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ABSTRACT

Significant inconsistencies in respiratory care provision
for Duchenne muscular dystrophy (DMD) are reported
across different specialist neuromuscular centres in

the UK. The absence of robust clinical evidence and
expert consensus is a barrier to the implementation of
care recommendations in public healthcare systems

as is the need to increase awareness of key aspects

of care for those living with DMD. Here, we provide
evidenced-based and/or consensus-based best practice
for the respiratory care of children and adults living with
DMD in the UK, both as part of routine care and in an
emergency.

Methodology Initiated by an expert working group
of UK-based respiratory physicians (including British
Thoracic Society (BTS) representatives), neuromuscular
clinicians, physiotherapist and patient representatives,
draft guidelines were created based on published
evidence, current practice and expert opinion. After
wider consultation with UK respiratory teams and
neuromuscular services, consensus was achieved on
these best practice recommendations for respiratory care
in DMD.

Result The resulting recommendations are presented in
the form of a flow chart for assessment and monitoring,
with additional guidance and a separate chart setting
out key considerations for emergency management. The
recommendations have been endorsed by the BTS.
Conclusions These guidelines provide practical,
reasoned recommendations for all those managing day-
to-day and acute respiratory care in children and adults
with DMD. The hope is that this will support patients and
healthcare professionals in accessing high standards of
care across the UK.

INTRODUCTION AND SCOPE

This is a consensus summary from an expert respi-
ratory working group (WG) of UK adult and paedi-
atric respiratory and neuromuscular specialists and
specialist physiotherapists from the UK’s NorthStar
Network—all with experience in the management
of patients with DMD as well as patient represen-
tatives. The work builds on the existing evidence
and international expert opinion, including the
international consensus statement on recom-
mended standards of care (SoC) in DMD' and
the British Thoracic Society (BTS) guideline for
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respiratory management of children with neuro-
muscular weakness.”

The guidance is intended to give evidence-based
and expert opinion-based recommendations for all
clinicians involved with the monitoring, care and
management of respiratory function and compli-
cations in people living with Duchenne muscular
dystrophy (DMD). We add here to the current body
of literature, by offering a practical and feasible
approach to addressing both planned and acute
respiratory care needs in the context of UK public
healthcare systems. The guidance encompasses
respiratory issues seen in children and adults across
the various stages of DMD and seeks to address
specific concerns raised by patients, their carers and
clinicians in relation to access to appropriate, high
standard respiratory care.

The guidelines referred to here have been
endorsed by the British Thoracic Society, October
2022

BACKGROUND: ABOUT DMD
DMD is a genetic condition caused by mutations
in the DMD-gene, located on the X chromo-
some, which codes for the protein dystrophin.®*
Depending on the specific mutation, these result
in a more or less truncated (and non-functioning)
form of the protein. Because of X-linkage, the vast
majority of people diagnosed with DMD are male,
although rarely female carriers may be ‘manifesting’
and also develop significant symptoms.’

Dystrophin is key to muscle fibre integrity and
repair and without its functional form, skeletal
muscles are progressively damaged over time,
resulting in fibrosis and fat replacement.® Although
rare, DMD is the most common (and severe) form
of muscular dystrophy in children and affects
around 1:5000 live male births worldwide.” In the
UK today, there are approximately 2500 boys and
men living with the disease.®

The average age of diagnosis in the UK is around
4years.” Skeletal muscles are the first to be notice-
ably affected and patients then experience progres-
sive muscle weakness and wasting leading to gradual
decline in motor function and tend to stop walking
in their early teens.
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The impact of DMD on respiratory function, largely as a
result of intercostal and diaphragm muscle weakness,'* normally
becomes noticeable after loss of ambulation (LOA), in adoles-
cence and into adulthood, although there is significant heteroge-
neity in the onset of respiratory symptoms.'" Ventilatory support
is frequently required at this stage of the disease—initially over-
night but later it may be needed 24 hours/day.

Respiratory complications in DMD are related to inspiratory
and expiratory muscle weakness. Inspiratory muscle weakness
initially causes nocturnal hypoventilation and contributes to
sleep-disordered breathing. Expiratory muscle weakness can
cause a poor cough and inability to effectively manage respi-
ratory secretions. The consequences of untreated respiratory
muscle weakness include respiratory failure and pneumonia.

Respiratory complications are a major cause of morbidity,
unplanned hospital admission and remain the second most
frequent cause of death in DMD, after cardiac failure.'>

DMD also affects the heart muscle and leads to a progressive
dilated cardiomyopathy.”® Pro-active implementation of SoC
including early introduction of cardiac medication can delay the
onset and/or slow progression of cardiomyopathy in DMD.'
Cardiac involvement can impact respiratory function and in
turn, respiratory failure can trigger cardiac arrhythmias or exac-
erbate cardiac failure.

There is currently no effective treatment for DMD. Cortico-
steroids are routinely recommended from a young age because
they slow the rate of decline in muscle function and prolong
ambulation.” Corticosteroids have also been shown to delay
respiratory decline and help to preserve ventilatory function for
longer."

