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1. Foreword

1.1 Document development

This document is the update of the 2020 version
and is comprehensive support document for
physiotherapists working in CF care. It is endorsed
by the Association of Chartered Physiotherapists
in Cystic Fibrosis (ACPCF) and Cystic Fibrosis Trust.
It covers the physiotherapy care and management
of infants, children and adults with CF.

New sections in this edition include the use of
Simeox®, cystic fibrosis screen positive inconclusive
diagnosis (CFSPID), and CFTR-related disorder.

Contributions to this document are from
professionals working in the specialist field of

CF, as well as the invaluable input of other health
professionals. We have consulted in areas where
additional expertise is pivotal. This document has
been developed independently of any funding
bodies.

1.2 How to use this document

This standard aims to:

e be a useful tool and comprehensive reference
document for all physiotherapists and clinicians
involved in the delivery of care to people with CF

e be used as a reference document for people
with CF and their families and carers

e support physiotherapists to develop local
guidelines tailored to their specific needs and
circumstances in caring for people with CF.

Good clinical practice points highlight areas of
experienced clinical practice that are relevant
to clinicians, but that do not currently have
substantive evidence to support them.

There are a number of appendices, which have
been compiled by the authors and are currently
in use in clinical practice.

1.3 Review of the document

The content of this standard has been reviewed by
relevant experts and has undergone peer review.

During the update, consideration has been made
within each section on the impact of CFTR
modulators. As we continue to navigate a new era
of CF care and with the wider implementation and
further development of modulator therapies, many
aspects of care are likely to change with increasing

regularity and it is anticipated that this will be a ‘live’
document, with relevant changes made to each
section as they are needed.

1.4 Grading scheme for
recommendations

Evidence used to support the recommendations
made in this standard has been graded using
the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system.

GRADE gives health professionals a useful tool

in making clear, pragmatic interpretations of
strong versus weak recommendations. As few
areas of physiotherapy management in CF have
sufficient and robust evidence, it is of paramount
importance to inform health professionals about:

« the quality of the evidence (QoE) (high,
moderate, low or very low)

e which outcomes are critical

o the overall strength of the recommendation
(strong or weak) to better inform their clinical
reasoning and decision process.

Although recommendations overall may be graded
as ‘strong’ (with a strong degree of confidence that
the desirable effects outweigh the undesirable), the
quality of the evidence may be moderate or low,
due to the methodological issues within the studies
available.

Where there is no evidence to either support

or refute practice, no recommendation is made.
Additionally, there is an occasional requirement
for further research into specific fields of
physiotherapeutic management of CF and these
points have been highlighted by the authors of
the relevant sections.

1.5 Good Practice Point
methodology

In areas where robust evidence is lacking, but
clinical consensus is essential for best practice,
Good Practice Points (GPPs) were developed.
These points represent expert-informed
recommendations derived from the collective
clinical experience of chapter authors.

To ensure widespread clinical consensus and
validity among ACPCF members, a rigorous
survey process was implemented. GPPs were

Standards of care and good clinical practice for the physiotherapy management of cystic fibrosis 15



disseminated via four sequential weekly surveys.
This staggered approach was designed to minimise
clinician time commitment and mitigate survey
fatigue.

ACPCF members were asked to evaluate each GPP
using a four-point Likert scale: “Agree,” “Partially
Agree,” "Disagree,” or “Unable to Say.” The “Unable
to Say” option was provided to accommodate
members who felt they lacked sufficient clinical
expertise or experience to offer a meaningful
contribution.

For GPPs receiving a "Partially Agree” response,
members were prompted to provide detailed
comments. These comments were instrumental
in allowing the editors to refine and adapt the
GPPs, aiming to achieve a minimum of 80%
overall agreement.

1.5.1 Criteria for acceptance and
revision (excluding “Unable to Say”
responses)

e Acceptance: GPPs achieving 80% or more
agreement were automatically accepted for
inclusion in the standards.

» Rejection: GPPs receiving more than 20%
disagreement.

» Revision: GPPs falling within the range of
less than 80% agreement but less than 20%
disagreement underwent revision. These GPPs
were meticulously edited and adjusted based
on the comments provided by members who
selected “Partially Agree”.

This systematic approach, focusing on the opinions
of members who provided substantive feedback,
ensured that all included GPPs reflect a high level
of clinical consensus and are grounded in the
practical experience of ACPCF members, thereby
enhancing the quality and applicability of the
standards.

1.6 Supporting documents

These standards have been developed in
association with the following documents:

NHS England Specialised Services Clinical
Reference Group for Cystic Fibrosis
NHS England

¢ Clinical Commissioning Policy: Levofloxacin
nebuliser solution for chronic Pseudomonas
lung infection in cystic fibrosis (adults), 2018.

+ NHS England National Service Specification —
Cystic Fibrosis children, 2018.

¢ Clinical Commissioning Policy: Inhaled Therapy
for Adults and Children with Cystic Fibrosis,
2014.

+ Clinical Guidelines: Care of Children with Cystic
Fibrosis, 2023.

Cystic Fibrosis Trust

o Standards for the clinical care of children and
adults with cystic fibrosis in the UK, 2024.

e Pseudomonas aeruginosa infection in people
with cystic fibrosis. Suggestions for prevention
and infection control, 2004.

» Methicillin-resistant Staphylococcus aureus
(MRSA), 2008.

» The Burkholderia cepacia complex. Suggestions
for Prevention and Infection Control, 2004.

» Laboratory Standards for Processing
Microbiology Samples from People with Cystic
Fibrosis, 2022.

e Mycobacterium abscessus: Recommendations
for infection prevention and control, 2018.

» Standards for the nursing management of
cystic fibrosis, 2025.

» Nutritional Management of Cystic Fibrosis,
2016.

+ Pharmacy standards in cystic fibrosis care in
the UK, 2022.

+ Management of cystic fibrosis diabetes, 2022.

European CF Society

» European Cystic Fibrosis bone mineralisation
standards, 2011.

» European Cystic Fibrosis Society Standards of
Care: Framework for the Cystic Fibrosis Centre,
2014.

» European Cystic Fibrosis Society Standards of
Care: Best Practice guidelines, 2014.

» European Cystic Fibrosis Society Standards of
Care: Quality Management in cystic fibrosis,
2014.

e Guidelines for the diagnosis and management
of distal intestinal obstruction syndrome in
cystic fibrosis patients, 2011.

» Best practice guidance for the diagnosis and
management of cystic fibrosis-associated liver
disease, 2011.

o End of life care for patients with cystic fibrosis,
2011

* New clinical diagnostic procedures for cystic
fibrosis in Europe, 2011.
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+ Chronic Pseudomonas aeruginosa infection
definition: EuroCareCF Working Group report,
2011

+ Pulmonary exacerbation: Towards a definition
for use in clinical trials. Report from the
EuroCareCF Working Group on outcome
parameters in clinical trials, 2011.

+ Travelling with cystic fibrosis:
Recommendations for patients and care team
members, 2010.

+ Guidelines for the management of pregnancy
in women with cystic fibrosis, 2008.

ACPCF

e Clinical Guidance for the Physiotherapy
Management of Screened Infants with Cystic
Fibrosis, 2020.

British Thoracic Society

e Guidelines for the physiotherapy management
of the adult, medical, spontaneously breathing
patient (Section 3 — Cystic Fibrosis), 2009.

Chartered Society of Physiotherapy

« Quality Assurance Standards for Physiotherapy
Service Delivery, 2013.

o Code of Members Professional Values and
Behaviour, 2019.

NICE

» Colistimethate sodium and tobramycin
dry powders for inhalation for treating
pseudomonas lung infection in cystic fibrosis
[TA276], 2013.

« Mannitol dry powder for inhalation for treating
cystic fibrosis [TA266], 2012.

» Cystic fibrosis: diagnosis and management
[ING78], 2017.

» Cystic fibrosis: Quality standard [QS168], 2018.
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2. Physiotherapy National Standards of
Care for people with Cystic Fibrosis (2026)

The majority of people with CF in the UK receive
all or some of their care from a Specialist CF
Centre. In some circumstances, particularly in
the care of children, care arrangements between
a Specialist CF Centre and network clinics have
been developed.

A safe and effective Specialist CF service requires
a team with appropriate levels of experience,
knowledge and skill.

The main principles are set out under the
following sections:

2.1 Staffing

2.2 Service provision

2.3 Facilities

2.4 Equipment

2.5 Clinical standards

2.6 Infection control

2.7 Professional development and training

See reference list for supporting documents.t

2.1 Staffing

People with CF will be cared for by physiotherapists
with an appropriate level of expertise in the
physiotherapy management of CF. Continuity of
care is known to improve health outcomes and
patient satisfaction.

Physiotherapy teams must be suitably staffed
to meet the complex needs of people with CF.
There should be adequate time, knowledge, and
skill within the team for delivery of specialist
physiotherapy care, leadership, education, and
research. During workforce planning, careful
consideration should be given to the emerging
needs of people with CF. The provision of
development opportunities is important for
succession planning and supports the
continuation of care into the future.

2.1.1 Recommended qualified
physiotherapy staffing levels

Workforce planning must evolve to meet the
changing needs of people with CF. Local models
of care should consider patient choice, differences
in population needs, and service delivery
arrangements.

The staffing table shows suggested whole-time
equivalent (WTE) of qualified physiotherapists for a
five-day physiotherapy service and the overall MDT
WTE. It is recommended that this table should be
used flexibly to meet the needs of the population.

Table 1: Physiotherapy staffing levels — adapted
from the Standards for the clinical care of children
and adults with cystic fibrosis in the UK, 2024.

MDT | Registered
Physiotherapists
WTE for 200 185 4.0
adults with CF
WTE for 100 9.25 2.0
children with CF

In Ireland the recommended physiotherapy staffing
is 2.0 WTE for 50 adults or children with CF as per
National Clinical Programme for CF’'s ‘A Model

of Care for Ireland’, 2019.

Physiotherapy staffing will include an appropriate
skill mix to maintain experience in managing
complex and evolving needs of people with CF.
CF time should be protected and staff should
not routinely be required to cross-cover other
departments or specialities during CF time.

The mechanism for weekend, on-call and seven-
day provision will not impinge on the weekday
staffing levels. Refer to guidance within the
Chartered Society of Physiotherapy (CSP)
Dealing with change at work >

2.1.2 CF Specialist Centres
Principle CF Physiotherapist

Physiotherapy care at a CF Specialist Centre

must be led by a Principal CF Physiotherapist or a
Consultant Physiotherapist (Band 8). Job titles may
vary to reflect local workforce terminology.

The roles, responsibilities and characteristics for
a Principal CF Physiotherapist should include:

e Responsibility for the co-ordination of a
specialist physiotherapy service within a regional
CF Centre.

» Demonstration of highly developed knowledge
acquired through specialist training and
experience to Master’s level or equivalent.
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e Maintenance of CF-specific continuing
professional development (CPD) including
annual attendance at national and international
conferences.

o CF-specific clinical auditing, quality
improvement and research.

o Delivery of CF specialist clinical education at
graduate and post-graduate level.

¢ Demonstrations of up-to-date knowledge of
current CF research and involvement in local
research activity where appropriate.

Advanced or Highly Specialist CF Physiotherapist

The Principal CF Physiotherapist post must be
supported by Advanced or Highly Specialist CF
Physiotherapist post(s) (band 7 or above). The
number of Advanced CF Physiotherapist posts
will depend on the size of the Centre and the
local scope of practice of the posts.

The roles, responsibilities and characteristics of
an Advanced CF Physiotherapist should include:

e Taking a lead role in the organisation and
delivery of physiotherapy care for people
with CF.

o Demonstration of specialist knowledge and
skills acquired through Specialist post-graduate
courses, CPD and experience.

* Maintenance of CF-specific CDP including
annual attendance at national and international
Conferences.

e Teaching and supervisions of specialist and
less experienced Physiotherapists.

The complexity of the caseload requires robust
Cross cover arrangements between the Principal
CF Physiotherapist and the Advanced CF
Physiotherapist posts.

In addition to these posts, MDTs in large and/or
complex Specialist CF Centres benefit from the
strategic leadership and expertise provided by a
Consultant Nurse or a Consultant Allied Health
Professional post.

Recruitment to these pivotal physiotherapy posts
will be undertaken in collaboration with the Clinical
Director of the CF Centre.

Specialist Physiotherapist

Experienced Physiotherapists developing clinical
expertise in the physiotherapy management of CF,
in either a static or wider rotational post (band 6),
or community staff who treat individuals with CF as
part of a mixed caseload are well placed to deliver
specialist CF care when supported and supervised
by Advanced CF Physiotherapists.

Standards of care and good clinical practice for the physiotherapy management of cystic fibrosis

The roles, responsibilities and characteristics
of Specialist Physiotherapists should include:

¢ Management of own specialist caseload that
includes a significant proportion of care for
people with CF.

» Specialist expertise acquired through degree
and supplemented by specialist post-graduate
training and experience.

e Supervision of less experienced physiotherapists,
assistants and students.

¢ Maintenance of own competencies and skills
through CPD relevant to CF practice.

Physiotherapist

Newly qualified and less experienced
physiotherapists traditionally gain experience of

a broad range of clinical areas in rotational posts
(band 5). Rotations are usually short in duration
and provide a foundation for the physiotherapist's
professional career.

The roles and responsibilities of a Physiotherapist
should include:

e Assessment and treatment of own caseload of
patients, within scope of practice, as directed
by Advanced CF Physiotherapist.

e Regular supervision and specialist advice from
more experienced Specialist Physiotherapist

e Development of competencies and skills
through preceptorship (where applicable),
regular education and training, and use of
competency frameworks.

Physiotherapy Support Worker

A physiotherapy support worker is a non-
registered practitioner who undertakes delegated
work in pursuit of physiotherapy interventions.’
Support workers make a valuable contribution

to physiotherapy services enhancing patient
outcomes, patient experience and service
efficiency.” Support workers may work exclusively
with the physiotherapy team or have a muti-
professional role. Scope of practice and level of
support worker will depend on the needs of the
service. The registered physiotherapist retains
overall responsibility for patient care.

Services that employ Physiotherapy Support
Workers should:

e ensure that safe and effective delegation
processes are in place in line with Health and
Care Professions council (HCPC) standards, by
adhering to local policies and implementing the
principles outlined in optimising capability in the
physiotherapy support worker workforce’
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e implement a process to develop the support
workers knowledge, skills and behaviors to
enable them to work at the top of their scope
of practice. The Allied Health Professions’
Support Worker Competency, Education,
and Career Development Framework provides
comprehensive guidance on this process®

» ensure that appropriate supervision is in place.®

Links with other professions

People with CF benefit from MDT support due

to the complex and systemic nature of CF. Other
healthcare professional roles such as Exercise
Practitioners, Physiologists and Occupational
Therapists will often work closely alongside the
physiotherapy team. However, these roles are
distinct and separate to the CF physiotherapy team.

Other physiotherapists may also be employed in
other roles within the wider MDT, for example
research or quality improvement. Similarly, these
staff members should not be counted in the CF
physiotherapy team.

2.1.3 Network Clinics

Care at each clinic visit, during inpatient stay

and ongoing care must be either delivered by, or
directly supervised by, an Advanced Physiotherapist
(Band 7). The Advanced Physiotherapist must have
strong links and regular two-way communication
with the Principal CF Physiotherapist at the
Specialist CF Centre.

Where care is provided by other Specialist
Physiotherapists (Band 6 or above), these should
be static posts to ensure continuity of care and
maintenance of specialist skills.

Patients must be reviewed collaboratively between
the Specialist Centre Physiotherapist and Network
Clinic Physiotherapist at least biannually.

Where clinical posts are shared with other services,
there must be strategies in place to ensure that
the demands from other services do not result in

a disproportionate amount of time spent providing
care to the non-CF case load.

All physiotherapists who are permanently part of
teams providing care for people with CF must:

e have access to training and continuing
professional development opportunities in CF

» follow the Standards of Care and Good Clinical
Practice for the Physiotherapy Management of
Cystic Fibrosis Fifth Edition.

e access peer support locally, for example via
Physiotherapists at the Specialist Centre, and
nationally from the membership of the ACPCF
specialist interest group.

2.2 Service provision

Individuals with CF will have access to ongoing
supportive physiotherapy at all stages of their

life, in a range of different care settings. Clinical
assessment and interventions will be provided

by physiotherapists with the appropriate level of
expertise required to meet the individual's clinical
need. This will be directed by the Principal CF
Physiotherapist in partnership with an Advanced
CF Physiotherapist to ensure oversight and
continuity of right care.

2.2.1 Outpatients

All individuals with CF will receive the following
care:

e They will be seen by a Specialist Physiotherapist
at each clinic visit. Clinic physiotherapy provision
will be supervised, and long-term plans directed
by an Advanced or Principal CF Physiotherapist.

o They will see the Principal CF Physiotherapist (or
Advanced Physiotherapist if there is no Principal
Physiotherapist) at least once a year and more
frequently if required.

e They will have open access to Specialist
physiotherapy support between clinic visits when
needed, such as during a course of antibiotics,
after a change of technique or if any concerns
arise.

e Appropriate facilities and technology (including
remote monitoring) will be in place to provide
this intervention either face to face or via virtual
clinics. This should be based on clinical need,
alongside consideration of easy and convenient
access to care. For more details, see the
Standards for the clinical care of children and
adults with cystic fibrosis in the UK, 2024 ¢

e Specialist physiotherapy should be available to
provide the necessary education and support
with the set-up and use of remote technology,
with processes in place to ensure appropriate
monitoring and response to captured clinical
data.

2.2.2 Annual review

NICE quality standard QS1688 requires members
of the CF MDT to meet annually to review
assessment results and treatment for all people
with CF. Disease progress must be reviewed

and care adjusted as needed to prevent or limit
symptoms, complications and disease progression.

To fulfil this requirement, the following conditions
will be met within physiotherapy teams:
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The physiotherapy annual review will be carried
out by the Principal CF Physiotherapist or an
Advanced CF Physiotherapist. The Principal

CF Physiotherapist will provide regular clinical
supervision to the Advanced CF Physiotherapists
undertaking annual review assessments and
plans.

There will be sufficient time allocated at annual
review to address:

- Airway clearance

- Exercise plans (including exercise testing)

- Inhalation therapies (and associated devices)
- Musculoskeletal (MSK) issues and posture

- Continence issues

- Gastro-oesophageal and sinus disease

Consideration should be given to obtaining
induced sputum samples in non-sputum
producing patients.

There will be treatment and referral pathways in
place for management of MSK, continence or
sinus issues should they arise.

An individualised, goal-orientated physiotherapy
plan will be developed in partnership with

the person with CF (and carers if appropriate)
and communicated to the physiotherapy and
multidisciplinary team.

There will be processes in place for submission
of accurate physiotherapy-related data for
national registry and care quality dashboard,
subject to patient consent and national
requirements.

2.2.3 Inpatients

There will be adequate staffing and an appropriate

skill mix to ensure that the following conditions
are met:

Inpatient care packages are delivered by a team
led by an Advanced CF Physiotherapist, with
oversight and expert intervention easily available
from a Principal CF Physiotherapist.

All individuals with CF admitted to hospital for
inpatient care will have access to physiotherapy
assessment and treatment. There will be an
initial assessment and regular review of patient
progress by an Advanced CF Physiotherapist.

People with CF who are admitted to hospital
will be offered physiotherapy optimisation and
a minimum of twice-daily treatment, more
regularly if required (unless an alternative
regimen is agreed by the person/carer and
the Advanced CF Physiotherapist).

Individuals with CF and/or their carers will not
be expected to provide their own inpatient

physiotherapy because of shortfalls in
physiotherapy staffing levels.

e Individuals with CF admitted for inpatient care
will have opportunities to carry out targeted
daily exercise.

e Physiotherapy to support airway clearance will
be available at weekends as with weekdays. It
will be delivered by physiotherapists trained and
competent in CF physiotherapy provision.

* An emergency on-call physiotherapy service
will be available to inpatients with CF during
out of hours if required.

2.2.4 Community

Home care physiotherapy will be provided where
appropriate by an Advanced CF Physiotherapist
at times of particular need, for example:

e At diagnosis.

e To provide school visits on starting primary or
secondary school if required.

¢ When additional support is required to
implement changes to a treatment plan,
such as airway clearance modifications, new
inhaled therapy regimens, and new exercise
programmes.

e To support with delivery of exercise programmes
where additional assistance may be required,
such as prehab, accessing community gyms,
and change in health status.

e To support during the peri-natal period.

¢ To support adherence with complex treatment
regimens.

e To assist the provision of palliative care at home.

e To resolve complex oxygen or non-invasive
ventilation issues.

» Where optimisation of physiotherapy is required
during home IV treatment.

2.2.5 Specific life stages

Individuals with CF may require additional support
throughout or at certain life stages. Physiotherapy
staff should be appropriately trained, with
processes and patient pathways in place to ensure
timely access to correct information and additional
support when required.

2.2.5.1 New diagnosis

e All newly diagnosed people with CF (either
through newborn screening or diagnosis later
in life) will see a Principal CF Physiotherapist or
an Advanced CF Physiotherapist.
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» Care may be provided jointly by the Principal
CF Physiotherapist and the Advanced CF
Physiotherapist, but there will be regular
communication and a clear management plan
with oversight and input from the Principal CF
Physiotherapist.

e For infants, refer to management of screened
infants with CF (section 3) and the CFSPID
(section 13.1).

« For late diagnosis, following assessment, a
physiotherapy management plan will be advised
appropriate to symptoms.

e Frequency of input from the physiotherapy team

will be tailored to the individual, but frequent
assessment and advice will be required in the
months following diagnosis. If required access
to physiotherapy may be weekly in the months
following diagnosis.

2.2.5.2 Transition

NICE guideline NG43'* recommendations should
be followed when supporting a young person
when transitioning from paediatric to adult
services.

Alongside the overarching principles outlined
within these recommendations, the following
should also be met:

e All young people with CF transitioning from
paediatric to adult CF care will have appropriate
input from the relevant adult, paediatric and
Network physiotherapy services throughout the
transition process, utilising a coordinated and
documented transition program such as Ready
Steady Go and Hello.

e Processes will be in place to allow ongoing
communication between the relevant
physiotherapy services during transition to
optimise the support provided to the individual
and their family.

e The Principal or Advanced CF Physiotherapist
will carry out the initial physiotherapy
consultation on transition to adult services.

An individualised physiotherapy plan, which
considers both physical and emotional aspects
of care, will be developed in partnership with,
and communicated to, the person/carer and
the receiving physiotherapist and MDT.

2.2.5.3 Surgery

e All people with CF undergoing surgical
procedures, for instance port or PEG insertion
should have access to specialist physiotherapy

to optimise respiratory status and physical fitness

pre-operatively and provide appropriate support
in the post-operative period.

Disease severity, type of surgery and any likely
associated risks should be considered when
considering modification of physiotherapy
treatment plans.

2.2.5.4 Pregnancy and parenthood

There should be regular specialist physiotherapy
support throughout pregnancy, post-partum
and in early parenthood for modification and
optimisation of airway clearance, exercise
programmes, inhaled therapies and screening
for MSK and continence issues, with appropriate
referral pathways in place.

e All pregnant mothers with CF will have an

assessment by the Advanced or Principal
Physiotherapist during hospital admissions or
when changes to inhaled treatments or airway
clearance techniques are required.

2.2.5.5 Transplantation and post-transplant
care

There will be appropriate specialist physiotherapy
support leading up to transplantation for the
optimisation of airway clearance, inhalation
therapies, exercise, oxygenation and ventilation
needs. Where appropriate, complementary
therapies may be considered for symptom relief.

There will be communication between the
physiotherapy team at the individual's CF
Centre and the transplant centre with a clear
physiotherapy management plan.

There will be appropriate Specialist
physiotherapy support following transplantation,
with exercise programmes and inhalation
therapies. Additional input should be provided
as required, such as for optimisation of airway
clearance or sinus management.

2.2.5.6 Growing older with CF

There will be appropriate specialist
physiotherapy support for the older person

with CF. Physiotherapy provision should consider
age-related changes and complications, with
appropriate modification to airway clearance,
exercise programmes and inhaled therapies

to ensure both physical and emotional needs

are met.

Physiotherapists should ensure appropriate
support for complex age-related complications
(such as MSK, cardiovascular, frailty, discharge
planning) either through extending scope or
ensuring patient pathways are in place to access
an appropriate non-CF specialist physiotherapy
service.
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2.2.5.7 End-of-life and palliative care

e There will be appropriate Specialist
physiotherapy input throughout the stages of
end-of-life care, with oversight and expertise
provided from both the Principal and Advanced
CF Physiotherapists to support individuals with
symptom relief through optimisation of airway
clearance, oxygenation and ventilation as
required.

o Complimentary therapies may be considered
for pain relief, breathlessness and anxiety
management.

2.2.6 Intervention

All individuals with CF will have regular
physiotherapy assessment and monitoring of
treatment, at a frequency based on their individual
needs. Any alterations to medication regimens

or treatment plans should be discussed with the
Principal or Advanced CF Physiotherapist.

All individuals will receive the necessary education
and support, with age-appropriate verbal and
written instruction. A structured adherence
program will be available to support individuals
with changes to treatment regimes.

Physiotherapists are routinely involved in range
of areas of CF care. Further detail is provided in
sections 3—17 of these, including:

e Physical activity and exercise, including exercise
testing

e Airway clearance techniques

e Sinus disease

e |nhalation therapies

» Oxygen therapy

» Non-invasive ventilation (NIV)

e MSK and postural management

¢ Pelvic health

2.3 Facilities

People with CF will have access to age-appropriate
facilities for their physiotherapy care as inpatients
and outpatients.

» Facilities will recognise the need for privacy and
dignity when carrying out airway clearance and
exercise. This should include single rooms for
airway clearance and ensuite facilities where
possible.

¢ Adequate facilities for exercise will be available
to people with CF as inpatients, such as a gym

with an adequate range of exercise equipment
and sufficient space and facilities for aerobic
exercise and exercise testing to be carried out.

» Facilities for physiotherapy treatment must allow
teams to follow national and local infection
control policies.

2.4 Equipment

All people with CF will be provided with appropriate
respiratory and exercise equipment and will be
trained in its use and maintenance.

e There must be written protocols regarding the
use of the equipment used by people with CF.

e People with CF will be provided with the
respiratory equipment they require for use at
home, for instance to nebulise medication,
for airway clearance, for oxygen delivery and
humidification. Access to inhaled therapies will
be in accordance with the NHS England policy
or the policy of their devolved nation.

e People with CF and their carers will be trained in
the use of equipment supplied for home use.

e Advice including written instructions regarding
the use and maintenance of equipment provided
for home use (including cleaning, disinfection
and sterilisation and servicing as applicable)
will be provided to all people with CF and their
carers, and will be in line with manufacturers’
guidance.

» All equipment used by people in hospital will
be serviced and maintained (including cleaning,
disinfection and sterilisation as applicable)
according to manufacturer’s instructions and/
or national and local policies.

e There must be a clear and adequate budget
available for the provision of respiratory
equipment, including advanced, fast and efficient
nebuliser devices such as vibrating mesh
technology (VMT) nebulisers in accordance with
the summary of product characteristics (SPC) for
the medications being delivered. Replacement of
consumables will be made at the recommended
intervals. There will be clear responsibility as to
who holds this budget.

2.5 Clinical standards

Physiotherapy clinical care will be based on the
best evidence available:

e NHSE (or equivalent for devolved nations),
NICE, HCPC, ACPCF, CF Trust guidelines, quality
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standards, protocols, toolkits and consensus
documents will be followed.

All physiotherapy staff caring for people with CF
should have knowledge of and know how and
when to access all the relevant guidelines and
guidance papers listed within these standards.

All physiotherapy staff caring for people with
CF will be expected to access these standards
during their induction period and identify areas
for training and development.

There must be evidence that the physiotherapy
service provided for individuals with CF is
reqularly evaluated through clinical audit

and quality assurance programmes.

2.6 Infection control

All physiotherapists working with people with CF
will consider issues of hygiene and the prevention
of cross-infection.

o All staff will have knowledge of and work to:

- Local infection control policies, which should
make specific reference to physiotherapy
management in different settings.

- CF Trust guidelines relating to prevention
and infection control with Burkholderia
cepacia complex, Pseudomonas aeruginosa,
Mycobacterium abscessus and MRSA in
people with CF.10121317

e All people with CF will have their own home

respiratory equipment, such as airway clearance
devices, nebuliser devices and consumables,
oxygen equipment and NIV.

Some respiratory equipment, such as
intermittent positive pressure breathing (IPPB),
high frequency chest wall oscillation (HFCWO),
high flow nasal oxygen (HFNO), ultrasonic
nebulisers, cough assist and NIV devices may

be used by more than one person in the hospital
setting. Local standard operating procedures
relating to minimisation of cross-infection
between people with CF will be in place for
these devices.

Physiotherapists will have access to records of
individual microbiological status and be able to
identify people at high risk of cross-infection.

There will be rigid adherence to infection control
policies when carrying out airway clearance,
exercise, nebulisation and spirometry.

All staff will take all reasonable precautions to
reduce the risk of cross-infection in accordance
with local policy. This will include:

- Rigorous handwashing.

- Decontamination of pulse oximeters,
stethoscopes and exercise equipment
between use by people with CF.

- Wearing of aprons and gloves for airway
clearance.

- Careful handling of respiratory secretions
(sputum pots should be covered and disposed
of at least daily and soiled tissues disposed of
immediately).

o All staff members should be aware of the
physiotherapy guidance around infection control
and methods of decontamination of equipment
found in these standards.

2.7 Professional development
and training

Physiotherapists caring for people with CF have a
professional responsibility to keep up to date with
current CF research and to continually update their
skills and knowledge to provide the best possible
clinical care.

All physiotherapists providing care to people with
CF must adhere to the following requirements:

e Ensure that they meet:

- HCPC standards of conduct, performance
and ethics

- HCPC standards of proficiency

- HCPC standards of continuing professional
development (CPD)

e Ensure they maintain their CPD in general
respiratory care and ensure they have adequate
clinical skills to follow these standards.

e Have an annual appraisal and be able to provide
evidence of meeting professional development
plans.

» Where appropriate submit research, case reports
or quality improvement work to national and
international conferences.

o Seek feedback from people with CF using the
physiotherapy services, to ensure that they
continue to meet their needs, and use feedback
to help direct future service improvements.

e Demonstrate a commitment to ongoing CPD,
demonstrated by membership of the ACPCF
specialist interest group, as well as attendance
at local or regional CF study events, and relevant
national and international conferences.
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3. Management of screened infants with

cystic fibrosis

3.1 Introduction

Babies born with CF have essentially normal lungs
but within various timescales develop chronic
respiratory disease. Since the introduction of
newborn screening (NBS) throughout the UK,
babies are diagnosed with CF soon after birth,
often before they develop any symptoms or lung
pathology. Additionally, a new group of patients
has emerged named ‘cystic fibrosis screen positive
inconclusive diagnosis’ (CFSPID). This refers to
children who have either a normal sweat test in the
presence of two mutations, at least one of which is
of uncertain significance (Group A) or a borderline
sweat test in the presence of zero or one mutation
(Group B).*° Please see section 13.1 for more details
regarding this cohort.

