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Heart Involvement in DMD / BMD ...? 

ö   The heart as another type of muscle 
 
ö   Effects of DMD / BMD on the heart 
 
ö   Natural history of heart involvement in DMD 
 
ö   What supports for the heart are already available  
 
ö   What heart therapies are in the pipe-line ? 
 
 



Heart involvement in muscular dystrophy? 



The cell membrane ... 

Problems with any component of the 
complex leads to failure of the whole 



Loss of dystrophin protein 

Disruption of  

DGP complex 

Stretch-activated calcium 

channel dysfunction in 

muscle membranes 

Increased permeability 

of cell membrane  

Enzymes released 

into serum 

Serum CPK 

increased 

Extracellular calcium enters 

muscle cells 

Calcium released from 

intracellular stores & 

Calcium overload 

Cardiac cell death 

Activation of calcium-

induced protease 

Protein breakdown 

Ameen V & Robson LG  - Open Cardiovascular Medicine Journal 2010, 4:265-77. 

Cardiac involvement in 

DMD is almost universal 



Cardiomyocyte Death 

Inflammatory cascade 

response initiated 

Fibro-collagenous scar tissue 

formation leading to fibrosis 

Reduced contraction, 

thinning & stretching of 

fibrotic regions 

DMD dilated cardiomyopathy 

Dilation of LV chamber 

Ameen V & Robson LG  - Open Cardiovascular Medicine Journal 2010, 4:265-77. 

- Increased LV-volume & wall stress; 

- Impaired LV-contraction & relaxation;  

- Reduced cardiac output; 

- Mitral valve regurgitation 



What happens to the heart in DMD / BMD ...? 

Dystrophin-deficient cells are 

vulnerable to damage 

The downward spiral of 

progressive loss of function 



Natural History  
of Heart 
Involvement  
in DMD 
 
A non-invasive longitudinal study 

Backman & Nylander 

Eur Heart J 1992, 13:1239-1244 

LV FS% 

LV EF% 



The diagnosis & 
management of 
DMD:  

An international 
consensus on care 
consideration 

 

 

USA Guidelines Ψлф 



Detecting Cardiac Involvement in DMD 



DMD Boy:  12 Lead ECG 

Short P-R:  Q waves:  Tall R in V1-2 &  T wave abnormalities 

 

No change in  

left ventricular systolic function 

at this stage 

 

    é. Epicardial changes initially 

    é. Patchy process  

    é. óElectrical phaseô 

    é. ??? 

 



Insert GAD scan with 

epicardial fibrosis here 

Echo, Nuclear, CT- & MR-imaging methods                                                  

Measuring left ventricular pump function 

Before contraction Peak contraction 

Ejection fraction (global LV systolic function) 

& Regional wall motion (regional function) 



Cardiac Magnetic Resonance Imaging 

Scar imaging with late-GAD 

enhancement 

Early heart involvement in DMD Normal 



Preventing & Treating  
Cardiac Involvement in DMD 



Present Treatments for Cardiomyopathy in DMD 

Drug Class Action Evidence 

Glucocorticoid steroids Prednisolone 
Deflazacort 

Prolong ambulation / reduce 
inflammation / maintain cardio-
respiratory function 

Established therapy 
until non-ambulant 
(adverse effects limit use) 

ACE-inhibitors / ARBs  Perindopril 
Enalapril 
Losartan 

Delay / prevent remodelling of left 
ventricle / Anti-fibrotic action  
(angiotensin & TGF-ß1 blockade) 

Established therapy  
(early deployment better) 

Aldosterone antagonists Spironolactone 
Eplerenone 

Reduce / prevent fibrosis Theoretical data & use 
in other contexts 
supports use 
(high K-risk with ACEi) 

Beta-blockers Metoprolol 
Bisoprolol 
Carvedilol 

Slow heart / reduce force of LV-
contraction 

Theoretical data & use 
in other contexts 
supports use 

Calcium channel blockers Diltiazem 
Flunarizine 

?? Reduce calcium influx into cells No benefit to date 

Anti-oxidants Q10  
Idebenone 

No benefit to date 

Complexity of regime & increased potential for adverse effects with poly-pharmacy !? 



