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ABSTRACT

Objective We provide succinct, evidence-based and/or
consensus-based best practice guidance for the cardiac
care of children living with Duchenne muscular dystrophy
(DMD) as well as recommendations for screening and
management of female carriers of mutations in the DMD-
gene.

Methods Initiated by an expert working group of UK-
based cardiologists, neuromuscular clinicians and DMD-
patient representatives, draft guidelines were created
based on published evidence, current practice and expert
opinion. After wider consultation with UK-cardiologists,
consensus was reached on these best-practice
recommendations for cardiac care in DMD.

Results The resulting recommendations are presented
in the form of a succinct care pathway flow chart with
brief justification. The guidance signposts evidence on
which they are based and acknowledges where there have
been differences in opinion. Guidelines for cardiac care of
patients with more advanced cardiac dystrophinopathy at
any age have also been considered, based on the previous
published work of Quinlivan et al and are presented here
in a similar format. The recommendations have been
endorsed by the British Cardiovascular Society.
Conclusion These guidelines provide succinct, reasoned
recommendations for all those managing paediatric
patients with early or advanced stages of cardiomyopathy
as well as females with cardiac dystrophinopathy. The
hope is that this will result in more uniform delivery

of high standards of care for children with cardiac
dystrophinopathy, so improving heart health into adulthood
through timely earlier interventions across the UK.

INTRODUCTION

Duchenne muscular dystrophy (DMD) is
a severe, progressive, muscle-wasting, life-
limiting condition that affects just under
20 in every 100 000 live male births around
the world."! There are currently around 2500
boys and men living with the condition in
the UK.> DMD is caused by mutations in the
DMD-gene, located on the X-chromosome,
that encodes for the protein dystrophin.’
This means that the vast majority of those

What is already known about this subject?

= The heart is abnormal from the start. However, car-
diac symptoms only occur late in the involvement of
the heart in Duchenne muscular dystrophy (DMD).

= Timely introduction of heart medications improves
heart health as DMD progresses.

= Preserving cardiac function is a prerequisite for lon-
ger survival in DMD.

= Females with DMD-gene variations are at increased
risk of cardiomyopathy.

What does this study add?

= This work provides, for the first time in the UK, a
clear care pathway to advise on how to best pre-
serve cardiac function from the beginning in dys-
trophinopathy. This was based on evidence and a
consensus building exercise among UK experts and
patient representatives.

= Furthermore, it gives guidance for the monitoring
and management of females with DMD-gene muta-
tions from their genetic diagnosis.

How might this impact on clinical practice?

= Clinicians—neuromuscular and cardiologist—
treating those with DMD-gene variations will have
access to the same clinical practice guidance for
cardiac management at all stages of cardiac in-
volvement. Patients will also be able to access the
same information.

= Endorsed by the British Cardiovascular Society, and
having sought input from multiple centres, we ex-
pect uptake and implementation to be widespread.
This will both improve standards of care and harmo-
nise care between different centres across the UK

diagnosed with DMD are boys; although
rarely girls may develop significant skeletal
muscle weakness. DMD can also have pheno-
typic affects in female carriers in terms of
their cardiac health.*

The lack of functional dystrophin causes
muscle damage over time, fibrosis and
replacement of skeletal muscle with fat. From
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the average age of diagnosis at 4 years in the UK, it is
primarily the skeletal muscles that are most noticeably
affected at first with a gradual decline in motor function
and loss of ambulation usually early in the second decade
of life. As boys become older and grow to young men,
they usually require ventilator support because of inter-
costal and diaphragm muscle weakness.® Dystrophin is
also expressed in the heart. The lack of dystrophin in the
myocardium leads to progressive loss of myocytes with
fibro-fatty replacement and clinically, to a progressive
form of dilated cardiomyopathy.

There is currently no effective treatment for DMD.
Glucocorticoid steroid therapy is routinely recom-
mended from a young age because it slows the rate of
decline in skeletal muscle function and prolongs ambula-
tion.” Steroids also delay the onset and rate of progress of
cardiomyopathy. Preserving cardiac function for as long
as possible is critical to prolonged survival in DMD and
is the focus of this paper. With current standards of care
in the UK, median life expectancy is around 29-30 years
of age.8

The International Care Standards for DMD include
recommendations for cardiac management.9 However,
that guidance is somewhat vague on choices of medica-
tion other than advocating the early introduction of an
ACE inhibitor (ACEi). This may have contributed to vari-
ations in the cardiac care offered to patients with DMD
in different parts of the UK. Families have expressed this
concern over several years, and their views are supported
by the findings of a recent survey of patients and carers
about their care experiences (paper in preparation).

In order to address the diversity of care being provided,
DMD Care UK was launched as a 3-year initiative between
Duchenne UK, the wider patient community and
Newcastle University, in collaboration with the North Star
Network of neuromuscular centres' to agree, publish
and promote high-quality DMD care uniformly across the
UK through evidence-based consensus building.

This paper presents the methods and outputs of the
cardiac care group within DMD Care UK.

The guidance presented here aims to promote a
uniform high standard of cardiac care for children with
dystrophinopathy, regardless of where they live and is
intended to complement the recently published UK adult
DMD guidelines.'" We have also included recommenda-
tions on the cardiac care of females at risk of cardiomy-
opathy because they carry mutations in the DMD-gene.

METHODS

Preparation of this guidance

This is a consensus summary from an expert cardiac
working group (WG) of UK adult and paediatric cardi-
ologists, neuromuscular specialists, specialist nurses and
patient representatives from across the UK’s North Star
Network—all with experience in the management of
people with DMD. The work builds on the evidence and
international expert opinion, including that published by

*Confirmed gene-carrying ‘
females should also be
recommended

DMD diagnosis confirmed genetically * |

*...The heart in
DMD is abnormal
from the very
beginning...” 12

Discuss likelihood of heart involvementineed for
periodic checks

(include as part of the general discussionat time of DMD
diagnosis) 222

(Refer text)

Glucocorticoid steroids are | _J
Iso cardi i

Baseline echocardiogram & 12-lead ECG *
Patient/family heart information leaflets provided

#*When convenient
after d <6
years old

Need hypertensive checks
www.nhibi.nih.gov & weight
management quidance !