The majority of newborn-screened infants
present to CF Centres with no signs or symptoms
of disease. The importance of early intervention
is well recognised and most CF Centres have
adopted a policy of close monitoring and
aggressive treatment of early lung disease 202

A significant number of children with CF now
have normal lung function well into early
adulthood even though they are very likely

to have underlying lung pathology.?

The advent of NBS raised questions about the

role of traditional, routine airway clearance

in asymptomatic babies. While specialist
physiotherapists agreed unanimously that
physiotherapy interventions were appropriate
once respiratory symptoms were apparent, the
place of routine daily airway clearance prior to this
was less clear.?*?* [t was also recognised that while
infants may be asymptomatic at diagnosis, over
time they will swing along a spectrum of being
asymptomatic at times and symptomatic at others.

The ideal solution would have been to undertake
a prospective randomised controlled trial (RCT)
comparing twice-daily routine airway clearance
with a regimen of close monitoring and airway
clearance as required. As this proved not to be a
possibility, a Delphi consensus was undertaken by
the ACPCF amongst specialist physiotherapists in
the UK, in order to formulate guidelines for the
management of infants with CF diagnosed by
NBS.?> Consensus was reached on the majority

of statements and although most physiotherapists
agreed that routine twice-daily airway clearance
was no longer needed, it was not possible to reach
a full consensus. A later amendment included the
individualisation of treatment interventions.

Physiotherapists have a duty to provide safe and
effective care and daily treatment regimens need
to be tailored to individual needs, lifestyle and
symptoms, particularly as long-term routine airway
clearance is a substantial burden for patients and
families.?®

Arguments for starting airway clearance early in
symptom free infants are three-fold. Firstly, there is
good evidence that early lung disease precedes the
development of overt symptoms in children with
CF.2927=35 Secondly, anatomical and physiological
differences, which result from immaturity of the
respiratory system, in combination with CF, mean
infants with CF are more vulnerable than older
children with CF to respiratory complications and
infection. Finally, establishing daily routines early

in a life-long illness may help with acceptance of
the need for treatment and adherence for both the
child and family. It may also enable parents to build
and maintain their competency in airway clearance
techniques (ACTs).36%” Conversely, the presence of
bacterial infection and raised inflammatory markers
reported from broncho-alveolar lavage fluid (BALF)
is not always associated with excessive sputum
production or symptoms that respond to airway
clearance. There is no physiological argument or
scientific proof that physiotherapy is helpful in
alleviating the inflammatory process within the
airways. It is well known that adherence to routine
therapy in chronic disease poses a significant
problem and that when the benefit of a treatment
is not immediately apparent, adherence is often
poorest.38-4

In summary there is no absolute clear approach to
the physiotherapy management of infants with CF
who are symptom-free. This was reinforced by the
European Cystic Fibrosis Society (ECFS) neonatal
screening group who developed a consensus on
the management of NBS infants.*? They stated
that:

e infants must receive care by a CF specialist
physiotherapist

» techniques to facilitate airway clearance should
be undertaken on a regular basis

o debate exists as to the best strategy in managing
asymptomatic infants; physiotherapy should be
completed more frequently in the symptomatic
infant.

With the introduction of CFTR modulators
physiotherapy management may change in the
future; however currently there is no evidence,
in this cohort, to support change in practice.
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3.2 Literature review

3.2.1 Early detection of lung changes

There is clear evidence that the lungs of babies
with CF show physiological changes correlating
with reduced airway function such as thickened
airway walls, narrowed airway lumens and air
trapping from an early age,** in the absence of
overt clinical symptoms or objective findings on
examination. Investigative techniques including
high-resolution CT bronchoalveolar lavage (BAL),
infant lung function and lung clearance index (LCI)
serve to confirm this.

Mott et al and the Australian respiratory early
surveillance team (AREST CF) carried out a
retrospective analysis of repeat CT scans on

143 children, ranging from two months to 6.5
years in a NBS programme to investigate if early
structural lung disease persists and progresses
over one year.** Bronchiectasis was detected in
75%, either on the initial or subsequent scan. It
persisted in 74% of those detected in the initial
scan. Progression over time was evident in 63% of
subsequent scans, compared to initial scans. Air
trapping was seen in 88% of scans. This persisted
at the second scan in 81%, and progression over
time was evident in 46%. Radiological progression
of both bronchiectasis and air trapping was
associated with severe genotype, worsening

neutrophilic inflammation and pulmonary infection.

Ranganathan et al conducted a review of early CF
lung disease and documented that bronchiectasis
was present in asymptomatic infants with CF.* Free
neutrophil elastase activity on BAL was present

in 30% of infants with CF and was a predictor of
bronchiectasis by the age of three years with air
trapping identified as an additional risk factor.
Bronchiectasis was found in 30-40% of three-to-
four-year-olds and increased to 80% by the age

of five, despite normal lung function parameters.

As part of the AREST group, Esther et al (2019)4°
found abnormal mucus accumulation in CF BALF,
associated with increased mucin and inflammatory
marker expression, despite low bacterial infection.
In a small study, DeBoer et al (2021)*¢ identified
increased simulated airway resistance in 18 infants
with CF compared to the seven controls, which
may be related to early airway inflammation.
Another study?” found that early viral infections,
most commonly rhinovirus, were associated with
later greater neutrophilic inflammation and classic
CF bacterial pathogens on BAL in 70 NBS infants.

A UK study looking at NBS infants at one year of
age”® found that lung and airway damage was
much milder than previously reported, and that
associations between inflammation, abnormal
physiology and structural changes are present but
weak when comparing BALF, LCl and CT results

from 65 infants. Aurora et al*® continued this
study, following up with the same cohort between
two years and pre-school age, concluding that
future lung function decline is related to minor
abnormalities of CT and LClI in infancy. This may
focus CF management on these individuals and
suggests it is important not to dismiss minor
changes on CT in the infant years.

Conversely, the AREST group (Carzino et al,
2020)°° published data the same year pairing BAL
samples with CT scans at age three months, 12
months and annually until age six. They detected
pro-inflammatory markers in 53% of BAL samples,
and this was associated with increased risk of
both air trapping and bronchiectasis on CT scan.
Despite this, there was disparity between sites of
isolation of pro-inflammatory microbes and the
anatomical site of early bronchiectasis, highlighting
the potential un-coupling of early inflammation
from infection and bronchiectasis. As both groups
of authors suggest, longer term follow-up is
warranted to understand this fully.

LCl is a measure of ventilation inhomogeneity
derived from a multiple breath washout (MBW)
technique. Its clinical usefulness in early lung
disease detection has meant its use has surged
over the last 20 years, particularly in children,
where more sensitive objective measures are
required.®! The repeatability of LCl in individuals
with CF has been confirmed and a review
relating to NBS and early lung function outcomes
concluded that LCl is more effective than FEV:
at detecting early lung disease and is better
correlated with structural change on chest

CT in children with CF than FEV: z score.5253

Kieninger et al>* provided the first evidence that
abnormal lung function exists as early as eight
weeks of age in more than 40% of infants with CF,
measured by LCIl and functional residual capacity
(FRC), independent of clinical symptoms. Ah-Fong
Hoo et al and the London CF Collaboration group
found elevated LCIl and decreased FEVos in 35%

of the 71 infants with CF under their care, and
concluded that despite protocol driven treatment
from Specialist Centres, abnormal lung function
occurred in the absence of respiratory symptoms.>®
Conversely, Davies et al tracked infant lung
function over the first two years of life and

found that changes were mild and transient.>®

Korton et al®” carried out a prospective assessment
of the number and severity of respiratory
symptoms in the first year of life in infants with CF
and healthy controls, and association with infant
lung function. There was no significant difference
between the two groups in terms of respiratory
symptoms or duration of symptoms. No linear
association was found between frequency of
respiratory symptoms and LCI, indicating that
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early lung disease may not be captured by clinical
presentation.

Several studies have aimed to identify factors
measured in infancy that could predict lung
function abnormality at pre-school age.#84958
Isolation of a significant pathogen, most commonly
P. aeruginosa was found to be the most significant
univariate predictor of pre-school LCl and
ventilation distribution efficiency (VDE).

3.2.2 Adherence

There is little evidence regarding adherence to
airway clearance in infants and young children
with CF, and the argument for establishing a daily
routine to optimise adherence is not proven.

Jakobsen and a team at Aarhus University Hospital
in Denmark report obtaining high adherence to
positive expiratory pressure (PEP) treatment in
around 100 babies with CF over a six-week period.

However, non-adherence to treatment regimes in
chronic disease has been reported to be as high

as 50%.38%4 Time-consuming interventions which
have no obvious immediate benefit, and those
interventions which cause disruption to lifestyle are
associated with poorer rates of adherence.’*-# |t
has also been suggested that insistence on routine
daily treatment may even reduce adherence during
the adolescent years when the need for treatment
may become greater.>®

Andrews et al®® undertook semi-structured
interviews and analysed daily diaries from 13
parents of one-to-two-year-olds with CF.
Themes included parents feeling pressure, doubt
and guilt about the responsibility of performing
chest physiotherapy, but that performing chest
physiotherapy was also perceived as a positive
experience and opportunity to impact the
health of their child. The interviews suggest we
should be aware of these parental perceptions
and experiences and use this to enhance the
personalisation of physiotherapy programs with
minimal burden.

3.2.3 Physiotherapy intervention

There is clear evidence to suggest early lung
disease is present even in the absence of symptoms
and it is widely accepted that early management

of lung disease is essential. However, the early
pathophysiological changes are often inflammatory
in nature and not always associated with symptoms
that respond to airway clearance. Conversely, if
infection with likely sputum production is part of
the early pathological picture then early institution
of airway clearance would appear sensible.

Physiotherapy encompasses education, formal
airway clearance, inhalation therapy, physical
activity and structured exercise and it is the role
of the specialist CF physiotherapist to closely
monitor and develop individualised programmes
for each infant accordingly. There is very little
evidence in the current literature that addresses
these specific issues in babies with CF, but some
small studies are relevant.

Button et al demonstrated increased gastro-
oesophageal reflux in physiotherapy regimens
which used postural drainage (PD) incorporating
a head down tilt when compared with regimens
which used modified PD omitting any head down
tilt.5162 Long-term follow-up of these infants also
reported fewer respiratory complications in the
group receiving modified PD. Despite weaknesses
in these studies, in particular the small subject
numbers, the potentially detrimental effects of PD
they raised have led many to recommend that the
head-down-tipped position should no longer be
used during airway clearance for infants with CF.
A recent Cochrane review identified that the
majority of reflux episodes reached the upper
oesophagus and should make therapists carefully
consider their treatment strategy.®®

The immediate effects of a single session of four
modes of treatment (inhaled salbutamol, inhaled
N-acetylcysteine, chest physiotherapy; or a
combination of all three) on lung function in 19
infants during the first year of life were assessed
by Maayan et al.®* The regimens were applied in
a randomised fashion. No significant changes in
lung volumes, measured by infant whole body
plethysmography were reported in individual
groups but there was a small improvement with the
combined treatment group when compared with
inhalation therapy or chest physiotherapy alone.

A recent Cochrane systematic review of
conventional chest physiotherapy (PD, percussion,
vibration, huffing and coughing) compared to
other airway clearance techniques included studies
that enrolled newborn babies, and concluded that
there remains no conclusive evidence to suggest
that conventional chest physiotherapy has any
advantage over other ACTs.%®

Constantini et al compared the long-term efficacy
of PEP mask versus PD and percussion in infants
with CF.%¢ There was no difference in deterioration
on chest radiograph or days per year of antibiotics
over a one year period. The authors concluded
that PEP was safe to use in early childhood and
equally effective as PD and percussion, although
patients and parents preferred PEP. Kiernan et al, in
a small clinical audit of 21 babies with CF reviewed
manometer pressures reached during PEP clinical
review sessions, concluding that the UK Standards
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recommendation of 10-20 cm H,0 were not
achieved in this cohort.¢” Sharp et al carried out a
retrospective audit to compare PD and percussion
with infant PEP and autogenic drainage (AD) in
newborn screened infants.®® They demonstrated

a significant reduction in respiratory exacerbations
requiring admission during the first year of life in
the PEP group (mean 0.71) compared to PD and
percussion (mean 1.66). A recent review by Dixon
(2024), investigating current infant PEP practice in
the UK, utilising a digital questionnaire and ACPCF
database, confirmed that practices are varied.
Responses were from Specialist Centres (64%;
18/28) and Network or local hospitals. Infant PEP
was used in 88% of Centres, confirming it as an
established ACT for this cohort albeit with little
evidence.®®

A systematic review of AD and assisted AD was
undertaken. However, due to lack of paediatric
specific RCTs, small sample sizes and unclear

risk of bias, it was not possible to determine the
efficacy and/or safety.”? The effects of assisted

AD, combined or not with bouncing on gastro-
oesophageal reflux in infants, was investigated

by Lievens et al.”* The study included 105 infants
referred to confirm a clinically suspected diagnosis
of gastro-oesophageal reflux, who were then
allocated to a single 20-minute treatment of either
assisted AD or assisted AD with bouncing on a
gym ball. Results showed that assisted AD, whether
combined with bouncing or not, did not cause an
increase in reflux episodes in infants under the age
of one year.

Byrne et al offered a more individualised approach
to physiotherapy management following the
introduction of the NBS programme, including

25 babies over a three-year period. Daily

airway clearance was no longer advocated as
standard;”? parents were taught ACTs, advised
about respiratory symptoms and when to initiate
treatment. Eighteen families followed the new
protocol; the remaining either had persistent
respiratory symptoms or social issues necessitating
the need for routine airway clearance from the
outset. There were 11 hospital admissions, 10 for
respiratory causes. Five infants changed from
intermittent to routine ACTs due to isolation of

P aeruginosa. The remaining children continued
into early childhood without the burden of daily
treatment.

In 2013, Cystic Fibrosis Trust undertook a survey

to identify the types of physiotherapy taught and
practised in the UK infant population.”® Results
were collated from 17 paediatric Specialist Centres
and 40 parents of babies with CF. The results
showed a shift away from a rigid regime for families
with more flexibility and individual assessment.

In 2018 the ACPCF decided to review current
practise nationally for infants aged 0—-3 years with
CF and CFSPID. Two 10-question SurveyMonkey®
questionnaires including a mixture of multiple
choice and open questions were sent out via email
to ACPCF members and direct emails to paediatric
UK Centre leads from the ACPCF national
database.”

In total, 39 responses were received for the CF
questionnaire, 25 from Specialist Centres, 13 from
Network Clinics and one unknown. The majority
(62%) of infants had an initial physiotherapy review
within one week of diagnosis and all infants within
three weeks. Frequency of review varied from
weekly to monthly in the early stages, extending to
monthly during the first year, with 26% of Centres
reporting that they offered home visits to support
this. All Centres taught ACTs; the most frequent
techniques taught were PEP mask (34%) and
percussion (31%). Other techniques mentioned
included AD, vibrations, exercise, modified PD,
Bubble PEP (when old enough), gym ball bouncing,
and blowing games. The majority of respondents
chose more than one ACT.

Various factors were reported to influence advice
given on type, duration and frequency of airway
clearance, the most prevalent being respiratory
symptoms (37%). Other factors included parent
and carer ability to carry out assessment and/

or treatment, routine treatment to facilitate
adherence, genetic mutation and/or sweat test
result, comorbidities such as abdominal surgery,
clotting, physiological principles, chest X-ray
changes, microbiology, age, led by Specialist
Centre, evidence, and older CF sibling status.

If infants became in-patients they received daily
input. Some respondents specifically described
advising once-a-day airway clearance increasing
to twice a day with symptoms or when unwell.

Types of exercise recommended by Centres
included general developmental activity, gym ball
exercises, tummy time, swimming, active play, baby
group and gym classes, arm and leg exercises, floor
play, activity encouraged as a family, baby massage,
yoga, anything the child enjoys.

Parents and carers were advised to monitor
respiratory signs and symptoms. The phrase ‘look,
listen and feel’ was often referred to. Half of the
Centres reported providing parents with a specific
assessment tool, of which almost half of these used
the ACPCF assessment tool. The Great Ormond
Street Hospital (GOSH) infant leaflet was also
used. Most respondents reported that nebulised
mucolytics would be considered but are not

used routinely. Since then, the ACPCF have also
developed an infant leaflet.
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Overall, key recommendations from the Delphi
consensus regarding assessment, treatment,
activity and exercise for infants with CF are
being followed.?

3.2.4 Good practice points

All infants with a confirmed diagnosis of
CF must receive care from a CF specialist
physiotherapist or a local team who liaise
with the Specialist Centre.

Infants should be reviewed on a regular
basis. An easily accessible physiotherapy
service for assessment, advice and support
is essential.

All parents and carers should be taught
to assess signs and symptoms, using a

structured respiratory assessment tool

as appropriate.

Even if the baby is asymptomatic, all
parents and carers should be taught to
assess symptoms, in addition to being
taught an appropriate airway clearance
technique to use when assessment
indicates.

The initiation of airway clearance should
be determined by the physiotherapist on
an individual basis. Asymptomatic babies
may not require daily airway clearance
but it may be suitable in some instances,
for example for some families who feel or
seem unable to confidently assess their
child’s chest. Airway clearance should be
more frequent in the symptomatic infant.

When airway clearance is required, parents
and carers should be told the types and
frequency of treatment needed, based on
clinical status. Families and carers should be
fully involved in this decision process.

Modified PD positions are considered more
appropriate than a head down tilt, with
regards to both their efficacy in infants with
relatively few secretions and the potential
for exacerbating gastro-oesophageal reflux.

The beneficial effects of exercise are well
documented. Advice regarding positioning,
movement and exercise programmes
should begin from diagnosis.

Direct contact numbers for the CF
physiotherapy team should be available
to the parents and carers, the wider MDT,
primary care and Network Clinic teams
as appropriate.

3.2.5 Research recommendations

e Long-term comparison of routine airway
clearance versus symptom driven airway
clearance in infants with CF.

o Evaluation of parental perceptions of
performing airway clearance for infants
with CF.

* Long-term evaluation of need for
airway clearance in infants taking CFTR
modulators.
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4. Outcome measures

Outcome measures are used for a variety of
reasons, including:

e 1o assess the impact of the disease on daily
function

e to assist in clinical decision-making

» assess the efficacy and effectiveness of
treatment interventions within clinical practice
and research

e to assess the costs and benefits of a service

e potentially to commission funding for a service.

An outcome measure should be assessed for
important clinimetric properties such as validity,
reliability and responsiveness to treatment.
Outcome measures relevant to physiotherapy

are restricted by their complexity and feasibility.
Feasibility is multifaceted and refers to financial,
practical and ethical considerations, as well as
patient and assessor acceptability and ease of use
in the clinical setting. For instance, high-resolution
CT scans and radioisotope aerosol labelling carry
risk to the patient; LCl is not yet used clinically but
primarily in the research setting.

For the purpose of this document, we have
concentrated on outcome measures that could
potentially be used to evaluate physiotherapy
interventions.

4.1 Outcome measures for
airway clearance

ACTs are recommended for many people with

CF as part of their CF management. There are
many different ACTs and physiotherapists need to
collaborate with their patients to identify a suitable
regime. Assessment of the efficacy of ACTs needs
to consider the individual; a measure assessing
amount of sputum cleared, for example, will not
be useful in a non-productive patient. Likewise,

a patient with severe CF lung disease may not be
able to complete a lengthy or effortful breathing
test such as a MBW or spirometry.

There are several papers illustrating the
methodological and ethical issues in assessing
ACTs,”>77 and currently there is a debate about
what makes a sensitive, responsive, and clinically
valid outcome measure when evaluating them.

Most outcome measures used to assess ACTs have

no agreed minimal clinically important difference
(MCID), which can make interpretation of effect
difficult.

Historically, in clinical trials of ACT, outcome
measures of convenience are often used as they
are easy to measure and are valid and reliable

for other aspects of CF.”® The most common
outcomes used in CF ACT trials are sputum weight
and FEV1.787° While these are both readily accessible
and easy to use within a clinical or research setting,
several papers have questioned their validity

and responsiveness when used to assess ACT
ef—fect_75—77,80—84

The era of CFTR modulator medications brings an
additional challenge to the assessment of ACTs, as
clinicians and people with CF are considering the
necessity of ACTs in light of a frequently improved
health status post-modulators. There is now a need
for outcomes which can assess not only the effect
of completing ACTs, but also the effect of not
completing ACTs. Additionally, many people taking
CFTR modulator medications produce very little
sputum which makes sputum weight an obsolete
outcome.

When considering efficacy of ACT, we have seen
that improved quality of ACT performance can
positively impact outcome measures such as

lung function.®®> For an ACT to be effective and
demonstrate improvement in clinically relevant
outcome measures, the quality of the ACT delivery
needs to be firmly established. Furthermore,
integrated digital technologies within ACT devices,
such as pressure and breath duration measurement
mechanisms as identified by Filipow et al and
Raywood et al,®5%” can, through feedback, positively
impact on the quality of treatment completed.
Using these opportunities to observe real-time
changes in the delivery of ACT, the physiotherapist
can optimise treatment and enhance efficacy,
potentially reducing burden of care, with quality
over quantity being the key determinant.8®

Many systematic reviews recognise a variety of
outcome measures, while suggesting that further
work is required to identify the most appropriate
outcome measures for use in airway clearance
interventions.”®798188-97 Fyture work needs to
focus on clinimetric properties alongside patient
preference and acceptability for use across

the spectrum of CF. Importantly, the outcome
measures used must be meaningful to both
patients and clinicians, with an understanding

of what a change means,*® identifying an MCID
for each outcome measure can help with this
interpretability.
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4.1.1 Sputum

It has been suggested that amount of sputum
cleared is not specific to airway clearance or
alveolar recruitment, not sensitive to small changes
and has limited repeatability as it is subject, at
times, to the preference of the person as to
whether or not to expectorate.®+2 Sputum also
could be swallowed, cleared following, rather than
during an ACT session, or contaminated by saliva,
all which can result in over- or under-estimations
of ACT effect. A recent RCT investigating outcome
measures for ACT effect for a single session of ACT
suggested that sputum weight was responsive to
the effects of ACT,® whereas a 2021 metanalysis of
previous ACT studies of varying length concluded
that sputum weight was not sensitive to the effects
of ACT, indicating sputum weight is not useful as

a longer-term outcome measure. Collection of
sputum on a long-term basis is also likely to be
impractical so sputum volume or weight may only
helpful when evaluating short-term ACT effect

in an appropriate individual who is productive of
sputum. If used, strict controls on the methodology
should be adopted such as use of graduated
sputum containers for volume or calibrated

scales for weight, to ensure accuracy.

4.1.2 FEV,

FEV1 is the most common spirometric measure
used to assess ACT effect and is well understood
by patients and clinicians making it an outcome
which will likely be utilised for the foreseeable
future. However, it does have limitations: it can
be difficult to demonstrate a change in FEV1 as it
is effort dependent® and it may not be sensitive
enough to detect small but clinically significant
changes as those over a session of ACT or in
patients with mild disease.””8081100101 Fyrthermore,
the nature of completing a forced expiratory
manoeuvre, such as FEV1 may create an airway
reaction, influencing the ability to use it as a
measure to assess the effect of airway clearance,
with no recognised best time point for performing
spirometry after airway clearance.'? Two recent
analyses of FEV1 as an outcome measure for ACT
have concluded that it is not sensitive to the effects
of ACT787° Thus, although spirometry could be
used!®® to monitor response to treatments when
performed with a standardised technique, it is not
recommended specifically to assess ACT effect.

It would be best used in conjunction with other
outcomes.

4.1.3 Novel outcome measures

Some studies investigating ACT effect have
been published recently using other outcome
measures such as the lung clearance index
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(LCI) derived from the MBW test,194-198 electrical
impedance tomography (EIT),}%°-!! radioaerosol
techniques,*>~1** hyperpolarised gas MRI,*
ventilatory dynamics ascertained through
cardiopulmonary exercise testing (CPET),!¢ and
impulse oscillometry (I0S).*-11% The responsiveness
of these novel outcome measures to ACT effect
seems to be variable. While they offer insight into
the effect of ACT, there is no definitive answer to
which is best for assessing ACT.

In terms of short-term assessment of ACT

effect, Stanford et al assessed LCI, EIT, IOS for
responsiveness to a single session of ACT and
found none of them to be responsive to ACT effect,
and thus suggested they should not be used to
assess short-term ACT.8* Changes in LCl and some
spirometric parameters?°?t have been reported

in recent studies investigating ACT interventions
over periods of one month to two years, and thus
may be worth consideration in future longer-

term research investigation. Additionally, MRI
using hyperpolarised gases has potential for

future use, having shown ability to detect change
after interventions such as exercise testing?? and
antibiotic therapy.!?

While some of the newer outcome measures, such
as LCI, have been shown to have good clinimetric
properties for use assessing other aspects of CF
(reliability, validity, responsiveness, and sensitivity),
124125 evidence for the clinimetric properties of
outcome measures to specifically assess airway
clearance effect is lacking.’?® Importantly for
clinical practice, many of the emerging outcomes
involve expensive equipment, specialist training
and/or lengthy test procedures which may not be
acceptable or suitable for everyone with CF. More
research into the specific clinimetrics of these
outcome measures for ACT assessment is needed
before adoption in clinical practice.

4.1.4 Number of exacerbations

Several studies have used the number of
exacerbations over a set time period as an
outcome measure; a large and robust multicentre
trial reported this to be a valuable measure when
comparing physiotherapeutic interventions.'?”
However, in a complex disease such as CF, other
changes in treatment which are difficult to control
for (not limited to ACTs) may affect outcomes
during such a time period and need to be carefully
considered when reporting changes. Additionally,
in the CFTR modulator era, many people with

CF are experiencing fewer exacerbations!?®12° or
exacerbations which can be harder to detect both
for individuals and clinical teams. These changes
in exacerbations may make this outcome more
difficult to use in the future.
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4.1.5 Patient-reported outcomes

Patient reported outcome measures (PROMs)

can be easy to use and can help gather important
insights into patient views of interventions. Patient
preference is key to a successful ACT regime and
may be the most meaningful outcome to patients.
While currently there is not a specific validated
PROM to assess ACT effect, many studies have
used visual analogue scales (VAS) to assess change
before and after ACT, and these can be helpful in
clinical and research contexts. Other PROMs could
be used to assess effect of ACTs — for example,

a recent publication used analysis of results

from six single case reports of the Cystic Fibrosis
Questionnaire — Revised (CFQR) to link completion
of an ACT to clinically meaningful changes in
health-related quality of life (Qol).13° Despite the
very small participant numbers, this does raise

the possibility of using QoL as an outcome for
ACT effect.

4.1.6 Recommendations

» Physiotherapists should use the best clinically
applicable outcome measures to assess the
efficacy of airway clearance techniques on an
individual basis, taking into account limitations
of each outcome measure (QoE — high).

e Qutcome measures used to assess short-term
effects of ACTs:

- Sputum volume, weight, colour, ease
of expectoration in individuals who are
productive of sputum.

- PROMs such as VAS scales or preference.

- Other physiological tests or spirometry
have not been shown to be sensitive to
the short-term effects of ACTs and are not
recommended to be used in this context.

o Outcome measures used to assess the longer-
term effects of ACTs:

- Healthcare utilisation, such as time to next
exacerbation.

- PROMs such as VAS scales or preference.

- Physiological assessments such as LCI, 1OS,
or hyperpolarised gas MRl and changes in
QoL measures could be considered but have
not at present been fully assessed for use in
this context (QoE — moderate).

- Spirometry could be used, when performed
with a standardised technique, to monitor
long-term response to ACTs, although its
sensitivity limitations means it would be best
used in conjunction with other outcomes
(QoE — moderate).

e The quality of ACTs may be assessed through
measures of digital feedback (QoE — moderate).

4.1.7 Good practice points

o Factors influencing the choice of outcome
measure for airway clearance need to be
assessed prior to selection of an outcome
measure to use. These include:

- clinimetric properties of the test
- clinical relevance to the individual

- practical ability to complete the outcome
measure selected

- context of use, such as ease of use in
day-to-day practice or clinical trial.

e Outcome measures can be administered
by trained individuals. However, the
interpretation of the results requires the
expertise of professionals specifically
skilled and trained in that area, and this may
be a different person than the one who
administered the test.

o Evaluation of the clinimetric properties
of alternative outcome measures such as
LCI, IOS and hyperpolarised gas MRI for
the specific context of ACT assessment is
required before adoption into research or
clinical practice.

e Outcome measures used, and the meaning
of their results, should be fully explained to
the individual completing the tests when
used in clinical and research settings.

4.1.8 Research recommendations

e Clinimetric analysis of outcome measures
to identify the most appropriate short and
long-term outcome measures to assess
the efficacy of ACTs.

4.2 Induced sputum

This section discusses the use of hypertonic
sodium chloride specifically to induce sputum. All
references in this section to induced sputum are
referring to sputum samples obtained in this way.

Sputum collection is essential to detect changes
in pathogens and guide the management of
respiratory disease. It may be one of the most
valuable methods for monitoring disease activity,
as lung function and imaging may be insensitive,
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especially in the case of younger children 13132
Small studies suggest spontaneously expectorated
samples are representative of lower airway
secretions.’®® However, there are many people with
CF, particularly children, and those taking highly
effective CFTR modulators, who are unable to
spontaneously produce a valid sample.

BAL is often considered the “gold standard”

for obtaining sputum to identify microbial and
inflammatory changes in the airways. However,
this technique is expensive, invasive, risky and
requires sedation; it is also potentially limited
to certain areas of the lungs 134132134-136

It has been shown that sputum induction provides
an equivocal sample to a two lobe BAL, but is
cheaper, easier to perform, non-invasive and
reproducible.3*1371%8 |n some cases, induced
sputum sampling has been shown to elicit superior
samples to those obtained by BAL.132136137.139-141
Induced sputum has been found to produce a
more representative sample of the bronchial tree
than spontaneously expectorated sputum.4-144

Sputum induction has been demonstrated to

be safe for use with young children in a large
number of papers, demonstrating that it is
well-tolerated and that there were no adverse
events, 1134135138145146 Some studies have included
children as young as one month old with a high
percentage of success. 31132138147 |t has not been
found to promote significant inflammatory changes
in the airways.*21% Sputum induction, with or
without suction combined, has been demonstrated
to have a statistically significantly higher microbial
content than cough swabs when compared
directly.t21%8

There is variable success with sputum induction
using hypertonic sodium chloride in the clinical
setting. To date there has not been a universally
agreed procedure for sputum induction.*#

The ECFS Clinical Trial Network has created

four Standard Operational Procedures (SOPs)
specifically for young and older children and adults
with CF,¥8-%! for those able to expectorate and
patients who are unable to expectorate. These
were created specifically for clinical trials but can
be adapted for use in the general clinical setting,
considering each patient individually and using
clinical reasoning.148-1%

Precautions and contraindications to this technique
are similar to those in the TB sputum induction
guidelines.’*®152 Consideration should be given

to the fact that sputum induction may cause
bronchoconstriction and excessive coughing

and should not be carried out in people with

CF where this could be harmful.?®

Frequency of sputum induction should be
individualised following discussion with the

MDT, considering the patient’s presentation,
microbiology, staff availability and facilities.

