proactive Approach



▪ OTHERS: Advanced therapies 
▪ Cardiac transplantation
▪ Mechanical cardiac support/LVADs 
▪ Long term medical support (milrinone)

▪ Other topics mentioned
▪ Evaluation prior to non-cardiac surgery or 

during medical illness (scoliosis surgery or 
pneumonia as examples)

2018 Updated Cardiac Care Considerations
A More Proactive Approach



▪ Core Changes to Cardiac Care Standard

▪ Based on data suggesting early cardiac diagnosis 
and treatment leading to favorable ventricular 
remodeling 

▪ Yearly cardiac screening at time of diagnosis

▪ Cardiac abnormalities should result in change in 
treatment and more frequent visits

▪ Use of Cardiac MRI as early as age 6-7 years to detect 
earlier disease

▪ Superior to echocardiography: better functional assessment, 
detect scar and occult dysfunction early with strain imaging

2018 Updated Cardiac Care Considerations
A More Proactive Approach

Jeffries et al, Circ 2005, Ogata et al, J Cardiology 2009, Violeet et al 
AJC 2012, Birnkrant et al, Lancet Neurology 2018,

Buddhe, Hor et al 2018 Pediatrics, Hor et al, NM 2018



▪ Stage I: Presymptomatic

▪ Why should cardiologist see family at diagnosis?

▪ Establish relationship with family

▪ Education regarding disease related cardiomyopathy

▪ Educate maternal carriers

▪ Screen for occult cardiac disease
▪ Patent ductus arteriosus (PDA), atrial septal defect (ASD)

▪ Should we close PDA and ASD more aggressively?

▪ Provide family with baseline ECG
▪ - frequently abnormal

2018 Updated Cardiac Care Considerations
A More Proactive Approach



▪ 78 patients were studied

▪ Mean age of 3.6 years

▪ Range 0.2-5.7 years

▪ Median age 3.7 years

▪ 78% had at least one ECG 
abnormality 
▪ 68% LVH- most common pattern

▪ 22% RVH- second most common

▪ Other ECG findings were rare

▪ Only one patient had an 
abnormal echocardiogram

James et al, Neuromuscul Disord 2011 

2018 Updated Cardiac Care Considerations
A More Proactive Approach



▪ Stage 2: Early Ambulatory to late ambulatory

Hor et al, JCMR 2013

N = 314 patients

▪ Evidence of cardiac disease with myocardial fibrosis as early as 6.5 
years of age (17% < 10 years has fibrosis)

▪ Evidence of myocardial fibrosis in the face of normal ejection 
fraction (30% with normal EF with fibrosis)

▪ Ejection fraction is perhaps a late finding (>84% with scar)

2018 Updated Cardiac Care Considerations
A More Proactive Approach



▪ Stage 4 and 5-Late ambulatory to Late non-
ambulatory

▪ At least yearly cardiology visits

▪ More frequently when cardiac disease progresses

▪ Prior to major surgical interventions
▪ Scoliosis, other surgeries or anesthesia need

▪ As component of interdisciplinary care program

▪ Education: As new therapies become available

▪ New medications, Ventricular assist device (LVAD), Implantable 
cardiac defibrillator (ICD)

2018 Updated Cardiac Care Considerations
A More Proactive Approach



▪ Treatment – therapies offer hope

▪ Over the last 20 years, corticosteroids slow 
progression of skeletal muscle disease

▪ Respiratory care improved survival

▪ Leading cause of death from DMD-
associated cardiomyopathy

▪ Neuromuscular disorders such as Becker 
and Duchenne muscular dystrophy -
universally develop cardiomopathy

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Retrospective study looking at 119 patients with DMD at 
chronic care facility in France

P. Kieny, S. Chollet, P. Delanlande, M. Le Fort, A. Magot, Y. Pereon, B. Perrouin Verbe Evolution of life expectancy of patients 

with Duchenne muscular dystrophy at AFM Yolaine de Kepper center between 1981 and 2011 Annals of Physical and 