; ion guidance 3'32
D1C = ACE-inhibitor rather
than reduce steroid dosage

Periodic ECG & echo monitoring
(annually, particularly so ~ age 10 years)
ECG likely to show small Q-waves
(Leads | & aVL +/- V) %33

R R

LV systolic dysfunction (+)%

No LV-systolic dysfunction %1213
of LV-chambx

Abnormal global or regional measures of LV systolic Echo
function or presence of fibrosis on cMRI (refer text) measures of global & segmental LV function
(Circumferential, longitudinal & regional function)
¥ btk
cardiac i ‘
Start: ACE-inhibitor unless contra-indicated A
Lisinopril, Ramipril, Perindopril or similar (effect is Repeat echo-assessment annually ideally but at
generic) least every 2 years 121

Or (if ACEi intolerance) ARB medication
Irbesartan, Candesartan, Losartan or similar

No LV-systolic dysfunction on echo < 10 years'*'®
(If sub-optimal echo-images, consider cMRI, for strain

Once daily dosing drugs & evening / night dosing & fibrosis evaluations)

preferable

If LV-measures become abnormal follow red arrows

Optimise ACE/ARB to maximum tolerated dose
(Adverse renal function, HR & | A\
BP checks
& Add beta-blocker 414
(1 when sinus tachycardia at rest)
Bisoprolol, metoprolol or similar effect is generic)

By age 10 years & even if LV-echo normal
1. Prophylactic ACEi-therapy (empirically) 125052

Ivabradine?'?? to slow rate, if BB contraindicated or
intolerance

(Adverse symptoms, electrolytes, HR & BP checks)

— OR
2. cMRI for LV-function & fibrosis(+/-) evaluation 16
If cMRI abnormal or fibrosis(+) - follow red arrows

+/- Slow persistent sinus tachycardia
(Add beta-blocker *? or ivabradine '??)

When ACEi / ARB +/- BB deployed

Add mineralocorticoid blocking drug 4
Eplerenone or spironolactone
When LV-dysfunction or myocardial fibrosis on MRI

(Adverse renal function, HR &

BP checks)

To reduce blood sampling frequency, coordinate all
specialty test requirements as much as possible (renal;

endocrine; bone; cardiac; etc)

Typical drug combination when LV-dysfunction:
ACEi / ARB + MRA + BB

Figure 1 Recommended schedule of testing and

therapy for children with DMD. ACEi, ACE inhibitor; ARB,
angiotensin Il receptor blocker; BB, beta-blocker; BP, blood
pressure; cMRI, cardiac MRI; D1C, drug of first choice;
DMD, Duchenne muscular dystrophy; HR, heart rate; ICD,
Implantable cardioverter-defibrillator; LV, left ventricular;
MRA, mineralocorticoid receptor antagonist.

Birnkrant et al,’ and the proceedings of the 238th Euro-
pean Neuromuscular Centre Workshop Study Group,
2018."

The WG members were identified and invited from
among cardiologists based at expert North Star Centres
with significant experience in the management and
treatment of people with DMD. Patient representatives
were invited to join through Duchenne UK’s networks.
The literature and evidence for both optimum surveil-
lance and treatment was reviewed by a core group, who
then drafted the initial version of figure 1. This was then
circulated to the rest of the WG. Through a subsequent
series of WG meetings, held virtually, final consensus was
reached, and penultimate versions were circulated more
widely to paediatric and adult cardiologists in the UK for
comment. The guidance presented here is the 18th itera-
tion of the original document and is intended to cover all
stages of heart involvement in dystrophinopathy.

RESULTS

Cardiac involvement in DMD

The heart is ‘abnormal from the start’ in boys with
DMD.'? The main manifestation of cardiac involvement
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in DMD is left ventricular (LV) systolic dysfunction. As
part of early discussions, parents/carers should be made
aware that progressive heart muscle weakness is part of
the natural history of DMD." This is to help them under-
stand why baseline heart checks are advisable soon after
diagnosis followed by a schedule of regular checks there-
after. It also prepares them for discussions about the use
of prophylactic heart medication from an early age in
order to realise their established benefits.

The multidisciplinary dystrophinopathy care team
should include, as an integral member, a cardiologist who
has expertise in inherited neuromuscular disorders and
in heart failure management. He or she should oversee
the cardiac management of patients with dystrophinop-
athy.'? Although remote oversight of cardiac test results,
performed to schedule, in younger boys reduces the
need to attend a separate cardiology clinic, it is prefer-
able for boys and their families to be familiar with ‘their
cardiologist’ well ahead of the time when heart medica-
tions are recommended. Families who were consulted
through a UK survey and within DMD Care UK’s focus
groups reported that they would welcome early, direct
contact with the cardiac team to enable them to better
understand the cardiac implications of DMD and to have
the opportunity to discuss timely introduction of heart
therapies. A multidisciplinary outpatient clinic, in which
several different specialty assessments can take place
on the same day, is probably the ideal arrangement for
follow-up, but one that has not been implemented in the
UK to date."

Females with DMD-gene mutations should also be
made aware of their risk of developing cardiomyopathy
and offered a baseline cardiac assessment at the time of
their genetic diagnosis and subsequent ongoing cardiac
review.

Heart surveillance in dystrophinopathy

LV dysfunction is an inevitable consequence of DMD."
So, it is not a question of whether a patient with DMD
will benefit from cardioactive medications but rather one
of when they are best deployed in a particular patient.
Cardiac symptoms only occur late in the involvement of
the heart in DMD and so are a very poor guide to the
state of cardiac function, which can only be determined
by objective testing.”

A 12-lead ECG should be performed serially to detect
inappropriate sinus tachycardia, arrhythmias or atrio-
ventricular block." Cardiomyopathy in DMD initially
develops with segmental dysfunction affecting inferobasal
or basolateral LV regions. So, the earliest changes will not
necessarily be detected by semi-qualitative assessments or
by measures of LV-fractional shortening alone. There-
fore, from as soon as convenient after diagnosis, echo
examinations should include both measures of global (ie
LV chamber dimensions; fractional shortening, ejection
fraction and assess radial and longitudinal function) and
regional LV function. The sensitivity of these assessments
is further increased by including tissue Doppler measures

of LV lateral wall longitudinal function and, if obtainable
reliably, global LV-‘strain’ by speckle-tracking.'* " ' The
detection of LV dysfunction should trigger the cascade
of cardiac medications summarised in figure 1, acknowl-
edging that some treatments may already have been initi-
ated prophylactically based empirically on age alone. Itis
now also recognised that the finding of LV dysfunction
by echo and tissue-Doppler is a relatively late indicator
of cardiac involvement in dystrophinopathy. By the time
dysfunction is evident, destructive processes have long
been underway in the myocardium."