The various components of induced sputum
will be discussed individually.

4.2.1 Technique considerations
Oral hygiene

It is considered good practice to avoid eating for
one hour prior to procedure, rinse out the mouth
with water and/or brush teeth to minimise any
potential contaminants.33142152-156

Short-acting bronchodilator prior to induced
sputum

A number of studies used a short-acting
bronchodilator prior to commencing induced
SpUtUm.131_134’139'141'143'145’146'157 HOWeVer, some

studies did not pre-dose with a bronchodilator
considering that they can have a paradoxical effect
and increase airway instability.**> There was no
significant fall in FEV1 in either of these groups.'5%%/

Nebuliser device

It has been suggested that a number of nebuliser-
related variables can affect the success of the
procedure, such as the nebuliser device, the size of
the aerosol particles generated and rate of aerosol
generation. However, when nebuliser devices were
directly compared this was not substantiated.t>>1>®
Most studies reviewed used ultrasonic nebulisers
for the technique. Other studies used VMT or
conventional jet nebulisers without adversely
affecting the samples obtained. A mouthpiece

should be used unless the patient is unable
t0.152'153'159’160

Hypertonic sodium chloride concentration

There are no valid direct comparisons of the
concentration of hypertonic sodium chloride
used for sputum induction. Due to the irritant
nature of hypertonic sodium chloride, studies
have suggested that higher concentrations

may be more effective but have a higher risk of
bronchospasm.>16! Bronchospasm was reversible
with use of a short-acting bronchodilator.

It is unclear whether duration of nebulised
hypertonic sodium chloride affects the success of
a sample.'®? The ECFS Clinical Trial Network SOPs
for clinical trials state different durations depending
on whether the patient can expectorate or not, and
their age.®*®-15 For example, four sets of three-
minute cycles of nebulised hypertonic sodium
chloride for expectorating older children and adults
compared with 10-minute continuous nebulisation
for the three other groups (non-expectorating
older children and adults, and young children
whether able to expectorate or not).
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It is important to note that these were developed
for clinical trials and therefore clinicians may use
their clinical reasoning to provide individualised
approaches to achieve the best sample in

clinical practice. Studies looking at the effect of
mucociliary clearance in relation to concentration
of hypertonic sodium chloride in CF found that
higher concentrations (7% and 12%) significantly
improved mucociliary clearance.’ If an individual
with CF is at risk of bronchoconstriction, it is
recommended to start at a lower concentration
(3%) and gradually increase it until a sample is
obtained.’?

Monitoring

Monitoring should be performed for the entire
sputum induction procedure 8- Most studies
have performed spirometry to monitor for changes
in FEV:1 during induced sputum?38143145165 gng

the ECFS Clinical Trial Network SOP advises the
procedure can continue for as long as FEV1 is

over 80% of baseline. Observing the patient for
adverse effects, continual SpO, monitoring, and
auscultation are considered adequate.148-1%

A short-acting bronchodilator to reverse any
clinical signs of bronchoconstriction should be
prescribed and available 31132134160 Continual
monitoring should be used if baseline SpO,

is less than 95% or the individual with CF is
prescribed O,.1*8-11 The clinician should know
the patient’s usual target saturation range and
consider, as appropriate, supplementary oxygen
if the SpO; is less than 90%.148-151154 Induced
sputum should be stopped if SpO; falls less
than 90% and the individual is showing signs of
bronchoconstriction. 33161 An SOP for a rescue
protocol is available and can be adopted and
adapted if required in agreement with the MDT
and physiotherapy team 148-15

Airway clearance techniques

There are currently no published studies looking
at the direct effect of using different ACTs in
combination with nebulised hypertonic sodium
chloride to induce sputum. One study suggested
that induced samples are only obtained from the
central airways,**2 however the induced sputum
method in this study did not include ACT, only
cough. Other studies have found evidence of
sputum from the peripheral airways and alveolar
space,136138139141162 \which may suggest that samples
from the periphery may be easier to yield if
ACTs are employed in combination with sputum
induction. The choice of ACT used could affect
this.

It may be beneficial to encourage the patient to do
a combination of tidal breathing and deep breaths
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while taking the hypertonic sodium chloride via
the nebulizer.148-15

Suction and cough swabs post-induced sputum
procedure

Sputum induction samples have been found to
be positive for almost three times the number of
pathogens compared with pre-induced sputum
cough swabs.%®

To gain an effective sample in the non-
expectorating patient, performing oropharyngeal
suction®® or a cough swab can be considered
following a sputum induction procedure. If
oropharangeal suction is deemed appropriate,
the procedure should be discussed in full with the
individual with CF or their parents and carers.148-15
No significant difference in culture yield has been
observed between post-induced sputum samples
collected by nasopharyngeal suction, voluntary
expectoration or oropharyngeal suction.’’

Oropharyngeal cough swabs post sputum
induction procedure were previously found to be
effective in obtaining valuable samples.’*° However,
cough swabs could potentially provide false
negative results and cannot accurately assess for
fungal or mycobacterial infections and should not
be used for this purpose.t32146147

Pain and discomfort

There is evidence to show that induced sputum

is well-tolerated in children.*® However, these
procedures can be distressing for patients. A study
looking at pain associated with sputum sampling
methods found that patients can experience mild
to moderate pain with cough swabs and induced
sputum.’** The risk of adverse effects is likely to be
reduced if correct procedure is followed and if the
clinician has adequate training in techniques.

Infection control

Induced sputum is considered an aerosol-
generating procedure — physiotherapists must
ensure that locally agreed PPE guidance is
followed. There have not been any studies that
specifically looked at infection risk with CF during
sputum induction. There is no mention of infection
control precautions detailed in the studies reviewed
and there is continued debate as to whether

use of nebulisers and chest physiotherapy are
aerosol-generating procedures.’®* A study looking
at P aeruginosa in cough aerosol reported that it
remained viable in the air in 78% of patients after
45 minutes.®

Local aerosol-generating procedure guidance
should be followed during sputum induction.
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Sputum induction for alcohol and acid-fast
bacilli (AAFB) testing

Currently we are unaware of the transmissibility
of bacteria such as M. abscessus,'*® how long the
aerosol remains viable and how far it travels. It is
suggested that the treatment room be left empty
for as long as possible following a procedure, in
concordance with local infection control policies
and dependent on air exchanges per hour. Ideally
the procedure would take place in a negative
pressure room.6

Sputum induction is carried out when clinically
indicated or to obtain an AAFB sample to assess
for mycobacteria. There is some evidence to
suggest the routine inclusion of sputum induction
and AAFB sampling at annual review can detect
non-tuberculous mycobacteria (NTM) sooner than
clinical signs and may help to allow appropriate
cohort segregation and improve infection

control 146167

4.2.2 Recommendations

¢ Induced sputum should be performed at
least once a year in people with CF who
cannot expectorate sputum, even if they
are asymptomatic (QoE — moderate).

¢ Monitoring during the induced sputum
procedure should be continuous
(QoE — moderate).

» Stop induced sputum procedure if there is
subjective or objective wheeze, if SpO, falls
below 90% or if FEV: falls more than 20% (if
using spirometry) (QoE — low).

e Unless safely performed within the 12 months
prior, induced sputum will be performed in
a clinical area with resuscitation equipment
available (QoE — moderate).

e Perform induced sputum in a room with the
door closed where the air from the room is
exhausted to the external environment, unless
a well-maintained HEPA filtration unit is in place
(QoE — moderate).

* Avoid anyone entering the room for one to
two hours after induced sputum procedure,
depending on the frequency of air exchanges
(QoE — moderate).

e Perform induced sputum procedure in line with
local infection control and prevention guidelines
(QoE — low).

4.2.3 Good practice points

» |f there are signs of clinical deterioration,
consider the use of induced sputum
in place of cough swabs for pathogen
surveillance in people with CF who are
unable to produce a spontaneous sputum
sample.

¢ Recognising that induced sputum may be
distressing for some individuals with CF,
use available strategies, such as distraction
techniques or alternative methods, to
minimise discomfort, where practically
feasible.

¢ To minimise sample contamination during
induced sputum, people with CF should
be instructed to brush teeth with a new
toothbrush and water, rinse mouth with
water and avoid eating one hour prior to
procedure, where practically feasible.

» To mitigate potential bronchoconstriction
during hypertonic sodium chloride sputum
induction, especially in people with CF with
a history of adverse reactions to inhaled
medications or those new to the procedure,
prescription and use of a short-acting
bronchodilator prior to the procedure
should be considered. Clinical judgement
and individual patient evaluation are
essential.

e Consider an ultrasonic nebuliser for
sputum induction if available, taking into
consideration infection control policies.

o Use a low output device such as a jet
nebuliser for sputum induction if high
output devices are not tolerated or not
available. Currently there is no evidence
to support one device over another and
no evidence evaluating VMT nebulisers for
sputum induction.

e Use a higher hypertonic sodium chloride
concentration (7%), if able, for induced
sputum to optimise mucociliary clearance.

o Consider starting with a lower
concentration of hypertonic sodium
chloride (3%) if the patient is at known
risk of bronchospasm.

* When multiple sputum samples are
produced during induction, prioritise
processing later samples where feasible as
they may contain a higher concentration
of relevant pathogens. This could include
collecting all samples produced in one to
two containers to be sent for processing.

» Oropharyngeal cough swab can also be
considered if expectorated sputum or

Standards of care and good clinical practice for the physiotherapy management of cystic fibrosis 35



suction is not possible — however, it is
recognised that cough swabs may not
provide as representative a sample.

e A rescue short acting bronchodilator should
be prescribed and available prior to the
procedure in case the patient shows signs
of bronchospasm following inhalations.

4.2.4 Research recommendations

» Given the recognised research priority in CF
of the best way to diagnose lung infections
in the era of CFTR modulator therapies with
reduced sputum, there is a need for further
research looking at induced sputum.

» With the changing landscape of CF care,
with some patients attending less frequent
hospital reviews, home induced sputum is
a pertinent area for investigation. Future
research should consider the effect on
pathogen yield of time of day of sample
collection, early morning salivary samples,
induced sputum performed at home and
postage of induced sputum samples.

e The combination of ACT and/or exercise
with nebulised hypertonic sodium chloride
should be investigated for optimal induced
sputum procedure.

4.3 Exercise Testing

This section provides a contemporary overview of
best practice recommendations for exercise testing
for people with CF. Several key articles have been
published providing expert consensus on exercise
testing practices in CF, with a recent update from
the ECFS Exercise Working Group now including
guidance and standard operating procedures for
test selection, test conduct and test reporting for a
range of recommended tests with good clinimetric
properties when used in CF.*%¢ We recommend
these accompany the guidelines presented

here 1%8-172 Recommendations for the assessment
of habitual physical activity and sedentary
behaviours are also provided.

4.3.1 Reasons for exercise testing

Regular exercise testing is recommended as part
of routine assessment for all people with CF aged
over 10 years.'8173174 A range of validated tests,
which can provide insight into aerobic fitness,
strength, and other components of fitness are
available and should be used where possible.

The choice of test depends on the reason for
testing (test indication) and clinical characteristics
of the individual, such as age, lung disease severity
and comorbidities. Importantly, there is no one
size-fits-all approach when performing exercise
testing in CF.18 |t is essential to define the test
indication and intended use of the test information,
since this will guide what exercise testing data is
needed. Test indications include:!®

¢ General assessment of functional exercise
capacity and muscle function.

¢ Monitoring disease progression.

e Screening for exercise-induced risks such as
hypoxaemia and arrhythmias.

e Assessment for lung transplantation.
e Evaluation of therapeutic interventions.

» Assessment of baseline exercise performance
before physical activity promotion and/or an
exercise training programme.

Depending on the type of test and, in particular, the
measurements obtained during testing, dynamic
endpoints, such as exercise capacity, can provide
valuable insights into the integrated functioning
of multiple organ systems (cardiovascular,

MSK, respiratory). These modalities provide

a more comprehensive understanding of an
individual's health status.'®® This information
cannot be obtained from more static methods
such as monitoring lung function, radiological
investigations or measures of nutritional status
that are routinely used in clinical practice.

Over the shorter-term, exercise testing can help
assess changes in clinical status, such that tests
identifying poor exercise capacity for the degree

of lung function deficit warrant prompt attention
and act as an early warning of clinical deterioration.
Exercise testing can assist with transplant
stratification,*¢*> and, for this reason, at least
annual exercise testing is recommended for

all patients by the CF Trust and ECFS 16174

Much focus has been on the evaluation of aerobic
fitness, since several studies have demonstrated
that better aerobic fitness measured by peak
oxygen uptake (VO,pea) is associated with greater
7-12-year survival in people with CF.¥76-178
However, more simple outcome measures that
do not require sophisticated assessments, such
as peak work rate (W,ea), have also been shown
to be promising prognostic markers of lung
transplantation and death in advanced CF lung
disease.'?

It is important to remember the wealth of
information an exercise test provides, offering
not only an indication of an individual's function,
but also the mechanisms responsible for any
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impairment to this (see figure in Appendix la). This
information can also help us understand responses
to treatment such as CFTR modulator therapies.

Furthermore, exercise testing can be a motivational
experience for people with CF, who may feel that
participating in exercise testing demonstrates

their ability to exercise at a higher intensity than
anticipated, thus freeing them from personal
uncertainty and/or parental fears regarding

future activities. This is becoming more apparent
following implementation of CFTR modulators.

Exercise test results can also facilitate exercise
programmes tailored to the needs of each
individual, involving improving fitness, or
maintenance in those with significant ventilatory
limitation but good fitness levels'”! (see example
Case Study in Appendix Ib).

4.3.2 Starting exercise testing

Annual exercise testing as a minimum is
recommended for all people with CF over 10
years, although the age at which routine and
reqular exercise testing begins depends on the
type of exercise testing undertaken, as well as the
physical and mental development of the individual.
CPET is recommended from 10 years of age.'’*

Those using a cycle ergometer must meet the
minimum height requirement (usually 128 cm),
and must maintain a standard pedal speed, which
may preclude some children. However, paediatric
cycle ergometers are available and technically
acceptable tests can be achieved in younger
children. Testing in the early years provides a prime
opportunity to familiarise children with exercise
testing equipment and protocols and encourage
exercise participation. Where CPET is not feasible
in the early years, younger children (six years or
younger) should be tested using validated field-
based tests such as the 25-level modified shuttle
test (MST-25).168

4.3.3 Frequency of exercise testing

Exercise testing before and after significant
change or intervention is recommended, for
example before and after a new treatment or
exercise programme.? In addition, exercise testing
plays a vital role in pre-transplant assessment, with
both field tests and laboratory based CPET being
validated for this purpose.’®

A case study example, presented in Appendix
Ib, (represented with permission from Urquhart
& Saynor [2018]),*"* highlights the need for
intervention and subsequent evaluation of

the response to exercise testing.
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4.3.4 Preparing for an exercise test
People with CF should:

e avoid strenuous exercise for 24 hours before
CPET, or two hours before a field test.

« refrain from eating for at least two hours before
CPET, or one hour before a field test

» take their usual pre-exercise bronchodilator dose
at least 10 minutes before the test if applicable.

Additional preparation for those with CF diabetes
(CFD)180—182

Exercise testing, although not often prolonged,

is usually strenuous and therefore a risk factor for
hypoglycaemia in people with CFD. When testing
those who are prescribed insulin or some oral
hypoglycaemic agents, ensure that:

e no more than three hours have elapsed since
the preceding meal and that the meal contained
adequate carbohydrate

e the individual with CF is adequately hydrated

e appropriate snacks and fast-acting glucose are
on hand during and after the exercise test if
required to correct hypoglycaemia

e insulin is not injected in areas likely to be heavily
involved in the exercise such as the thighs and
gluteals, where possible

e blood glucose levels are monitored and
recorded before and after the exercise
test, taking any necessary steps to avoid
hypoglycaemia (delayed hypoglycaemia can
occur up to 24-36 hours post-exercise so
monitoring should continue as such — recording
and sharing exercise blood glucose data can aid
the patient with ongoing self-management)

e blood glucose is 4 mmol/L or higher prior to
exercise testing and a 10 g snack such as a
biscuit or banana is offered if blood sugar is
below 7 mmol/L

¢ salt supplementation is considered.

Field tests with audio instructions

e Pre-recorded audio instructions should be
played prior to the test.

o For shuttle testing, to help the participant
establish the first very slow speed of walking, the
operator can walk alongside for the first shuttle.

4.3.5 Choosing an exercise test

CF-specific recommendations are available for
standardised functional and laboratory-based
exercise tests.**®74 The most recent European
consensus statement on exercise testing in CF,
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endorsed by the European Respiratory Society
(ERS),Y* recommends CPET as the test of choice
for routine monitoring and assessment of exercise-
related symptoms for people with CF. However,
other standardised tests can be useful to assess
aerobic fitness, integrated exercise performance
or muscle strength — all of which are important
considerations in CF.

The ECFS Exercise Working Group and ACPCF
specialist interest group has therefore developed
expert opinion-based clinical practice guidance,*¢®
along with test instructions, for a selection

of commonly used, valid tests which have
documented clinimetric properties for people
with CF.

A small selection of exercise tests, performed
consistently and to a high standard, are
recommended alongside known guidance for
CPET.18Y0 Importantly, these standards also
highlight previously used tests that are no longer
suggested for people with CF and areas where
research is necessary.

When conducting exercise tests, it is important

to use age-appropriate subjective measures of
perceived effort and breathlessness. The Dalhousie
pictorial scale has been demonstrated to be
valuable in measuring both perceived exertion

and dyspnoea in people CF of all ages and is
strongly associated with ventilation and work
intensity in both children and adults.*®®

For each of the selected tests, test instructions
and templates for test reporting, a summary of
their respective clinimetric properties and a
decision-making algorithm (figures 1 and 2)
have been provided in Saynor et al, 2023.168

4.3.5.1 CPET

CPET is a fully integrated, objective assessment

of the efficiency and performance of the
cardiovascular, respiratory and MSK systems
through the spectrum of exercise intensities.

It remains the first-choice test of aerobic exercise
performance for people with CF. CPET offers
thorough assessment of fitness levels and exercise-
limiting factors as well as identifying potential risks
and exercise-related symptoms, whilst opening up
avenues for exercise counselling and individualised
training programmes.t4

A number of documents are available to aid clinical
teams working with people with CF and other
chronic respiratory disease with test conduct70184
(including criteria for acceptance of maximal

test) and reporting®®’® Cycle ergometer tests

are recommended over treadmill-based tests for
people with CF, and CPET protocols can include
linear ramp or stepwise minute-by-minute
increments. 794 Supramaximal (S..,) verification
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testing has been suggested as a useful tool as a
way of testing the validity of the maximal CPET
data.!85-188 However, at present, S,..x remains a
research tool in CF.

CPET-measured peak pulmonary oxygen uptake
(VOspear) remains the gold standard measurement
of aerobic fitness due to its high prognostic
utility.169174.176-178.185 Several other CPET-derived
outcome measures also have high prognostic
utility and enable evaluation of exercise limitation,
such as VO, at the ventilatory anaerobic threshold
(AT), peak minute ventilation (vEpeak): peak power
output (W,es), change in transcutaneous arterial
oxygen saturation (ASpQO,), time to exhaustion,
and perceptions of effort and dyspnoea.!%®7¢ Peak
exercise data should be reported as 30 second
averages for the interval, with VO, taken as the
highest 10—-15 second oxygen uptake values. This
standardisation will reduce variability in reporting
between Centres and enable between-study
comparison of data.

A range of reference values are available to aid
interpretation of CPET data:!90-192

e An abnormally low exercise capacity is defined
as VO,peu less than 80% predicted. The next
challenge is to identify whether reduced VO,pex
may be due to cardiovascular and/or peripheral
muscle disease, or as is more likely in more
severe CF, the result of deconditioning and/or
ventilatory limitation. A schematic overview of
how to determine exercise function or cause
of any dysfunction in individuals with CF is
presented in Appendix la.**

¢ The normal mechanism for exercise termination
in a healthy individual is cardiac limitation, with
HR,e.x being attained (no cardiac reserve) and
minute ventilation (V) falling short of estimated
maximal voluntary ventilation (MVV) — exercise
Ve less than 85% MVV.74

e The physiology in children differs from adults,
and expected HR..« falls with age, whilst
children with CF often achieve a HR .,
over 200 bpm during CPET.

e AT onset provides a submaximal indicator of
an individual's aerobic fitness. Deconditioning
results in an early onset AT, indicative of
reduced efficiency to transfer and utilise O, at
the muscular level. An AT occurring at less than
50% predicted VO, (in the absence of cardiac
disease or muscle abnormalities) is likely to
be associated with deconditioning and can
be improved with training.

If treadmill CPET is the only option then the
modified Bruce protocol is recommended for
testing in CF,Y* although it should be noted that
this does not allow for a linear increase of work
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rate, as a ramp or minute-by-minute increment.
Predictive equations enable estimation of VO,peax
from treadmill test acquired data.’*

Regardless of modality and protocol, the patient
should be encouraged to rest for a brief period
with CPET equipment in place before starting
exercise.r? This enables familiarisation with test
equipment and for the tester to measure resting
SpO,, arterial blood sampling (if indicated), ECG,
blood pressure, Ve and gas exchange variables.
Resting respiratory exchange ratio (RER) values
can aid with the identification of anticipatory
hyperventilation which can occur when testing
equipment is in place.

4.3.5.2 Aerobic exercise testing on
ergometer without gas exchange measures
Whilst CPET remains the gold standard test to
assess aerobic fitness in CF,Y# in situations where
breath-by-breath gas analysis is not possible
then cycle ergometer W, testing (linear ramp
or minute-by-minute increments) is a useful
alternative with high prognostic value. 168169176
Physiological measurements can be collected,
such as HR and SpO,, as well as perceptions of
effort and breathlessness.' It is not possible

to measure power output with a treadmill test,
therefore if CPET is not available then cycle
ergometry peak power output (Wpea) testing
should be considered as the best alternative.

4.3.5.3 Suggested functional exercise tests
considered suitable for people with CF

The value of alternative exercise tests (field and
localised peripheral muscle function tests) for
people with CF should not be discounted. The
utility of and information provided by some of
these tests are different to CPET. A combination
of tests is ideal, including a test for aerobic fitness
along with tests of functional performance and
peripheral muscle function. However, in situations
where only a single test is possible, priority should
be given to testing aerobic fitness in an appropriate
way.

4.3.5.4 Field tests of aerobic capacity

In situations where CPET and ergometer testing
without gas exchange measures are not possible,
a field test of aerobic capacity should be
considered. There are a number of tests available
including incremental shuttle tests, submaximal
treadmill tests, walking tests and step tests.
Appropriately designed incremental field tests
should continue beyond a physiologically feasible
level of exercise, enabling subjects to exercise to
volitional fatigue. Standard operating procedures
for these tests are available.168174

These tests are often more practical in the clinic
setting, as they require less equipment, are
portable, low cost, quick and easy to set up and
report, and can be useful in assessing exercise
tolerance, functional exercise capacity, and guiding
exercise prescription. However, it should be noted
that not all individuals will achieve maximal exercise
even with incremental tests 168194195 Moreover, field
tests give only limited information about exercise
capacity, reasons for exercise limitations, and
potential exercise-associated adverse reactions.**
There is also no clear way to establish whether a
maximal effort has been given due to the limited
outcome measures collected.

4.3.5.5 6-minute walk test (6MWT)

The 6MWT is a self-paced functional exercise test.
The individual walks up and down a 30 m corridor
aiming to cover as much distance as possible in
six minutes. This self-paced, and therefore non-
incremental test is recommended for use with
those people with CF who have advanced lung
disease (FEV: less than 40% predicted) to assess
for need for supplemental oxygen or transplant
referral.’®® An adequate pulse oximeter signal is
required throughout test.

Achieving less than 400m during the 6MWT
indicates a need for transplant referral regardless
of FEV1.1%¢ However, it has been suggested that less
than 475m is a value predictive of death or lung
transplant.’®” The studies reporting these thresholds
were conducted prior to the introduction of CFTR
modulator therapies, therefore further work is
needed to re-evaluate the prognostic value of

the 6BMWT in people with CF.168

Technical standards and test instructions and
reporting templates are available.1%®%8 |f conducting
this test, it should be noted that there is a

learning effect and therefore two tests should be
undertaken (at least 30 minutes apart and with HR
and SpO, returned to baseline before the second
test) on the first experience.**®

4.3.5.6 Shuttle tests

Shuttle tests require the individual to walk then

run (shuttle) back and forth around two distance
markers placed at measured intervals. The external
pacing (bleep) indicates the speed required as the
individual should complete the shuttle at the time
of the subsequent bleep. The test is incremental,
thus bleeps become quicker every minute,
indicating an increase in walk/run speed is required.

Tests should have the range to take people with
CF to maximal exercise and a test is complete
when the individual reports that they are unable
to continue or if they fail to reach the distance
marker by the bleep on two consecutive shuttles.
Therefore, shuttle tests provide more useful
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information (with HR and SpO, and perceived
dyspnoea and effort measured) about maximal
exercise capacity?’® than is possible with 6MWT,
especially for those with mild or moderate lung
disease.?* A correlation (r=0.79) between distance
achieved during shuttle test and VO e, has been
observed,?®? although it is important to remember
that it is not possible to identify which physiological
factors are limiting aerobic capacity if not directly
measured with CPET.

Whilst there are a number of shuttle tests available,
the 10m 25-level modified shuttle test (MST-25)
has good test-retest reliability,?%* is practical in
the clinical setting and has enough levels to be
potentially maximal for all individuals with CF with
no ceiling effect.?%* Thus, it is a valuable tool for
assessing fitness and prescribing exercise when
CPET is not possible. Furthermore, an MCID of
~97m has been reported for children and young
people with mild-moderate CF,2% although this
was using the 15-level version (MST-15) before

it was extended to MST-25.

A number of reference equations have been
proposed for MST distance predictions for

children and young people?°¢-2%% and adults.2%920
However, reference equations are limited by

the characteristics of the sample used during
development and there is a lack of global, validated
reference equations for MST-25.2 Further research
is needed to understand the clinimetric properties
of the MST-25 and to develop global, validated
reference equations.

4.3.5.7 Alternative forms of exercise testing

Alternative components of fitness can be measured
and may prove useful in exercise counselling and in
the management of muscular and postural issues in
CF. These include assessment of muscular strength
and endurance,?? flexibility and core strength and
stability. Other forms of exercise testing assessing
short-term muscle performance such as the
Wingate Test and isokinetic testing have been used
for scientific purposes but rarely in a clinical setting.

4.3.5.8 Integrated test of aerobic capacity
and muscle strength

Sit-to-stand (STS) tests assess various factors
affecting functional capacity, such as strength,
endurance, coordination, balance and postural
control, and therefore integrate aerobic and
strength measurements. The one minute STS
test (1-min STS) is frequently used in respiratory
disease, including CF, and has evidence of good
clinimetric properties?**-?*6 with moderate-to-
strong correlations with VOpea and W peq, 27218
quadriceps muscle strength?'>27.218 and key
prognostic indicators in people with CF.17¢

It measures the maximum number of times an
individual can perform STS from a chair in one
minute. The MCID has been reported to be

five repetitions in adults with CF.2%® As with the
6MWT, this self-paced test has a learning effect
therefore two tests should be completed on the
first occasion.?321821° Currently, there is limited
evidence to guide how much recovery time is
needed between tests to ensure performance is
not compromised, though it has been suggested
that around 30 minutes should allow for sufficient
recovery.'68

The 1-min STS test is practical in the clinical
setting due to its short duration and minimal
equipment and space requirements. However, it
must be noted that it does not measure maximal
exercise capacity, rather assesses functional
exercise performance, thus acting as a useful
guide for exercise prescription, a screening tool for
oxygen desaturation,?”22° or for interim functional
assessment during telerehabilitation.?

4.3.5.9 Tests of localised peripheral muscle
function

Skeletal muscle dysfunction is common in people
with CF,22! even in those with mild lung disease,
and can result in increased fatigability and reduced
physical activity participation, reduced endurance
and strength (in adults and children with CF)??* and
be associated with poor clinical outcomes.???> This
may further exacerbate exercise intolerance and
reduce health-related Qol, thus increasing risks
of hospitalisation and poorer survival.

Peripheral muscle testing in CF should be
considered for clinical and research purposes,
notably for early detection and monitoring of
limb muscle abnormalities, to design and evaluate
targeted therapies.

The 1-min STS test provides some insight into
muscle strength. However, specific and detailed
assessment of peripheral muscle strength may be
important for elements of clinical practice, such as
developing a strength training programme!®® and
assessing change in the increasingly overweight
population of people with CF, where loss of fat-
free mass may be concealed by a higher body
mass index.??2 Furthermore, recognising changes
in muscle strength and body composition may go
some way to contributing to the understanding of
response to CFTR modulator therapies. Saynor et
al (2023) provide detailed test instructions in the
online supplement to their guidance and standard
operating procedures paper.

Handgrip dynamometry measures the maximum
force that an individual can achieve on a
dynamometer using forearm muscles, thus is a
quick and easy-to-administer measure of distal
upper-limb muscle strength. Handgrip strength
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has been used as a simple indicator of nutritional
status as well as an of gauge of global muscle
strength in both adults and children with CF.223-230
The ESPEN-ESPGHAN-ECEFS guideline on nutrition
care for cystic fibrosis recommends that serial hand
grip strength measurements can be considered

in adults and children >6 years with CF as it may
help detect early changes in muscle function and
therefore can function as an indicator of nutritional
status.?®!