Maintaining respiratory health is vital to prolonging survival
and quality of life in DMD.'® With current SoC in the UK,
median life expectancy for males with DMD is between 29 and
30 years of age."”

BACKGROUND: DRIVERS FOR NEW GUIDANCE

The international care standards for DMD include recommen-
dations for respiratory management.' There is, however, limited
guidance about the emergency management of respiratory
complications and the advice regarding monitoring and inter-
vention has not been universally adopted across the UK, in part
because of a lack of consensus among respiratory physicians in
relation to some of the recommendations.

DMD Care UK is a collaborative initiative between expert
clinicians and the patient community, led by Newcastle Univer-
sity and Duchenne UK—a prominent DMD charity in the UK
(duchenneuk.org). DMD Care UK was formally established
in 2020 to address gaps between UK DMD care-delivery and
international recommendations and to harmonise care between
centres across the UK—to ensure the best care for all and to
better empower patients to be active participants in their own
care.

During set-up, DMD Care UK conducted two surveys to
gauge experiences of care provision for those living with DMD
in the UK, and these were used to set priorities for the project as
whole including highlighting gaps between international recom-
mendations' for management, including respiratory care, and
the provision of care at different centres.

The first was a survey of clinicians working within the
specialist paediatric neuromuscular centres of the UK NorthStar
Network in 2019. Each centre was given a list of the key areas of
the international care recommendations and asked to rate how
well they were able to implement each one. Where there was not

full implementation, centres were asked to state why this was
(lack of evidence, lack of resource, lack of awareness or other).

This was followed by a survey of DMD families in 2021. Using
Duchenne UK’s networks, families or individuals were asked to
rate their understanding of, and satisfaction with, the key areas
of care with open text options to comment on each.

Responses from 12 (of 24) paediatric NorthStar centres
and 167 responses from parents/patients were received. The
responses gave a broad picture and impression rather than
offering statistical significance, and collated results have been
presented with this caveat at Duchenne UK’s patient informa-
tion days as well as at the NorthStar Network’s annual meetings.

One example shows that, in relation to the 2018 respira-
tory care recommendations, NorthStar centres reported 70%
compliance with the recommended 6 monthly assessments for
non-ambulant patients, while families reported these assess-
ments were only done in 35%—67% of patients depending on
the disease stage of the patient.

While only providing a snapshot of current provision, the
surveys re-emphasised the need for more guidance around
emergency and routine respiratory care. They highlighted the
importance of empowering patients to make informed decisions
and to advocate for their care, by providing appropriate infor-
mation and facilitating discussion with relevant teams, including
palliative care. While 75% of families reported a good/excellent
understanding of the respiratory SoC, 23% reported a poor/very
poor understanding, underlining the fact that any new guidance
needs to be disseminated effectively and be readily accessible to
families as well as to healthcare professionals who might have
less experience with DMD. Those responding are likely to be
the most engaged and informed within the patient community
and thus the true national picture can be expected to be worse.

The clinician survey captured some of the reasons for non-
compliance with published international SoC and these included:
a lack of evidence to support individual recommendations, the
need to make judgements based on multiple single factors, for
example, in relation to timing and use of ventilatory support,
lack of resources and issues with patient compliance.

Although the surveys may show selection bias given the specific
sites and families who responded, and the effects of COVID-19
restrictions, the results highlight the need for clear and practical
guidance with justified recommendations, based on evidence or
expert opinion where evidence is lacking, to ensure best care is
provided to all patients with DMD.

METHODOLOGY

The guideline presented and discussed in this paper has been
produced by the Respiratory Care WG of DMD Care UK'® and
has been endorsed by the BTS.

The Respiratory Care WG is formed of eight paediatric and
adult respiratory clinicians with expertise in DMD, including
two representatives from the BTS, three neuromuscular consul-
tants, four respiratory specialist physiotherapists and two
patient representatives. These group members were included
after invitations to volunteer were targeted to lead specialists
at UK NorthStar centres,'” and through Duchenne UK’s family
networks. Professional expertise was the primary consideration
in the setting-up of the group, but geographical spread was
also considered to achieve as wide a representation as possible.
Volunteers were also requested to join from the parallel phys-
iotherapy WG of DMD Care UK to ensure good collaboration
between the two WGs and alignment of guidelines. Once estab-
lished, the WG reviewed current practice in the UK based on the
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surveys of clinicians and of families against international recom-
mendations,' further reporting from colleagues, wider published
literature and expert clinical opinion.

Through a series of online meetings, a first draft guideline
for recommended respiratory monitoring and care for people
with DMD in the UK healthcare setting was agreed. This draft
was circulated widely to respiratory clinicians, neuromuscular
consultants and respiratory specialist physiotherapists working
at each of the 24 neuromuscular NorthStar centres,” to invite
comment and input. Based on their feedback, revisions were
agreed by the WG and additional input sought through repeated
circulation, until consensus was reached by the WG. This agreed
guideline was then submitted to the BTS for final review and
their requested (minor) edits incorporated, to finally agree on
the BTS-endorsed UK recommendation for respiratory care that
we present in this paper.

These guidelines are aimed at all healthcare professionals
involved in the care of patients with DMD, including those less
familiar with the condition in accident and emergency, primary
and secondary care settings.

