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Heart InvelvementiincDMD’ EBMD. 2.7

0 The heart as another type of muscle

0 Effects of DMD / BMD on the heart
O Natural history of heart involvement in DMD

0 What supports for the heart aralready available

0 What heart therapies aren the pipeline ?




Heart involvement in muscular dystrophy?
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The cell membrane ...
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complex leads to failure of the whole




Loss of dystrophin protein

Stretch-activated calcium
channel dysfunction in
muscle membranes

lnCreas ecipenmeau iy e Extracellular calcium enters
of cell membrane muscle cells

Calcium released from
intracellular stores &
Calcium overload
Activation of calcium-
induced protease

Disruption of
DGP complex

Enzymes released
into serum

Serum CPK
increased

Protein breakdown

-

Cardiac cell death

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



Cardiomyocyte Death

Inflammatory cascade
response initiated

Fibro-collagenous scar tissue
formation leading to fibrosis

Reduced contraction,
thinning & stretching of
fibrotic regions

-

Dilation of LV chamber

DMD dilated cardiomyopathy

- Increased LV-volume & wall stress;
- Impaired LV-contraction & relaxation;

- Reduced cardiac output;
- Mitral valve regurgitation

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



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

Dystrophin-deficient cells are
vulnerable to damage

The downward spiral of
progressive loss of function




A nonrinvasive longitudinal study

Backman & Nylander
Eur Heart 1992, 13:12391244
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The diagnosis &
management of
DMD:

An international
consensus on care
consideration

Stage 1:
PRESYMPTOMATIC

/ Diagnostics )

Anticipatory
planning for future
/ developments
Neuromuscular
Ensure immunization
schedule complete

Normal respiratory
/ function

Rehabilitation

Family support,
early support for
learning, speech

Psychosocial /
and language

Requires diagnostic workup and genetic
counselling

Stage 2: Stage 3: Stage 4:
EARLY AMBULANT LATE AMBULANT EARLY NON-AMBULANT

Likely to be diagnosed by this stage unless
delayed for other reasons
{e.g.. comcomitant pathology)

Ongoing assessment to ensure course of disease is as expected in conjunction with
interpretation of diagnostic testing

Atleast six thh of i gth and range of movement to define
phase of disease and determine need for intervention with glicocorticoids, ongoing
management of glucocorticoid regime and side effect management.

Involvementof other specialties in isciplinary team and c
considerations for patient and family.

Increasing risk of

Low risk of respiratory problems e DT

Stage 5:
LATE NON-AMBULANT

High risk of respir.
impairment

Assessment as above:
increasing risk of cardiac problems with age:
requires intervention even if asymptomatic

Use of standard heart fadure interventions with

surgical options for
TA contractures in
certain situations
(see text)

Assessment for learning support, behavioural support

posterior spinal fusion in defined situations

May be intervention for foot position for
wheelchair positioning.

Transition planning
to adult services,
hospice care for
end of life




Detecting Cardiac Involvement in DMD




DVD Boy: 12 Lead ECG

No change in
left ventricular systolic function

at this stage

> . Epicardial changes initially

Patchy process

OEl ectrical phaseo

? 7?7




Edho,\Nutlearr G & MR-imaging rmethatls
Measuiting | lgft wentiicularpumadunctian

Before contraction Peak contraction

(global LV systolic function)
& Regional'wall motion (regional function)



Scar imaging with late-GAD
enhancement

Normal Early heart involvement in DMD
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Preventing & Treating

Cardiac Involvement in DMD




Present Treatments for Cardiomyopathy in DMD

Glucocorticoidsteroids Prednisolone Prolongambulation / reduce Establishedherapy
Deflazacort inflammation / maintain cardio until nonrambulant

respiratory function (adverse effects limit use)

ACEnNhibitors / ARBs Perindopril Delay / prevent remodelling of left Establishedherapy
Enalapril ventricle / Antifibrotic action (early deploymenbetter)
Losartan (angiotensin& TGH31 blockade)

Aldosteroneantagonists Spironolactone  Reduce / prevent fibrosis Theoretical data & use
Eplerenone in other contexts

supports use
(high Krisk with ACEi)

Beta-blockers Metoprolol Slow heart / reduce force of LV Theoretical data & use
Bisoprolol contraction in other contexts
Carvedilol supports use

Calcium channel blockers Diltiazem ?? Reduce calcium influx into cells No benefit to date
Flunarizine

Anti-oxidants Q10 No benefit to date
Idebenone

Complexity of regime & increased potential for adverse effects with pplyarmacy !?