However, preserved handgrip strength does not
necessarily indicate global normal skeletal muscle
strength, especially as lower-limb muscle strength
tends to be more affected in CF than upper-limb
muscle strength.?*> Quadriceps strength can be
measured relatively easily by a chair with a fixed
strain gauge,®*?** and endurance and fatigability
can be assessed with the addition of real-time
visual feedback.?*®

4.3.5.10 Respiratory muscle function
testing

Assessment of respiratory muscle function

should also be considered. Respiratory muscle
performance in CF can be a key determinant of
aerobic fitness.2*® Impairment of inspiratory and
expiratory respiratory muscles is a common clinical
finding in people with primary lung disease. It is
unclear whether people with CF exhibit respiratory
muscle dysfunction or preserved respiratory muscle
function.2*2%® However, respiratory muscle function
is influenced by a variety of factors including
hyperinflation, nutritional status,® systemic
corticosteroid use, P. aeruginosa colonisation,
inactivity, and chronic inflammation.?*” Multiple CF-
related comorbidities, including thoracic kyphosis
and postural abnormalities, may also create a
restrictive lung dysfunction that elevates the
demand imposed on the respiratory pump.239-24
Individuals with CF commonly exhibit an imbalance
between the ventilatory load and the capacity of
the respiratory muscles, which can cause inefficient
breathing patterns?*2 and may contribute to
exercise intolerance.

4.3.6 Exercise testing outcome
measures and reporting

There are several outcome measures that should
be used for exercise testing, dependent on the
exercise test chosen and the equipment available.
Some are specific to the test, such as work rate in
watts and \'/Ozpeak for CPET, and distance covered
and shuttles completed for field tests, but several
key measures should be obtained across all tests
protocols:

e Objective measurement of HR and SpO, will be
measured before, during and after an exercise
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test, and during recovery, as a minimum.
Monitoring should be continuous and recorded
if equipment allows, to facilitate a more
thorough assessment. If an individual does
desaturate during exercise, the corresponding
intensity of exercise (HR, work rate, effort rating)
can then be used to guide ‘safe zones’ within
their exercise prescription.

e Subjective measures of perceived exertion,
breathlessness or fatigue should also be used
to assess symptoms. Numerous pictorial scales
are now available to assist in the collection of
this type of information (such as OMNI?** and
Dalhousie!®*24424%) Refer to the statement on
exercise testing for further details.'°

The following statement by the ERS is
recommended before exercise testing to ensure
more standardised instruction and collection of
subjective data:

“During every stage of exercise, we are
going to ask you about the intensity of your
breathlessness and leg discomfort at that
point in time. As you should avoid speaking
during the test, you will use a finger of your
hand to point which number between 0 and
10 best reflects the intensity of each of these
sensations”.

The reporting of findings and outcomes of
exercise tests should be standardised. A guidance
document with a template for reporting CPET
results’® lists the following components for an
exercise test report:

e Basic information on the patient
e Technical report

e Response to exercise:
- aerobic/anaerobic performance
- cardiovascular response
- ventilatory response
- gas exchange response
- metabolic response

e Report summary

Refer to Radtke et al. (2019)¥° for more details on
each of these sections and to obtain the template,
which is also included in Appendix Id.

A review by Urquhart and Vendruscolo (2017)
offers advice on how to interpret and use CPET
outcome measures to guide exercise counselling
in children with CF.2%6 Saynor et al (2023)® also
provides standard operating procedures and
reporting templates for the non-CPET exercise
tests recommended for people with CF.
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4.3.7 The future of exercise testing

New tests continue to be developed. For example,
the Alfred step test,?* an incremental step test
developed specifically with and for people with

CF, is being used in a number of clinics, and further
work is ongoing to establish clinimetric properties.
Standard operating procedures and clinimetric
properties must be established and reported for

all new and existing exercise tests for people with
CF to ensure correct data interpretation.

4.3.8 Assessment of habitual physical
activity and sedentary behaviour

Assessment of the habitual physical activity
behaviours of people with CF is an important
consideration, taking into account the amount
and intensity of activity, as well as time spend
being sedentary. A survey exploring perceptions of
physical activity monitoring among children and
young people with CF and their CF teams reported
that teams recognised the potential benefits

of the devices in clinical practice.?*® However,
physical activity assessment is not commonplace
or consistent in clinical practice. This section

aims to summarise some of the assessment
methods available to guide the incorporation of
physical activity assessment in the clinical setting.
The reader should also make use of several key
articles published on this topic!®324920 g5 well as
the European expert position statement on the
assessment of physical activity in people with CF.?!

Motion sensors, activity questionnaires and

diaries are all useful to gauge an individuals’
general physical activity behaviours and, as with
exercise testing, the purpose of data collection
will guide the choice of tool used. The range of
tools also differ in terms of cost and ease of use.
The current recommendation from the European
position statement is that activity monitors offer a
comprehensive assessment of physical activity and
should, as a minimum, report on dimensions of
physical activity including energy expenditure, step
count and time spent in different intensities and
sedentary time.?* Data suggest that people with CF
enjoy wearing monitoring devices and wrist-worn
devices and devices providing feedback were the
preferred choice.?*® ActiGraph is one such option.

Sophisticated activity monitoring can eliminate
the subjective evaluation of activity; however, it is
more technical and costly to offer in most clinical
settings.

Simple pedometers may offer an inexpensive
method of obtaining a measurement of physical
activity, and there is some evidence for supporting
their use in CF.1** Commercially available fitness
watches have been used in a number of research
studies, but further research is needed in this area.

Questionnaires provide an appreciation of an
individual's perception of their physical activity?°
but not data reflecting symptoms whilst active.

It may however be useful as a screening tool to
guide further discussion about exercise patterns,
goal setting and subsequent exercise prescription.
It should be noted that questionnaires depend on
patient recall and are subjective so should be used
with caution. Although there is insufficient data

to recommend the use of one diary over another,
the Habitual Activity Estimation Scale (HAES) has
the most data demonstrating reliability and validity
and can be used to assess activities of varying
intensity.24®

The increase in use of commercially available
activity monitors offers an opportunity to measure
the physical activity patterns of individuals
longitudinally®*® which can also act as a useful
focus for physical activity counselling.

4.3.9 Summary

Exercise testing is a standard of care and at least
annual interval testing should be undertaken,

to provide an accurate dynamic assessment of
physical function that may not be detected by
other assessments such as pulmonary function.

Traditional testing of lung health using spirometry
tells us how much and how fast air exits the lungs,
whereas exercise testing measures the efficiency
and performance of these lungs in combination
with cardiovascular, pulmonary and MSK systems
during exercise. Exercise testing provides precise
information that is of prognostic importance, as
well as allowing us to further understand individual
pathophysiology of exercise limitation and
individually tailor exercise programmes for people
with CF. Assessment of habitual physical activity
and sedentary time should also be considered
where possible, to provide a more comprehensive
insight into an individual's activity and fitness.

4.3.10 Recommendations

o Exercise testing is recommended as part of the
routine assessment of people with CF at least
annually (QoE — high).

o Exercise testing is recommended to assess
for changes in overall management, such
as examining efficacy of interventions, pre-
and post-admission, or modifying exercise
prescription (QoE — high).

o Exercise testing is essential to monitor response
to exercise training, to assess fitness, and to
allow safe and effective exercise prescription
(QoE - high).

o Exercise testing is recommended in people with
CF aged 10 years and older but can be started at
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a younger age to aid familiarisation in later
years (QoE — moderate).

Reqular standardised exercise testing, as per
the guidance of the ECFS Exercise Working
Group and PhySIIG, should guide the advice
and support given by the CF team.

Emergency procedures will be accessible during
all exercise testing (QoE — moderate).

Contraindications to testing will be assessed
before each testing session (QoE — high).

Exercise test-specific standardised objective
measurements should be recorded as
appropriate and as a minimum HR, SpO, and
indicators of effort and breathlessness should
be performed before, during and after testing
(QoE — moderate).

Other measures of fitness (such as strength
and flexibility) and physical activity may be
appropriate but should be assessed on an
individual basis and follow recommended
guidelines (QoE — low).

Tests of aerobic fitness

CPET is the gold standard test recommended for
the evaluation of aerobic exercise performance
in people with CF (QoE — moderate)

If a metabolic cart is not available or assessment
of pulmonary gas exchange and ventilation is
not possible due to pathogens, teams should
consider undertaking a cycle-ergometer peak
power (W) test, with measures of heart rate,
oxygen saturation, perceived exertion and
breathlessness (QoE — moderate).

The 6MWT is preferable for use in people with
advanced CF lung disease or as part of lung
transplant assessment, but its use as an annual

test cannot be recommended (QoE — moderate).

The MST-25 can be considered for the
assessment of aerobic fitness when CPET is
not available. This test is suggested for use in
all people with CF, particularly those who are
fitter and for whom the MST-15 would elicit
submaximal responses at test completion, due
to ceiling effects. Other shuttle tests available
with 20m tracks tests are often not practical
(QoE — moderate).

The 3-minute step test is not recommended for
use as a measure of functional exercise capacity.
(QoE — moderate)

Integrated tests of functional performance and
tests of peripheral muscle strength

e Tests such as the 1-min STS test may prove

useful measures (QoE — moderate).

e The 1-min STS test offers a safe, feasible

functional performance test. It should be noted
that this test is measuring integrated exercise
performance rather than assessing maximal
exercise capacity and can offer additional
complementary information to an aerobic
exercise test (QoE — moderate).

Peripheral muscle testing allows the
determination of skeletal muscle strength.
Research is urgently needed to inform the
choice and clinical usefulness of these tests
(QoE — moderate).

4.3.11 Good practice points

e Exercise testing should be offered to people
with CF when indicated by their individual
needs and preferences, to evaluate physical
function and fitness levels and allow for
individual exercise prescription.

e CPET with measures of pulmonary gas
exchange and ventilation should be offered
based on clinical need and resource
availability to provide a valuable assessment
of functional capacity.

¢ Where possible, assessments of additional
components of fitness such as muscle
strength, should be considered based
on clinical need.

e People with CF should be assessed during
a period where there is no evidence of
pulmonary exacerbation prior to annual
assessment of exercise testing to ensure
accurate and useful results.

o Age-appropriate subjective measures
of perceived exertion, breathlessness or
fatigue should be used to assess symptoms
during exercise tests and to guide intensity
of exercise training.

o Where possible, information obtained
from exercise testing should be used to
help guide more individualised exercise
prescription.

* Where possible, exercise testing should
be considered as an assessment tool to
monitor other clinical interventions, such
as new medications or an exercise training
programme.
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5. Physical activity and exercise

The importance of exercise in maintaining

a healthy lifestyle is well-recognised in both

health and disease. Being physically active
provides a number of physical and psychosocial
health benefits, including contributing towards
maintaining a healthy weight, reducing the risk of
many non-communicable diseases and supporting
good mental health. These are all becoming more
relevant as people with CF are living longer, in part
as a result of CFTR modulator therapies.

This section will provide a contemporary overview
of the best practice recommendations for
exercise counselling for people with CF, as well

as the evidence that underpins its use, which

may facilitate patient-education regarding the
importance of exercise. Several key articles

have been published to provide evidence-based
guidelines for physical activity and exercise
prescription for people with CF.172:252-254

In line with the published expert guidelines for
people with CF,?** the following definitions apply
for this document:

Habitual physical activity — bodily movement
produced regularly by the contraction of skeletal
muscles that result in a substantial increase over
resting energy expenditure.

Exercise — planned, structured, and repetitive
bodily movement performed to improve or
maintain one or more components of physical
fitness.

Sport — an activity involving physical exertion
and skill in which an individual or team competes
against another.

5.1 Exercise limitation in CF

In the era of increased life expectancy and new
treatments, people with CF may have similar or
greater exercise capacity than their healthy peers.
However, a large hnumber of individuals are not only
affected by decreased cardiorespiratory (aerobic)
fitness, but also decreased muscle strength and
endurance. Furthermore, posture issues and
flexibility commonly affect people with CF.2552%

Several factors may contribute to reduced fitness
in CF. Ventilatory limitation is often not observed
during exercise in young children and adolescents
who are physically active with good lung function,
even at maximal limits. However, as lung disease
severity progresses, ventilatory limitation during
exercise is common. These individuals may present
with increased lung dead space that worsens with
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lung disease severity, and which can be increased
during exercise,®’ requiring a higher minute
ventilation.'* Additionally, airway obstruction

may be present due to mucus within the airways
with or without airway hyper-reactivity, requiring
greater inspiratory airflows generated with greater
respiratory muscle effort to achieve similar
ventilation.

In contrast to healthy individuals who have
significant ventilatory reserve at maximal

exercise, people with CF may have an exercise
ventilation that reaches or exceeds their predicted
maximum.2*® In short, those with more severe

CF may have higher metabolic demands during
exercise due to an increased work of breathing, as
well as a higher ventilatory rate, due to increasing
physiological dead space. Such factors, coupled
with an inability to increase minute ventilation
during exercise due to lung disease, contribute

to ventilatory limitation being the principal factor
determining exercise capacity in these individuals.

There are non-pulmonary consequences of CF
that may also affect exercise capacity. Peripheral
muscle weakness is common in people with CF,
particularly in the lower limbs2%°-2%t and can have
a significant impact on exercise tolerance and the
capacity to undertake activities of daily living.?32262
However, physical activity alone cannot explain
these changes.?*? Other structural and functional
changes in skeletal muscle are evident in people
with CF,260.262-265 for which several contributing
factors have been proposed. CFTR is expressed in
skeletal muscle cells?%* and lack of CFTR in skeletal
muscle has been shown to predispose mice with
CF to muscle wasting and diaphragm muscle
pump failure.?®® Reduced antioxidant capacity,
due to increased systemic inflammation and/or
oxidative damage, may also lower mitochondrial
efficiency.?%’

CFTR is also expressed in human vasculature and
vascular endothelial dysfunction is associated with
a poorer VO,a in young people with CF.268269
Additionally, there is evidence of heart involvement
in children and adults with CF,?° which may be
related to dysfunctional CFTR.?”*

5.2 Changing landscape

With CFTR modulators now being available for
most people with CF in the UK, the landscape of
CF is changing rapidly. Many individuals with CF
benefiting from CFTR modulators are experiencing
a reduction in symptom burden, exercise limitation
and, for some, self-selected treatment burden.
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There has been an associated increase in fat mass,
but the impact on exercise capacity is unclear.

Increasingly, different methods to measure body
composition are being used in clinical practice to
measure fat-free mass and fat mass which provide
a more accurate measure of nutritional status than
the traditionally used measures like weight and
BMI.2% This is evolving dietetic practice and not
available routinely in all centres but can be used
to direct targeted exercise programmes and
monitor sequential change.

With or without body composition, there is likely
value in the CF physiotherapist joint working

with CF dietician to deliver targeted coordinated
exercise and diet advice, where the specialist CF
dietitian can give individualised nutritional advice
on appropriate diet for type and intensity of
exercise. This may include advice on carbohydrate,
protein and fluid intake alongside appropriate
timing before and after exercis e.

Those benefiting from CFTR modulators can
experience the long-term health benefits of

being physically fit and active, including helping

to maintain a healthy weight, and preventing or
minimising the impact of many non-communicable
diseases. Those not able to benefit from CFTR
modulators can continue to experience the known
benefits of physical activity and exercise in CF,
including maintaining health and function, slowing
the progression of lung disease and prolonging
survival.

5.3 Evidence for
recommendations

In 2022 a systematic review?*? concluded that
physical activity interventions probably have a
positive effect on exercise capacity,?> but little
or no effect on lung function and health-related
quality of life. However, the evidence for this was
of lower quality highlighting the need for more
research studies, with improved designs and
conducted over longer duration.

Evidence from smaller studies has demonstrated
both physical activity and exercise to be beneficial
for people with CF, with high physical activity levels
associated with improved aerobic fitness®’? — an
important prognostic indicator.t76-178189273 Being
more active is associated with improved pulmonary
function,?’? glycaemic control?* and bone mineral
density.?’>276 Structured exercise training has also
been shown to slow the typical decline in lung
function,?”” or even result in an improvement in
lung function in some cases.?’8%”° There is also
evidence that appropriate exercise training can
improve exercise capacity,?’® quality of life28028t

and mucociliary clearance.?®?

It is currently considered part of standard

CF care to encourage a physically active
lifestylel72252-254283.284 and physical activity and
exercise should be part of the routine management
for people with CF at any age. Regular advice and
education on frequency, intensity, duration and
type of activity should be initiated from diagnosis in
order to ensure fitness levels are maintained. This
should, where possible, be informed by exercise
testing (see section 4.3 for more details).

5.4 Potential exercise-related
risks

Exercise appears to be relatively safe for most
people with CF, with adverse events such as cardiac
arrhythmias, pneumothorax, and hypoglycaemia
associated with exercise occurring in less than 1%
of around 1,000 from a survey of 37 CF Centres.?®
However, contraindications to exercise do exist and
may be absolute or relative, and are more common
in people with CF with more advanced disease and
additional complications and comorbidities such as
CFD and CF liver disease (enlargement of liver and/
or spleen).

Exercise type is an important consideration, with
the following documented to present specific
risks:

e Exercise at high-altitude may increase the risk
of desaturation and right heart failure.2%628”

e Diving may increase the risk of pneumothorax
especially in patients with more severe disease.?8¢

o Contact and combat sports should be avoided
in people with CF with advanced lung disease,
liver disease, a portacath, and those at risk
of fractures, for example due to low bone
density.288

5.4.1 Oxygen desaturation

People with CF with more severe disease may
be at increased risk of exercise-induced oxygen
desaturation and may require assessment for
supplementary oxygen to ensure saturation levels
are maintained above 90% during exercise.?8%290
This will improve performance and recovery and
help prevent the development of pulmonary
hypertension and/or cor pulmonale. Whilst there
is limited evidence of safety and efficacy of NIV
during exercise, two small studies suggested
that the use of NIV during exercise may result in
improved ventilation and oxygenation in people
with CF, although impact on duration of exercise
was varied.29+2%2
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5.4.2 Resistance training in young
people

Despite concern regarding resistance training
for young people, there is limited evidence on
the incidence of injuries during strength training
in children and adolescents. Rather, as outlined
in the International Position Statement on Youth
Resistance Training,?* there is a compelling body
of scientific evidence to support participation in
appropriately designed youth resistance training
programmes that are supervised and instructed
by qualified professionals.

Resistance training prescription should be based
according to training age, motor skill competency,
technical proficiency and existing strength levels,
and the biological age and psychosocial maturity
level of the young person should be considered.?%
In line with international guidelines, youth
resistance training should focus on developing the
technical skill and competency to perform a variety
of resistance training exercises at an appropriate
intensity and volume, while providing young people
with the chance to engage in programmes that are
safe, effective and enjoyable.?** Given the increased
risk of osteopenia or osteoporosis in people with
CF, the fracture history should be determined in
each individual.

5.4.3 Renal considerations

Care must also be taken with the use of muscle-
building protein supplements, as the renal handling
capabilities for these may be altered in CF.
Furthermore, these renal handling capabilities

may be challenged at times iatrogenically by

the use of nephrotoxic drugs.

Creatine is one of the most popular nutritional
ergogenic aids for athletes, which has consistently
been shown to increase intramuscular creatine
concentrations, which can improve exercise
performance (particularly during high-intensity
exercise) improve training adaptations, and

aid post-exercise recovery. However, in the

CF population, creatine may also pose renal-
related risks when taken alongside of intravenous
aminoglycosides, with anecdotal cases of acute
renal failure reported.

5.4.4 Sodium deficiency

It is well known that people with CF are at an
increased risk of sodium deficiency. Increased
sweat production and salt losses may increase the
risk of dehydration and hyponatraemia, particularly
during prolonged exercise or in warm conditions.
Low salt levels may also reduce thirst perception
and reduce fluid intake during exercise. Since

dehydration can cause tiredness, headaches,
dizziness, muscle weakness and may contribute

to thicker sputum making airway clearance more
difficult, education on this topic is important before
an individual with CF begins or changes an exercise
programme.

Pre-exercise assessments of hydration status such
as urine colour charts should also be considered
to help plan activity fluid and salt intakes. There

is a lack of evidence available to guide individual
sodium requirements for people with CF and no
exercise-specific recommendations, however

this should be discussed with the dietician where
possible. Individual needs may vary and should

at present be guided by signs and symptoms of
sodium depletion, dietary intake, exercise level and
individual sweat rate.’®° Little is known regarding
how CFTR modulator therapy may alter the sweat
and thermoregulatory responses of people with
CF and further research is needed in this area.

Salt supplementation may be considered.

5.4.5 Hypoglycaemia and CFD

Hypoglycaemia during exercise is a recognised risk
for individuals with CFD, particularly in combination
with insufficient caloric or carbohydrate intake.
Education delivered by the CF MDT is essential.

Where feasible, self-monitoring of blood glucose
should be encouraged alongside appropriate
adjustment of caloric and carbohydrate intake
based on the planned activity.

In accordance with the CF Trust Management
of CFD guidelines ,**? the following should be
considered for individuals who are prescribed
insulin or oral hypoglycaemic agents:

 Liaise with CF Diabetes team to provide tailored
advice and support to optimise safe exercise
participation.

e Ensure that no more than three hours have
elapsed since the previous meal and that meal
contained adequate carbohydrate.

¢ Maintain adequate hydration before, during, and
after exercise.

e Ensure appropriate snacks and fast-acting
carbohydrate are readily available during and
after exercise to treat hypoglycaemia if required.

e Where possible avoid injecting insulin in areas
heavily involved in the exercise, such as the
thighs and gluteal muscles.

Blood glucose levels should be checked and
recorded before, during, and after exercise,
with appropriate action taken to prevent
hypoglycaemia.
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+ Be aware that delayed hypoglycaemia may occur
up to 24-36 hours post-exercise, and continued
monitoring during this period is advised.

e Sharing and reviewing exercise-related glucose
data can support ongoing self-management.

» Blood glucose should be >4.0mmol/L before
undertaking intense exercise.

 If pre-exercise blood glucose is <7Z.0mmol/L, a
10g carbohydrate snack (such as a banana or
biscuit) is recommended prior to starting activity.

5.5 Exercise Training
recommendations

Every person with CF should have access to
individually tailored exercise programmes that are
frequently re-evaluated. Advice and counselling
should be developed with the individual and be
directed by exercise capacity testing (see section
4.3), physical activity monitoring and appropriate
physical activity counselling. The guidelines below

aim to offer a general practical guide to exercise
training recommendations for people with CF,
however those with more specific sport and
exercise goals should seek more individual input.

Table 2.
Type of 1-6 years 7-12 years 13-19 years > 19 years
activity
Habitual PA 60 mins/day 60 mins/day 60 mins/day 150 mins
180 mins/day in a Variety of activities | Variety of activities (preferably 300)/
. ) . . . week
variety of different enjoyed, preferably | enjoyed, especially
developmentally as a family with family and Variety of activities
appropriate friends of choice
activities
Aerobic No formal program | 30-60 mins 30-60 mins 30-60 mins
exercise recommended, but | MVPA/day MVPA/day MVPA/day
should perform o o o
full-body activities (at least 70% HRya) | (at least 70% HRay) | (at least 70% HR o)
that increase Especially if Especially if Especially if
breathlessness using for airway using for airway using for airway
and heart rate clearance (must clearance (must clearance (must
also huff/cough) also huff/cough) also huff/cough)
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Table 2. continued

Type of 1-6 years 7-12 years 13-19 years > 19 years
activity
Resistance No formal program | Exercise with own Formal RT Formal RT
training recommended, but = body weight glmed 2_3 session/week 2_3 session/week
should perform at strengthening
activities using muscles and bones | P€" muscle group per muscle group
bodyweight to (e.g. calisthenics) 1-3 sets 1-3 sets
develop. strength most days 8-12 reps 8-12 reps
(€.g. calisthenics) If interested, begin
2-3 times/week - 70-85% 1-RM 70-85% 1-RM
formal weight
training under Incorporate limb Incorporate limb
good supervision, and trunk muscles and trunk muscles
focusing on
learning good
technique first
(2 times/week)
Other Encourage Encourage Encourage muscle | Adapt for
outcomes normal motor normal motor activities to help disease-related
development, development, prevent or minimise | complications (e.g.,
including agility, including agility, postural control CFD, low bone
balance and balance and density)
coordination coordination

Adapted from Swisher et al*** and incorporating
WHO physical activity guidelines as referenced

in Southern et al.”’?2 HRw., Maximum heart rate;
MVPA, moderate-to-vigorous physical activity; RT,
resistance training; 1-RM, one repetition maximum.
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5.6 Other types of exercise
5.6.1 Yoga

Yoga is an ancient mind-body practice which has
its origins in the Indus Valley. The physical practice
of yoga (known as Hatha yoga) is only one element,
but it is what is commonly recognised as yoga in
the West and therefore what is discussed here.
Yoga combines breathing exercises (pranayama),
physical postures (asanas), and relaxation and
mindfulness techniques.

Although there is a growing body of evidence for
yoga in the non-CF population there have only
been three pilot studies undertaken in CF. Two of
these pilot studies have been presented in abstract
form have shown that yoga is safe and tolerated
in adolescents and young people with CF,2** and
can lead to improvements in posture, chest wall
excursion, lower extremity muscle performance
and self-perceptions of body weight.?*> The final
study was published and showed yoga reduced
immediate anxiety and joint pain in people with
CF between the ages of seven and 20 years.>%®

Some physiotherapists in the UK are integrating
yoga into their clinical practice and report
benefits including improvements in:

¢ low back pain

» thoracic kyphosis

e stress incontinence

e ease of airway clearance
e body image

e body awareness

e breath awareness

e cardiovascular fitness

e anxiety

e sleep

o disease mastery.

There are a wide range of different types of yoga
practices including Anusara, Ashtanga, Bikram,
lyenga, Jivamukti, Kundalini, Restorative, Vinyasa
and Yin yoga. Practices vary in sequencing, asanas,
use of props, the duration of how long poses

are held for, the temperature of the room and
philosophical focus.

5.6.2 Pilates

Pilates is a series of carefully controlled movements
that aim to strengthen the body in an even way,
with particular emphasis on strengthening the

core muscles and using controlled breathing in

time with the exercises. Pilates exercises can be
performed in a 1:1 or group environment and are
done on a mat or using special equipment, such
as blocks and supports.

The suggested benefits of Pilates include
improved body awareness, postural alignment,
tone, strength and flexibility. The main principle
of Pilates (building core strength) has been used
in conventional physiotherapy for decades and
many physiotherapists currently use Pilates-based
exercises in their own clinical practice alongside
other techniques for the treatment of low back
pain and neurological conditions.

Upon review of the literature there are no research
trials which solely evaluate the benefits Pilates

for people with CF. However, in 2016, nine out

of the 39 CF Centres who responded to the
complimentary therapy questionnaire reported that
they use Pilates in their clinical practice and find

it beneficial for posture, fitness, MSK pain relief,
airway clearance, breathing control and relaxation.
In 2019 a qualitative study of UK CF MDTs regarding
the promotion of physical activity for adolescence
with CF noted Pilates was an example of exercise
used in this group.?®” However, no further
recommendations were given.

5.6.3 Tai chi

Tai chi is a Chinese form of meditative movement
which combines slow, choreographed movements
with deep breathing and mindfulness. Research
suggests tai chi can improve physical and
emotional wellbeing for various chronic conditions
including arthritis, low bone density, heart disease,
hypertension and sleep problems. Benefits include
increased muscle strength, improved flexibility, pain
and balance, and mild aerobic benefits depending
on the speed and size of the movements.

Two studies have been conducted in the CF
population to date.??®2%° The initial study by Lorenc
was a small sample pilot feasibility study with
seven people with CF which showed no adverse
effects and suggested that tai chi may reduce CF
treatment impact, improve respiratory symptomes,
self-efficacy and sleep.?®® The second was the
follow-up to Lorenc’s study, and was a randomised
comparative effectiveness trial. Twenty-six adults
and fourteen children with CF participated in eight
tai chi lessons over a three-month period, either
via videoconferencing or face-to-face. Tai chi was
found to be safe and well-tolerated. It was feasible
to deliver individual lessons via videoconferencing
and it appeared to improve self-reported
symptoms such as sleep, day and night-time,
stomach ache and breathing.?*®
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5.7 Recommendations

5.7.1 Physical activity

Young children with CF should perform regular,
developmentally-appropriate physical activity for
at least 60 minutes per day (QoE — high).

Older children and adolescents with CF should
perform at least 60 minutes of moderate-to-
vigorous physical activity per day (QoE — high).

Adults with CF should perform 150-300 minutes
(2.5-5 hours) or more of moderate-to-vigorous
physical activity per week and should seek to
include a mix of aerobic and resistance training
(QoE - high).

Those who are inactive or limited in their
physical capacity should be encouraged to
accumulate 10-minute bouts of physical activity
throughout the day (QoE — moderate).

All individuals with CF should be encouraged
to reduce sedentary time (QoE — high).

Pre-school aged children should reduce screen
time to a maximum of one hour per day
(QoE - high).

5.7.2 Aerobic exercise

Young children with CF should perform regular,
developmentally appropriate physical activity for
at least 60 minutes per day (QoE — high).

Children and adolescents with CF should
perform 30-60 minutes, three times per week
or more of aerobic exercise at an intensity of

at least 70% maximum heart rate to improve
fitness — this can also help to meet daily physical
activity targets (QoE — moderate).

Adults with CF should perform 30-60 minutes,
three times per week or more of aerobic exercise
at an intensity of at least 70% maximum heart
rate) to improve fitness — this can also help

to meet daily physical activity targets

(QoE — moderate).

Patients should be educated regarding the
clinical importance of high aerobic fitness levels
(QoE — moderate).

Patients should be educated on the difference
between moderate and vigorous intensity
physical activity and aerobic exercise and on
the use of subjective measures of exertion, for
example validated scales to assess exertion
and/or breathless (QoE — low).

5.7.3 Exercise intensity definitions
Moderate-intensity physical activity definitions

The individual is exercising at 40-59% of their
peak aerobic capacity (VOgpear) as measured
during CPET (QoE — moderate).

The individual is exercising at a self-reported
perceived exertion rating of 11-13, as measured
on the Borg perceived exertion scale (a valid 15
item scale [range 6—-20] for exercise prescription;
see Appendix le) (QoE — low).

The individual is exercising at a rating of
perceived breathlessness between 3-4
as measured using the modified Borg
breathlessness scale (range 0-10; see
Appendix le) (QoE — low).

Vigorous-intensity physical activity definitions

The individual is exercising at 60—-85% of
their VO,peak s measured during CPET
(QoE — moderate).

The individual is exercising at a self-reported
perceived exertion rating of 14-16, as measured
on the Borg perceived exertion scale (see
Appendix le) (QoE - low).

The individual is exercising at a rating of
perceived breathlessness of 5—-6 as measured
using the modified Borg breathlessness scale
(range 0-10; see Appendix le) (QoE — low).

5.7.4 Resistance exercise

Adults with CF should undertake resistance
exercise as a complement to and not a
replacement for cardiorespiratory (aerobic)
exercise (QoE — moderate).

