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Angiotensin Converting 
Enzyme (ACE) inhibitors and 
muscle dystrophies .Past 
,Present and Future .

� Pr Denis Duboc, Hospital Cochin ,Paris 
,France .

� Prague 2011 

� X-linked disease (Xp21), 1/3000 male births

� Gene codes for dystrophin

All patients will develop left ventricular dysfunction, 
and more than 40% will die from heart failure.

Duchenne muscular dystrophy

Fatkin d. N Engl J Med. 1999;341:1715-1724

Myocardial  dysfunction due to
the absence of an essential protein.

The best treatment?

Or a classical pharmacological approach based
on the knowledge of the natural history and
the pathophysiology of the disease?

� To replace the gene, gene therapy !

� To repair the gene, exon skipping !

� To replace the tissue, cell therapy !

� To replace the protein, recombinant enzyme administration !
(for lysosomal diseases, Fabry, Pompe,..)

ACE inhibitors and DMD.

� Past : The curative treatment of HF

� Present : The preventive treatment of HF in 
DMD

� Future : The prevention of skeletal muscle

fibrosis in muscular dystrophies               

� PRAGUE  2011.
Denis Duboc, Karim Wahbi, Henri Marc Bécane. 
Dep of Cardiology, Hop Cochin, Paris, France.

Present :Heart involvement in 

DMD: focus on preventive 
therapeutic approaches.   

Baltimore  2011.

Denis Duboc, Karim Wahbi, Henri Marc Bécane. 

Dep of Cardiology, Hop Cochin, Paris, France.
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Heart involvement : 2 major problems 
1- Heart Failure
2- Sudden cardiac Death 

� Heart Failure -Molecular defects

→ decrease in cardiac muscle strength 

→ asymptomatic left ventricular 
dysfunction (NYHA 1)

→symptomatic heart failure(NYHA 2 to 4)

→ end stage Heart Failure .  .

Dysfonction VG
asymptomatique IC légère IC modérée IC sévère

NYHA I NYHA II NYHA III NYHA IV
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CONSENSUS

SAVE

SOLVD-p
VHeFT II

Réduction du risque de mortalité : ~20%
(soit 4 vies sauvées pour 100 patients traités pendant 30 mois)

Réduction des réhospitalisations pour IC : 33%

Heart failure.

Post-IdM

Past ;Years  1985-1995: ACE inhibitors

Effect of perindopril on the onset and  

progression of left ventricular dysfunction 

in Duchenne muscular dystrophy

D. Duboc, C. Meune, G. Lerebours, 
JY. Devaux, G. Vasksman, H-M Becane.

J Am Coll Cardiol. 2005;45:855-857.

Study protocol

23 patients excluded
LVEF<55%: n=20

DMD not confirmed: n=3

5 years additional follow-up
Vital status information: n=28

Open-label perindopril
2 year period

Completed: n=24

Perindopril 2-4mg/day, n=28
3 year period

Completed: n=27

5 years additional follow-up
Vital status information: n=29

Open-label perindopril
2 year period

Completed: n=27

Placebo n=29
3 year period

Completed: n=29

57 children included:
LVEF >55%

DMD genetically confirmed

Total of 80 children presenting with Duchenne disea se
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Left ventricular function and response to 
enalapril in patients with Duchenne muscular 
dystrophy during the second decade of life.
Ramaciotti C, Heistein LC, Coursey M, Lemler MS, Eapen RS, 
Iannaccone ST and Scott WA. Am J Cardiol 2006

Genetic predictors and remodeling of dilated 
cardiomyopathy in muscular dystrophy.
Jefferies JL, Eiden BW, Belmont JW, Craigen WJ, Ware SM, Fernbach 
SD, Neish SR, Smith EO, Towbin JA. 

Circulation 2005

« ACE inhibitor therapy was safely initiated either 
alone or in combination with b-bloker therapy.

Although the use of carvedilol and metoprold in our 
study was not randomized, both drugs appeared to 
have the desired effets on cardiac function »

Circulation. 2005;112:2756-2758.

« It is therefore reasonable to speculate that
attenuation of the mechanical forces on the
sarcolemma by means of pharmacological
afterload reduction would reduce the rate of
cell loss. The article by Jefferies et al does
not permit any conclusions in this regard, but
a recent study by Duboc et al provides some
support to this hypothesis. »

Editorial : Evolving Therapeutic Strategies for 
Dystrophinopathies.

Potential for Conflict Between Cardiac and Skeletal Needs

Steven D Colan. Circulation 2005

From the Department of Cardiology, Children’s Hospital Boston,
Department of Pediatrics, Harvard Medical School, Boston, Mass.
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Perindopril preventive treatment on 

mortality in Duchenne muscular 

dystrophy: 10 years’ follow-up 

D. Duboc, C. Meune, B. Pierre, K. Wahbi, B. Eymard,
A. Toutain, C. Berard, G. Vasksman, S. Weber, H-M Becane.

American Heart Journal. 2007;154:596-602

Results: deaths after up to 10 years
of follow-up

7 years

8 years

9 years

10 years

0

1

1

2

3

5

5

10

0.080

0.159

0.159

0.009

Cumulative number
of deaths: P

Group 2 
(placebo)

Group 1
(perindopril)

Chi-square for comparisons

Cumulative distribution of events

Survival of patients initially assigned to perindop ril vs placebo

P=0.0125 (log-rank test)
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Early (9.5 to 13 years) administration

of perindopril  is associated with a significant 

decrease in 10-year mortality in

Duchenne  Muscular Dystrophy

NB :No patients has been treated by steroids during this study 

It is probably benificial to treat preventively

these patients, before heart failure and before

left ventricular dysfunction

(before apoptosis initiation, before TGF beta

pathway activation, before fibrosis process 

initiation, before molecular, tissular and cavity

remodeling..)
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ACE inhibitors and DMD

� Future : the skeletal muscle

Per (Perindopril)

Angiotensin II type 1 receptor blockade 
attenuates TGF-b-induced failure of muscle 
regeneration in multiple myopathic states (4)
Cohn RD, et al. Nature Medicine 2007
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ACE inhibitor bulks up muscle.
Jeffrey S Chamberlain

Nature Medicine 2007

(–)

A new trial

� Perindopril very early in the disease

� Randomized versus placebo 

� Before the child has lost walking ability

� Between 3 to 8 years old

� First end point : walking distance

� Secondary end points : cardiac  and muscle 
fibrosis 

� Final Results : november 2011

A New Trial

� Preliminary results 

� All the patients were included in three 
months

� No direct side effect

� Blinded global results at 18 months

� 24 months of follow up for unblinded
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Skipping toward Personalized Molecular Medicine
Hoffman EP 
N Engl J Med, 2007