Rehabilitation Medicine, Vol 56, Issue 6, 2013. 443-454

▪ As respiratory management 
improves cardiac disease will                                                         
play a major role in disease                                                                              
related mortality

▪ Before 1990 predominantly 
respiratory cause of death

▪ After 1990 – cardiac disease 
became more apparent as 
respiratory care improved

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ ECG yearly – many with abnormal ECG findings

Hor et al, ACC 2016

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ ECG yearly
▪ ECG abnormalities are common

▪ 96% had >1 abnormalities
▪ 76% > 2 abnormalities
▪ 41% had > 3 abnormalities

▪ Presence of 2 ECG abnormalities associated with 
increase scar with an odds ratio of 3.5 (95% CI 
1.17-10.3, P = 0.02)

▪ Conversely, absence of 2 or more ECG 
abnormalities had high negative predictive value 
for presence of scar (119/127, 94%) 

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Cardiac Imaging Recommendations
▪ Recommend early consideration for CMR for 

annual, accurate assessment of DMD function.

Soslow et al, SCMR 2017

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Cardiac Imaging Recommendations
▪ Data supports Cardiac MRI over ECHO

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Cardiac Imaging Recommendations
▪ Cardiac MRI provides data beyond EF

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Cardiac Imaging Recommendations
▪ We now recommend CMR as the preferred non-

invasive imaging modality for DMD patients when 
patients can be scanned without sedation

▪ Caveats for use of ECHO
▪ Cardiac MRI may not be available in some centers 
▪ Subset of patients will not tolerate the procedure 

(including age, behavioral constraints, and 
orthopedic contractures)

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Cardiac Medical Therapy 
▪ A proactive strategy of early diagnosis 

and treatment is essential to maximize 
duration and quality of life

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Cardiac Medical Therapy 
▪ Angiotensin converting enzyme (ACE) inhibitors or 

angiotensin receptor blockers (ARBs) - first-line 
therapy

▪ Recognized - diversity of opinion regarding the 
use of ACE inhibitors in the asymptomatic very 
young DMD patient less than 10 years of age 
without evidence of abnormality by CMR or 
echocardiogram

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Duboc et al: Earlier ACE Inhibitors (and ARBs) treatment 
(pink) results in preserve function over time

ns ns p=0.017

Pink – initially assigned to ACEI (Group 1)
Black – initially assigned to placebo (Group 2)

Duboc D et al. JACC 2005, Duboc D et al. Am Heart J 2007
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2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Evidence suggest early treatment when evidence 
of disease (ie scar before EF is down)

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Cardiac Medical Therapy: Going Beyond ACE-

I/ARB

▪ Eplerenone, a mineralocorticoid receptor 
antagonist (aldosterone inhibitor) 
attenuates cardiomyopathy by strain 
assessment

Raman S, Hor, K …. Cripe LH, Lancet Neurol 2015.

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Eplerenone slow decline in both 
strain (red) and ejection fraction 
(green) compared to placebo

Raman S, Hor, K …. Cripe LH, Lancet Neurol 2015.

▪ Eplerenone is safe to use and can 
slow down the cardiac disease

▪ Aldosterone inhibitors
▪ Eplerenone trial summary

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Cardiac Medical Therapy: Going Beyond ACE-

I/ARB

▪ Eplerenone continues to attenuate 
cardiomyopathy over time by strain 
assessment in extension study

▪ Eplerenone is safe in DMD patients long term

Raman S, Hor, K …. Cripe LH, Orphanet J Rare Dis 2017.

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Eplerenone continues to keep heart function stable 
over time by strain assessment

Raman S, Hor, K …. Cripe LH, Orphanet J Rare Dis 2017.