Adults should be advised to undertake resistance
exercise on two or more non—consecutive days
of the week (QoE - low).

Weight training should be regarded as the
preferred mode of resistance exercise to
optimise the health benefits and monitor
progression. Alternative modes of resistance
training may be considered such as using body
weight, resistance bands, free weights, medicine
balls or weight machines (QoE — low).

Resistance training should incorporate both
upper and lower limb exercises that target the
major muscle groups (QoE — moderate).

To improve muscular strength a load should be
selected that equates to 70—-85% of the person’s
1-RM (1-3 sets, 8—12 reps for each exercise).

To improve muscular endurance a load should
be selected that equates to less than 70% of the
patients 1-RM and more repetitions performed
(QoE — moderate).
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¢ In the absence of the person’s 1-RM, a resistance
(weight) should be selected that brings about
local muscular fatigue after the desired number
of repetitions for each exercise (QoE — low).

¢ Respiratory muscle training may be considered
(QOE — low).

5.7.5 General exercise recommendations

e Individuals with CF should be made aware of any
increased medical risks associated with specific
exercise or sporting activities (QoE — moderate).

» Specific types of strength training (such as power
lifting, body-building and maximal lifts) should
be avoided until physical and skeletal maturity
(QoE — moderate).

» Specific guidance should be given on fluid-
replacement and dietary or insulin requirements
when appropriate (QoE — moderate).

e People with CF who exhibit desaturation will
be assessed for supplementary oxygen during
exercise (QoE — moderate).

¢ High-intensity interval training may be
considered in people with CF who have achieved
the recommended amount of physical activity
for more than six months (QoE — moderate).

e All individuals with CF who have expressed a
desire to become more physically active should
be offered support and advice (QoE - low).

e Adults with CF may benefit from incorporating
activities to maintain and/or improve posture
and flexibility on most days of the week
(QOE — low).

5.8 Good practice points

Physical activity and exercise should be part
of the routine management for people with
CF at any age for health and a good quality
of life.

People with CF should be made aware of
the health benefits of a physically active
lifestyle and the physiological principles
that underpin exercise training.

A recommended exercise programme
should be offered to all people with CF
who request one

Recommended exercise programmes
must consider:

- motivations and goal

- current level of physical activity
and ability

- health status

- circumstance

- preferences

- barriers to being physically active.

People with CF should be advised to
minimise the time spent inactive for
extended periods of time, particularly
during periods of clinical stability.

A structured exercise programme will be
offered to patients who have MSK disorders
that are likely to benefit from exercise
training.

Alternative exercise options such as pilates,
yoga and tai chi can be considered for
people with CF and may provide exercise
options throughout the spectrum of CF.
Qualified instructors are recommended
who will be able to adapt the class to an
individual's needs.
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6. Airway clearance techniques

6.1 Introduction

Airway clearance techniques (ACTs) aim to
optimise mucociliary clearance of viscous
secretions to prevent or reduce distal airway
obstruction. These interventions are considered

a mainstay of treatment for people with CF and
have been considered essential for all, ideally
starting from diagnosis. However, the advent of
CFTR modulators has seen a significant reduction
in sputum production for those who are currently
eligible and able to tolerate, with some people with
CF questioning the need to continue ACT,*%° whilst
others and their caregivers consider ACT important
to maintaining their health despite new therapies.3%

Current research on the effectiveness of CFTR
modulators is based on use alongside traditional
interventions such as ACT, and the long-term
effects of these medications are unknown.
Additionally, as there is a paucity of reliable
research on the effectiveness of ACT within

this demographic, due to the complexities

of physiotherapy design protocols,®? it would
therefore be unwise at this current time to alter
ACT practise without robust evidence to support
this, especially in those with established airway
disease.

Priority research questions have been identified

by the James Lind Alliance for people with CF

and include how to simplify treatment burden,
identifying which therapies are effective in delaying
and preventing progression of lung disease in
early life, and whether exercise is an effective
replacement for traditional ACT. As further
unequivocal evidence is required it is important
that physiotherapists continue to empower people
with CF to monitor their symptoms and adjust
interventions as symptoms fluctuate.

Adherence to airway clearance tends to be
lower when people with CF have a negative
association with their treatment, such as high
burden, which is then associated with poorer
outcomes. Regular follow-up, including revision
of an individual's knowledge and technique will
help ensure appropriate decision-making is made
collaboratively by the physiotherapist and person
with CF in response to their changing needs.
Additionally, the awareness of need to complete
ACT may have changed for those on modulator
therapy and retraining on self- assessment of
need for ACT is likely to be required. This could
take the form of utilising home spirometry or

the ‘exploratory’ or extended forced expiratory
technique (FET) prior to or following formal ACT
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or exercise to determine whether to initiate or
continue with prescribed clearance routines.

Since available evidence does not favour any
single treatment technique it is important that
individual preference should be highly regarded
when deciding which treatment option to
choose.**? Importantly, a Cochrane review showed
that people with CF preferred self-administered
ACTs that facilitate independence.®® Additionally,
treatment plans need to take into consideration
the person’s age, the physiological effects of the
intervention, individual preference and perceived
burden of treatment.

Whilst treatment options are both discussed here
and often researched individually, combining
different treatments can sometimes make

airway clearance more effective and improve
adherence.®% |t has been suggested that effective
airway clearance has two components: a method
to ventilate behind obstructed lung units and,
secondly, an expiratory airflow of greater than
30-60L/min with a peak expiratory flow to peak
inspiratory flow of ratio of 1:4.3%4 Additionally, to
optimise the effects of ACT airways should be
hydrated and dilated prior to initiation through
appropriate methods and medication.

6.1.1 Research recommendations

» Safe and effective titration of ACTs with the
use of CFTR modulator therapy population.

¢ Development of outcome measures which
support titration of ACTs, especially within
populations with poor lung function and
established bronchiectasis.

e Further understanding of the changing attitudes
of people with CF towards ACT so that
physiotherapy services can remain dynamic and
meet the needs of an ever-diverse population.

6.2 The Active Cycle of
Breathing Technique

The Active Cycle of Breathing Techniques (ACBT)
consists of three components:

1. Breathing control

In the initial stage of ACBT, the individual performs
tidal breathing (gentle relaxed breathing) using the
lower chest with a slower flow, but at their own
respiratory rate.3%®
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Relaxing the shoulders and upper chest muscles
encourages diaphragmatic breathing. Inspiration
is ideally through the nose.*%¢ Breathing control
is incorporated to allow rest periods and prevent
bronchoconstriction between the more active
parts of ACBT.3%”

2. Thoracic expansion exercises (TEEs)

TEEs are deep active inspirations to full capacity
with a passive unforced expiration, repeated to

a maximum of four breaths at a time.3%” A three-
second hold at full inspiration keeping the airway/
glottis open should be encouraged. This allows
improved ventilation to all areas before then
passively breathing out.

Increasing the lung volume above tidal breathing
reduces collateral ventilatory resistance,
allowing air to flow behind secretions aiding
their mobilisation, while forces exerted between
adjacent alveoli also aid lung re-expansion.3°®

If secretions still need to be mobilised after thoracic
expansion exercises, a further set of these deep
breaths can be repeated after a period of breathing
control before the FET. No more than four TEEs

are recommended prior to breathing control to
prevent patient fatigue and hyperventilation.3%°

3. Forced expiration technique (FET)

The FET, also known as a 'huff’ is an active forced
expiration completed with a rounded mouth
shape and open glottis, which is repeated once or
twice with breathing control in-between.>%” This
can be done at various lung volumes to help with
expectoration with minimal effortful coughing,3°
starting with a mid-to-low-lung volume breath
mobilising peripheral secretions, then a high- to-
mid-lung volume breath to move more proximal
secretions.

FET has been reported in the literature as “probably
the most effective part of chest physiotherapy”*
and is now often independently incorporated

into other airway clearance techniques or

exercise regimes to ensure effective secretion

Clea raﬂce.112'127'312_314

ACBT can be adapted in terms of session length
and position according to individual need, but
each component of the cycle should be clearly
defined. It is considered a simple technique which,
once learnt, is not dependent on a device or

on carer assistance, which minimises treatment
burden3®® whilst promoting independence. This
can be introduced as huffing games with children
from around two years old*% and full ACBT can be
taught to people with CF from as young as four
years of age,2 depending upon the individual.

Although current evidence does not show that
the effects of ACBT are enhanced by the addition

of devices such as PEP3® the Flutter®,3336 or

high frequency chest wall oscillation (HFCWO)

the vest, 3 it is possible to combine ACBT with
adjuncts, PD, or manual techniques which

may suit individual preference and should be
considered.®*37318 |n severe infections or end stage
disease, ACBT can be combined with NIV or other
positive pressure support with setting modification
to support deep and tidal breathing.304305 ACBT
can also be utilised with the necessary advice,
supervision and monitoring following haemoptysis
or pneumothorax once the individual is medically
stable.

6.2.1 Research

Current literature includes both short and long-
term studies with a recent Cochrane review
concluding that there was insufficient evidence
to support or reject the use of ACBT over any
other airway clearance technique.”690302 ACBT
was comparable with other airway clearance
techniques in terms of individual preference,
pulmonary function, quality of life, exercise
tolerance, oxygen saturations and occurrence
of infective exacerbations®® and has been
found to not increase hypoxeamia®® or air flow
obstruction.®® Further long-term evidence is
required to assess ACBT in terms of PROMs and
objective effect, especially with the introduction
of CFTR modulator therapy.80-20305

6.2.2 Recommendations

e ACBT should be considered when
recommending an airway clearance technique
for all people with CF if they are able to follow
instructions (QoE — low).

e FET should be incorporated into airway
clearance and exercise regimes to enhance
airway clearance (QoE — moderate).

6.2.3 Good practice points

e The use of ACBT should be adapted to
the individual in terms of number of sets of
each component completed and the length
of breathing control rest periods and should
therefore be reviewed regularly.

o ACBT can be tailored to individual needs
and disease stage and used from early
childhood onwards.

e ACBT can be taught to promote
independence with airway clearance and
may be considered less burdensome by
some individuals, depending on their
circumstances and preferences.
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e Combining ACBT with other adjuncts,
taking into consideration patient
disease severity, preferences, lifestyle,
treatment burden, individual tailoring and
effectiveness of treatment combinations
can be advantageous.

6.3 Autogenic drainage

Autogenic drainage (AD) is a controlled breathing
technique, which aims to mobilise secretions from
the peripheral airways into the central airways to
aid expectoration and airway clearance. AD can
be performed in any position to assist regional
ventilation. A person’s preferred posture and
position for performing AD should be optimised
and supported.

6.3.1 Diagnostic breath

At the start of a cycle of AD it is recommended

to clear the nose to enable nose-breathing,
particularly on inspiration.3% The person with CF

is then instructed to complete a ‘diagnostic breath’
consisting of a slow full inspiration followed by a
full expiration. Inspiration should ideally be through
the nose, using the diaphragm and lower chest,
followed by a three second inspiratory pause at
the top of inspiration, keeping the glottis open.
Expiration, ideally through the mouth, should be
active, achieving the highest possible expiratory
flow without causing airway compression or
bronchoconstriction.3t?

Feedback from this diagnostic breath, in terms

of audible crepitations, tactile fremitus and
proprioceptive sensations for the participant,
should then be used to target the next phase of the
AD cycle®% or to indicate the continuation of ACT
if combining with other interventions. Crepitations
or fremitus detected at the start of the diagnostic
breath out is said to represent secretions in the
central airways, while crepitations or fremitus
detected towards full exhalation are said to
represent secretions in the peripheral airways.

6.3.2 Tidal volume breaths

The main part of the AD cycle consists of tidal
volume-sized breathing, carried out at differing
lung volumes (low, mid, or high), aiming to
maximise expiratory flow at that generation of

the bronchial tree to mobilise secretions from
those parts of the airways.3?° At all lung volumes
inspiratory flow rates are encouraged to be slow,
quiet and gentle while expiratory flow should be as
high as possible while avoiding airway closure 3232

Depending upon where secretions were detected
in the diagnostic breath, the participant will start
their breathing at that level to further mobilise
secretions from that area, for example crepitations
heard at low lung volumes will lead to the
participant exhaling fully to focus on ‘unsticking’
secretions from the peripheral airways. Mid-lung
volume breathing can then be used to ‘collect’
secretions moved to the middle airways before
high-lung volume breathing (full inspirations) works
to ‘evacuate’ secretions from the proximal central
airways to the upper airway and mouth.

Once secretions have been mobilised to the
highest level they can be cleared with FET and
coughing. Ideally the AD cycles would be repeated
until the participants airways feel as clear as
possible, 305312 until fatigue prevents the completion
of a good technique or as the individual's need
defines.

It is possible to combine AD with adjuncts such
as PEP or NIV (in end-stage disease or severe
infections) to support the needs of the individual.
Additionally, a recent small study has reported
good outcomes from AD combined with the novel
therapy Simeox® singularly, or more beneficially
with a strap. While this may be beneficial to some
individuals, the physiological basis of AD should
be considered, and settings adapted as required.
It is possible to utilise AD following haemoptysis
or pneumothorax once the individual is medically
stable and with the necessary advice, supervision
and monitoring.

6.3.3 Assisted autogenic drainage (AAD)

It has been reported that children over the age of
eight can be taught AD.”° However, the individual
should be assessed in terms of maturity and
readiness to learn as some children may not have
the focus and concentration required.>°5%2! |t is also
possible to use the principles of AD with younger
children or patients who are unable to complete
independent techniques.®? This is often called
assisted AD or AAD 323324

Breaths at differing lung volumes can be achieved
by applying gentle manual pressure to the chest
during inspiration; in expiration the breathing
motion of the individual is followed.3%5324 As with
AD, feedback from audible crepitations or airway
closure alongside tactile fremitus is important to
target therapy.*¢3% The abdominal wall should

be stabilised during AAD to avoid paradoxical
movements.3® Clearance is completed with a
spontaneous cough.3%

AAD is often combined with therapeutic exercise
such as bouncing on an exercise ball.>05%2* Trials
investigating AAD and AAD with bouncing and
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concluded they did not induce gastro-oesophageal
reflux in infants under one year old®?? and even
showed a decrease in reflux within this age group.”

6.3.4 Research and evidence

A 2019 Cochrane review of AD suggests that
while it can be considered an effective ACT which
supports self-management and is comparable

to other interventions, it is challenging to learn
and requires individual effort and commitment.
Therefore, consideration should be given to

the age of the individual and whether this is

being supervised or regularly reviewed by a
physiotherapist.3?°

Most of the research into AD has compared its
efficacy with other airway clearance techniques
such as ACBT, oscillating PEP (OPEP), PEP and high
pressure PEP. A 2017 Cochrane review reported
there were no statistically significant differences
between AD and other airway clearance techniques
in respect to changes in outcome measures such
as FEV1, Qol, sputum weight, hospital admissions
and intravenous antibiotic use.?® Two short-term
studies have also suggested that performing AD led
to fewer episodes of oxygen desaturation.??” One
study reported patient preference for AD over PD
and percussion’®, however another concluded that
AD did not affect the rheology of sputum, and so
may not be an optimal ACT for people with viscous
secretions.>® Additionally, a further trial suggested
AD may be a preferable technique for individuals
exhibiting airway hyperreactivity.3¥’

A single session of AD has been shown to decrease
peripheral resistance, except in distal airways'*®
more specifically within children with CF with
moderate-to-severe bronchial congestion when
supervised by a physiotherapist.>?> Another study
has compared the effect of a single session of AD
to period of rest in a small sample of CF patients.
They reported a small statistical improvement in
spirometry and a moderate improvement in global
airway inspiratory resistance as measured by the
forced oscillation technique, although distal airway
resistance was unchanged.*®

More recently a study has reported improved
therapeutic effects of AD when combined with
the novel therapy Simeox® and an AD belt (a
supportive belt worn around the lower part of the
thorax during AD) simultaneously versus AD alone,
reporting improvements in spirometry, saturation
and patient comfort which could lead to improved
adherence. However, the limitations of this are
availability and cost of the Simeox® device, as well
as the improvements being found to be greater
within paediatric population under 10.5 years of
age.’? See section 6.9 for more information on
Simeox®.

It can therefore be concluded that the use of

AD will be heavily person-dependent, and further
evidence is required for the short-term and long-
term effects of AD, AAD and the additional benefits
of AD combined with adjuncts. Such studies should
aim to utilise more robust outcome measures,
including PROMs, in both adult and paediatric
populations.”0325327

6.3.5 Recommendations

e AD should be considered when choosing an
airway clearance technique for people with CF
who are able to follow instructions (caution
should be taken with children under the age
of eight) (QoE - low).

e There is evidence to suggest that AD is as
effective as other airway clearance techniques
(QoE — low).

e Consider AD in individuals with airway
hyper-reactivity (QoE — very low).

e Regular assessment of AD should be
completed to ensure effectiveness of
technique (QoE — very low).

e The physiological principles of AD should be
considered when combining AD with adjuncts
or positive pressure support (QoE — very low).

6.3.6 Good practice points

¢ AD should be taught by a trained
physiotherapist who can adapt the
technique to the individual's needs.

e AD can be considered for use as an
independent ACT at all stages of lung
disease. Any person with CF performing
AD should be assessed for their ability
to complete the different lung volumes
required without shortness of breath.

« AD or AAD where appropriate, can be
considered as an ACT, tailored to individual
needs and development stage.

¢ AD may be helpful in treating individuals
with reactive or hypersensitive airways.

¢ AD has minimal contraindications for use
and should be considered when selecting
independent ACTs.

e Combining AD with adjuncts such as
PEP, NIV or Simeox® and AD belt can
be helpful for patients who need extra
support. Physiotherapists should ensure
the physiological principles of AD are
complemented by adding the adjunct
and assessing the combination’s effect.
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6.4 Positive expiratory
pressure (PEP)

The use of resistance when breathing out

creates a positive expiratory pressure (PEP),

which can be used to enhance the mobilisation

of bronchopulmonary secretions. PEP breathing
generates a temporary increase in FRC by
breathing through a closed system, increasing
interdependence between alveoli, facilitating
collateral ventilation and therefore recruiting
previously obstructed airways. It is useful in those
with unstable airways, as it evens out ventilation
and splints the airways avoiding collapse.3*® The
peak expiratory flow rate/peak inspiratory flow rate
(PEFR/PIFR) ratio with PEP is 0.47, so periods of PEP
breathing are frequently combined with AD, the
FET and cough to facilitate airway clearance. 33033

6.4.1 Low pressure PEP

Clinically, low pressure PEP is the most used form
of PEP and may be applied via a mouthpiece or
mask. it is usually in the sitting position®! but

may also be performed in positions that increase
ventilation such as supine or side lying.3°> Breathing
through the device should be at tidal volume

with only slightly active expiration (not prolonged
or forced).3* A manometer should be inserted
between the expiratory valve and the resistor

to measure mid-expiratory pressure to allow
selection of the appropriate level of expiratory
resistance.®** The appropriate resistance is one
which achieves a stable mid-expiratory pressure
of 10-20cm H,0.883%2 Each cycle should be 12-15
breaths to maintain FRC.33° The developers of

PEP recommend using PEP with a mask to avoid
leaks via the upper airways and mouth; using a
mouthpiece does not increase FRC.88

Several short-term and long-term (over

one year) studies have compared low

pressure PEP with other methods of airway
clearance 658091112.127331.334-338 A gystematic review
of PEP in CF reported that in short or long-

term studies no significant difference had been
demonstrated between PEP and other ACTs with
reference to pulmonary function, exercise capacity
or QoL .81889052116304339 | onger-term studies
comparing PEP with other ACTs show equivocal
or conflicting results in terms of FEV,,86889192116 A
significant reduction in respiratory exacerbations
requiring antibiotics was demonstrated in those
who used PEP compared to HFCWO over a one-
year period.881?73%4 One study demonstrated that
whole lung mucociliary clearance was greater
when using PEP compared to treadmill exercise,
but there was no difference in peripheral lung
clearance between the two interventions 112304
Another study in children showed that airway

clearance with PEP and AD prior to exercise led

to improved ventilatory dynamics.!¢ A systematic
review showed larger sputum weight with PEP and
FET compared to control but no change in mucus
transport rate.®

A systematic review by Cochrane in 2023 found
that individuals prefer self-administered ACT such
as PEP and OPEP and supported the benefits of
independence with ACT using the PEP device.
Preference for PEP has been reported in several
studies,663043313353%7 glthough the quality of many
of these studies is reported as low.1®

6.4.2 High pressure PEP

High pressure PEP involves forced expiratory
manoeuvres against resistance, creating a high
expiratory pressure, increasing FRC and end
expiratory flow.**® The same mask for low pressure
PEP is used with a different manometer equipped
to measure higher pressures (typically 40-100cm
H,0).90305

The individual takes 8-10 breaths at moderate
tidal volume while sitting, then inhales to total lung
capacity before performing a forced expiratory
manoeuvre against the resistance to residual
volume. This normally results in them coughing
from low lung volumes and expectorating
secretions. This is repeated until the cough is

dry and no more secretions are produced.30534

The appropriate resistance is calculated by
connecting the outlet of the PEP mask to a
spirometer and should be routinely assessed at
clinics or more frequently on initiation of the
technique. The individual should perform forced
expiratory manoeuvres through different sized
resistors where the resistor is chosen based on
the maximal expiratory flow through all lung units
which is demonstrated by interpretation of the
flow-volume curve 3%

A short-term study found high pressure PEP
yielded greater sputum volume when compared

to AD. Improved lung function parameters were
also found but did not exceed those achieved after
AD and were associated with significantly lower
sputum yield in those with airway hyperactivity,
leading the authors to conclude that high pressure
PEP may induce bronchoconstriction and should
be preceded by the use of a bronchodilator, or that
another available airway clearance technique such
as AD should be considered.??”3% A long-term study
concluded high pressure PEP resulted in improved
lung function and greater sputum yield, as well

as decreased airway instability and hyperinflation
when compared to conventional physiotherapy.43
There have been no recent studies conducted in
this area.
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Pryor and Prasad advise this technique takes a
considerable amount of effort and therefore would
not be suitable for someone who tires easily.>

6.4.3 Infant PEP (iPEP)

The use of PEP has also been investigated in
infants and is reported to be as effective as PD
and percussion.%® This technique uses a soft face
mask which is placed on the baby’'s face and gives
a small amount of back pressure to the airways
when the baby breathes out, helping to open the
airways and clear any mucus. There is no specific
guidance to resistor selection when using PEP
with babies; the assumption is that appropriate
resistance is one which achieves an approximate
mid-expiratory pressure of 10-20cm H,O when

a manometer is situated within the circuit.88332 A
study conducted in 2020 reviewed PEP pressures
achieved by a wide range of babies and children
under the age of four in a CF clinic and found the
mean pressure achieved was only 3.74cm and
pressures above 10cm were not achieved in any
of the babies or children.®” This is backed up by a
recent study in 2024 which concludes that 'iPEP is
a well-established ACT for infants but since there is
little consensus regarding technique, this remains
individual to the individual and their team'.®

6.4.4 Bubble positive expiratory
pressure

A bubble PEP circuit can be made up from a

plastic bottle, tubing and water. The bottle is filled
to 10-20cm in depth. The tubing is placed into the
water and as the individual breathes out against the
resistance of the water, PEP is produced. Breathing
out against the resistance of the water should be
interspersed with FET and cough to encourage the
clearance of secretions. The inner diameter of the
tube should be 8mm to ensure the PEP threshold is
the same as the water column pressure.3#

There appears to be limited research on bubble
PEP available. One study showed that some bubble
PEP devices did not reach the recommended
pressure of 10cm H,O and none reached 20cm
H,O.34

6.4.5 Recommendations

¢ PEP should be considered when recommending
an ACT for all people with CF (QoE — low).

e There is insufficient evidence to support or
refute the use of high-pressure PEP in CF
(QOE — low).

6.4.6 Good practice points

e PEP has not been proven to be any more
or less effective overall than other ACTs.

* The level of the expiratory resistor used
should be regularly re-assessed and may
need to be changed with alterations in
clinical status.

o Appropriate cleaning regimens of PEP
devices as per manufacturer guidelines
should be recommended.

o |f used, treatment with high pressure
PEP must be assessed regularly, by a
physiotherapist skilled in the technique,
due to the high pressures used (40-100cm
H,O).

6.4.7 Research recommendations

o Safe and effective iPEP technique needs
to be established.

6.5 Oscillatory positive
expiratory pressure (OPEP)

OPEP devices produce intra-thoracic oscillations
by creating variable oral resistances that alter
expiratory airflow. This generates controlled
oscillating positive expiratory pressure, which
mobilises respiratory secretions.® Exhalation
through these devices also generates repeated
accelerations of expiratory airflow, both this and
the oscillations have been shown to result in
improved sputum clearance 330346347

Oscillations or interruptions during expiratory
airflow are considered to mechanically reduce

the viscoelasticity of sputum and enhance
mucociliary clearance.®° The intermittent increases
in endobronchial pressure reduce airway collapse
during exhalation, increasing the likelihood

of clearing mucus from the tracheobronchial
tract_89,315,347

Devices used for OPEP:
e Flutter®

- A small plastic device containing a large ball
bearing, which repeatedly interrupts the
outward flow of air.34348

- A three-second breath hold can help ventilate
behind obstructed areas of the lung.34

- PEFR of 68L/minute.
- PEFR/PIFR ratio of 1.15.
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- Oscillates at 15-29Hz.
- PEP of 5-19cm H,0.34¢

- The position of the device can be altered to
change the amount of vibration felt within the
chest, tilting upwards to generate a higher
frequency or downwards to generate a lower
frequency.®®

o Pari OPEP®

- Asimilar device to the flutter working with
the same principle of providing resistance
to expiratory flow with a metal ball bearing,
helping splint airways open.

- Produces oscillations by vibrating at a
frequency equal to 15Hz.

- The position of the device can be altered to
change the amount of vibration felt within the
chest, tilting upwards to generate a higher
frequency or downwards to generate a lower
frequency.®®

e Acapella®

- A flow-operated oscillatory PEP device, which
uses a counterweighted plug and magnet to
generate the oscillatory resistance.#

- It ventilates behind obstructed lung areas by
collateral ventilation.34¢

- Different acapella® systems are available for
a variety of PEP needs:

- Acapella® DH (green) — short-term use

- Acapella® DM (blue) — short-term use;
can be used for patients unable to sustain
expiratory flow greater than 15L/min

- Acapella® choice - long-term use

- Acapella® duet — long-term use; built-in
nebuliser port.3°

- PEFR of 34L/minute.

- PEFR/PIFR ratio of 0.64.
- Oscillates at 13-30Hz.
- PEP of 6-21cm H,0O.3%¢

e Cornet®

- A horn-shaped tube housing a rubber inner
tube.

- The degree of rotation of this inner tube
reflects the resistance generated.

- As the individual exhales through the horn
the inner tube unfurls generating a rhythmic
bending and unbending of the inner tube
within the horn throughout the expiration
phase.>#

e Aerobika®

- A flow-operated OPEP device, which uses
a one-way valve to generate the oscillatory
resistance. !

- The Aerobika® may also be used
simultaneously with nebulised aerosol
drug delivery.

¢ Quake®

- This device oscillates a column of air in
both inspiratory and expiratory phases of
respiration.

- It does not rely on an oscillating valve
like the Flutter® and Acapella®, as it uses
a manually turned cylinder that fits within
another cylinder. Airflow occurs only when
slots within the two cylinders line up.
Therefore, the airflow is interrupted at regular
intervals as the user turns the crank.

- The rate at which the device is cranked
will determine the frequency of the flow
interruption. Since the resulting vibration is
not determined by the users’ rate of flow, the
Quake® theoretically may be more helpful for
people with severe obstructive lung disease
who are unable to generate high PEFRs.3>

Numerous systematic reviews of OPEP devices in
CF report no clear evidence that they were more or
less effective than other forms of airway clearance
and no evidence that one device was superior to
another.88-90304352 \When oscillations are combined
with dornase alfa, there is a significant reduction in
sputum rigidity and cough clearance index.3* One
study comparing four OPEP devices in a simulated
CF model found that each device functioned
differently as more than one repetition of a series
of exhalations are performed.**! They found

that the Aerobika® provided the most consistent
pressure amplitude across resistance settings and
produced the highest mean pressure amplitude

at medium and high resistance.3*> More recently
another study comparing 10 different OPEP devices
concluded that ‘significant functional differences’
exist between OPEP devices making it difficult to
translate improved patient outcomes between
devices.®*

In one RCT, the Flutter® was shown to favourably
alter respiratory flow bias compared to treadmill
exercise.?®2 Morrison and Innes also found some
small but significant changes in sputum volume
and weight and frequency of exacerbations, but
these results were not wholly in favour of OPEP
devices.®!

There is a lack of evidence evaluating OPEP since
the introduction of CFTR modulator therapy.
Going forward as CF may present in a different
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way, clinicians will have to continue to use their
clinical judgement and education of people with
CF on how to monitor for symptoms and alter their
treatment regimens to reflect this.

6.5.1 Recommendations

» Consider oscillatory devices when
recommending an appropriate ACT for a person
with CF (QoE - low).

6.5.2 Good practice points

e OPEP has not been proven to be more or
less effective overall than other ACTs. There
is no evidence that one device is superior to
another.

e People with CF must be instructed in
appropriate cleaning regimens of OPEP
devices as per manufacturer guidelines.

6.6 Extra-thoracic oscillations
— high frequency chest wall
oscillation (HFCWO) vest

Extra-thoracic oscillations are generated by forces
external to the respiratory system, for example
HFCWO. HFCWO consists of an air-pulse generator
connected to an inflatable jacket (or vest) that

fits over the chest.*> Air pulses are transmitted

to the vest, creating oscillations to the chest wall
of 5-25Hz. Physiologically, HFCWO enhances
mucociliary transport by creating a cough-like
expiratory flow bias that shears mucus from the
airway walls,'?” with the associated vibrations
altering the rheological properties of mucus by
decreasing the viscoelasticity and potentially
rehydrating mucus.3*® The HFCWO compressor
can be decontaminated after use as per local
infection prevention and control guidelines. The
vest component is single patient use and must
not be used for any other person.

Evidence for the use of the HFCWO in CF is
variable when considering sputum clearance
measured by wet or dry sputum weight. No
consistent statistical difference between HFCWO
and other ACTs have been demonstrated.313335357-363
When respiratory function is the primary outcome,
there is no evidence to suggest that HFCWO

is superior to other ACTs 313351:357.358364-368 Qne
study demonstrated significant desaturation

using HFCWO compared to PEP in people with
moderate-to-severe disease and recommended
oxygen saturation monitoring.>* There is strong
evidence illustrating an increase in pulmonary

exacerbations and shorter time to next
exacerbation when using HFCWO compared
to PEP over a sustained period of time.*?’