Cardiac MRI is an even more sensitive imaging modality
which provides detailed structural and functional infor-
mation about the heart. It is particularly useful in clari-
fying equivocal findings and in those in whom reliable
echo measures cannot be obtained. Furthermore, its
ability to provide tissue characterisation allows detec-
tion of heart involvement before it has resulted in LV
dysfunction.”” ¥ '® Late-gadolinium enhanced imaging
sequences allow detection of diffuse or focal myocardial
fibrosis, which generally precedes the development of LV
dysfunction. The pattern of sub-epicardial fibrosis seen in
dystrophinopathy helps distinguish it from other patterns
of unknown significance sometimes seen in scans of
healthy young adults.'” Although more sensitive than
echo in detecting early abnormalities, cMRI is absolutely
contraindicated in some patients (eg. presence of MRI-
incompatible metal implants) and may require general
anaesthesia or sedation to reduce motion artefacts (eg,
in children below age 6 years or in adolescents with
learning difficulties or contractures). Some patients do
not tolerate the confined space of the MR-scanner (eg.
steroid-related obesity or claustrophobia). In practice,
the use of sedation or general anaesthesia for cMRI in
younger children is rarely justified unless the results are
thought likely to change clinical management.

There are also safety concerns about patients having
serial cMRIs which include administration of a gado-
linium contrast agent (ie nephrogenic systemic fibrosis,
potential neuro-toxicity). Therefore, if c¢MRIs are
performed serially, some will not include assessment of
myocardial fibrosis to minimise the risk of these adverse
effects.'®

The cardiac biomarker, N-terminal pro-brain natri-
uretic peptide (pro-BNP) is not sensitive enough to guide
early treatment of cardiac dystrophinopathy because
measures only become abnormally elevated when LV
dysfunction is well advanced.” However, it may have a
role in helping distinguish heart failure from respiratory
insufficiency and assessing response to therapy at more
advanced stages of cardiomyopathy. In the future, it may
become possible to use serial measures of highly sensitive
DMD-specific biomarkers in peripheral blood to guide
cardiac management throughout the course of DMD.?'

Contemporary echo and/or cMRI allow detection of
cardiac abnormalities at an earlier stage and at a younger
age than was possible for the previous generation of
patients. Today’s patients have the potential to benefit
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from more sensitive heart assessments through the earlier
introduction and escalation of drugs aimed at preserving
LV function for as long as possible.

Justification for heart imaging in more advanced
cardiomyopathy

The justification for performing regular cardiac tests
after the initiation of therapies to preserve LV function
is sometimes questioned, since this is not routine prac-
tice, for patients with idiopathic forms of cardiomyopathy
(IDCM), for example. However, the course of these two
conditions differs in several key respects. Unlike in IDCM,
the multisystem implications of DMD and particularly the
severity of immobility, mean that cardiac symptoms occur
very late in the course of LV dysfunction, providing no
guide for either patient or cardiologist about the progres-
sion of cardiomyopathy or its response to treatment.
Objective testing is, therefore, needed to help optimise

therapy and dosing and to provide feedback to patients
regarding the function of their heart. Crucially, the cardi-
omyopathy of DMD is progressive, meaning that serial
testing is required to assess for other changes that only
occur later in the course of the condition. Imaging then
is to detect atrial dilatation as a forerunner to possible
atrial arrhythmias, right ventricular dysfunction and the
presence of LV dyssynchrony or thrombus; standard and
Holter-ECGs to screen for tachy-arrhythmias or brady-
arrhythmias of prognostic importance.

Rationale for introducing heart medications

Despite the increased sensitivity of cardiac imaging tech-
niques in detecting cardiac involvement in recent years,
recognition of the way in which dystrophin-deficiency
affects the myocardium ‘from the beginning’'® is justifi-
cation for recommending empiric use of an ACEi therapy
prophylactically no later than age 10 years to preserve

Management options for advanced DMD-related cardiac dystrophinopathy at any age'! dystrophinopathy

Refer figure 1 for drug choices / introductions sequences & dose up-titration recommendations
Progressive merging of prophylactic vs therapeutic indications for therapy with increasing age
Typical regime: ACEi or ARB; BB & spironolactone or eplerenone

Annual review & testing continues to assess response to therapy & for dose up-titration to maximum tolerated doses

\ 2

If / when LVEF < 40% & if systolic BP > 100mmHg (age usually > 18 yrs)
Consider changing ACEi/ARB to sacubitril / valsartan (‘Entresto’)6567

Increase brady- / tachy-arrhythmia surveillance (eg: periodic Holter-ECG, etc)?12
Serial measures of biomarkers (eg: NT-pro-BNP) may be useful

. 4

) 4

If AV-conduction delay
and / or QRS > 130ms

If sustained, compromising
Atrial Arrhythmias

DDD-pacing or CRTP therapy
may be indicated54-6

ECG +/- Holter
assessments®'?

Optimise BB therapy
+/- DOAC anticoagulation®263
(CHA,DS,-Vasc / Orbit guide)

Consider amiodarone

If LV-function deteriorating
Further consider adding
SGLT2-inhibitor therapy®

Ventricular Arrhythmia
& NYHA class < IV
ICD therapy®7-

(Class 1 indication) Dapagliflozin / Empagliflozin

or similar
Take account of QoL status & (Evidence from HF of other
individual patient wishes aetiologies)

Usual dose: 10mg daily

As LVEF < 35% & falls progressively, despite optimised medications

Evidence-based medications & interventions, validated in other heart failure populations,
may be considered for patients with DMD

+ Anticoagulation (atrial arrhythmia; emboli from
LV thrombus; DVT & PE prevention)?263

+ Loop-diuretics (overt fluid retention)®*/ Digoxin (as inotrope)®®

Confirm patient is not a candidate for Advanced Heart Failure management
(LVAD / Cardiac transplant, et al)

Advanced Care & Palliative Care planning / Implementation
(patient & family /carers / bereavement counselling)