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Cardiac Medical Therapy: Going Beyond ACE-

I/ARB
▪ Stabilization of cardiac disease with prolong 

treatment regardless of type of aldosterone use
▪ Spironolactone a more economical drug have 

similar affect as more expensive eplerenone
▪ Both are safe in DMD patients with few side 

effects

Raman S, Hor, K …. Cripe LH, Orphanet J Rare Dis 2017.

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



▪ Stabilization of cardiac disease regardless if on 
eplerenone or spironolactone

Raman S, Hor, K …. Cripe LH, JAHA 2019

2018 Updated Cardiac Care Considerations
A More Proactive Approach: Rationale and Data



Our Approach At Nationwide Children’s Hospital

▪ Currently, based on standard 
heart failure treatment 
▪ Information taken from adult 

HF experience 

Current Cardiac Care in DMD

▪ Treatment 

▪ Not based on pediatric data 

▪ Not dystrophin specific

▪ Not disease specific

▪ Goals: 
▪ Improve survival
▪ Slow disease 
▪ Alleviate symptoms



Our Approach At Nationwide Children’s Hospital

Current Cardiac Care in DMD

▪ Until more recently most patients come to 
our attention late in the disease course

▪ We use a proactive approach 

▪ Enhance quality of life

▪ Prolong duration of life

▪ Improved evidence base practice



Our Approach At Nationwide Children’s Hospital

Current Cardiac Care in DMD

▪ Cardiac Imaging

▪ Echocardiogram routinely performed at diagnosis 
and yearly until age 6-7 years

▪ When available cardiac MRI scans are consider 
starting at age 6-7 years of age

▪ Results of cardiac MRI are known real-time and 
new findings such as new scar, increase scar 
and/or development of ventricular dysfunction 
results in treatment change and follow-up plans



◼ We know patient will develop cardiac 
dysfunction 

Current Cardiac Care in DMD

◼ Started cardiac medication at diagnosis?
◼ No data exists to suggest benefit

◼ Start cardiac medication by age 10 years 

or if cardiac MRI shows scar (can occur 

as young as 6.5 year with 17% with scar 

by age 10 years)

◼ Consideration of adding eplerenone or 

spironolactone if scar is seen

◼ Diuretics (when fluid overload)

◼ B-blockers (with dysfunction and fibrosis)

Our Approach At Nationwide Children’s Hospital



Treatment of the late-stage and older patient 

◼ At later stage

◼ Employing continuous 

intravenous milrinone

◼ ICD – arrhythmic risk?

Special Circumstances

◼ Transplant

◼ Few patients 

transplanted to date

◼ Likely an option for a 

small subset of the 

population

◼ LVAD?



◼ Pacemakers 

◼ No good data at this time for use in DMD

Special Circumstances

◼ Internal defibrillators
◼ No guidance as to when these                               

should be placed

◼ Ongoing multi-center registry                               
(Nationwide Children’s Hospital 

CH Kertesz et al)

Treatment of the late-stage and older patient 



◼ Currently follow traditional 

treatment strategies for the 

treatment of CHF

Current Cardiac Care in DMD

◼ Start ACE inhibitors when 

evidence of 

◼ Myocardial fibrosis

◼ Left ventricular enlargement

◼ Ventricular dysfunction

◼ Are we missing the mark?

◼ Too little too late?

Our Approach At Nationwide Children’s Hospital



The Future of Cardiac Care in DMD

◼ What is in the horizon?
◼ Numerous new ongoing 

drug trials

◼ Multiple gene therapy 
trials  

◼ Important that all these 
trials monitor the affect on 
the heart and consider 
using cardiac MRI 
assessment to define 
efficacy



▪ The Heart is the most 
active muscle and 
primary cause of death!

▪ Effective skeletal muscle 
treatment with prolong 
or improved ambulation 
may harm the heart if 
not impacted by 
treatment

The Future of Cardiac Care in DMD
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Thank you!
kan.hor@nationwidechildrens.org

Questions

mailto:kan.hor@nationwidechildrens.org