The HFCWO device does not provide any PEP,3%°
therefore in order to ventilate behind secretions it
has been advised that HFCWO should be combined
with either deep inspiratory manoeuvres, three
second breath hold, or a PEP device to achieve
optimal outcomes.**¢ A short-term improvement
in LCI was demonstrated following 30 minutes

of HFCWO compared to control of no chest
physiotherapy. However, this supposed treatment
effect was heterogeneous and not clinically
relevant for the majority of the cohort.1

HFCWO during Nebulisation does not affect
peripheral drug deposition.*® Augmented
ventilation was demonstrated in 15 people with
CF following a single session of HFCWO, as
assessed by a lower end-tidal CO, compared to
no treatment.3%% Assessment of people with CF
with mild lung disease found small but significant
improvements in spirometry measurements but
unchanged mucous plugging on Xe MRI.37

Mobile HFCWO units are now available and effects
are comparable with standard non-mobile units in
terms of sputum volume and weight.** No changes
in lung function were demonstrated following a
single treatment session with either unit. It was
hypothesised that the mobility offered may help
people with CF with adherence but this has not
been proven.

Adherence to HFCWO has been measured

using a novel electronic device, recording daily
timing and duration of use. Adherence was

82% in children, 69% in adolescents and 56%

in adults. As prescribed therapy time increased,
adherence decreased. Assistance with starting
therapy was associated with significantly higher
adherence.*”2 Convenience, efficacy and comfort
were the comparisons evaluated for patient
satisfaction and again results were variable. In
some studies, people with CF preferred the
flexibility of alternative devices but others preferred
HFCWQ,127:313.356-358,360-362375 | ndividual preference
must be considered when formulating an airway
clearance programme and consideration of the
impact a given device may have on a person with
CF at particular stages of their life, especially on
adherence.®°

6.6.1 Recommendations

e ACTs such as PEP and OPEP should be
considered before HFCWO for people
with CF (QoE - low).

e The cost of the HFCWO may be prohibitive,
especially in view of the lack of evidence of
superiority over other ACTs (QoE — high).
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¢ Oxygen saturations should be monitored for
people with CF with moderate-to-severe
disease using HFCWO (QoE — low).

6.6.2 Good practice points

e HFCWO should be considered when a
person with CF is unable to carry out other
ACTs for reasons such as autistic spectrum
disorder, learning difficulties or due to the
severity of their CF.

e HFCWO may be considered as an adjunct
to other ACTs such as ACBT, PEP, where
resources allow and individual preferences
are taken into account.

6.6.3 Research recommendation

o Evaluation of effectiveness of airway
clearance devices alone compared to
airway clearance devices supplemented
by HFCWO.

6.7 Intrapulmonary
percussive ventilation (IPV)

Intrapulmonary percussive ventilation (IPV)

is a mechanical airway clearance device that
combines internal thoracic percussion and
inspiratory pressure through rapid mini bursts of
air superimposed onto a spontaneous breathing
pattern. This causes airway pressures to oscillate
between 5 and 35cm H,O and the airway walls
to vibrate in synchrony with these oscillations.3%*
Expiration against the percussive element of

the device leads to the maintenance of positive
pressure within the airways.?”® IPV can be delivered
either via a mouthpiece or mask.

The proposed methods of action include:

* maintenance of small airway patency, ventilation
and prevention of airway closure and atelectasis

« enhanced movement of secretions

e improved distribution of nebulised medications.

A number of studies have investigated the use of
I[PV in CF, but the evidence is limited and is often
focused on people with CF with only mild or
moderate disease severity. 361374375

A comparative study of IPV and conventional chest
physiotherapy reported no differences between
the techniques in terms of pulmonary function and
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expectorated sputum.369375-377 A single intervention
study compared IPV with conventional chest
physiotherapy and the Flutter® in a randomised
cross-over design concluding that IPV and the
Flutter® were equivalent to conventional chest
physiotherapy in terms of sputum cleared or
change in pulmonary function measures from
baseline.** Both studies included stable children
and adults but the sample sizes were small and
only short-term effects of the interventions were
studied. Similar findings have been found in stable
people with CF in the outpatient setting.>®

A single case presentation of a young person

with advanced CF disease demonstrated the

use of IPV during an exacerbation and displayed
improvements in lung function, reduction in
mucus plugging on CT scan and with continued
use at home, a reduced requirement for future
hospitalisation and requirements of IV antibiotics.
It was also said to improve tolerance of inhaled
mucolytics.*? Conversely one longer-term study
compared IPV to CPT over a six-month period and
found no significant difference in hospitalisations
or use of oral and IV antibiotic use.>’® All individuals
with CF who used IPV for the duration of the study
reported they would continue with the device if
given the opportunity.

A short-term randomised cross-over study
compared the efficiency of IPV with conventional
chest physiotherapy and high frequency chest
wall compression (HFCWC).%¢t All three treatment
regimens had similar short-term efficacy in terms
of sputum clearance with no positive or negative
preference for comfort or convenience.

A Cochrane review concluded that there was
uncertainty as to whether conventional chest
physiotherapy improves lung function compared
to IPV due to very low-certainty evidence. There
was no difference in results for number of days in
hospital for an exacerbation, number of hospital
admissions and number of days of IV antibiotics
when comparing physiotherapy modalities.®

Whilst IPV manufacturers claim improved
distribution of nebulised medications there are
studies which report that, in healthy adults, IPV
produced lower lung deposition of radiolabelled
aerosol and had more inter-individual variability
than a jet nebuliser.38038!

It is advised that the circuit is dissembled and
thoroughly cleaned and disinfected every 48
hours. There are disposable single patient circuits
available, and the non-disposable parts must be
ethylene oxide sterilised, pasteurised, or autoclaved
between patients.

Portable IPV units are available with single patient
consumables, and instructions for on re-use to
avoid stringent cleaning processes for use at home.
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6.7.1 Recommendation

o Consider IPV when recommending an
ACT for adults with mild to moderate CF
(QoE — very low).

6.7.2 Good practice points

IPV is a costly airway clearance device that
requires ongoing purchase of consumables
such as tubing, filters and interfaces and
servicing of the device is recommended at
regular intervals. As a result, these devices
are not considered a convenient long-term
airway clearance strategy, and this should
be taken into account when considering
this device.

IPV could be considered when other ACTs
have proved unsuccessful or if fatigue

is a problem for a person with CF with
advanced or complex airway disease,
presence of thick, tenacious secretions

or for areas of unresolved consolidation
despite conventional management.

Consider combining or alternating IPV with
other ACTs to maximise effectiveness such
as ACBT, modified PD or AD.

When using IPV, consider also using the
device for the inhalation of mucoactive
drugs such as hypertonic sodium chloride
to combine effect or improve tolerance.

IPV settings should be tailored to

the individual depending on clinical
presentation and tolerance. Consider
starting on low pressures for comfort

and build up as tolerated until chest wall
movement can be felt at the base of

the thorax. Start with a high oscillating
frequency (high cycles per minute) to break
down mucus and shear secretions from
the airway walls, then change to a low
frequency (low cycles per minute) as the
treatment progresses to promote migration
of secretions centrally and enhance alveolar
ventilation.

Contraindications to IPV include untreated
pneumothorax, haemoptysis, rib fractures,
and active tuberculosis infection.

6.7.3 Research recommendations

Effectiveness of portable units compared
to hospital IPV devices.

PROMs using IPV.

6.8 Postural drainage (PD)
and manual techniques

PD with the addition of manual techniques,
sometimes called conventional chest
physiotherapy, was the first ACT recommended
for people with CF and continues to be used by
some individuals,*% usually in combination with
other ACT such as ACBT or PEP.

6.8.1 Postural drainage (PD)

PD involves an individual taking certain positions
to drain different sections of the lungs, with 12
specific positions identified.3® The positions use
the effect of gravity to enhance mucociliary action,
moving peripheral secretions to the more central
airways for easier clearance.*®238 PD has been
shown to improve regional ventilation®? and

can be a helpful adjunct to airway clearance in
situations of lung abscesses or localised pathology.
PD is a passive technique, reliant solely on gravity
and regional ventilation changes from altered
position. The addition of breathing exercises,
huffing, and coughing is key to utilising PD
effectively.

While traditional PD positions include a head-
down tip to enhance drainage from the lower
lobes,*®? more recent research highlights that
tipped postures can aggravate gastro-oesophageal
reflux and lead to a risk of aspiration.®* Modified

PD positions are now used with no head-down tip
to limit this risk. Though limited, the evidence for
modified PD has shown equal efficacy to traditional
PD positions, fewer risks of long-term respiratory
complications and less episodes of dyspnoea.®3384

6.8.2 Manual techniques

Percussion or clapping and expiratory vibrations

or shaking over the chest wall can be added to PD
to enhance the clearance of secretions 305312346
Percussion consists of rhythmical clapping on

the chest wall with a cupped hand, usually during
deep breathing;*# this can be completed by the
individual or by a helper. Vibrations and shaking
both involve oscillations of the chest wall in an
inwards direction during expiration from a maximal
inspiration, shaking being a larger movement, while
vibrations involve a finer oscillatory motion.34¢

The exact physiological mechanism of manual
technigues has not been ascertained.>* Murray
likened it to a ketchup bottle’® — by applying
force to the outside of the bottle (like the chest
wall), it encourages the ketchup (the secretions)
to be moved up the bottle to be expelled. This
theory would also be enhanced by tipping the
bottle (as with PD). It has also been suggested
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that percussion generates differing airflows which
create shearing forces within the airways beneath
the percussed section, loosening secretions and
enhancing mucociliary clearance. 346586

Combining modified PD and manual techniques
can take away an individual's independence with
airway clearance, while being burdensome on
helpers to complete. Self-percussion is possible
but often distracts from the more principal element
of breathing exercises; different physiotherapy
techniques should be discussed with medically
well or minimally productive people with CF.

However, those with end-stage lung disease or
severe infective exacerbations may find modified
PD with or without manual techniques helpful

in combination with ventilatory support such as
NIV, as this may help mobilise secretions while
reducing individual effort. This technique is used
by physiotherapists during acute exacerbations
requiring inpatient admissions. Modified PD and
manual techniques can also be considered for use
with individuals who cannot actively participate in
self-administered ACTs and time should be given
to effectively teach care givers.

6.8.3 Research evidence for PD and
manual techniques

The addition of percussion to PD has been shown
to enhance the removal of secretions in a small
sample of patients who had copious secretions.*®’
Vibrations have been shown to significantly
increase PEFRs over relaxed expiration,*® and there
is some evidence that high frequency oscillations
can decrease the viscoelastic properties of mucus
and enhance mucociliary clearance.’'>3%° The
addition of PD and percussion to the FET has been
shown to slow the annual rate of decline in lung
function compared to FET only or no completed
airway clearance.3903%

The literature highlights some potential detrimental
effects of traditional PD and percussion, including
hypoxic episodes, bronchospasm, and increased
gastro-oesophageal reflux.3*2-3°* Care needs to be
taken when treating people with raised intracranial
pressures, cardiac rhythm changes, newborns and
immature infants.34¢

6.8.4 Recommendations

e Consider modified PD and percussion as an
adjunct to other ACTs for people with CF with
copious secretions (QoE — very low).

e Consider modified PD and percussion as an
adjunct to other ACTs for people with CF with
lung abscesses or specific regional pathology
(QoE — very low).
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e Consider modified PD and percussion as an
adjunct to other ACTs for people with CF
who are unable to complete effective self-
administered ACTs either due to age, cognition,
severity of disease or fatigue (QoE — very low).

6.8.5 Good practice points

¢ When utilising PD, modified positions which
avoid a head down tilt are recommended,
especially for infants and those with
identified gastro-oesophageal reflux.
People with CF opting to use head-down
positions for airway clearance should be
offered further education and an effective
alternative.

 Modified PD should be combined with an
ACT to enhance ventilation and expiratory
flow.

* Modified PD can be considered for people
with CF who, due to their age or disease
progression, cannot be as independent or
active a participant in their usual airway
clearance regimen.

* Modified PD can be considered for people
with CF with lung abscesses or specific
regional pathology.

6.9 Intermittent positive
pressure breathing (IPPB)

Traditional IPPB equipment (commonly referred to
as the 'Bird’) is now no longer manufactured, which
will make traditional IPPB obsolete as a treatment
option in the near future. This guideline is intended
to inform practice for Centres which currently have
access to traditional IPPB equipment and to offer
insight into newer forms of IPPB equipment.

IPPB is an established technique in physiotherapy
airway clearance clinical practice.?® Its clinical

use through the Bird, was first described in the

late 1940s. As time progresses, although IPPB
specific devices will not be as widely available,

the principles of treatment can be transferred and
used with other devices. For example, cough assist
machines or NIVs can help with some elements

of support, such as inspiratory effort management.
There are also new machines being developed that
may have effects similar to those of IPPB, such

as the Alpha 300 (available through Air Liquide
Healthcare) and the IPPB mode of the NIPPY
Clearway 2 (available through Breas), although
currently evidence for the use of these machines
in CF is limited.
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IPPB is used in spontaneously breathing patients
and involves patient-triggered delivery of positive
airway pressure during inspiration, usually with

a mouthpiece. Airway pressure then returns to
atmospheric pressure during expiration. Flow

rate can be adjusted for comfort, which may vary
throughout active and rest phases of an airway
clearance session. It is possible to attach a positive
end expiratory pressure (PEEP) valve or OPEP
device to the expiratory port of the traditional IPPB
circuit to deliver additional PEP or OPEP effects.

IPPB requires either compressed oxygen or air

as a driving gas making it a treatment unsuitable
for home use. Careful consideration needs to be
given to the most appropriate driving gas selection
particularly in people with CF with established
chronic hypercapnic respiratory failure, given

that the lowest oxygen concentration possible

is approximately 45%.3°¢ NIV support may be a
better option for these patients, allowing longer
duration of pressure support if clinically indicated,
and more precise titration of any additional oxygen
requirement.

The dry compressed driving gas must be humidified
via a nebuliser in the circuit. Clinical practice
guidelines acknowledge that there is no evidence
demonstrating superiority of IPPB to delivered
bronchodilators over metered dose inhalers (MDI)
or conventional jet nebuliser systems. However,
when all other validated systems have failed, IPPB
delivery in individual patients may be carefully
considered.*’

IPPB has been reported to increase tidal volumes
and therefore minute ventilation, and to reduce
work of breathing. Expert patient assessment and
instruction is required to ensure that the positive
pressure is delivered to a relaxed patient who is not
fighting the IPPB machine. Circuits are intended
for single patient use and must be disposed of
after the individual has discontinued this treatment.
All non-disposable parts of the equipment must

be appropriately decontaminated in line with
manufacturer’s instructions and local infection
control policy.**” Contraindications for the use

of positive pressure, such as haemoptysis and
pneumothoraxes, apply to the use of IPPB.

Gates et al conducted a retrospective study of the
use of IPPB in adults with CF who were admitted
due to acute exacerbation over a period of five
months.3*® Out of the 39 patients that were
admitted, 12 received IPPB in combination with
AD. For some patients PEP and OPEP devices were
also combined with IPPB. The indications for use
were impaired sputum clearance, increased work
of breathing and lobar collapse. Whilst this study
recognises the need for further prospective studies
it highlights this as a potential technique that may
be useful for acute exacerbation management.

When considering newer systems, a conference
abstract by Brown et al reports a comparison of
the Breas NIPPY Clearway 2 to traditional IPPB

in ten adults with CF admitted for management
of a pulmonary exacerbation. No difference in
the volume sputum expectorated was observed,
with IPPB marginally preferred with the Clearway
2 requiring higher flow rate settings. The authors
concluded the NIPPY Clearway 2 was a potential
alternative to traditional IPPB.3%°

6.9.1 Recommendations

e The NIPPY Clearway 2 can be considered for
use as an alternative IPPB device for people
with CF (QoE — very low).

6.9.2 Good practice points

¢ Due to the lack of published clinical trials
investigating IPPB use in CF, the clinical
decision-making of the physiotherapist
must be informed by the pathophysiology,
the clinical status and an in-depth
knowledge of the advantages and
disadvantage of the available equipment
and operator competence. .3

e |PPB and circuit cleaning and appropriate
decontamination must be done in
conjunction with national and local
infection control policies.

e Use 0.9% saline to provide humidity to
the IPPB driving gas. Hypertonic sodium
chloride can be used if additional mucolytic
effect is required.

e An OPEP device or PEEP valve may be
added on to the expiratory port in the
traditional IPPB circuit, which may enhance
mucociliary clearance.

o Alternative devices which deliver IPPB
can be considered, although further
investigation into their efficacy is required.

6.10 Simeox®

The Simeox® device delivers targeted pneumatic
vibratory stimulation to the bronchial tree during
relaxed exhalation. This stimulation involves a
series of intermittent negative pressure pulses at
either 6 or 12Hz. These pulses generate shearing
forces on mucus, facilitating its liquification,
while suction forces help to remove it. As a result,
mucus is mobilised in the distal airways and
transported to more proximal airways to facilitate
expectoration.!20:400401
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The proposed methods of action of the Simeox®
device include:

 liquefying airway mucus to facilitate
expectoration

e mobilisation of mucus from distal airway areas

e prevention of airway collapse during drainage.

The Simeox® user manual specifies no absolute
contraindications for use however, it highlights
undrained pneumothorax, massive haemoptysis,
and unstable cardiovascular pathologies

as relative contraindications, necessitating
additional discussion with a HCP before initiation
or continuation of use.*°* Although these
contraindications have not been extensively
explored in current literature, they may present
an alternative ACT for people with CF when other
adjuncts are unsuitable due to contraindications.

Several studies have looked at the effect of the
Simeox® device on children and adults with CF,
however the evidence is limited due to small
sample sizes a varied use of outcome measures
and some studies being performed during
exacerbation and some when individuals were
stable. Additionally, the available studies either did
not report or utilised differing intervention cycles,
providing inconsistent evidence for how and when
best to use the device with people with CF.

The studies do however provide good safety
data for the use of Simeox® in CF. Many report
patient preference and improved QoL on CFQ-R
questionnaire and show evidence to support
patient choice with treatment in relation to
improved adherence.

6.10.1 Adults

Trials focusing on use within adult populations
including people with CF and non-CF respiratory
conditions reported high adherence (80.9%),
improved QoL and high satisfaction scores (9/10,
on a 10-point visual analogue scale) including
preference for use over traditional ACT (73%). No
significant improvements were found in respiratory
function, but a trend towards increased sputum
expectoration during first use of the device

were reported (41.1 + 22.1g versus 27.5 + 15.69).
Importantly, no adverse effects were reported
during these studies and one study showed
feasibility for considering use of Simeox® for
people with CF opting to be monitored virtually
by health care professionals.492493

6.10.2 Paediatrics

Studies within paediatric populations reported
improved patient comfort, Qol, preference (73%)

and respiratory parameters versus traditional ACT.
Positive effect has also been reported with Simeox®
when combined with other ACTs (AD with AD belt
and Simeox® or alongside traditional ACT).3?° The
limited data suggested that participants younger
than 10.5 years benefited more optimally compared
to older participants, with an FEV: gain of 8%. As
seen within adult studies no adverse effects were
reported.120400404405

6.10.3 Recommendations

» Simeox® is deemed a safe adjunct to traditional
ACT for both children and adults with CF. It
has demonstrated stability or improvements in
lung function, health-related QoL, and patient
comfort and preference. However, current
literature suggests a preference for its use
within younger cohorts (QoE — moderate).

o Virtual follow-up of Simeox® usage is likely to be
effective when conducted by a physiotherapist.
This approach can ensure proper adherence,
address any concerns, and optimise therapy
outcomes remotely (QoE — low).

e Since an increase in sputum weight was
observed after the first use of Simeox®, it could
be considered for induced sputum protocols.
This suggests that Simeox® may have a role
in facilitating sputum clearance, which could
be particularly relevant in research or clinical
settings where induced sputum collection is
necessary for diagnostic or therapeutic
purposes (QoE — low).

o Simeox® may be useful if offered as an
alternative to an individual's usual adjunct during
exacerbation to offer them variety in treatment
options and potentially improve adherence to
treatment (QoE — moderate).

6.10.4 Good practice points

o Centres should have online training from
the Simeox® rep to explain technique
and how to best teach people with CF,
particularly children.

o Whilst literature may not yet provide
clear guidance on which people with CF
may benefit most from its use, individual
preference is likely to be a significant
factor in decision-making. Assessing these
practical aspects can help healthcare
providers determine the feasibility of
integrating Simeox® into care plans.
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6.10.5 Research recommendations

e Development of robust multicentre
protocols, clearly outlining device usage
parameters and encompassing non-stable
participants. Given the current unavailability
and cost constraints of the device within
the UK, there is a crucial need for the
publication and sharing of case reports.
These reports should comprehensively
detail participant selection criteria, common
indications, and preferred settings in
both paediatric and adult Centres. Such
transparency may facilitate funding
procurement for these devices, enabling
their adoption for home use if they prove
preferable to other forms of ACT.

e Production of case study publications
detailing device usage in the presence of
both absolute and relative contraindications
could provide valuable insights. These
publications would offer reassurance to
people with CF and their CF teams by
helping to determine the benefits and
risks of device use.
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7. Sinus disease

The most common upper-airway disorder in
people with CF is chronic rhinosinusitis (CRS),
developing secondary to mucus hyper-viscosity
and impaired mucociliary clearance.*%® Decreased
mucosal secretions, thickening of mucus and
impaired mucociliary clearance are responsible for
local inflammation and increased risk of bacterial
infection.%”

The unified airway concept is a framework for the
understanding and management of the upper and
lower airways as one integrated physiological unit.
The sinonasal and bronchopulmonary systems
have an interdependent physiological function,
and inflammatory conditions that impact one
system tend to impact the other similarly.*°®
Infections often originate in the paranasal sinuses
and can be responsible for temporary or chronic
lung infections in people with CF.4%°

The prevalence of sinonasal complications in
people with CF has gradually increased as CF

life expectancy increases, which may influence
pulmonary exacerbations and have a negative
effect on Qol.*° There is still a substantial variation
in the prevalence and reporting of symptoms with
CRS. Radiological evidence suggests that every
person with CF has CRS but only 37.3% of patients
report sinus symptoms, suggesting symptoms are
significantly under-reported.#°641-413 This may be
because these symptoms are present early in life
and children adapt to them.*# In children with

CF, data suggests that CRS begins very early, with
average age at onset of 5.4 years old, and then
rapidly reaches its maximum state at the average
age of 6.9 years old.*"’

It has been identified that people with CF with
high-risk genotypes (Class | to Ill mutations) have
more severe sinonasal symptoms than those

with lower risk genotype (Class IV and V).#15416
Homozygous F508del is associated with more
severe CRS, presence of nasal polyps and a higher
need for endoscopic surgery.“°¢ Individuals who are
carriers for one defective CFTR gene may be more
predisposed to developing CRS; a recent case
report suggested that people with severe CRS
with a single CFTR mutation and intermediate
sweat chloride value (excluding CF), should be
sent for further extensive CFTR genotyping to
look for rare genes.*”

7.1 Signs, symptoms, and
investigations

7.1.1 Diagnosis

CRS is defined as inflammation of the nose and
paranasal sinuses persisting for more than 12
weeks with one or more of the following:

» Nasal blockage.
e Nasal discharge.
o Decreased sense of smell.

o Facial pain or pressure.*®

There is no universally accepted set of diagnostic
criteria for CRS in people with CF. However,
commonly used criteria involve assessing both
objective imaging findings and subjective symptom
assessment.*® Nasal endoscopy is the best
diagnostic method for rhinosinusitis with nasal
polyps in children.#4

Anatomically, people with CF often have
hypoplastic sinuses, independent of previous
surgery. A study on adults with CF demonstrated
that 66% of the frontal sinuses were either aplastic
or hypoplastic.%® People with more severe extra-
pulmonary manifestations of CF may also be at
increased risk of CRS that requires endoscopic
surgery.*20

Nasal polyposis in people with CF becomes more
common as children age with a prevalence of up
to 50% in adolescents.*%® CFDM is associated with
nasal polyposis recurrence.*

7.1.2 Objective measures

Most people with CF have characteristic

CT findings from early childhood.**° A poor
correlation has been found between patient-
reported symptom scores and the severity of
disease assessed by CT scans suggesting that CT
scan findings should not be relied upon as the main
objective measure, as they do not accurately reflect
an individual's symptom burden.#??

Several studies show that CRS has a negative
impact on life productivity, pulmonary health, and
sense of smell, indicating a negative influence of
CRS on overall wellbeing.#?

The Sinus and Nasal Quality of Life Survey (SN-

5) (Appendix lla) is the only validated symptom
questionnaire for children ages 2-12. Parents
complete the SN-5 for their children.40942 Multiple
studies support the use of the validated SNOT-22
(Appendix IIb) as a tool to identify sinus disease
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in adults with CF. This tool assesses severity,
outcomes following treatment, and prompts
referrals to ENT colleagues.#?4-4%

7.1.3 Microbiology

There is a complex relationship between the
microbiology of nasal and lung cultures in
children with recent evidence suggesting a low to
moderate concordance.*?® Given the discrepancy
between sinus and pulmonary cultures, upper
respiratory cultures should not act as a surrogate
for lower airway cultures in young children.* It
has been suggested that concordance between
the microbiology of nasal and lung cultures
increases with age, however. Nasal sinuses may
act as bacterial reservoirs, potentially transmitting
pathogenic microorganisms to the lower airways.*%°

Research has indicated that children with CF with
no symptoms have paranasal sinus infections,
demonstrating the importance of monitoring and
managing CF in children, whether or not they
exhibit symptoms. Consequently, it may be wise to
routinely monitor paranasal sinuses for all children
with CF, involving the collection of samples during
each outpatient clinic visit (Appendix llc).434%2

A protocol for collecting a nasal rinse sample

is also described by Mainz et al.4°

It has been reported that 80% of people with CF
tested positive for at least one bacterial species in
nasal lavage, with Staphylococcus aureus being

the most prevalent.*?® Gene sequencing identified
P. aeruginosa) and S. aureus as abundant in CRS,
with other bacteria present (including Haemophilus
influenza, Achromobacter, Burkholderia, and
Streptococcus).*** Younger individuals had greater
bacterial diversity and tended to grow S. aureus and
H. influenza with a transition to P. aeruginosa with
increasing age.?*

Positive fungal sinus cultures were found in 21% of
children undergoing sinus surgery.*** It has been
suggested that children with CF and children with
nasal polyps have more frequent positive fungal
cultures than children without nasal polyps having
sinus surgery.

7.2 Management

CRS in CF is challenging to treat due to factors like
increased mucus viscosity, chronic infections, and
distinctive pathogens. A major goal in the treatment
of CF is to prevent or delay chronic lung infections
including bacterial colonisation of the lung from
the sinuses.

Despite lack of high-level evidence, it remains
clear that people with CF require specialised

management of their sinus disease to both

prevent CRS progression and improve pulmonary
outcomes. While there are no ‘gold standards’ in
the treatment of CF-related sinus disease, it often
includes combination therapy including medication
(Appendix Ild), nasal irrigation and endoscopic
sinus surgery.

7.2.1 Sinonasal washout

Sinonasal washout, also called nasal irrigation

and sinus rinsing, aids the clearance of secretions,
increases efficacy of topical medications and
provides symptom relief.4°¢ Washout alone, or

with other adjunctive measures, may improve Qol,
decrease symptoms, and decrease medication
use, particularly in people with frequent sinusitis.**®
Although various methods exist, the squeeze bottle
and neti pot seem to provide the best delivery to
the paranasal sinuses.**® Nasal irrigation can be
performed using either a homemade saltwater
solution or a solution made with sachets bought
from a pharmacy.

In studies comparing the use of isotonic saline
and hypertonic sodium chloride solutions, isotonic
solutions are preferred due to fewer adverse
events, with supporting evidence for 0.9% saline
solution. 406437

7.2.2 Sinus nebuliser therapy

Sinonasal inhalation of vibrating aerosols is a
recognised method of delivering mucolytics
and antibiotics directly to the paranasal sinuses.

Evidence supports the use of a sinus-specific
nebuliser such as PARI SINUS over a standard
nebuliser. The PARI SINUS device delivers
topical nebulised solution particles to the nasal
cavity through vibrating aerosol inhalation. 14438
Nebulisation with the PARI SINUS nebuliser aims
to reduce pathogen colonisation and is well-
tolerated.**®

Several studies have investigated the effects of
mucolytics. Some have compared the effectiveness
of 0.9% saline with 6% hypertonic sodium chloride
and found improvements in SNOT-22 results in
both groups, with no significantly better results
from 6% hypertonic sodium chloride than 0.9%
sodium chloride. 4

Nebulisation of 2.5mg dornase alfa (Pulmozyme®)
via the PARI SINUS has been shown to positively
affect both symptoms and QoL in comparison to
isotonic saline.406438

Evidence suggests tobramycin via the PARI SINUS
or colistin via irrigation may be effective at reducing
P. aeruginosa infection. #4442
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7.2.3 Medication

Topical steroids are effective and can be used
safely with minimal systemic effects.*! They

can be delivered as a nasal spray or drops

and are frequently recommended to help
reduce symptoms and improve Qol.#!443 The
correct positions for nasal spray and nasal drop
delivery, outlined in Appendices lle and IIf, are
recommended to enhance effective application
of treatment. The MYGIND position with the head
over edge of a bed to enhance gravity is used for
nasal drop delivery*°® (Appendix lIf).

7.2.4 Other non-surgical treatment
options
There are a number of other treatments

suggested for symptomatic relief of CRS,
including:

¢ dry-needling

* myofascial release
e sinus massage

¢ ultrasound

e OPEP (RC-Cornet), and auto-inflation devices
(Otovent).

The evidence for these treatments is limited and
further research is required.

7.2.5 Surgery

Surgical intervention such as endoscopic sinus
surgery (ESS) should be reserved for people with
persistent symptoms despite maximal medical
therapy.**® Recent evidence supports ESS followed
by intensive post-operative medical therapy, but
overall high-level evidence is lacking.