Steroid therapy
for muscle strengthening

Cardiac benefits




Steroid effects & the heart in DMD
| Siversidesetal 2003 Markham otal 2005

Steroidagent Deflazacortvs Never
Design

Age of starting Rx
Duration of Rx
PatientNumber
Evaluation method

Results
Lost ambulation

Cardioactive Rx
LVEF < 45%
LVFS%

LVESD (mm)

Freedom from cardiomyopathy

Retrospective
8.4+ 2 yrs
> 3 yrs
33
Echocardiogram

Steroid () vs (-)
| 48%vs 100% |
" 10%vs 42% )

5% vs 58%
33+7% vs 21+8%
30+6 vs 37+8

. J

Any steroid vs Never
Retrospective
<21yrs

111
Echocardiogram

Steroid () vs (-)

Lower if steroid <)
<10 yrs x 4. FS% <28
>10yrs x 15

93% vs 53%




ACE-Inhibitors & Beta-blockers in DMD / BMD

Benefits when heart involved




ACEInhibitor therapy for heart involvement in DMD
T e e

ACEinhibitor Various(+ beta blocker 54%) Enalapril(? Dose)
Design Retrospective Retrospective
Patient number 76 (DMD / BMD) 50 (DMD)
Cardiomyopathydetected 29 27
Whenstarted Rx Abnormal Echo Abnormal Echo
Age starting Rx 14 yrs 13.2+2 yrs
Duration of Rx 2.7years(+1.9 yrs) 0.5-5 years

Responsdo Rx

LV function stabilised No differences responded
LV function improved vs non-responders
LV function normalised 10 (43%)

Benefit maintained 7




(1997-2011)
ACEI'& BBF Long term fellow-up
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lvabradine & outcomes in chronic heart failure

Addition of ivabradine to optimum medical therapy

—8— Placebo
—8— |vabradine

 Bblocker 2923 (90%)
| ACEinhibitor (
(

80

)
AR 472 (14%)

- Diureticdrugs (excluding
antialdosterone)

~
o
1

Heart rate (bpm)

(o))
o
|

Antialdosterone agents 61%)
Cardiac glycosides 22%)
Devices
@

T T T T
12 16 20 24

Follow-up (months)

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

—— >75 bpm

—— 70to <75 bpm

—— 65t0 <70 bpm

— 6010 <65 bpm
<60 bpm

p<0-0001

’—\
X
—
i
£
Qo
0o
.20
o
U
V)
A=
n
Q
Q.
£
)
o
s
(3]
=
o
=
o
I oy
3=
2
wn
e}
e
g
-
]
a.

Number at risk
=75 bpm

70to <75 bpm

65 to <70 bpm

60to <65 bpm
<60 bpm




ACE-inhibitors before LV-dysfunction
in DMD / BMD

Can DCM be prevented?
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80 consecutive DMD pt& 13 yrs)

l > Abnormal LV (n=20)

60 normal LV:Tunction
(radionuclide LVEF > 55%)

e N

Phase | Perindopril(31) Placebo (29) [p= 0.114]
(36 mths) (2-4 mg daily)
Phase I Perindopril(23) Perindopril(23)

(24 months) (open label: 24 mg daily)



Effect ofperindopril on the onset & progression of

L\Mdysfunction in DMD

LV assessed: 6, 12, 18, 36 & 60 months
Endpoints: Primary: LVEF (radionuclide) < 45%
Secondary: Tolerability of perindopril

36 months [60] 1 NS
End of phase |

60 months [46] 1 (4%) 6 (26%) 0.032
End of phase Il




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

DMD boys 9.5 to 13 yrs & normal LV function
Randomised tgerindopril (2-4 mg) or placebo x 3 yrs
Openlabel perindopril to all thereafter for<10 yrs

Perindopril
Throughout
(n=28)

Baseline

characteristics

Alive at 10 yrs 26 (93%)
Kaplan-Meier plot _

Duboc et al- Am Heart J, 2007, 154:59802