Steroid therapy  

for muscle strengthening 

 

Cardiac benefits 



Steroid effects & the heart in DMD 

Silversides et al  2003 Markham et al 2005 

Steroid agent Deflazacort  vs  Never Any steroid  vs  Never 

Design Retrospective Retrospective 

Age of starting Rx 8.4 + 2 yrs < 21 yrs 

Duration of Rx > 3 yrs --- 

Patient Number 33 111 

Evaluation method Echocardiogram Echocardiogram 

Results Steroid (+)  vs  (-) Steroid (+)  vs  (-) 

Lost ambulation 48%  vs  100% 

Cardio-active Rx 

LVEF < 45% 

LVFS% 

LVESD (mm) 

10%  vs  42% 

5%  vs  58% 

33 + 7%  vs  21 + 8% 

30 + 6  vs  37 + 8 

 

 

Lower if steroid (-) 

< 10 yrs x 4.4      FS% < 28 

> 10 yrs x 15 

Freedom from cardiomyopathy 93%  vs  53% 



 

ACE-inhibitors & Beta-blockers in DMD / BMD 
 

Benefits when heart involved  

 



ACE-inhibitor therapy for heart involvement in DMD 

Jefferies JL, et al 
Circulation 2005 

Ramaciotti et al,  
Am Heart J 2006 

ACE-inhibitor   Various (+ beta blocker 54%) Enalapril (? Dose)  

Design Retrospective Retrospective 

Patient number 76 (DMD / BMD) 50 (DMD) 

Cardiomyopathy detected 29 27 

When started Rx Abnormal Echo Abnormal Echo 

Age starting Rx 14 yrs 13.2 + 2 yrs 

Duration of Rx 2.7 years (+ 1.9 yrs) 0.5 - 5 years  

Response to Rx 

LV function stabilised 

LV function improved 

LV function normalised 

2 

8 

19 

 

 

10 (43%) 

Benefit maintained --- 7 

No differences responded 

vs non-responders 



Newcastle Experience (1997-2011) 

ACEi & BB: Long term follow-up  

Natural History Data 



Ivabradine & outcomes in chronic heart failure 

Addition of ivabradine to optimum medical therapy 

 

SHIFT - Swedberg K, et al. Lancet 2010 



Heart rate as a risk factor in chronic heart failure [SHIFT] 

      Bohm M, et al. Lancet - Aug 2010 



ACE-inhibitors before LV-dysfunction         

in DMD / BMD 

 

Can DCM be prevented? 

 



Ψ9ŦŦŜŎǘ ƻŦ tŜǊƛƴŘƻǇǊƛƭ ƻƴ ǘƘŜ hƴǎŜǘ ϧ tǊƻƎǊŜǎǎƛƻƴ ƻŦ [ŜŦǘ ±ŜƴǘǊƛŎǳƭŀǊ 
5ȅǎŦǳƴŎǘƛƻƴ ƛƴ 5ǳŎƘŜƴƴŜ aǳǎŎǳƭŀǊ 5ȅǎǘǊƻǇƘȅΩ 

80 consecutive DMD pts (< 13 yrs) 
 

Abnormal LV (n=20) 
 

60 normal LV function 
(radionuclide LVEF > 55%) 

 
Phase I:    Perindopril (31)  Placebo (29) [p = 0.114] 
(36 mths)      (2-4 mg daily) 
 
 

Phase II:    Perindopril (23)     Perindopril (23) 
(24 months)  (open label: 2-4 mg daily) 

Duboc et al - J Am Coll Cardiol - 2005, 45:855-7 



Effect of perindopril on the onset & progression of                     
LV-dysfunction in DMD 

 LV assessed:  6, 12, 18, 36 & 60 months 

 

 End-points:  Primary:    LVEF (radionuclide) < 45% 

    Secondary: Tolerability of perindopril 

 

Duboc et al - J Am Coll Cardiol - 2005, 45:855-7 

 Timeframe [n] Perindopril Placebo p 

Baseline [60] 0 0 NS 

36 months [60] 

End of phase I 

0 1 NS 

60 months [46] 

End of phase II 

1 (4%) 6 (26%) 0.032 



Perindopril preventive treatment on mortality in DMD:  
10-year follow-up 

 DMD boys 9.5 to 13 yrs & normal LV function 

 Randomised to perindopril (2-4 mg) or placebo x 3 yrs  

 Open-label perindopril to all thereafter for < 10 yrs 

Duboc et al  - Am Heart J, 2007, 154:596-602 

Perindopril 

Throughout 

(n=28) 

Placebo  

Initially 

(n=29) 

p 

Baseline 

characteristics 

--- --- NS 

Alive at 10 yrs 26 (93%) 19 (66%) 0.02 

Kaplan-Meier plot --- --- 0.013 