Several studies have evaluated the effect of sinus
surgery on pulmonary function with divergent
conclusions. Sinus surgery is recommended for
people with CF without chronic lung infection

or with a transplanted lung to eradicate Gram-
negative bacteria in the paranasal sinuses, thereby
avoiding or preventing re-colonisation of the
lungs.*%®

7.2.6 CFTR modulator therapy

The literature on CFTR modulators has suggested
that objective and subjective improvements are
observed in CF sinus disease with the use of
elexacaftor/tezacaftor/ivacaftor (Kaftrio®). These
include improvements in bacterial cultures,
endoscopic appearances, imaging, symptoms,
and QOL.413'444_446

Endoscopic findings have improved in both
children and adults with Kaftrio®, observed after a
nine-month period. Changes included resolution
of crusting, and a resolution or decrease in size of
polyps.*¥” Lack of Kaftrio® is associated with people
pursuing endoscopic sinus surgery.448

CT scan changes observed after Kaftrio® include
improvements in opacification, mucosal thickening,
and radiologic scoring systems (Lund-Mackay

and Sheikh-Lind).413447449-452 CRS-MRI scores also
improved with Kaftrio®, thought to be due to a
reduction in mucopyoceles in the sinuses.**345* One
study reported a potential for structural reversibility,
and another that lumacaftor/ivacaftor (Orkambi®)
may prevent an increase in paranasal abnormalities
in pre-school children. 45345

SNOT-22 scores improve relative to baseline

as soon as seven days after commencement of
Kaftrio® in both adolescents and adults with CF and
remain improved above the MCID for up to two
years in adults.*¥74% |In one study, median SNOT-
22 scores were 36.5 pre-therapy, and 20 after

six months of modulator therapy.*%® SN-5 scores
show a similar improvement, with average scores
improving from 13.67 to 7.67, after an average

of 249 days.**® Improved SNOT-22 scores have
been correlated with improved CT scan scores.*?
Some studies report a plateau in the improvement
of symptoms, with one suggesting the plateau
occurs as early as 28 days after starting modulator
therapy. 447449

QoL measured by the five-dimensional EuroQolL
questionnaire improves in adults with CF after
commencing Kaftrio®, which translated to an
improved health utility value or overall health
status.*94%! The improvement in health utility value
remained above the MCID for up to two years.*4°
Overall productivity improved by 22% after two
years of Kaftrio®.44°

Studies found that Kaftrio® reduces bacterial
colonisation for P. aeruginosa and methicillin-
resistant S. aureus in oropharyngeal samples, and a
reduction in sino-pulmonary related infection visits
and antibiotic therapy over a 15-week period.!2845

Investigation into the long-term benefits of CFTR
modulator therapy in CF is still ongoing. The
evidence for the use of Kaftrio® in CF sinus disease
is promising, but most of the studies have been
observational.

As the life expectancy and prevalence of CRS
continues to increase in CF, optimal management
should consist of MDTs that are familiar with CF-
related sinus disease.*’
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7.3 Recommendations

o Consider using the SNOT-22 outcome
measure as a quick, inexpensive and validated
questionnaire for assessing and monitoring CRS
in adults with CF (QoE — moderate).

o Consider using the SN-5 outcome measure as
a quick, safe, and reliable qualitative survey for
assessing and monitoring sinonasal symptoms
in children with CF (QoE — low to moderate).

o Consider regular nasal sampling to detect sinus
infection at an early stage as an important step
towards eradication (QoE — moderate to low).

o Consider referral for nasal endoscopy for
the best method for the diagnosis of CRS
with nasal polyps in people with CF
(QoE — moderate to high).

o Consider sinonasal inhalation of dornase alfa to
help improve sinonasal symptoms (QoE — high).

» Consider sinonasal inhalation of antibiotics such
as tobramycin to reduce bacterial colonisation,
reduce exacerbations and relieve symptoms
(QOE — low).

» Consider using sinonasal saline washout to
improve symptoms and QoL (QoE — moderate).

o Consider using topical steroids for symptom
relief (QoE — low).

7.4 Good practice points

e People with CF should be screened for
symptoms of CRS at least annually or more
frequently if symptoms persist or as an
outcome following treatment.

e Physiotherapists should be aware of
sinonasal nebuliser equipment to be able to
offer the most appropriate delivery system.

» Physiotherapists should understand nasal
inhalation devices and have an awareness
of how to administer them correctly.

* Physiotherapists should be aware of existing
treatment regimens and enable individual
choice to optimise adherence to treatment.

o Tailored adjunctive treatments, including
dry needling, myofascial release, sinus
massage, ultrasound, OPEP (RC-Cornet),
and auto-inflation devices (Otovent),
may be integrated into care plans when
appropriate resources and expertise are
available, aiming to improve specific sinus
symptoms and overall wellbeing.

* |Independent prescribers should consider
adding medication for CRS to their core
formulary.

e Symptoms of CRS should be monitored
before and after CFTR modulator therapy.

» Recognise that CRS remains very sensitive
to medical and surgical treatment during
childhood.

7.5 Research
recommendations

» The prevalence of methicillin-resistant
S. aureus in sinus cultures of children with
CF has increased over time and warrants
further investigation.*?®

o Further research is required to determine if
frequent positive fungal cultures in children
with nasal polyps represent colonisation or
contribute to the inflammatory environment
of the airways.4°

e Further research is needed to establish
the potential benefits of tobramycin via
the PARI SINUS or colistin via irrigation in
reducing P. aeruginosa infection.

¢ The evidence for alternative treatments
such as dry-needling, myofascial release,
sinus massage, ultrasound, OPEP, and auto
inflation devices in the symptomatic relief
of CRS is limited and further research is
required.

* More high-quality research is required to
enhance the body of evidence for the use
of CFTR modulator therapy in people with
CF with CRS.
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8. Inhalation therapy

Delivering medication via the inhalers
and nebulisers has potential advantages:

» Medication is delivered straight to the target
area of the lungs.

* A higher concentration is achieved at the site
of action.

e There is less systemic exposure when compared
to oral or intravenous treatment.45845°

Some medications are only available in inhaled
form, while for others inhaling the medication
may be safer, more acceptable and more practical
to deliver than other modes of delivery. There

is growing evidence that the direct targeting of
some therapies to the site of action may be more
effective.*° A wide range of medications may be
delivered by the inhaled route and various inhaler
and nebuliser devices are available to do this.*°
Appendix Illh gives the details of commonly used
inhaled medication in CF.

Managing the practicalities of inhaled therapy
such as the choice of medication, drug

response assessment (see Appendix llla

and Illb), device selection, device provision,
education and monitoring is frequently done by
physiotherapists.#*4%? This is logical given the
timing needs of some medications around airway
clearance and that many inhalation devices require
breathing pattern and cough suppression training.
With the advent of independent and supplementary
prescribing for physiotherapists, prescriptions

for inhaled medication are often completed and
monitored by the physiotherapist.*¢?

There has long been consensus and guidance

in the use of inhaled therapy for people with
CF,18463-472 for example inhaled therapy for
eradication or long-term suppression of

P aeruginosa. However, the introduction of

CFTR modulators has created some uncertainty
about the use of inhaled medication in the
management for this group of people. Clinicians
should be aware that research is ongoing and

it is important that we carefully identify the
characteristics of participants in research studies
to ensure the results are transferred appropriately
to clinical practice. These results will impact
commissioning, guidance and formularies, making
it imperative that the most up-to-date documents
are referred to when treatment decisions are made.

8.1 Medication

There are documents and online advice which
guides the use of inhaled therapy for people with
CF18463-472 and other local and regional policies.
Before CFTR modulators, it was accepted that there
was good evidence that inhaled therapies were
both clinically and cost-effective.’8465 Research is
underway in those prescribed CFTR modulators to
ascertain new best management approaches.#3-476

There is little guidance about the use of
bronchodilators or inhaled corticosteroids for
people with CF. Cochrane reviews suggest

that short acting bronchodilators may be
beneficial in individuals with demonstrable
bronchodilator responsiveness or bronchial hyper-
responsiveness,*®® but that there is poor evidence
for the use of long-acting beta, agonists or long-
acting muscarinic antagonist bronchodilators

for people with CF.#’° The withdrawal of inhaled
steroids evaluation study by Balfour-Lynn et al
suggests that inhaled corticosteroids are best
reserved for people with an additional diagnosis
of asthma.#

Historically there has been clear guidance
around the use of mucolytics and hyperosmolar
agents,18463465466472 pegple with CF who have
clinical evidence of lung disease should be
prescribed dornase alfa as the first choice of
mucoactive agent.’84634%6 |f clinical evaluation

or lung function testing indicates an inadequate
response to dornase alfa, combining with or
changing to hypertonic sodium chloride is
recommended.#¢®

NICE recommends mannitol dry powder for
inhalation as an option for adults with CF who
fulfil all of the following criteria:

e Unable to use dornase alfa because of
ineligibility, intolerance or inadequate response.

e Lung function rapidly declining (FEV: decline
greater than 2% annually).

e Other osmotic agents are not considered
appropriate 4%

It may also be considered for children and

young people who cannot use dornase alfa and
hypertonic sodium chloride because of ineligibility,
intolerance or inadequate response.*%> Additionally,
there is good evidence for the use of hypertonic
sodium chloride for sputum induction and/or
improving the quality of airway sampling.t*®
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The evidence for these current recommendations
was completed before CFTR modulator availability.
Studies are underway to identify the effects of
rationalising mucoactive therapies in people
prescribed CFTR modulators.#”*-%% These studies
take different approaches and focus on different
populations of people with CF. One study,
SIMPLIFY, has completed and published. The
results suggest that dornase alfa or hypertonic
sodium chloride may be withdrawn without
meaningful short-term clinical deterioration for
people taking Kaftrio® with well-preserved lung
function.*# Average FEV: for participants was 96.9%
predicted.#* Care should be taken when applying
these results in clinical practice. Clinicians may
wish to take an individualised approach while
research continues for those prescribed CFTR
modulators.

CFTR modulators have had a limited impact on

the prescribing of inhaled antimicrobial regimens.*”
People should be prescribed inhaled antibiotics

for the eradication of P. aeruginosa;*¢34% those

with chronic P. aeruginosa infection should

have sustained treatment with an inhaled

antibiotic 18463468 For people who have chronic

B. cepacia complex infection and declining
pulmonary status, sustained treatment with an
inhaled antibiotic should be considered to suppress
the infection 18463465 |nhaled antibiotic therapy

is also recommended within certain treatment
regimens for NTM#8 The FORMaT study is
currently underway to compare different treatment
regimens for eradication in M. abscessus.*’®

There is no clear guidance about continuing or
discontinuing inhaled antibiotics while the person
is on IV antibiotics. There is some evidence for the
use of inhaled antibiotics alongside an IV antibiotic
for acute exacerbations.*80

For specific recommendations see the appropriate
clinical commissioning policy, local formulary

and guidelines for your area and relevant CF Trust
guideline.

8.2 Bronchodilator trials

It is recommended that spirometry is used to assess
the initial response to bronchodilators,*° with
regular reassessment to ensure this response is
maintained.*® Timings and suggested significance
of FEV1 change of post-dose spirometry depends
on the medication given:482

e Anincrease of 15% in FEV1 or FEF2s5-75 15 minutes
following inhalation of a beta, agonist.

e An increase of 15% in FEV1 or FEF2s5-75 30 minutes
after an anticholinergic agent.

The approved bronchodilator trial protocol
is outlined in the Association for Respiratory
Technology and Physiology guidance .t

8.3 Drug response
assessment (DRA)

Inhaled antibiotics, dornase alfa and hyperosmolar
agents such as mannitol dry powder for inhalation
and hypertonic sodium chloride may cause
bronchoconstriction.*®34% The SPC of many

of the commonly used inhaled antibiotics and
mannitol dry powder for inhalation specify

the need for a DRA.#8>-4%4 Although this is not
stated for dornase alfa,**° there are case reports

of bronchoconstriction and the NHSE inhaled
commissioning policy advises a DRA.#¢¢ The need
for a DRA is also not stated for inhaled levofloxacin
although bronchoconstriction is listed as an
uncommon side effect.**® As hypertonic sodium
chloride is classified as a medical device and not a
medication, there is no SPC but there is evidence
of the potential for bronchoconstriction so a DRA
is recommended.*’

The SPC for Bronchitol*®® provides clear
methodology for completing an initiation
dose assessment to ensure safe and effective
administration of a test dose. For all other
medication a decrease of more than 10-15%
FEV: or FEF2s-75 following inhalation defines
significant bronchoconstriction.'8460461 Should this
occur, a further test dose with pre-medication
of a bronchodilator is advisable,18460461485-494498
Appendices Il a, b and d describe and provide
a template and competencies for the DRA
procedure.

There is the potential for bronchial hyper-reactivity
to inhaled medication once long-term treatment is
established. Processes should be in place to ensure
ongoing monitoring for subjective and/or objective
bronchoconstriction to inhaled medications. It

is considered good practise to retrial an inhaled
medication that has not been used for one year

or more. Appendix llle provides a framework

for restarting inhaled medications under these
circumstances.

8.4 Inhaler devices

There has been a large increase in the number

of different types of inhaler devices available for
bronchodilators, inhaled steroids and combinations
of these medications. Different devices have
different delivery characteristics and may require
different inhalation techniques and inspiratory
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flow rates to ensure effective use.*” It is therefore
important to understand the availability of
particular medications through particular devices.
Where delivery may be compromised, consider
whether a valved holding chamber or an alternative
device or medication would maximise the
delivered dose. Environmental impact and cost-
effectiveness are other key things for consideration
when selecting an appropriate device-medication
combination.

An assessment must be made of the person’s ability
to use a device before prescribing a medication —
for example, prescribing terbutaline sulphate rather
than salbutamol because a turbohaler would be
preferable for an individual.*®® There have been
developments in dry powder inhaler delivery with
the NICE approval of dry powder colistimethate
sodium, tobramycin and mannitol.*®4°8 |t has been
recognised that completing a DRA and education,
particularly around technique, are key when
commencing these medications to assess suitability
and limit side effects such as cough.

The NHS Business Services Authority state that
medication delivered via an inhaler must be
prescribed by brand rather than generically.>® It is
also helpful to think about the number of different
medications and devices that a person with CF
requires, and consider medication choices that
limit these where possible.

8.5 Nebuliser devices

There are increasing types of nebuliser

systems available. The most common types

are conventional nebulisation systems, ultrasonic
nebuliser systems, adaptive aerosol delivery
nebuliser systems (AAD) and VMT nebuliser
systems. There is little evidence to recommend
one type of nebuliser device over another from
randomised trials demonstrating improved clinical
efficacy or patient preference. There is, however,
an indication that new nebuliser technologies
such as AAD and VMT are quicker and quieter than
conventional systems. These devices may also
provide better deposition®°* and more consistent
dosing.>%? Further high-quality trials are needed to
confirm these suggestions.>*

Many new medications are licenced for
administration with a specific nebuliser system,
for example Cayston® with the PARI eFlow® or
eTrack® and Altera® handset. It is important to note
that different nebuliser systems have different
delivery characteristics and therefore the delivered
dose may vary depending on the device used.

See Appendix lllh for further information on
recommended drug device combinations. Where
a choice is made to deliver an inhaled medication

through a device which is not named on the SPC,
there must be consideration over whether there
is sufficient data to ensure a safe and effective
dose is delivered. There should be an awareness
that delivering medications through an alternative
device is an off-label use and should be discussed
with the prescriber.

Where devices are changed, for example the Ineb®
AAD devices are being discontinued, then a repeat
DRA may be needed for an alternative device.
Physiotherapists should consider if the delivery
characteristics and delivered dose are likely to
change with the alternative device and repeat the
DRA as indicated. Education will need to be given
about changes to the device and any associated
changes with the priming dose of the medication.
For example, moving from colistimethate sodium
via an Ineb® AAD device to an eFlow® or eTrack®
VMT device requires a change in priming dose from
1 million units in Iml of liquid to 2 million units in
2mL in order to deliver an equivalent dose. It is
also important to provide education on changes
to aerosol output and the required adjustments

to inhalation technique, particularly maintaining
an effective mouth seal, as well as reassurance
regarding the delivered medication dose when
changing delivery devices.

It is helpful to consider the number of different
medications and devices that the person with CF
requires and consider medication choices that
limit these. There are some possibilities around
mixing medications to reduce treatment burden,
but thought must be given around the legalities
and appropriateness of doing so. Appendix Illh
provides a summary of medication compatibility.

8.6 Timing of medications

It is suggested that nebulised antibiotics are taken
after physiotherapy and after bronchodilators

to ensure best deposition and protection from
bronchoconstriction. 60461

Questions remain around the optimal timing of
dornase alfa. Studies have suggested that inhalation
either before or after airway clearance is equally
effective.504505 Others suggest that inhalation 30
minutes before airway clearance may improve
small airway patency more than inhalation post-
airway clearance.*% Recognising the variation in
the outcomes of these studies and the advances

in CF management and lung health since they were
conducted, advice around timing of dornase alfa
with airway clearance should consider symptom
burden (secretion load, tenacity and ease of
clearance) alongside treatment burden when
advising on optimal timing. There is also variation
on the advised gap between administration of
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dornase alfa and inhaled antibiotics varies across
the UK and is largely based on the strongly held
beliefs of physiotherapists and tradition.>” The
gap advised may impact the complexity of an
individual's treatment programme, their treatment
burden and adherence;* individualised treatment
plans are recommended.

Hypertonic sodium chloride and mannitol dry

powder for inhalation should be taken immediately

prior to or during airway clearance as they are
thought to have an immediate mode of action.
This may be directed by individual preference.

8.7 Combining inhaled
medication with ACTs

It is possible to combine some nebuliser devices
delivering hypertonic sodium chloride with an
airway clearance device, such as an eFlow®
nebuliser with some PEP devices. Combining
techniques is attractive as a strategy to decrease
treatment burden and may also be driven by

a wish to optimise deposition, but there is no
evidence to firmly demonstrate these outcomes.
People with CF may like combining airway
clearance with nebulisation and find it less
time-consuming,3% but there is a suggestion

that combining airway clearance devices with
nebulisation may decrease lung deposition.>%®
The addition of an airway clearance device to

a nebuliser is not identified in the SPC of any
nebulised medication and so this action creates
an off-label use of the medication. Clinicians must
consider whether there is sufficient data to ensure
a safe and effective dose is delivered and discuss
this with the prescriber.

8.8 Cleaning and maintenance

of equipment

Advice about cleaning of inhalers can be found
within the medication SPC or patient information
leaflet.

Advice about cleaning of nebuliser devices

can be found in the manufacturer’s information
such as handbooks. Appropriate cleaning and
maintenance of nebuliser equipment is essential

to avoid bacterial contamination of the equipment,

to decrease the risk of acquiring pathogens and
to ensure efficiency of the delivery of inhaled
medication.599-51

Maintaining cleaning regimens can be particularly
challenging in the hospital environment and
thought should be given as to how appropriate

regimens can be supported.>??5! See section 16
on infection prevention and control for more
information.

8.9 Recommendations

e Inhaled medication (inhalers and nebulisers)
must be prescribed by brand and not generically
where possible (QoE — moderate).

* A DRA should be performed to assess suitability
and/or effectiveness of the inhaled medication
for the individual (QoE — moderate).

* Where bronchoconstriction is present on a
DRA, a further DRA with pre-medication of a
bronchodilator is advisable (QoE — moderate).

e An assessment of the ability of the person to use
an inhaler or nebuliser device should be made
before commencing treatment (QoE — low).

e Regular reassessment of the response to
bronchodilators should be carried out where
appropriate (QoE — moderate).

o Consideration should be given to using
intelligent nebuliser technologies such as
AAD and VMT (QoE — moderate).

» Relaxed tidal volume breathing through the
mouth and not the nose is recommended for
people using nebulised antibiotics through a
conventional nebuliser system (QoE — very low).

o Expiratory filters should be used when
nebulising antibiotics to avoid environmental
contamination, reduce exposure of others to
the medication and to avoid damage to property
(QoE — very low).

8.10 Good practice points

Physiotherapists should take into account
the current lack of data for inhaled therapy
in those prescribed CFTR modulators and
consider the context of new research as

it is published prior to applying it to wider
groups of people with CF.

e Physiotherapists should remain up to date
with national and regional commissioning
policies related to inhaled therapy.

» Physiotherapists should remain aware of
inhaler and nebuliser developments to
ensure the most appropriate device for
each medication is utilised.

e Physiotherapists must ensure that the
medication and device issued to the
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person are compatible and will deliver a
comparable dose to the medication and
device combination stated within the SPC.

» Appropriate education on the use, cleaning
and maintenance of inhalation devices and
treatment strategy should be given to the
person with CF or their family or carers,
and ongoing support provided.

o Off-label use of medication should be
agreed with the prescriber.

* A mouthpiece offers advantages in lung
deposition for some individuals, though a
mask may be more suitable for those who
cannot maintain a proper seal or require
supplemental oxygen.

¢ The device and appropriate parts must be
replaced appropriately and in accordance
with the manufacturer’s guidance.

e There should be ongoing monitoring for
subjective and/or objective bronchial
hyper-reactivity to inhaled medications
once long-term treatment is established.

¢ Arisk assessment should be considered
acknowledging the potential for risks
for pregnant staff and the potential for
increased risk of respiratory irritation or
allergic reactions for staff with hyper-
reactive airways with exposure to
aerosolised medicines during a DRA.
Any identified potential risk should be
further explored according to local
risk assessment policies to determine
appropriate actions.

8.11 Research
recommendations

¢ Clinical consensus is needed on the
recommended time between administering
dornase alfa and inhaled antibiotics.

» The effects of reduced use of non-CFTR
modulator treatments on the longer-term
efficacy of CFTR modulators is uncertain
and more research into this is needed.?
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9. Oxygen therapy

Oxygen therapy is commonly prescribed for

the treatment of hypoxaemia for people with

CF. Chronic and recurrent airway infection and
inflammation leading to progressive lung damage
results in chronic hypoxaemia and can lead to
cor pulmonale.®® Episodic hypoxaemia can occur
during sleep, exercise, air travel, at altitude, and
during infective exacerbations of CF.5

Individuals with respiratory disease are most at
risk of compromised gas exchange during sleep
and exercise. The development of nocturnal
hypoxaemia and hypercapnia are poor prognostic
signs in CF.3*® Chronic hypoxaemia may up-
requlate airway inflammation, contribute to
persistence of P. aeruginosa infection and inhibit
CFTR function.® There is no universally accepted
method of measuring hypoxaemia in CF, leading
to a lack of uniformity among published studies.>

There are currently no CF-specific guidelines to
inform best practice regarding supplementary
oxygen therapy in CF.

9.1 Supplemental oxygen

Oxygen therapy is associated with some adverse
effects, such as suppression of respiratory drive and
decreased mobility due to tethering to a device.>**
There are also psychological implications, including
issues with self-image and increased burden of
care.®* Adherence to oxygen therapy may be

poor if no benefit is felt and often improves when
oxygen therapy provides symptomatic relief 5

The practical use of oxygen in CF is complex.>657
Supplemental oxygen has a role in emergency
care, respiratory exacerbation, chronic long-
term use, sleep and exercise. It can also be used
with NIV, during air travel and at altitude. Oxygen
requirements may differ during each of these
situations and should therefore be assessed
independently to ensure adequate oxygen
prescription for each scenario. Physiotherapists
may be involved in the assessment, set-up and
monitoring of oxygen therapy in CF.

Further investigation into the role of supplementary
oxygen in CF is required to determine the benefits
of long-term oxygen therapy, administered
continuously and during sleep and exercise, to
inform when and how best to use oxygen therapy
in the management of CF.5%518 Optimal ‘target
oxygen saturations’ in people with CF have not
been investigated.>*?

The introduction of CFTR modulator therapy has
resulted in rapid clinical improvement in some

individuals with advanced disease. The number of
patients requiring oxygen therapy has reduced and
suggests a major impact on the life expectancy of
people with CF. Longer term data is required, but
this trend is likely to continue as further research
allows earlier access to modulator therapies.

9.1.1 Emergency oxygen

People with CF may become critically ill and
require emergency oxygen therapy, or may require
supplemental oxygen during a hospital admission
for an acute exacerbation. In adults with CF, the
time spent with oxygen saturations lower than
90% is greater during an infective exacerbation
than in the stable state.’* Those with advanced
CF may suffer from exacerbations similar to
those in advanced chronic obstructive pulmonary
disease (COPD), with associated hypoxaemia

and hypercapnia.®®® There is limited CF-specific
guidance on the use of emergency oxygen; much
of the information available is extrapolated from
COPD guidelines and other respiratory research.

9.1.2 Target oxygen saturations and
delivery methods

It is recommended that emergency oxygen therapy
is prescribed to achieve a normal or near-normal
target oxygen saturation range of 94-98% for most
acutely ill patients with no risk of hypercapnia.>®
Oxygen can be delivered by nasal cannula at 2—6L/
min or face mask at 5-10L/min in this group.5*®

People with CF with advanced lung disease may
demonstrate hypoxaemia and hypercapnia. Those
at risk of hypercapnic respiratory failure should

be prescribed emergency oxygen with a target
oxygen saturation range of 88—-92%,519520 delivered
via 28% venturi mask at 4L/min, 24% venturi mask
at 2-3L/m, or nasal cannula at 1-2L/min. If arterial
blood gases then show a normal PaCO,, the target
oxygen saturation range can be adjusted to 94—
987%.51

People with CF may demonstrate high respiratory
rates when critically ill or during an infective
exacerbation. Those with a respiratory rate greater
than 30 breaths per minute may benefit from
oxygen supplied via venturi mask with the flow rate
increased by 50% above the recommended level,
to ensure gas flow rate exceeds inspiratory flow
rate.>®

There is little evidence to support the use of
humidification, but it may be beneficial in those
who require high flow oxygen for more than
24 hours, those who experience upper airway
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discomfort and dryness and those who have thick
secretions that are difficult to expectorate. This can
also be achieved with the use of nebulised normal
saline.>® Nasal high flow (NHF) systems can also be
used to deliver humidified oxygen.?

9.1.3 Emergency oxygen
and hypercapnia

Adequate oxygenation should be maintained and
excessive hypercapnia and acidosis avoided.512521522
In severe CF where there is evidence of acute
respiratory failure, a trial of either NHF or NIV
should be considered.>?

Although not specific to CF, NHF has been found to
reduce breathlessness, improve respiratory failure,
reduce the need for NIV and reduce intubation
rates significantly more than conventional oxygen
therapy.524-52¢ Individuals established on NHF
should be closely monitored to ensure detection
of treatment failure which includes a high
respiratory rate, low SpO, and thoracoabdominal
asynchrony.®?5527528 The development of clinical
guidelines to include flow settings, indications
and contraindications is urgently needed.>** Large,
high-quality studies are required comparing NHF,
conventional oxygen therapy and NIV.5%

9.1.4 Arterial blood gases

Arterial blood gases are required when hypoxaemia
is unexpected, oxygen saturations are deteriorating
despite optimal management, there is increased
breathlessness in previously stable hypoxaemia, or
there are risk factors for hypercapnic respiratory
failure.® For most people who require blood

gas sampling, either arterial blood gases or
arterialised earlobe blood gases may be used to
obtain an accurate measure of pH and pCO..
However, the arterial oxygen tension (PaO,) is less
accurate in earlobe blood gas samples, potentially
underestimating the oxygen tension by 0.5-1kPa,
so oximetry should be monitored carefully if
earlobe blood gas specimens are used.>*®

9.1.5 Weaning supplemental oxygen

Oxygen should be weaned in stable individuals
with oxygen saturations in the target range and
discontinued when SpO; is within the target range
on room air, on two consecutive observations.>
Observations in stable individuals should be
performed every four hours. SpO, should be
monitored for at least five mins after any

changes or after stopping oxygen.5°

9.1.6 Recommendations
e CF Centres should have a local pathway or

standard operating procedure for supplemental
oxygen provision to enable timely assessment
and facilitate a systematic and proactive
approach to assessment and treatment
planning, ensuring involvement of people

with CF (QoE - high).

e All people with CF requiring emergency oxygen
should be admitted to a Specialist CF Centre.
If this is not possible for geographical reasons,
cases should be discussed and managed
according to a protocol agreed by the
Specialist CF Centre (QoE — high).

e A target oxygen saturation range should be
prescribed for all people with CF at time of
admission (QoE — high).

e Target oxygen saturations should be 94-98%
unless there is risk of hypercapnic respiratory
failure, in which case the target should be
88-92% (QoE - high).

e NIV or NHF should be considered in people
with acute respiratory failure with severe disease
(QoE - high).

e People with CF who have had hypercapnic
respiratory failure should be given an oxygen
alert card with recommendations for target
oxygen saturation range and oxygen prescription
based on previous blood gas measurements
(QoE - high).

9.1.7 Good practice points

e Oxygen supplied via venturi at a flow rate
of 50% greater than the recommended
flow rate may be beneficial in those with
respiratory rates of greater than 30 breaths
per minute.

e People with CF prescribed oxygen should
be given an oxygen information sheet
where possible.

o Consider nasal high flow in hypoxemic
individuals with close monitoring for signs
of treatment failure.

9.2 Long-term oxygen
therapy

The progression of CF respiratory disease often
results in chronic hypoxaemia and a myriad of
complications associated with this. Long-term
oxygen therapy (LTOT) is often prescribed to treat
hypoxaemia and prevent these complications.
Screening for hypoxaemia should be carried out
regularly, especially in patients with severe CF.53
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Published studies regarding oxygen in CF
primarily concern the effects of nocturnal and
ambulatory oxygen 513521529-533 There are no
studies available that analyse the effects of LTOT
in CF and recommendations for use are generally
extrapolated from COPD research and guidelines.

Formal LTOT assessment should be completed
after a period of ideally 8 weeks of stability. If LTOT
is ordered during an acute exacerbation, it should
be limited to those with oxygen saturations less
than 92% who are breathless, with symptoms that
increase when oxygen is stopped.>* Suitability
for LTOT is assessed by performing two arterial
blood gases, usually three weeks apart.>** When
oxygen titration is complete, arterial blood gases
should be reassessed to determine whether
adequate oxygenation has been reached without
precipitating hypercapnia.>** Arterialised capillary
blood gases and transcutaneous carbon dioxide
(TcCO,) can be used in place of arterial gases for
monitoring.

In adults with CF, LTOT should be prescribed for
those with a resting PaO, of 7.3kPa or below. LTOT
should also be prescribed for people with CF with
a resting PaO, of 8kPa or lower in the presence of
peripheral oedema, polycythaemia, or evidence of
pulmonary hypertension.>** There is little evidence
to guide when LTOT is indicated in children with
CF, but it is generally thought that LTOT should

be considered if they are hypoxaemic to improve
school attendance and for those who obtain
symptomatic relief 3455 LTOT can also relieve
dyspnoea when NIV is not tolerated in children
with CF.3%

9.2.1 LTOT and hypercapnia

As with emergency oxygen, supplemental oxygen
may cause hypercapnia, and close monitoring

of PaCQO; after commencing LTOT is essential

in those at risk of developing hypercapnic
respiratory failure.® A retrospective study found
that a baseline PaCO, greater than 6.5kPa at

LTOT assessment strongly correlated with the
development of progressive hypercapnia requiring
NIV within 12 months of commencing LTOT.%

9.2.2 End-of-life care

At end of life, oxygen should be used for those
with oxygen saturations less than 90% or for those
who report significant relief of breathlessness

with oxygen.5?® Palliative oxygen therapy may be
considered if breathlessness is unresponsive to

all other treatments.>*

9.2.3 Delivery methods

The needs of the individual should be considered
when selecting the delivery device and interface.
Regular follow-up by a healthcare professional
experienced in oxygen therapy is required, either
in hospital or at home.