RESULTS
The BTS-endorsed, UK-consensus guideline for respiratory care
in the DMD is presented for the first time in this paper. The
guidelines should be followed for routine care (figure 1) and be
referred to in circumstances where respiratory implications may
be important, even if not the primary reason for medical care,
for example, when preparing for a general anaesthetic, or during
an unplanned admission to hospital (figure 2).

Figures 1 and 2 together present an accessible summary of this
guideline.

Respiratory involvement in DMD

Respiratory weakness in DMD is inevitable but usually becomes
clinically relevant after LOA and strongly correlates with
progression of upper limb weakness.'”

Patients and carers should be made aware that progressive
weakness of respiratory muscles is part of the natural history
of the disease and should be informed about early symptoms of
sleep-disordered breathing and respiratory impairment.

Regular surveillance of respiratory function is critical as symp-
toms can be insidious and are often not reported by patients.'® !’

The assessment of respiratory function in DMD needs
to include a careful history to evaluate symptoms of sleep-
disordered breathing, frequency of chest infections, ability to
clear secretions, swallowing and ambulatory status in addition to
measurement of lung function (pulmonary function tests (PFTs)).

As weakness and loss of function in a patient’s upper limbs
develops and progresses, and a patient is no longer able to raise
his or her hand to the mouth (Brooke score 3), respiratory impair-
ment becomes more likely and closer respiratory monitoring
should be initiated and possible interventions considered.'®

Severe cardiomyopathy and/or significant scoliosis can impact
respiratory function," '*2* dysphagia and poor oromotor func-
tion can result in aspiration,”! and therefore engagement with
specialists to address these and other relevant comorbidities
should always be considered.

Any drug that suppresses respiratory function (eg, opiates)
should be carefully prescribed in DMD,* especially in patients
with respiratory impairment (forced vital capacity (FVC) <80%).
Some ‘cough medications’ can temporarily reduce secretion
clearance and should be used with caution, if at all.

All patients should receive scheduled vaccinations as per
national guidelines (see box 1).

Assessment and monitoring of respiratory function in DMD

A multidisciplinary team should be involved in the monitoring
and delivery of respiratory care. The team should include
respiratory physicians, physiotherapists and practitioners with
experience in the management and assessment of patients with
neuromuscular diseases or DMD.

Monitoring of respiratory function should start as soon as
is feasible after diagnosis and would be expected to be done
routinely by the age of 6 years.! Testing should be performed by
an adequately trained practitioner, familiar with assessing indi-
viduals with DMD and using an age-appropriate interface. >
Even before results of these assessments are reliable (in very
young children), it is important to familiarise the patient with
the test techniques in order to improve reliability once the test
results do become clinically important.

Monitoring of respiratory function should occur every
6-12 months in ambulatory patients as part of routine clin-
ical appointments, and every 6 months in non-ambulatory
patients in view of their higher risk. More frequent assess-
ments may be needed as dictated by clinical symptoms or in
the face of specific comorbidities increasing risk of respiratory
impairment.

As a minimum, assessment of respiratory function in DMD
should include (see box 2)! %3 % 26
» medical history of respiratory symptoms, including recur-

rent chest infections;
» FVC;
» peak cough flow (PCF).
While comparative FVC measurements in lying and sitting can
identify specific diaphragmatic weakness, it is often not prac-
tical to obtain these measurements in patients ith DMD with
restricted mobility across all clinical settings.”” > It is therefore
recommended to record the position of the patient to allow
better comparison and evaluation of serial measurements.

Moreover, all patients regardless of age or ambulatory
status should be monitored for symptoms suggestive of sleep-
disordered breathing (box 3).*° Patients who are overweight or
have significant Cushingoid features are at higher risk even with
apparently normal/stable pulmonary function tests and regard-
less of their ambulatory status.®'

Children and young adults who are unable to report symp-
toms of sleep-disordered breathing due to communication
difficulties and/or cognitive impairment may display changes
to their daily routine and/or behaviour due to hypoventi-
lation overnight. These indirect symptoms should be thor-
oughly explored with families and, if present, warrant further
investigation.

Sleep studies are usually instigated by specialist respiratory
teams. However, an overnight pulse oximetry can be useful to
screen for sleep-disordered breathing®® and results should be
discussed with the respiratory specialist team who will advise on
further investigations and management.*’

Monitoring of daytime SpO, is often not informative in
DMD—daytime saturations should not be relied on to diagnose
or rule out ventilatory failure. For patients not on ventilatory
support, it can be used to indicate whether a hypoxic challenge
test is required prior to flying. All patients who are receiving
ventilatory support will require a clinical assessment prior to
flight which may include a hypoxic challenge test.” >
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Guidelines for Respiratory Care in Duchenne Muscular Dystrophy (DMD)

Respiratory weakness in DMD is inevitable but usually becomes clinically relevant after loss of ambulation and parallels weakness in upper limb function?”