Figure 2 Management options for advanced cardiac dystrophinopathy at any age ACE. ACEi, ACE inhibitor; ARB, angiotensin
Il receptor blocker; AV, atrioventricular; BB, beta-blocker; BP, blood pressure; CRT, cardiac resynchronisation pacing device
(P)xdefibrillator capability (D); DDD, dual chamber pacemaker; DMD, Duchenne muscular dystrophy; DOAC, direct oral
anticoagulant; DVT, deep venous thrombosis; EF%, (left ventricular) ejection fraction; HF, heart failure; Holter (ECG), continuous
ECG recording; ICD, implantable cardioverter-defibrillator; LBBB, left bundle branch block; LV, left ventricular; LVAD, left
ventricular assist device; MRA, mineralocorticoid receptor antagonist; NT-pro-BNP, N-terminal pro-brain natriuretic peptide;
NYHA, New York Heart Failure Classification; PE, pulmonary embolism; QoL, quality of life; SGLT2-inhibitor, sodium-glucose

co-transporter-2 inhibitor.
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Box 1 Self-assessment minimum cardiac care standards

audit for boys with Duchenne muscular dystrophy (DMD)

1. Does a dedicated cardiologist supervise the cardiac care of boys
with DMD?

2. What evidence can you provide to show that parents/carers have
been made aware that cardiomyopathy is almost invariably part of
DMD?

3. What percentage of boys with DMD had their first echo assessment
before their 6th birthday?

4. What percentage of boys with DMD undergo echo and ECG annually
from age 10 years?

5. What percentage of boys under follow-up have been prescribed an
ACE-inhibitor or angiotensin-receptor blocker by age 10 years?

6. What percentage of boys with left ventricular dysfunction
are on ‘triple-therapy’ (ie, ACE inhibitor (ACEi)+beta-blocker
(BB)+mineralocorticoid receptor antagonist (MRA)-blocker)?

7. What was your ‘child not brought to appointment’ rate for boys >10
years last year?

Self-assessment cardiac-care standards audit for females

with DMD-gene variations

1. What was your ‘failure to reattend for scheduled cardiac review’
rate for females aged 3060 years with DMD-gene variations in the
last 12 months?

2. What percentage of females with confirmed cardiac dystrophinop-
athy are taking combination cardiac medications (ie, ACEi+MRA;
ACEi+BB or similar)?

cardiac function.” Recognition of the progressive nature
of cardiac dystrophinopathy means that the finding of
myocardial fibrosis on c¢MRI, if the test is performed,
confirms that LV dysfunction will shortly follow, even if
not already detectable. This justifies addition of a miner-
alocorticoid receptor antagonist (MRA) to inhibit the
myocardial scarring process. Confirmation of LV dysfunc-
tion should prompt further escalation to maximum toler-
ated doses and addition of any medications not already
deployed.

It is common for boys with DMD to develop a resting
sinus tachycardia with faster rates observed at serial atten-
dances (eg, 100-130 bts/min)— sometimes even before
there is echoevidence of LV dysfunction. A persistently
fast heart rate acts as an additional cardiac stressor accel-
erating decline in function. Although evidence for the
use of rate slowing medications such as a beta-blocker or
ivabradine prophylactically is lacking, slowing the heart
rate in the context of persistent tachycardia is desirable
and coherent with established recommendations for opti-
mising heart rate in patients at more advanced stages of
cardiomyopathy in other contexts.”*>*

Figure 1 summarises current best practice recom-
mendations in the cardiac care of paediatric patients
with cardiac dystrophinopathy, including the need for
observations and checks of renal function and biochem-
istry.”® The three-drug combination outlined may have
to be reduced or suspended temporarily during serious

illness such as sepsis, but it should be restarted during
convalescence.

It is rare for children with cardiac dystrophinopathy to
have developed advanced LV dysfunction (eg. LV ejection
fraction <40%) but it can occur— particularly in those
with very large deletions and early onset of cardiomyop-
athy or following a super-added episode of viral myocar-
ditis. Although typically only relevant for older patients
with DMD, figure 2 has been included to summarise drug
and device options that can be considered for patients at
any age with advanced LV dysfunction,” ! 12 >4 56-63 656768

Female carriers of DMD-gene variants

Care arrangements for females carrying a variant in the
DMD-gene are even less well established and more vari-
able around the UK than for boys with DMD. Although
the majority experience neither signs nor symptoms at
any stage, some develop progressive skeletal myopathy
or cardiomyopathy or have cognitive impairment.* * 7
Because of the diversity in clinical effects, it seems timely
to discard the older terminology of ‘DMD/BMD carrier’
to describe these girls/women and replace it with a more
accurate term, ‘dystrophinopathy carrier’. Furthermore,
even the term ‘carrier’ seems inadequate to describe
those with clinical signs or symptoms. It is preferable,
therefore, to limit the use ‘carrier’ to describing those
without clinical effects (ie. no skeletal or cardiac signs
or symptoms on testing, no cognitive effects and normal
creatine kinase levels).” Those with signs or symptoms
should be considered to have a dystrophinopathy and
managed accordingly as for affected males.

Even in the absence of skeletal muscle manifestations,
females with DMD-gene variations have an estimated
7.3%-16.7% lifetime risk of developing cardiomyop-
athy, from which symptoms typically only occur when LV
dysfunction is well advanced.” ™ Detecting cardiomyop-
athy requires surveillance, using the same heart imaging
techniques as outlined for males with DMD. A baseline
cardiac assessment, comprising 12-lead ECG and echo-
cardiography, should be undertaken once carrier status
is confirmed genetically. Assessments should follow a
standard echo-imaging protocol, to provide measures
of global and regional LV function that allow for serial
comparisons— similar to that outlined above for boys
with DMD. Results of this initial assessment provide the
basis for decision-making and future comparisons. If
initial results are reassuring, repeat testing can usually be
undertaken at 3 yearly intervals, modifying the schedule
if needed in discussion with families/patients for the very
young and elderly. Equivocal findings on echo require
repeat testing after a shorter interval or cMRI to clarify
uncertainties. As for males with DMD, the finding of
clinically significant myocardial fibrosis on cMRI or any
degree of regional or global LV dysfunction on echo or
cMRI justifies the same schedule of cardiac medications
as outlined for males with cardiac dystrophinopathy. The
finding of myocardial fibrosis in the typical DMD distribu-
tion indicates that LV dysfunction will follow, even if not
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already present. Management of cardiac involvement in
females with cardiac dystrophinopathy comprises intro-
ducing an ACEi or ARB, up-titrating to the maximum
tolerated dose and adding an MRA for its additional
anti-fibrosis benefits. Females with cardiac dystrophinop-
athy seldom develop the resting sinus tachycardia seen
in boys with DMD during early cardiomyopathy and so
rate slowing medications (ie, beta-blocker or ivabradine)
are less often indicated initially. The overarching aim of
therapy is to prevent progressive loss of cardiac function.
For women of childbearing age who may become preg-
nant or who are planning pregnancy, the cardiac drug
regimen will need to be modified.” ”* Figure 2 outlines
additional drug and/or non-pharmacological options
that may be considered in the management of those with
advanced cardiac dystrophinopathy.