Regular surveillance of respiratory function1047, is

important as symptoms can be insidious and not

reported. Severe cardiomyopathy and/or scoliosis
can impact respiratory function13:14,20

Pulmonary Function Testing (PFT) may be challenging in
those with learning/behavioural issues37-3%. Referral
threshold to respiratory specialists should be lower and
expected before transition to adult services

Patients should receive
scheduled vaccinations as
per national guidelines

Any drug that suppresses respiratory function, eg opiates, should be carefully prescribed in DMDZ, especially in patients with FVC <80%

ROUTINE MONITORING/ASSESSMENT

Start monitoring as soon as feasible after diagnosis using age-
appropriate techniques with PFTs expected by age 6. *

PFTs should be performed by an adequately trained
practitioner familiar with assessing DMD.

Monitor respiratory function every 6 months (part of routine
clinics). More frequent assessment if clinical symptoms
dictate.

Accurate recording of height is essential for valid percentage
predicted values for FVC (see main guideline document).

All patients regardless of age/ambulatory status should be
monitored for symptoms suggestive of sleep-disordered
breathing30.31,57,

Sleep studies are usually instigated by specialist respiratory
teams. Oximetry is a useful first-line screening test to exclude
severe sleep-disordered breathing. It does not provide
information on nocturnal hypoventilation even if completely
normal.

Patients who are overweight or have significant Cushingoid
features have a higher risk of sleep-disordered breathing. °

Monitoring of daytime SpO.is often not informative.
However, it can be used to indicate if a fit-to-fly risk
assessment is required for travel. 35

FURTHER EXPLANATION AND RATIONALE

While respiratory involvement is not expected, early spirometry is
useful to allow the child to become familiar with procedures and ensure
reliable results later on. An appropriate interface should be selected by
an experienced professional

As a minimum, assessment should include: 1.23,25.26

v history of respiratory symptoms

v' FVC: expressed in litres and as % of predicted value for age and
height

v' PCF in sitting position: pneumotachograph for most accurate
measure, especially for PCF<270 I/min. If unavailable, a
paediatric PEF meter is recommended. Ideally using oronasal
mask interface rather than a mouthpiece

Symptoms may include: excessive daytime tiredness/sleepiness,
disturbed sleep, episodes of stopping breathing for brief periods or
shallow breathing; morning headaches, poor appetite

Results should be discussed with respiratory specialist team who will
advise on further investigations/management.

These patients should be carefully monitored for symptoms of sleep-
disordered breathing even with normal or stable respiratory function
and regardless of ambulatory status.

See British Thoracic Society Guidelines: https://www.brit-
thoracic.org.uk/quality-improvement/clinical-statements/air-travel/

TRIGGERS>*

RECOMMENDED ONWARD REFERRAL

PCF of <270I/min in an adult or a decline in recorded values in
children or adults 5859

Prompt referral to specialist respiratory team and consideration of
airway clearance support

FVC < 50% of predicted value per age and height indicates a higher
risk of decompensation and possible need for ventilatory support 16

Trigger referral to respiratory team, even in the absence of
symptoms

FVC < 30% increases the risk of requiring ventilatory support

| is not already in place

Trigger urgent referral to respiratory team if specialised monitoring

Any symptoms of sleep-disordered breathing regardless of FVC

Prompt onward referral to respiratory team

Brooke of >3 16:40

Unable to cooperate with spirometry, significant scoliosis and/or

Prompt onward referral to respiratory team

Once FVC < 50% of predicted value patients should remain under respiratory review and should not be discharged from respiratory clinics. A
lack of symptoms does not preclude relevant respiratory compromise. Given the progressive nature of DMD, patients remain at risk of
developing respiratory failure.

Figure 1
cough flow; PEF, peak expiratory flow.

Flow chart summary of respiratory routine standards of care for Duchenne muscular dystrophy (DMD). FVC, forced vital capacity; PCF, peak
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EMERGENCY CARE IMPERATIVES

People with DMD and compromised respiratory function can rapidly deteriorate during an intercurrent infection. It is therefore important that
an Emergency Health Care Plan is in place and referred to (and/or the DMD Emergency app) in case of acute hospital to admissions.

A person with DMD may not show expected signs when in respiratory distress. 4!
There may be no obvious laboured breathing and recession due to the patient’s neuromuscular weakness.

Severe scoliosis may impact respiratory function.

ADMISSION
In the event of an unplanned/emergency admission to hospital, a person
with DMD may require stabilisation in a local Emergency Department.
Urgent medical and physiotherapy review is mandated. If there is
compromised respiratory function management should be led by a
specialist respiratory team

If the admitting centre does not have a specialist respiratory
team, contact should be made with the nearest specialist
respiratory centre as soon as possible for advice and
possible transfer

ADRENAL SUPPRESSION
Most patients are on long-term steroids and will have adrenal
suppression. Patients should follow their emergency steroid care plan.
Those with severe illness should have emergency hydrocortisone dosing

Refer to endocrine guidance 3852
https://dmdcareuk.org/clinical-recommendations

VENTILATORY SUPPORT: avoid O, administration as it can
cause clinical deterioration or precipitate/worsen
respiratory failure 4345

Acute ventilatory support may be required and should be
undertaken in a critical care/respiratory support unit: non-
invasive ventilation should be considered in first instance

Hypoxaemic (<95%) patients with DMD require urgent management:

e  Ensure CO2 levels are monitored

e Low threshold for arterial blood gas analysis (capillary blood gas is
acceptable in children <16 years), to rule out hypercapnia

e  Patients with hypercapnia: offer acute NIV as first-line treatment

e Avoid high flow oxygen. It is not an alternative to ventilation.

e Supplemental oxygen should be used in those not ventilated with
saturations below 88% (adults) or 92% (children)

Use of tracheostomy in acute illness should be discussed e Oxygen saturation target in adults: 88—92%. In children aim for >92%
with a respiratory team experienced in management of e Itshould be recognised that these patients are unwell and at high
DMD. It should only be undertaken in specialist centre. 210 risk of deterioration. Employ low threshold for critical care.
Early tracheostomy does not help weaning5255 e  Ventilatory support is the preferred method for managing
respiratory failure!
FAT EMBOLISM

High risk in DMD even after minor trauma (eg, a stumble) and should always be considered as a possibility where acute respiratory
symptoms and rapid deterioration develop. Symptoms of CNS involvement may be subtle or misinterpreted 60-62

CARDIAC INVOLVEMENT

Patients with DMD are at risk of dilated cardiomyopathy. 1356557
Cardiac function should always be reviewed in a patient with DMD developing respiratory symptoms

e  Sleep-disordered breathing can aggravate cardiac dysfunction which can cause/worsen respiratory distress.
e Uncorrected nocturnal hypoventilation can lead to adrenergic surges, hypertension, tachycardia and vasoconstriction which can all

contribute to increase heart work & aggravate cardiac dysfunction

e Correction of hypoventilation can even improve heart function if it deteriorated because of hypoxaemia/hypercapnia
e Doses of medications to slow heart rate (eg, beta-blockers) in patients with respiratory failure should be increased if rate remains high

after starting NIV

Figure 2 Flow chart summary of respiratory care considerations for Duchenne muscular dystrophy (DMD) in an emergency or unplanned situation.

CNS, central nervous system; NIV, non-invasive ventilation.

Referral pathway and ongoing management

Patients with symptoms of sleep-disordered breathing, abnormal
PFTs or recurrent chest infections require onward referral to a
specialist respiratory service as summarised in box 4.

FVC =50% of predicted value corrected as per age and height
(box 4) indicates weakness of respiratory muscles and is associ-
ated with a higher risk of sleep-disordered breathing/hypoven-
tilation requiring ventilatory support. Patients might not report
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Box 3 Sleep-disordered breathing®

Box 1 Vaccination

For scheduled vaccinations, refer to the Green Book:
https://www.gov.uk/government/collections/immunisation-
against-infectious-disease-the-green-book
= Influenza jab:
= Annual influenza jab is recommended from diagnosis.
= Inactivated vaccine (subcutaneous) instead of live vaccine
(nasal spray) must be used in patients on corticosteroids.
= Pneumococcal polysaccharide conjugate vaccines
(Prevenar13) should be given as per national guidance:
=23 valent pneumococcal polysaccharide vaccine should
be given prior to initiation of corticosteroid therapy and
continued in line with national guidance.
National guidance: https://www.gov.uk/government/
publications/pneumococcal-the-green-book-chapter-25
= COVID-19 vaccinations should be given according to
current recommendations for people with Duchenne
muscular dystrophy and/or on long-term steroids
(https:/lwww.gov.uk/government/publications/
covid-19-the-green-book-chapter-14a).
= Live vaccine should be avoided in patients on corticosteroids.

any symptoms at this stage, due to the slowly progressive nature
of the respiratory involvement which means that patients can
adapt and be unaware of the reduction in their respiratory
function.” Similarly, there are a number of patients with sleep-
disordered breathing and higher FVC values. Therefore FVC
<50% of predicted value should trigger referral to a respira-
tory team, even in the absence of symptoms®” and symptoms of
sleep-disordered breathing should trigger a referral to specialist
services even if FVC is >50%.

Box 2 Forced vital capacity (FVC) and peak cough

flow (PCF)%®

= FVC should be expressed in litres and as % of predicted value
for age and height.

= A pneumotachograph provides the most accurate measure of
PCF. If unavailable, a paediatric peak expiratory flow metre is
recommended.

= PCF measurement should ideally be performed using an
oronasal mask interface rather than a mouthpiece in a sitting
position.

Accurate recording of a patient’s height is essential to provide

valid percentage predicted values for FVC:

= Standing height should be recorded for ambulant patients
using a stadiometer.

= For ambulant patients with ankle contractures beyond
plantar grade, measure the standing height and deduct
the measured distance from the floor to the base of the
calcaneus.

= Clinical judgement should be used to consider whether valid
standing height can be recorded (in relation to significant
compensations, asymmetries and/or contractures).

= Consider ulnar length or arm span for those patients who
have lost ambulation. A segmometer is required to perform
valid ulnar length measure.

= Efforts should be made to use the same measuring
equipment and technique at each subsequent appointment.

= Sleep-disordered breathing in Duchenne muscular dystrophy
can be due to respiratory muscle weakness leading to
hypoventilation, or sleep apnoea.