CONCLUSION

It is now widely accepted that the late initiation or over-
cautious use of cardio-protective medications in children
with cardiac dystrophinopathy leads to lost opportunities
to mitigate the cardiac effects of the condition, which
cannot be compensated for even by optimised cardiac
management later in adulthood. Preserving cardiac func-
tion is a prerequisite for longer survival in DMD. This
guidance is intended to contribute to achieving that goal
more consistently across the UK.

Author affiliations

"Department of Cardiology, Newcastle upon Tyne Hospitals NHS Trust, Newcastle
upon Tyne, UK

2 John Walton Muscular Dystrophy Research Centre, Newcastle University,
Newcastle upon Tyne, UK

SDepartment of Paediatric Cardiology, University Hospitals Birmingham NHS
Foundation Trust, Birmingham, UK

“Department of Cardiology, Birmingham Children's Hospital, Birmingham Women's
and Children's NHS Foundation Trust, Birmingham, UK

SDepartment of Cardiology, NHS Greater Glasgow and Clyde, Glasgow, UK
®Department of Paediatric Cardiology, Great Ormond Street Hospital for Children
NHS Foundation Trust, London, UK

"Scottish Paediatric Cardiac Services, Royal Hospital for Children, Glasgow, UK
®Duchenne UK, London, UK

®Department of Cardiology, Guy's and St Thomas' NHS Foundation Trust, London,
UK

"Department of Cardiology, University Hospitals of North Midlands NHS Trust,
Stoke-on-Trent, UK

"Department of Neuromuscular Disease, National Hospital for Neurology and
Neurosurgery, London, UK

"2Institute of Neurology, University College London Hospitals NHS Foundation Trust,
London, UK

SBarts Heart Centre, Saint Bartholomew's Hospital Barts Heart Centre, London, UK
Department of Cardiology, Cardiff and Vale University Health Board, Cardiff, UK

Contributors All coauthors have contributed to the drafting of this paper, led
by JB and coordinated by CT. In addition, clinicians from neuromuscular centres
(North Star network) were consulted and contributed to the consensus building
that resulted in this recommendation. Duchenne UK provided additional patient
community input. Duchenne UK, Joining Jack and Duchenne Research Fund
supported this work financially.

Funding This work is supported by grants from Duchenne UK, The Duchenne
Research Fund and Joining Jack. The DMD Care UK project was initiated by
Duchenne UK. Advice and input from the British Cardiovascular Society and from
clinical members of the North Star Network is gratefully acknowledged. The North

Star Database is funded by Muscular Dystrophy UK. The DMD Care UK project is
overseen by a Steering Committee who have approved this publication: Michela
Guglieri (PI), Newcastle University; Anne-Marie Childs, Leeds Teaching Hospitals NHS
Trust; Alex Johnson, Duchenne UK; Adnan Manzur, Great Ormond Street Hospital for
Children NHS Trust; Francesco Muntoni, UCL Great Ormond Street Institute of Child
Health; Ros Quinlivan, National Hospital for Neurology and Neurosurgery, UCLH; Sheli
Rodney, Duchenne Research Fund; Anna Sarkozy, UCL Great Ormond Street Institute
of Child Health; Jarod Wong, Royal Children’s Hospital Glasgow; Cathy Turner,
Newcastle University (Project Manager).

Competing interests None declared.
Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
John Bourke http://orcid.org/0000-0001-7857-9073

REFERENCES

1 Crisafulli S, Sultana J, Fontana A, et al. Global epidemiology of
Duchenne muscular dystrophy: an updated systematic review and
meta-analysis. Orphanet J Rare Dis 2020;15:141.

2 Cookies on the NHS website. Available: https://www.nhs.uk/
conditions/muscular-dystrophy/ [Accessed 03 Nov 2021].

3 Aartsma-Rus A, Ginjaar IB, Bushby K. The importance of genetic
diagnosis for Duchenne muscular dystrophy. J Med Genet
2016;53:145-51.

4 Lim KRQ, Sheri N, Nguyen Q, et al. Cardiac involvement in
dystrophin-deficient females: current understanding and implications
for the treatment of Dystrophinopathies. Genes 2020;11:765.

5 van Ruiten HJA, Straub V, Bushby K, et al. Improving recognition of
Duchenne muscular dystrophy: a retrospective case note review.
Arch Dis Child 2014;99:1074-7.

6 Annexstad EJ, Lund-Petersen |, Rasmussen M. Duchenne muscular
dystrophy. Tidsskr Nor Laegeforen 2014;5;134:1361-4.

7 Guglieri M, Bushby K, McDermott MP, et al. Developing standardized
corticosteroid treatment for Duchenne muscular dystrophy. Contemp
Clin Trials 2017;58:34-9.

8 Broomfield J, Hill M, Guglieri M, et al. Life expectancy in Duchenne
muscular dystrophy: reproduced individual patient data meta-
analysis. Neurology 2021;97:e2304-14.

9 Birnkrant DJ, Bushby K, Bann CM, et al. Diagnosis and management
of Duchenne muscular dystrophy, part 2: respiratory, cardiac,
bone health, and orthopaedic management. Lancet Neurol
2018;17:347-61.

10 North StAR network. Available: https://www.northstardmd.com/;
[Accessed 12 Jan 2022].

11 Quinlivan R, Messer B, Murphy P, et al. Adult North StAR network
(ANSN): consensus guideline for the standard of care of adults with
Duchenne muscular dystrophy. J Neuromuscul Dis 2021;8:899-926.

12 Bourke JP, Guglieri M, Duboc D, et al. 238th ENMC International
Workshop: Updating management recommendations of cardiac
dystrophinopathyHoofddorp, The Netherlands, 30 November - 2
December 2018. Neuromuscul Disord 2019;29:634-43.