= Clinical suspicion of sleep-disordered breathing should
prompt a referral to a specialist service with experience in
sleep, management of patients with respiratory failure and
delivery of home non-invasive ventilation.

= Sleep apnoea is characterised by snoring/mouth breathing
and breath holding. It may or may not be associated
with nocturnal hypoventilation. However, due to sleep
disruption, daytime symptoms can be very similar to those of
hypoventilation.

= Initial evaluation for sleep-disordered breathing should be
determined by the specialist respiratory team and tailored
to an individual patient. This will include clinical review and
other investigations may include assessment of respiratory
muscle strength (forced vital capacity; sniff nasal inspiratory
pressure; maximal inspiratory pressure), home or in-hospital
sleep studies (oximetry, respiratory polygraphy, combined
oximetry/capnometry).

= Symptoms that patients may report include excessive
daytime tiredness/sleepiness (falling asleep or dozing off
more frequently than normal or expected), disturbed sleep
with frequent waking (possibly with symptoms of racing
heart or breathlessness), witnessed episodes of stopping
breathing for brief periods or shallow breathing; morning
headaches (typically throbbing headache that settles by mid-
day), poor appetite.

Box 4 Triggers for onward referral to specialist

respiratory team with experience in Duchenne muscular

dystrophy (DMD) management? '®

Symptoms of sleep-disordered breathing

= Any symptom or suspicion of sleep-disordered breathing
should prompt referral to a specialist respiratory team,
regardless of forced vital capacity (FVC) values (see box 3).

Peak cough flow (PCF) values®®*°

= Absolute PCF values may be difficult to interpret. A PCF
<270 L/min (in adults) or a decline in recorded value
should prompt referral to a specialist respiratory team and
consideration of airway clearance support (see box 5).

Decline in FVC'®

= FVC <50% of predicted value per age and height (box 2)
indicates a higher risk of decompensation and potential
need for ventilatory support*®. This should trigger referral to a
respiratory team, even in the absence of symptoms.

= FVC <30% increases the risk of requiring ventilatory support
and should trigger urgent referral to the respiratory team if
specialised monitoring is not already in place.

Note that monitoring of daytime SpO, is often not informative in

DMD—daytime saturations should not be relied on to diagnose

or rule out ventilatory failure.

*Once this FVC threshold is reached (FVC <50% of predicted value),
subjects should remain under respiratory review and should not be
discharged from respiratory clinics. Lack of symptoms does not preclude
relevant respiratory compromise. Patients remain at risk of developing
respiratory failure.
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Box5 Cough augmentation®®*

Any concern about cough strength (as measured by peak cough

flow), ability to manage chest secretions or frequent chest

infections should lead to referral to a specialist respiratory

service with a physiotherapist, for consideration of airway

clearance support. These techniques can focus on inspiration,

forced expiration or both.
For inspiration, consider:

= Breath stacking

= Lung volume recruitment (LVR)

For forced expiration, consider:

= Manually assisted cough

For both inspiration and expiration, consider:

= Mechanical insufflation-exsufflation devices (MI-E)

= Breath stacking can be completed without the use of an LVR.

= As patients progress, an LVR may be introduced

= MI-E should be considered for patients with a significantly
impaired cough.

= MI-E settings should be individualised to each patient, set up
by an expert in the area with a suitable interface and plan for
review.

= In the intensive care unit, MI-E maybe a useful technique to
prevent re-intubation and to support extubation.

= If dysphagia or gastro-oesophageal reflux is unmanaged,
there may be risks caused by use of MI-E.

While a PCF <270L/min for an adult indicates a compro-
mised ability to clear secretions, normative data in children are
missing and therefore it is more difficult to establish a reliable
cut-off value to trigger referral.’® *> Moreover, the test requires
compliance and the ability to follow instructions and so obtaining
reliable values, especially in younger children, can be difficult.
Therefore, clinicians should look at the absolute value and at
any significant decline in PCF values when assessing the need for
referral and consideration of airway clearance support.** Guid-
ance regarding management of secretions is provided in box 5.

Recurrent lower respiratory chest infections (cough, increased
amount of sputum, increased work of breathing), requiring
antibiotic treatment, could indicate loss of respiratory muscle
strength with decreased ventilation, ineffective cough or bulbar
weakness resulting in aspiration. As a result of muscle weak-
ness, this group may not be able to demonstrate the expected
signs of severity, that is, weak cough, unable to increase work of
breathing. Furthermore, patients with compromised respiratory
function (FVC <80%) have a high risk of complications and
rapid decompensation. A low threshold for antibiotic treatment
should be considered. Those at high risk of respiratory decom-
pensation should have an individual care plan to advise when
antibiotics are indicated, type of antibiotic and length of course.

Children and adults who experience recurrent chest infections
should have bulbar function assessed to exclude silent aspira-
tion.”! Formal referral to speech and language therapist should
be considered.

It is recognised that PFTs may be challenging in those with
significant learning and behavioural issues.*'™ Therefore, the
threshold for referral to respiratory specialists is likely to be
lower in these patients and would be expected before transition
to adult services. Difficulty performing reproducible PFTs does
not preclude a young person from tolerating ventilatory support
and other interventions. However, the risks and benefits of initi-
ating treatment need to be considered on an individual basis and

tolerating effective intervention is likely to require more time
and support. Engagement with learning disability and palliative
care teams is recommended.

Where formal spirometry cannot be reliably performed or in
the presence of significant scoliosis, this should prompt onward
referral,'®*

Decisions about initiation of ventilatory support are complex
and depend on many factors, including patient wishes, and
should be made by a specialist respiratory team after discussion
with patient, carers and other relevant specialists including palli-
ative care teams.

Emergency care considerations
Children and adults with DMD and compromised respiratory
function can rapidly deteriorate during an intercurrent infection.
Lack of awareness of DMD and its complications, including
respiratory care requirements and considerations, can lead to
inappropriate interventions.*’

It is therefore important that an individualised emergency
healthcare plan is in place and discussed with the patient and
family and referred to in case of acute hospital admission. A
DMD-specific ‘In case of emergency’ app*® is available for fami-
lies to carry on their phones that includes key information about
DMD, its complications and essential medical considerations for
the management of a patients with DMD during acute medical
events and hospital admissions.

Figure 2 provides emergency guidelines to support manage-
ment during an unexpected medical event where there are respi-
ratory considerations.

In the event of an unplanned/emergency admission to hospital,
a child or adult with DMD may require stabilisation in a local
emergency department. Due to the generalised weakness and
reduced mobility, they may not display the laboured breathing
and accessory muscle use seen typically in respiratory distress.
Where there is a possibility of compromised respiratory func-
tion, management should be led by a specialist respiratory team.
If the admitting centre does not have a specialist respiratory
team, contact should be made with the nearest specialist respira-
tory centre as soon as possible for advice, guidance and possible
transfer. Urgent assessment by a physiotherapist with experience
in airway clearance is recommended.*’

Whenever a patient with DMD is admitted acutely with a
respiratory deterioration, the primary respiratory and neuro-
muscular teams looking after the patient in the long term should
be contacted for advice as soon as is practicable.

Excessive oxygen administration in isolation should be avoided
as it can worsen hypercapnia (see box 6).**2% Low oxygen levels
(saturations <959%) can indicate a need for ventilatory support
and require urgent assessment, management and an increased
frequency of observation. However, the use of oxygen in isola-
tion without NIV is relatively contraindicated as even low flow
oxygen administered to patients with diaphragmatic weakness
can lead to worsening hypercapnia.’!

Hypoxaemia should prompt an assessment of the adequacy
of ventilation (eg, blood gases or transcutaneous CO, measure-
ment). If acute ventilatory support is required, this should be
undertaken in a critical care or a respiratory support unit due
to the risk of sudden deterioration and the requirement for
increased frequency of observation. NIV is the initial treatment
of choice in the setting of a chest infection and regular physio-
therapy with use of mechanical insufflator-exsufflator (MI-E) is
often required.
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Box 6 A patient with Duchenne muscular dystrophy

(DMD) who is hypoxaemic (saturations <95%) requires
urgent management:

= Ensure CO, levels are monitored.

= There should be a low threshold for enhanced monitoring,
critical care input and capillary/arterial blood gas analysis to
rule out hypercapnia.

— Consider non-invasive ventilation (NIV) if?
= Hypoxaemia (saturations <95%).
= Hypercapnia (>45mm Hg/6 kPa).
= Respiratory rate is above that recommended on local early

warning score appropriate for age.

= Patient is tiring.

= Oxygen therapy is rarely required without additional
ventilation, so oxygen therapy alone should not be provided
without a check for hypercapnia. Supplementary oxygen
should aim for target saturation range of 88%—-92% in adults
or above 92% for children. It should be recognised that
patients with DMD with saturations above this range (but
below 95%), while not requiring supplementary oxygen are
unwell and at high risk of deterioration. A low threshold for
critical care admission should be employed.?*

= High or increasing oxygen requirement should prompt urgent
reassessment and consideration of NIV.”'

= Supplemental oxygen should be targeted to saturations and
high flow oxygen should not be empirically administered.

In the setting of single organ respiratory failure, the pros-
pects of recovery are good and invasive ventilation should be
considered as a treatment when non-invasive ventilation has
been unsuccessful. If practicable, invasive ventilation should be
discussed with the specialist respiratory team involved in the
patient’s care. On recovery, extubation should be planned and
undertaken in a specialist centre. NIV and MI-E use following
extubation is strongly recommended.>**

The use of tracheostomy in acute illness should be discussed
with a respiratory team with experience in the management
of DMD. Tracheostomy formation should only be undertaken
following advice from a specialist centre.” '° Note that early
tracheostomy during weaning from mechanical ventilation in
critical care has not been shown to improve mortality or length
of critical care admission.”? >

During a critical care admission, especially if invasive ventila-
tion is required, the goals and likely success of treatment should
be regularly reassessed. If there is no improvement following
intubation and other organ function deteriorates, this may indi-
cate unsurvivable pathology. A change of focus from active, life-
sustaining therapy to symptomatic treatment may need to be
considered based on the deterioration in acute physiology and
the background trajectory of disease and dependency. Patient
wishes should be taken into account in addition to assessment of
information from families and carers. Discussions about patient’s
and carer’s wishes in the event of acute respiratory illness should
take place when reduced respiratory reserve is first identified
and not delayed until an acute crisis. Early engagement and close
liaison with palliative care services is recommended to support
parallel planning and the development of individual advanced
care plans.