13 Backman E, Nylander E. The heart in Duchenne muscular dystrophy:
a non-invasive longitudinal study. Eur Heart J 1992;13:1239-44.

14 Thomas TO, Morgan TM, Burnette WB, et al. Correlation of heart rate
and cardiac dysfunction in Duchenne muscular dystrophy. Pediatr
Cardiol 2012;33:1175-9.

15 Hor KN, Wansapura J, Markham LW, et al. Circumferential strain
analysis identifies strata of cardiomyopathy in Duchenne muscular
dystrophy: a cardiac magnetic resonance tagging study. J Am Coll
Cardiol 2009;53:1204-10.

16 Florian A, Ludwig A, Rosch S, et al. Myocardial fibrosis imaging
based on T1-mapping and extracellular volume fraction (ECV)
measurement in muscular dystrophy patients: diagnostic value
compared with conventional late gadolinium enhancement (LGE)
imaging. Eur Heart J Cardiovasc Imaging 2014;15:1004-12.

Bourke J, et al. Open Heart 2022;9:€001977. doi:10.1136/0openhrt-2022-001977


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-7857-9073
http://dx.doi.org/10.1186/s13023-020-01430-8
https://www.nhs.uk/conditions/muscular-dystrophy/
https://www.nhs.uk/conditions/muscular-dystrophy/
http://dx.doi.org/10.1136/jmedgenet-2015-103387
http://dx.doi.org/10.3390/genes11070765
http://dx.doi.org/10.1136/archdischild-2014-306366
http://dx.doi.org/10.1016/j.cct.2017.04.008
http://dx.doi.org/10.1016/j.cct.2017.04.008
http://dx.doi.org/10.1212/WNL.0000000000012910
http://dx.doi.org/10.1016/S1474-4422(18)30025-5
https://www.northstardmd.com/;
http://dx.doi.org/10.3233/JND-200609
http://dx.doi.org/10.1016/j.nmd.2019.06.598
http://dx.doi.org/10.1093/oxfordjournals.eurheartj.a060343
http://dx.doi.org/10.1007/s00246-012-0281-0
http://dx.doi.org/10.1007/s00246-012-0281-0
http://dx.doi.org/10.1016/j.jacc.2008.12.032
http://dx.doi.org/10.1016/j.jacc.2008.12.032
http://dx.doi.org/10.1093/ehjci/jeu050

Special populations

17 Vermes E, Carbone |, Friedrich MG, et al. Patterns of myocardial late
enhancement: typical and atypical features. Arch Cardiovasc Dis
2012;105:300-8.

18 Rogosnitzky M, Branch S. Gadolinium-Based contrast agent
toxicity: a review of known and proposed mechanisms. Biometals
2016;29:365-76.

19 Bruno D, Vealé BL. Effects of gadolinium depositions in vivo. Radiol
Technol 2021;93:46-54.

20 Sheybani A, Crum K, Raucci FJ, et al. Duchenne muscular dystrophy
patients: troponin leak in asymptomatic and implications for drug
toxicity studies. Pediatr Res 2021. doi:10.1038/s41390-021-01682-
5. [Epub ahead of print: 24 Aug 2021].

21 Florian A, Patrascu A, Tremmel R, et al. Identification of
cardiomyopathy-associated circulating miRNA biomarkers in
muscular dystrophy female carriers using a complementary
cardiac imaging and plasma profiling approach. Front Physiol
2018;9:1770.

22 Bonnet D, Berger F, Jokinen E, et al. lvabradine in children with
dilated cardiomyopathy and symptomatic chronic heart failure. J Am
Coll Cardiol 2017;70:1262-72.

23 Bouabdallaoui N, O'Meara E, Bernier V, et al. Beneficial effects of
ivabradine in patients with heart failure, low ejection fraction, and
heart rate above 77 b.p.m. ESC Heart Fail 2019;6:1199-207.

24 McDonagh TA, Metra M, Adamo M, et al. 2021 ESC guidelines for
the diagnosis and treatment of acute and chronic heart failure. Eur
Heart J 2021;42:3599-726.

25 McNally EM, Kaltman JR, Benson DW, et al. Contemporary cardiac
issues in Duchenne muscular dystrophy. Working group of the
National heart, lung, and blood Institute in collaboration with parent
project muscular dystrophy. Circulation 2015;131:1590-8.

26 Kamdar F, Garry DJ. Dystrophin-Deficient cardiomyopathy. J Am Coll
Cardiol 2016;67:2533-46.

27 Manzur AY, Kuntzer T, Pike M, et al. Glucocorticoid corticosteroids
for Duchenne muscular dystrophy. Cochrane Database Syst Rev
2008:CD003725.

28 Schram G, Fournier A, Leduc H, et al. All-cause mortality and
cardiovascular outcomes with prophylactic steroid therapy in
Duchenne muscular dystrophy. J Am Coll Cardiol 2013;61:948-54.

29 Barber BJ, Andrews JG, Lu Z, et al. Oral corticosteroids and onset
of cardiomyopathy in Duchenne muscular dystrophy. J Pediatr
2013;163:1080-4.

30 Saito T, Kawai M, Kimura E, et al. Study of Duchenne muscular
dystrophy long-term survivors aged 40 years and older living
in specialized institutions in Japan. Neuromuscul Disord
2017;27:107-14.

31 Trucco F, Domingos JP, Tay CG, et al. Cardiorespiratory progression
over 5 years and role of corticosteroids in Duchenne muscular
dystrophy: a single-site retrospective longitudinal study. Chest
2020;158:1606-6.

32 Flynn JT, Kaelber DC, Baker-Smith CM, et al. Clinical practice
guideline for screening and management of high blood pressure in
children and adolescents. Pediatrics 2017;140:e20171904.

33 Chaturvedi S, Lipszyc DH, Licht C, et al. Pharmacological
interventions for hypertension in children. Evid.-Based Child Health
2014;9:498-580.

34 Heymsfield SB, McNish T, Perkins JV, et al. Sequence of
cardiac changes in Duchenne muscular dystrophy. Am Heart J
1978;95:283-94.

35 Thrush PT, Allen HD, Viollet L, et al. Re-Examination of the
electrocardiogram in boys with Duchenne muscular dystrophy
and correlation with its dilated cardiomyopathy. Am J Cardiol
2009;103:262-5.

36 Bourke JP, Bueser T, Quinlivan R. Interventions for preventing and
treating cardiac complications in Duchenne and Becker muscular
dystrophy and X-linked dilated cardiomyopathy. Cochrane Database
Syst Rev 2018;10:CD009068.

37 Feingold B, Mahle WT, Auerbach S, et al. Management of cardiac
involvement associated with neuromuscular diseases: a scientific
statement from the American heart association. Circulation
2017;136:€200-31.

38 Burnett H, Earley A, Voors AA, et al. Thirty years of evidence
on the efficacy of drug treatments for chronic heart failure with
reduced ejection fraction: a network meta-analysis. Circ Heart Fail
2017;10:e003529.

39 Allen HD, Flanigan KM, Thrush PT, et al. A randomized, double-blind
trial of lisinopril and losartan for the treatment of cardiomyopathy in
Duchenne muscular dystrophy. PLoS Curr 2013;5:ecurrents.md.2cc6
9aldaedbe7dfe2bcb420024ea865.

40 Cicoira M, Zanolla L, Franceschini L, et al. Relation of aldosterone
“escape” despite angiotensin-converting enzyme inhibitor
administration to impaired exercise capacity in chronic congestive

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

heart failure secondary to ischemic or idiopathic dilated
cardiomyopathy. Am J Cardiol 2002;89:403-7.

Viollet L, Thrush PT, Flanigan KM, et al. Effects of angiotensin-
converting enzyme inhibitors and/or beta blockers on the
cardiomyopathy in Duchenne muscular dystrophy. Am J Cardiol
2012;110:98-102.

Anon. The cardiac insufficiency bisoprolol study Il (CIBIS-II): a
randomised trial. Lancet 1999;353:9-13.

Kwon HW, Kwon BS, Kim GB, et al. The effect of enalapril and
carvedilol on left ventricular dysfunction in middle childhood

and adolescent patients with muscular dystrophy. Korean Circ J
2012;42:184-91.

Bushby K, Muntoni F, Bourke JP. 107th ENMC International
workshop: the management of cardiac involvement in muscular
dystrophy and myotonic dystrophy. 7th-9th June 2002, Naarden, the
Netherlands. Neuromuscul Disord 2003;13:166-72.

Australia/New Zealand Heart Failure Research Collaborative Group.
Randomised, placebo-controlled trial of carvedilol in patients with
congestive heart failure due to ischaemic heart disease. Lancet
1997;349:375-80.

Zannad F, Alla F, Dousset B, et al. Limitation of excessive
extracellular matrix turnover may contribute to survival benefit of
spironolactone therapy in patients with congestive heart failure:
insights from the randomized Aldactone evaluation study (RALES).
RALES Investigators. Circulation 2000;102:2700-6.

Raman SV, Hor KN, Mazur W, et al. Eplerenone for early
cardiomyopathy in Duchenne muscular dystrophy: a randomised,
double-blind, placebo-controlled trial. Lancet Neurol
2015;14:153-61.

Raman SV, Hor KN, Mazur W, et al. Stabilization of early Duchenne
cardiomyopathy with aldosterone inhibition: results of the multicenter
AIDMD trial. J Am Heart Assoc 2019;8:e013501.

Raman SV, Hor KN, Mazur W, et al. Eplerenone for early
cardiomyopathy in Duchenne muscular dystrophy: results of

a two-year open-label extension trial. Orphanet J Rare Dis
2017;12:39.

Duboc D, Meune C, Lerebours G, et al. Effect of perindopril on the
onset and progression of left ventricular dysfunction in Duchenne
muscular dystrophy. J Am Coll Cardiol 2005;45:855-7.

Duboc D, Meune C, Pierre B, et al. Perindopril preventive treatment
on mortality in Duchenne muscular dystrophy: 10 years' follow-up.
Am Heart J 2007;154:596-602.

Bourke JP, Watson G, Spinty S, et al. Preventing cardiomyopathy in
DMD: a randomized placebo-controlled drug trial. Neurol Clin Pract
2021;11:e661-8.

Kuru S, Tanahashi T, Matsumoto S, et al. [Complete atrioventricular
block in Duchenne muscular dystrophy]. Rinsho Shinkeigaku
2012;52:685-7.

Hor KN, Wansapura JP, Al-Khalidi HR, et al. Presence of mechanical
dyssynchrony in Duchenne muscular dystrophy. J Cardiovasc Magn
Reson 2011;13:12.

Cazeau S, Leclercq C, Lavergne T, et al. Effects of multisite
biventricular pacing in patients with heart failure and intraventricular
conduction delay. N Engl J Med 2001;344:873-80.

Lubitz SA, Leong-Sit P, Fine N, et al. Effectiveness of cardiac
resynchronization therapy in mild congestive heart failure: systematic
review and meta-analysis of randomized trials. Eur J Heart Fail
2010;12:360-6.

Kusumoto FM, Bailey KR, Chaouki AS, et al. Systematic review for
the 2017 AHA/ACC/HRS guideline for management of patients with
ventricular arrhythmias and the prevention of sudden cardiac death:
A report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines and the Heart
Rhythm Society. Heart Rhythm 2018;15:e253-74.

Olde Nordkamp LRA, Postema PG, Knops RE, et al. Implantable
cardioverter-defibrillator harm in young patients with inherited
arrhythmia syndromes: a systematic review and meta-analysis

of inappropriate shocks and complications. Heart Rhythm
2016;13:443-54.

Fayssoil A, Lazarus A, Wahbi K, et al. Cardiac implantable electronic
devices in tracheotomized muscular dystrophy patients: safety and
risks. Int J Cardiol 2016;222:975-7.

Hiermeier UM, Baker C, Bourke JP. Exploring the acceptability of
implantable defibrillators in patients with cardiac dystrophinopathy
and carers. Open Heart 2020;7:¢001230.

Palladino A, Papa AA, Morra S, et al. Are there real benefits to
implanting cardiac devices in patients with end-stage dilated
dystrophinopathic cardiomyopathy? review of literature and personal
results. Acta Myol 2019;38:1-7.

Habash F, Vallurupalli S. Challenges in management of left ventricular
thrombus. Ther Adv Cardiovasc Dis 2017;11:203-13.