In view of the increased risk of dilated cardiomyopathy in
DMD," *¢ %7 cardiac function should always be reviewed in a

Box 7 Cardiac involvement'® %%’

= Uncorrected nocturnal hypoventilation can lead to adrenergic
surges, hypertension, tachycardia and vasoconstriction, which
can all contribute to increase heart work and aggravate
cardiac dysfunction.

= Correction of hypoventilation can improve heart function if it
has deteriorated because of hypoxaemia/hypercapnia.

= Respiratory inadequacy due to chronic hypoventilation,
inspiration or acute infection can precipitate ventricular
fibrillation in a patient with advanced cardiomyopathy.

= Doses of medications to slow heart rate (eg, beta-blockers)
in patients with respiratory failure should be increased if rate
remains high after starting non-invasive ventilation.

= Sleep-disordered breathing can aggravate cardiac
dysfunction which can cause/worsen respiratory distress.

patient with DMD developing acute respiratory symptoms
(box 7).

Most patients with DMD are on long-term treatment with
corticosteroids (eg, prednisolone, deflazacort) and should be
assumed to have adrenal suppression. All patients on cortico-
steroids should have an emergency steroid plan which includes
stress dosing with oral steroid during mild-to-moderate illness.’®
Hydrocortisone intramuscular or intravenous should always be
considered at times of physiological stress such as illness, trauma
or surgery or when adrenal crisis is suspected. The British
Society of Paediatric Endocrinology and Diabetes national
guidance for the management of adrenal insufficiency should
be followed  (https://www.bsped.org.uk/clinical-resources/
bsped-adrenal-insufficiency-consensus-guidelines/).>’

Fat embolism has been previously reported in DMD even after
minor trauma and despite the absence of radiological evidence
of a fracture. Symptoms of central nervous system involvement
may be subtle or misinterpreted as agitation or panic.®®** Fat
embolism should always be considered as differential diagnosis
in a patient with DMD who develops acute respiratory symp-
toms and rapid deterioration after trauma.

DISCUSSION

The consensus guidelines reached through this work take inter-
national recommendations, incorporate additional clinical
evidence and recent publications including adult consensus
guidelines and reflect UK clinical experience and healthcare
provision.

The guidelines highlight the importance of multiple factors,
clinical experience and judgement, and patient/family circum-
stance in supporting optimal routine and emergency respiratory
care for individual patients. The process of broad consultation
across the UK network of NorthStar centres and their respi-
ratory teams has already served to raise awareness among the
clinical community and increase the ‘buy-in’ of colleagues as
they have been part of the development of these guidelines. The
parallel development of a patient-friendly user guide, acces-
sible via support groups and neuromuscular clinics will serve to
increase awareness among the patient community. Furthermore,
this work makes a significant and important addition to the liter-
ature already published.

The international SoC promotes early initiation of ventilatory
support when FVC drops below 50%. However, early inter-
vention might not be tolerated by patients in the absence of
clinical symptoms and could potentially affect their long-term
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compliance. Moreover, sleep-disordered breathing can also occur
in patients with preserved respiratory function and therefore
the FVC criteria alone could under-recognise patients requiring
ventilatory support. This guidance provides clear, comprehen-
sive criteria that should prompt referral to a specialised team
with experience in the management of patients with DMD who
can consider the whole picture and formulate an appropriate
management plan with patients and carers.

The guidance emphasises the importance of specialist physio-
therapy in the respiratory management of DMD and the antic-
ipatory prescription of assisted cough devices. The DMD Care
UK patient and clinician survey helped to highlight the vari-
ability in resources and access to equipment across various parts
of the UK. It is hoped these guidelines will provide evidence to
support benchmarking and service development in a more equi-
table manner.

The 2018 international guidance does not provide specific
advice about the management of patients with DMD in the case
of an acute medical event and/or unplanned hospital admission.
The majority of patients requiring acute hospitalisation with
DMD will have respiratory decompensation yet most clinical
staff working in emergency departments will not be familiar with
the disease, its treatment and complications. Therefore, these
updated recommendations include a comprehensive and clear
flow chart to guide the emergency respiratory management of a
patient with DMD.

CONCLUSION

DMD remains a rare disease and therefore increased aware-
ness of the condition and its implication is critical. It is hoped
that more specific, practical guidance for the management and
treatment of respiratory involvement in DMD will support the
National Health Service in the UK to identify ways to optimise
care and achieve the best clinical outcomes. By making these also
accessible to emergency care providers and non-DMD specialists
that are (or might be) involved in the care of those with DMD
and by sharing with the patient community, these guidelines will
enhance and support the highest standards of respiratory care in
DMD for all those living with DMD in the UK.
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