Bourke J, et al. Open Heart 2022;9:€001977. doi:10.1136/openhrt-2022-001977


http://dx.doi.org/10.1016/j.acvd.2011.12.006
http://dx.doi.org/10.1007/s10534-016-9931-7
http://www.ncbi.nlm.nih.gov/pubmed/34588278
http://www.ncbi.nlm.nih.gov/pubmed/34588278
http://dx.doi.org/10.1038/s41390-021-01682-5
http://dx.doi.org/10.3389/fphys.2018.01770
http://dx.doi.org/10.1016/j.jacc.2017.07.725
http://dx.doi.org/10.1016/j.jacc.2017.07.725
http://dx.doi.org/10.1002/ehf2.12513
http://dx.doi.org/10.1093/eurheartj/ehab368
http://dx.doi.org/10.1093/eurheartj/ehab368
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.015151
http://dx.doi.org/10.1016/j.jacc.2016.02.081
http://dx.doi.org/10.1016/j.jacc.2016.02.081
http://dx.doi.org/10.1002/14651858.CD003725.pub3
http://dx.doi.org/10.1016/j.jacc.2012.12.008
http://dx.doi.org/10.1016/j.jpeds.2013.05.060
http://dx.doi.org/10.1016/j.nmd.2016.11.012
http://dx.doi.org/10.1016/j.chest.2020.04.043
http://dx.doi.org/10.1542/peds.2017-1904
http://dx.doi.org/10.1002/ebch.1974
http://dx.doi.org/10.1016/0002-8703(78)90358-7
http://dx.doi.org/10.1016/j.amjcard.2008.08.064
http://dx.doi.org/10.1002/14651858.CD009068.pub3
http://dx.doi.org/10.1002/14651858.CD009068.pub3
http://dx.doi.org/10.1161/CIR.0000000000000526
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.116.003529
http://dx.doi.org/10.1371/currents.md.2cc69a1dae4be7dfe2bcb420024ea865
http://dx.doi.org/10.1016/S0002-9149(01)02261-5
http://dx.doi.org/10.1016/j.amjcard.2012.02.064
http://dx.doi.org/10.1016/S0140-6736(98)11181-9
http://dx.doi.org/10.4070/kcj.2012.42.3.184
http://dx.doi.org/10.1016/S0960-8966(02)00213-4
http://dx.doi.org/10.1016/S0140-6736(97)80008-6
http://dx.doi.org/10.1161/01.cir.102.22.2700
http://dx.doi.org/10.1016/S1474-4422(14)70318-7
http://dx.doi.org/10.1161/JAHA.119.013501
http://dx.doi.org/10.1186/s13023-017-0590-8
http://dx.doi.org/10.1016/j.jacc.2004.09.078
http://dx.doi.org/10.1016/j.ahj.2007.05.014
http://dx.doi.org/10.1212/CPJ.0000000000001023
http://dx.doi.org/10.5692/clinicalneurol.52.685
http://dx.doi.org/10.1186/1532-429X-13-12
http://dx.doi.org/10.1186/1532-429X-13-12
http://dx.doi.org/10.1056/NEJM200103223441202
http://dx.doi.org/10.1093/eurjhf/hfq029
http://dx.doi.org/10.1016/j.hrthm.2017.10.037
http://dx.doi.org/10.1016/j.hrthm.2015.09.010
http://dx.doi.org/10.1016/j.ijcard.2016.08.040
http://dx.doi.org/10.1136/openhrt-2019-001230
http://www.ncbi.nlm.nih.gov/pubmed/31309174
http://dx.doi.org/10.1177/1753944717711139

Open Heart 8

63 Bass ME, Kiser TH, Page RL, et al. Comparative effectiveness of 68 Zannad F, Ferreira JP, Pocock SJ, et al. SGLT2 inhibitors in
direct oral anticoagulants and warfarin for the treatment of left patients with heart failure with reduced ejection fraction: a meta-
ventricular thrombus. J Thromb Thrombolysis 2021;52:517-22. analysis of the EMPEROR-Reduced and DAPA-HF trials. Lancet
64 Wargo KA, Banta WM. A comprehensive review of the loop 2020:396:819-29
diuretics: should furosemide be first line? Ann Pharmacother R o ) .
2009:43:1836-47. 69 Ishizaki M, Kobayashi M, Adachi K, et al. Female dystrophinopathy:
65 Digitalis Investigation Group. The effect of digoxin on mortality review of current literature. Neuromuscul Disord 2018;28:572-81.
and morbidity in patients with heart failure. N Engl J Med 70 Mccaffrey T, Guglieri M, Murphy AP, et al. Cardiac involvement in
1997;336:525-33. female carriers of Duchenne or Becker muscular dystrophy. Muscle
66 McMurray JJV, Packer M, Desai AS, et al. Angiotensin-neprilysin Nerve 2017:55:810-8.
inhibition versus enalapril in heart failure. N Engl J Med 71 Kaye AB, Bhakta A, Moseley AD, et al. Review of cardiovascular

2014;371:993-1004. )
67 LiJ-M, Chen H. Recurrent hypotension induced by sacubitril/ drugs in pregnancy. J Womens Health 2019;28:686-97.

valsartan in cardiomyopathy secondary to Duchenne muscular 72 Cauldwell M, Dos Santos F, Steer PJ, et al. Pregnancy in women with

dystrophy: a case report. World J Clin Cases 2019;7:4098-105. congenital heart disease. BMJ 2018;360:k478.

8 Bourke J, et al. Open Heart 2022;9:€001977. doi:10.1136/0openhrt-2022-001977


http://dx.doi.org/10.1007/s11239-020-02371-6
http://dx.doi.org/10.1345/aph.1M177
http://dx.doi.org/10.1056/NEJM199702203360801
http://dx.doi.org/10.1056/NEJMoa1409077
http://dx.doi.org/10.12998/wjcc.v7.i23.4098
http://dx.doi.org/10.1016/S0140-6736(20)31824-9
http://dx.doi.org/10.1016/j.nmd.2018.04.005
http://dx.doi.org/10.1002/mus.25445
http://dx.doi.org/10.1002/mus.25445
http://dx.doi.org/10.1089/jwh.2018.7145
http://dx.doi.org/10.1136/bmj.k478

	Cardiac care of children with dystrophinopathy and females carrying DMD-­gene variations
	Abstract
	Introduction﻿﻿
	Methods
	Preparation of this guidance

	Results
	Cardiac involvement in DMD
	Heart surveillance in dystrophinopathy
	Justification for heart imaging in more advanced cardiomyopathy
	Rationale for introducing heart medications
	Female carriers of ﻿DMD﻿-gene variants

	Conclusion
	References