9.2.4 Recommendations

e LTOT should be prescribed in adults with
CF with resting PaO, of 7.3kPa or below
(QoE — moderate).

e LTOT should be prescribed in adults with
CF with resting PaO, of 8kPa or below in the
presence of peripheral oedema, polycythaemia,
or pulmonary hypertension (QoE — moderate).

e LTOT should be used for a minimum of 15 hours
per day, but 24 hrs per day may give additional
benefits (QoE — moderate).

9.3 Nocturnal oxygen therapy

Sleep-related hypoxaemia is defined as nocturnal
oxygen saturations less than 93.8%.5%-%" Time
spent with oxygen saturations below 93.8% can
be 5-30% of total sleep time before nocturnal
hypoxaemia is considered of consequence. 8514537
Some literature defines nocturnal hypoxaemia as
oxygen saturations of less than 90% for more than
10% of the night.>*

Development of nocturnal hypoxaemia and
hypercapnia are known to be poor prognostic
indicators in CF.>** However, there are no CF-
specific guidelines to suggest the optimum time
for initiation of nocturnal supplementary oxygen in
people with CF.52%5%* Consequently, individuals may
be treated sub-optimally and should be regularly
reviewed to ensure the most appropriate therapy.>*®

Although not yet studied in people with CF,
chronic and intermittent hypoxaemia has been
linked to low-grade systemic inflammation in
other disorders and could worsen the already
present airway inflammation and tissue destruction
characteristic of CF lung disease.?®°

Before daytime resting hypoxaemia develops,
people with CF with worsening disease,

particularly those with FEV: less than 65%
predicted>18529534539-541 or with resting baseline
oxygen saturations of 93-94%5%° can develop
nocturnal or sleep time oxygen desaturation.

This is due to a combination of worsening V/Q
mismatch in a supine posture, physiologic changes
in the mechanics of respiration and de-recruitment
of ventilatory muscles, especially during the rapid
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eye movement (REM) portion of sleep 534535539540
It has been demonstrated that there can be
evidence of sleep-related desaturation, in the
absence of daytime or sleep-related hypoxaemia,
which may be clinically significant.521:529535,539542
However, where exertional desaturation occurs it
is prudent to assess for nocturnal desaturation.>

Nocturnal desaturation has been associated
with greater difficulty in performing treatment,
increased exertional dyspnoea and impairment
in neurocognitive performance, development
of pulmonary hypertension and the inability to
perform normal physical function 51457539

Overnight oximetry is widely available and should
be utilised to assess for nocturnal desaturation.
Monitoring evening PaO, and morning PaCO, have
been shown to be better predictors of nocturnal
desaturation than spirometry. Additionally, evening
PaO, in those with moderate-to-severe disease
(PaO2 42-84mmHg) contributed significantly to
the prediction of a rise in TcCO, from non-REM

to REM sleep.5®®

There is little evidence identifying significant
benefit from the provision of supplemental
nocturnal oxygen in advanced lung disease.
There were no significant improvements

in sleep arousal, sleep quality, total sleep

time or indeed survival statistics.518:521.550534.543
Additionally, no change was identified in mood
or social maintenance.’® Nocturnal oxygen did,
however, improve non-REM and REM sleep,
nocturnal oxygenation and participation in
activities of daily living such as school and
Work attenda nCe_96,513,522,529,534,536

9.3.1 Nocturnal oxygen therapy and
hypercapnia

Studies have shown that PaCO, can increase in
some people with CF when nocturnal oxygen is
administered, particularly in those with an FEV1
less than 29% predicted.51353453%9 |t is therefore
recommended that when nocturnal supplemental
oxygen is prescribed, TcCO, or arterialised capillary
CO;, (in the absence of more invasive arterial blood
gas analysis) should be measured, to monitor for
potential CO, retention and guide appropriate

management, including the consideration of
N |V_515,518,523,534

9.3.2 Assessment for other sleep
disorders

Poor sleep quality can result in detrimental
psychological, physiological and neurocognitive
effects on both children and adults. With the
emergence of CFTR modulator therapy and

improved patient prognosis, risk factors for sleep-
disordered breathing and obstructive sleep apnoea
such as obesity, diabetes and cardiovascular
diseases are on the increase.>** Screening
questionnaires such as the Epworth Sleepiness
Scale and performing polysomnography can

be useful in diagnosis.>454

9.3.3 Recommendations

e In people with CF with FEV: less than 65%
predicted or a daytime oxygen saturation
less than 947%, overnight oximetry monitoring
is advised to ensure nocturnal desaturation is
not missed (QoE — moderate).

e Regular monitoring of TcCO, (or PaCO,)
is required in guiding the application of
supplementary oxygen and the initiation
of NIV (QoE — moderate).

e Spirometry results and measurements of awake
resting oxygenation should not be used to
predict nocturnal desaturation (QoE — low).

e Nocturnal oximetry should be considered in
people with moderate-to-severe lung disease
even with preserved awake resting oxygen
saturations (QoE — moderate).

» Nocturnal oxygen should be prescribed
with caution and further analysis of PaCO,
should be undertaken to ensure no adverse
effects occur, such as nocturnal hypercapnia
(QoE — moderate).

9.3.4 Good practice points

e In people with CF reporting headache,
assess for nocturnal oxygen desaturation
and hypercapnia.

e Polysomnography is useful for measuring
sleep architecture. The Epworth Sleepiness
Scale and polysomnography can help in
diagnosing sleep disorders.

o Simple overnight oximetry is widely
available and provides clinically useful data
in cases where nocturnal desaturation is
suspected.

9.4 Ambulatory oxygen

Ambulatory oxygen therapy (AOT) describes the
use of supplemental oxygen during exercise or
activity, for example during airway clearance in
CF.5% There are some studies considering the use
of AOT in exercise but rarely during activities of
daily living.
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People with advanced CF lung disease are likely to
have reduced exercise tolerance;>*¢ AOT minimises
desaturation during exercise and can reduce
episodes of desaturation during airway clearance
and activities of daily living.>*2 AOT has been
shown to offer improvements in both intensity and
endurance during exercise, and thus can maximise
the benefit of exercise programmes 53531534 Despite
the improvement in oxygenation and exercise
duration with oxygen supplementation, peak work
capacity and oxygen uptake did not improve in
exercise studies.>*=%33 The use of supplemental
oxygen has been shown to result in raised CO;
levels,5*5%5 and it is unclear what advice to give
patients for whom AOT is impractical or decline

to use it.>¥

9.4.1 Assessment

Desaturation on exertion may be identified during
annual exercise tests and this is likely to develop
before the need for LTOT.5325% Assessment

should be considered if patients are experiencing
breathlessness that is impacting on activity or
exercise levels. The degree of desaturation and
options for AOT should be reviewed in partnership
with the person with CF. A formal AOT assessment
can then be carried out, including consideration of
the individual's views.

Assessment for AOT is based on measurement of
SpO, using a finger or earlobe probe, to measure
desaturation on exercise, defined as a drop in
SpO; of 4% or greater up to 90%,** and to assess
response to AOT. Assessment should also consider
the most appropriate device and setting to correct
exercise desaturation to the individual's target
oxygen saturation.

9.4.2 Delivery methods

Where the respiratory rate is high, oxygen through
a venturi mask at a flow rate sufficient to exceed
the individual's peak tidal and exertional inspiratory
flow can offer advantages over oxygen therapy
delivered by nasal cannulae. People with CF

with high respiratory rates should be supplied

with AOT equipment which is able to deliver the
required high flow rates. It is worth considering
that equipment delivering higher flow rates is likely
to be heavier, supplying reduced hours of use,

and that portability and duration of use declines
considerably above 6L/m.57534

Assessment should consider daily activity and
treatment programmes which may include
exertion related to a person’s work and sport
activities.>Y If the person with CF already has an
LTOT prescription, it is likely that they will require
a different flow rate for activity and exercise.>

An exploratory study suggests that using nasal

high flow therapy (NHFT) during exercise in people
with CF with advanced lung disease appears to be
beneficial in increasing walking distance, reducing
their respiratory rate and CO, retention, and
achieving a better control of dyspnoea and comfort
when compared with conventional oxygen.>*®

AQOT requirements should be reviewed regularly,
especially if AOT commenced during an
exacerbation or when unwell. An initial review
should take place after 4—6 weeks to consider if
this therapy is still indicated. Home visits may be
useful to identify problems with equipment or
set-up and to further assess activities undertaken
during daily activity. Further reviews should be
carried out every six months when stable, or
sooner if there are clinical changes. Supplemental
oxygen should improve participation in and
maximise the benefits of exercise 5353

9.4.3 Recommendations

e AOT should be assessed by monitoring
desaturation on exertion either using a
formal exercise test or during specific
activities (QoE — low).

e Desaturation requiring consideration for
AOT or LTOT is defined as a drop in SpO,
of 4% or greater up to 90% (QoE — low).

9.4.4 Good practice points

e People with CF should be routinely
monitored for exertional desaturation,
annually as a minimum and more frequently
as necessary.

e A venturi device for delivery of ambulatory
oxygen may be considered where the
respiratory rate is high.

» Consideration should be given to the
type of supplemental oxygen for exercise
delivery equipment suitable for the
individual and the types of activities they
will undertake.

9.5 Oxygen for air travel

Air travel is common for people with CF. Due to
lack of evidence, there is no known threshold of
resting sea level oxygen saturations or FEV: that
will reliably predict hypoxaemia or complications
during air travel in CF. Guidance is mostly based
on research in COPD and may not be directly
transferable to CF.>#°
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The BTS Clinical Statement on air travel for
passengers with respiratory disease gives
detailed advice and recommendations.>#°

CF teams should consider the person’s previous
flight experience, flight duration, destination,
medications, equipment and, if relevant, the time
since the last exacerbation when giving advice 549550
Desaturation during flight or at altitude is
considered unlikely if FEV1 is greater than 40% and
resting saturations are greater than 92-94%.51¢

9.5.1 Contraindications to air travel

The following are generally considered to be
contraindications to commercial air travel:

o Untreated respiratory failure
¢ Untreated pneumothorax

o Active infection representing a risk to
others, such as TB, SARS, MERS, COVID-19,
bronchogenic cysts.

o Type 2 respiratory failure if the FiO, required at
altitude increases the risk of the patient retaining
COZ.549

9.5.2 Flight assessment or hypoxic
challenge test (HCT)

The hypoxic challenge test (HCT) is a method
of assessing whether people need in-flight
supplemental oxygen. The HCT involves a 15%
normobaric oxygen challenge, which simulates
the partial pressure of oxygen at altitude.

HCT is recommended in adults with lung
disease with:

e resting oxygen saturations of 95% or less,
and in whom there are concerns about
hypercapnia

e desaturation to less than 84% on 6MWT
or shuttle walk test and in whom there are
concerns about hypercapnia persistent
symptoms and/or frequent exacerbations
despite optimal treatment regardless of
resting sea level SpO,

» existing or previous hypercapnia and
those at risk of hypercapnia, including
those taking medication which can cause
respiratory depression

e a history of type 2 respiratory failure
already on LTOT at sea level.

Adapted from the BTS Clinical Statement
on Air Travel.>#

An HCT is not required in those who are stable and
have had no hospital admissions, exacerbations, or
significant changes to treatment since a previous
HCT.

For pregnant people with CF, the Royal College of
Obstetricians and Gynaecologists guidance should
also be consulted.>*

If HCT results demonstrate PaO, less than 6.6kPa
or oxygen saturations less than 85%, in-flight
oxygen is recommended.>° Whilst the HCT can be
a more accurate predictor of people who are likely
to desaturate during air travel, it is not available

at all hospitals and does not replicate a two week
holiday where the individual may return in poorer
health than when they left.

9.5.2.1 HCT in paediatrics
HCT should be considered in:

e infants less than one year old with a history
of neonatal chronic respiratory problems

e children who are old enough for spirometry
and whose FEV1 is less than 50% predicted

e children who are too young to reliably perform
spirometry who have been assessed as having
severe lung disease

e children who have had long-term oxygen
commenced or used within the last six months.

If oxygen saturations fall below 90% during HCT,
in-flight oxygen is advised. Infants and children
who are oxygen-dependent at sea level will need
their oxygen flow rate doubled at flight altitude.>*°

9.5.2.2 If HCT is unavailable

If HCT is not readily available and there are no
concerns about hypercapnia, people with CF
already on LTOT should be advised that they will
need a flow rate 2L/min greater than their baseline
flow rate.>*

9.5.3 Other pre-flight screening

SpO,, SaO, and PaO, during CPET correlate

with those measured during HCT, and since an
exercise test is carried out at annual review, this
can contribute to pre-flight screening for patients
considering air travel.>*

9.5.4 Practicalities of assessment and
in-flight supplemental oxygen

People with CF who meet the requirements for
HCT assessment should be advised to plan ahead

and seek advice before booking air travel and be
provided with advice and support to book extra
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services required with the airline such as in-flight
oxygen and airport assistance.

Many airlines no longer provide routine medical
oxygen, and oxygen delivery devices provided via
NHS contracts are not insured for use off UK soil.
Portable oxygen concentrators are now easily
available for private lease or purchase and may
now enable higher flows to be delivered if the
person with CF can use pulsed oxygen and is
able to trigger this throughout the flight.

If oxygen is required at ground level, it will not
be provided by the airlines within the airport.

9.5.5 Advice for people with
CF requiring in-flight oxygen
» |f a portable oxygen concentrator is going to

be used in-flight patient must gain approval
from the airline.>*

« Consider booking an aisle seat near the
toilets to minimise further in-flight activity
and consequent energy and oxygen
expenditure, 549550

e To avoid further desaturation:
- avoid sleep while in the air

- avoid alcohol immediately prior to or
during the flight to stay well hydrated

- have a small carbohydrate meal.

¢ All medications should be kept in hand
luggage to avoid issues with delayed or
lost hold baggage.>*

Airlines will generally require passengers to
complete a medical information form (MEDIF) to
supply in-flight oxygen but may also require this
for the individual to take onboard portable
cylinders or concentrators. The MEDIF usually
includes an individual's personal details and a
signature for a permission statement for the release
to the airline of clinical information pertinent to the
flight. Some carriers request a doctor’s letter.

All arrangements and costs associated with in-flight
oxygen will vary between airlines. If individuals
travel with the same airline regularly, they should
consider requesting a Frequent Travellers Medical
Card (FREMEC). Once registered, details will be
stored, and any assistance required can be easily
accessed. This may not be shared between airlines.

9.5.6 Recommendations

o |f the results of a HCT show desaturations to less
than 90% then in-flight oxygen is recommended
and should be titrated to achieve saturations of
90% (QoE — low).
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e If the individual is already on LTOT and there is
no evidence of hypercapnia, then recommend
increasing normal flow rate at sea level by 2L/m
(QoE — low).

9.5.7 Good practice points

e When travelling abroad people with CF
should be advised to plan ahead and seek
advice before booking, from their airline as
well as their CF team.

e People with CF at higher risk of hypoxaemia
should be offered advice regarding sleep,
alcohol, hydration and diet.

e People with CF should be assessed by their
CF Centre and advised whether they meet
the criteria for a HCT.

e People with CF who cannot tolerate
withdrawal of oxygen for short periods of
time should not travel by air.

e The use of a portable oxygen concentrator
may be prohibited under 10,000ft by some
airlines. Therefore, it cannot be used during
take-off and landing.

e Passengers must take out adequate travel
insurance to cover outward and return
journeys and the stay at their destination.

9.5.8 Research recommendations

e The value of HCT in assessing people with
CF before air travel.>4%50

o Determining reliable cut-off values for CPET
which could then contribute to preflight
screening.>®!

9.6 Oxygen equipment

There are few published studies considering this
topic and technological advances mean that the
results are outdated quickly. Equipment used in
the provision of oxygen can be divided into three
categories:

1. Source - concentrators, cylinders and liquid.

2. Delivery — cannula, masks, conservers and
tracheal devices.

3. Supplementary — humidifiers and carrying
bags/trolleys.
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9.6.1 Source

All sources of oxygen can be portable or static and
decisions on the most appropriate type of device
will be based on lifestyle, level of activity, flow rate
required and individual preference. Equipment will
be delivered directly to the individual by the oxygen
contractor supplying the local area.

Different contractors may source different types
of equipment for their contract. This can result in
slight variances in the specific equipment available
in different parts of the UK, but all will have
availability of a range of flow rates and portable
equipment.

Some of the more portable equipment is likely

to offer pulsed oxygen to minimise the size and
weight of the device. Higher flows of continuous
oxygen are likely to be provided by liquid oxygen.
Static HomeFill concentrators are now available in
some areas which enable an individual to fill small,
portable cylinders that can then be used outdoors.

Oxygen concentrators are available in more than
one size and flow rate, including portable oxygen
concentrators (POC). These options will vary
depending on supplier and location in the UK.

9.7.2 Delivery

Controlled, fixed-flow oxygen can be provided

by a venturi mask, but this can result in failure of a
static concentrator as the back pressure caused by
the venturi valve has been known to cause static
oxygen concentrators to alarm, It has also been
suggested that venturi masks when used with a
static oxygen concentrator can deliver lower than
expected FiO, , so venturi masks may be a better
option only when used with cylinders.5?

Nasal cannulae are more discreet and have less
impact on communication, eating and drinking.
Psychological factors should also be considered
such as the impact on self-image and burden of
care. >

Oxygen-conserving devices or demand valves can
be integral or separately attached to the oxygen
source, delivering pulsed oxygen on inspiration.
Whilst some studies have agreed that these devices
can reduce oxygen usage by around 507%, it has
also been shown that demand flow oxygen is not
as beneficial as continuous flow oxygen during
exercise or activity. In addition, some individuals,
especially those who mouth breathe, may have
difficulty triggering the devices; an ambulatory
assessment should be carried out before it is
recommended.>** There is no evidence for the

use of pulsed oxygen overnight. When considering
pulsed oxygen, all individuals should be assessed
using the delivery device they will be using at
home >

People with CF have described experiencing
embarrassment around the restrictions brought

to their lives when working or carrying out leisure
activities while using oxygen and reported the need
to plan activities carefully. They prefer using smaller
devices such as POC and would like improved
devices that are smaller and quieter.55556

9.7.3 Supplementary

Backpacks and trolleys can be provided by
the oxygen provider and are likely to improve
compliance with ambulatory oxygen therapy,
although many people with CF may prefer to
source their own bag or carrier.5¢

Humidification devices are available for static
sources of oxygen supply by bubbling oxygen
through the sterile water. Despite the view that
humidification will be helpful in the presence of
excessive thick secretions, there is no evidence to
support this other than when oxygen is supplied
via a tracheostomy.>**

9.7.4 Good practice points

¢ The oxygen equipment provided should be
carefully considered and meet the individual
requirements of their prescription and suit
their lifestyle and preferences.

e Pulsed oxygen should be considered
in order to reduce the oxygen usage
and extend time available on the device
provided. The individual will require an
assessment using any device they plan
to use at home.

e Equipment to carry oxygen devices should
be provided and is likely to improve
compliance.

» |f people with CF wish to purchase their
own oxygen equipment, advice should be
provided that any devices purchased should
be compliant with all UK and European
safety standards and provide adequate
oxygen to fulfil their needs.
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10. Non-invasive ventilation (NIV) and
continuous positive airway pressure

(CPAP)

10.1 Non-invasive
ventilation (NIV)

NIV is a type of ventilatory support where a small
NIV machine provides bi-level positive pressure
through a mask into the airway to provide
mechanical augmentation of minute ventilation. It
is a flexible form of ventilation, which can be used
continuously, at night or intermittently for specific
treatments in the day as indicated by clinical status.

The benefits of the addition of NIV to survival are
unclear. A 2019 publication reviewing UK registry
data noted NIV usage improved spirometry values
but did not benefit survival®® whereas a 12-month
RCT looking at NIV versus oxygen found use of NIV
lead to greater survival in a small group of people
with CF.558

Studies in CF suggest that the use of NIV may
impact lung function. Lung function improvements
alongside improvements in nocturnal oxygenation
were noted in a small observational study of
preventative use of NIV following sleep study
assessment of children and young adults.>*
Reports from multiple long-term retrospective
studies show a stabilisation in lung function with
NIV use,>®0-563 and attenuation of hypercapnia.>®®

The impact on pulmonary exacerbations is unclear;
Spolenti et al found no change in frequency of
exacerbations,*®? while two studies reported
decreases in |V requirements®! or pulmonary
exacerbations®* following use of NIV.57-559

Stabilisation of BMI is also a benefit of NIV>¢°
although caution should be taken when starting
patients with significant gastric symptoms and
there may be benefit of timing treatments around
mealtimes to reduce the risk of aspiration.>%>

In clinical practice, NIV has become an accepted
tool as a bridge to transplantation in CF,%%¢-5¢8 and
increasingly its role has developed beyond this
specific indication. BTS/Intensive Care Society
guidelines identify NIV as the treatment of choice
for people with CF where ventilatory support is
required®®® and there is observational data reporting
the use of NIV to support ventilation in patients not
listed for transplantation.>’%>"* A retrospective report
of 20 years of NIV clinical practice in 47 people
with CF demonstrated that half of those treated
with long-term NIV were not on the transplant

list. The data suggested that in this severe CF

population, NIV initiation and long-term use may
have contributed to a slowing or reversal of lung
function decline.>°

NIV can also be used beyond management of
respiratory failure to augment airway clearance and
exercise for people with CF,°6%2 and to help with
increased work of breathing.>s

NIV can be used to support people with a history
of haemoptysis or pneumothorax,**># but caution
and close monitoring during set up should be used
to minimise the risk of the use of positive pressure
for these individuals and those with advanced

lung disease (see Haemoptysis section 12.4

and Pneumothorax section 12.5 for details

on precautions with positive pressure).>%®

Depending on local policy and expertise,
physiotherapists may be involved in the
assessment, set-up of equipment and monitoring
of NIV. If appropriate expertise is available, NIV
can be provided on the CF ward and in the
community.>%°

10.2 NIV for respiratory
failure

10.2.1 Hypercapnic respiratory failure
(type 2 respiratory failure)

Worsening hypercapnic respiratory failure, also
called type 2 respiratory failure, has been strongly
linked with reduced survival.58525%7 The prevention
of the physiological, psychological and metabolic
effects of sustained hypercapnia and acidosis by
the early application of bi-level ventilatory support
via NIV may be beneficial.>??

NIV has become established as part of clinical
practice to bridge to transplantation in adults

with CF with severe, life-threatening respiratory
failure 56567575 Reports also describe its use beyond
this in those with established chronic hypercapnic
respiratory failure.

A matched case control study involving 12 adults
with CF with chronic hypercapnic respiratory failure
demonstrated a survival benefit and a decrease in
the number of exacerbations for those established
on NIV, compared to those who continued with
LTOT.57®
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Reduction of pulmonary exacerbations in patients
not transplant-listed was also seen in another small
study of 11 people with CF established on nocturnal
NIV. This study compared data one year before and
after nocturnal NIV providing some support for
early initiation of NIV.5"

Whilst certain inferences on the effects of long-
term NIV in chronic hypercapnic respiratory failure
are impossible without control group comparisons,
the continued emergence of observational data
means that randomised placebo-controlled

trials of long-term NIV in this group would have
substantial ethical challenges. There are no studies
exploring the use of short-term NIV during acute
hypercapnic respiratory exacerbations.

A small qualitative study using semi-structured
interviews with nine adults with CF using long-term
NIV, five of whom were on the active transplant

list, highlighted NIV provided positive relief from
symptoms and improved Qol, suggesting this is

an acceptable and valued treatment option.>”

A small pilot study of normoxaemic patients
demonstrated that early use of nocturnal NIV
improved the index of global ventilation and halved
the number of exacerbations per year, however
spirometry remained unchanged.%7857°

10.2.2 NIV for hypoxic respiratory
failure (type 1 respiratory failure)

Three RCTs involving 27 adults with CF assessed
the use of NIV for nocturnal hypoventilation 522543580
These showed in single night studies that both
NIV and oxygen therapy can correct nocturnal
desaturation. Compared to oxygen therapy,

NIV attenuates increases in hypercapnia during
sleep.5?2580 When used over six weeks, NIV
improved chest symptoms, exertional dyspnoea
and peak exercise capacity compared with
placebo.>** There are variable reports on personal
tolerance and preference for oxygen therapy

or NIV.

10.2.3 NIV for end-of-life care

Guidance on the management of NIV in palliative
care is limited. A 10-year review of 49 adults with
CF found that 65% established on NIV died on the
NIV, with only 16% having their settings changed.>®3
Changes to NIV settings at the end of life should be
led by patient symptoms and comfort.>6

10.2.4 NIV for airway clearance

NIV to support ACT has become recognised as
a treatment option for people with CF*8! and

is considered in individuals with more severe
lung disease,*®? during infective exacerbations®®

or in individuals having difficulty with
expectoration.?6381-58 N|V for ACT may also

be considered for individuals who have a good
response to IPPB®! or those who desaturate with
other ACTs.5”? Its action may decrease respiratory
muscle fatigue, augment cough by creating greater
tidal volumes and prevent airway closure.®%*

The use of NIV for ACT can be a good starting
point to introduce NIV to individuals who may
benefit from nocturnal support in the future.
Creating a good understanding of and relationship
with NIV has been reported as important in NIV
usage success.>® For those established on NIV

for ventilation, settings may need to be altered

to augment airway clearance, in partnership with
the person with CF, for example to allow larger
volumes or slower rates.>® Masks can be used for
ACT, or mouthpieces may be preferred for ease of
expectoration.®8®

The short-term effects of using of NIV for ACT
over one or two days have been investigated in
two studies with adults with CF during infective
exacerbations,%®¢” and in one adult®®* and one
paediatric study®®® with stable people with CF.
Slightly longer-term studies have been completed
over a hospital admission®® and a three-month
period.l%” Results have included decreased
fatigue>83586-588 gnd lower respiratory rates during
airway clearance,®-%88 while improvements in
oxygenation,8338¢ respiratory muscle strength,>8¢
LCI*7 and FEV:®8 have also been highlighted.
None of the RCTs have shown a difference in
sputum expectorated when using NIV-assisted
ACT versus usual ACT,® although published
work based on semi-structured interviews with
individuals established on NIV for ACT have
reported improved ease of sputum clearance>845°°
alongside lower levels of fatigue®® and lower levels
of breathlessness during ACT,83107.583,584,586-590

More research is needed into the longer-term
effects of the addition of NIV to ACT. One group
reported non-significant trends towards fewer
hospital admissions and increased home IV
antibiotic use in a cohort of 14 people with CF
who had used NIV for ACT over a one-year
period.?”3 A second study which retrospectively
reviewed people with CF using NIV showed a
significant reduction in hospital admissions in
the year after NIV was introduced.*®* Data from
11 people with CF using NIV for ACT highlighted
that while all reported NIV was beneficial, actual
recorded usage time was lower than self-reported
usage — indicating NIV for ACT may not be used
for all ACT sessions even in those who find it
beneficial.>! The current literature shows a divide
in preference for NIV-assisted ACT?835865% gnd
usual ACT.® while this may be due to differences
in the study cohorts, it is essential to consider
personal preference for all ACT interventions.
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All the current publications have methodological
limitations, such as small sample sizes, possible
effects of concurrent treatments and non-
standardised ACTs used with NIV or as the control.
This, and the short-term nature of these studies,
makes it difficult to draw robust conclusions

to the effect NIV has when added to ACT or
which patients may benefit most. No studies

have compared the effect of NIV-assisted ACT

to oxygen-supported clearance in those who
desaturate. More robust research is needed into
the use of NIV as an adjunct to ACT to fully identify
short and long-term benefits and possibly quide
individual preference.®®

10.2.5 NIV for exercise

Clinically, NIV has been reported to be used
during exercise to decrease dyspnoea, improve
oxygenation and ultimately improve exercise
tolerance in people with CF with advanced
respiratory disease.5?2°%° One RCT involving 13
children with CF compared the effect of no NIV
and use of NIV on 6MWT on a treadmill.?** The
results show some improvement in distance
completed, improved FEV1 and FVC and less
reduction in post-test peripheral oxygen
saturation when NIV was used.

A preliminary cross-over study involving

nine adults with CF demonstrated significant
improvement in peripheral oxygen saturations
and some improvement in blood gases during
submaximal cycle tests when NIV was combined
with oxygen in comparison to oxygen alone.
There was no difference in endurance shown

in this study and patient satisfaction was higher
when just oxygen was used.?*?> Rodriguez Hortal
et al conducted a study looking at the effects on
incremental treadmill test results comparing use
of NIV compared to oxygen alone in eight adults
with CF.*%2 There were no significant differences in
lung function, oxygen saturation or rate or rating
of perceived dyspnoea between the two groups.

There is insufficient evidence available®® and a
need for further research into the benefits of NIV

for people with CF with reduced exercise tolerance.

10.2.6 NIV provision

Two reviews of NIV in CF highlight important
considerations around NIV use:3¢559

» Skilled introduction, careful physiological
monitoring and education of NIV users and
nursing staff.

» Ongoing careful re-evaluation as someone'’s
clinical condition changes, during initial
admission and all subsequent admissions.
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 Skilled personnel who are familiar with the
different properties of the ventilators and
interfaces available to them.

e The provision of two ventilators and battery
support to those using NIV for more than 16
hours out of 24.

e The use of humidification.

e The availability of different ventilator and
interface options.

e Detailed documentation of settings and any
changes to settings or ventilators.

People with CF should have access to
comprehensive ventilatory support provided

by skilled personnel, with access to various
ventilator and interface systems keeping abreast of
technology as developments occur. It is likely this
may be provided a CF Physiotherapist®* but this
will vary locally.

Remote monitoring of NIV has been shown to be
feasible in a small group of CF patients using NIV
at home for more than three months®® and can
help to guide manipulation of settings to optimise
efficacy of ventilation in the individual. Introduction
of CF-specific local NIV pathways may help to
promote elective rather than emergency set-up,>¢
which may improve individual experience.

There is no large-scale published evidence
addressing infection control issues specifically

in relation to NIV.57 A small study swabbed seven
NIV machines which had been used by people
with CF with chronic P. aeruginosa or B. cepacia
infection and found no microbial contamination of
the machines.>*® Until large-scale studies confirm
lack of contamination, it should be considered
that equipment used in delivering NIV may be
exposed to potentially infectious material during
routine use through contact with the skin, mucous
membranes and respiratory secretions.>*” Where
possible, single-use equipment is encouraged

and appropriate decontamination of all other
component parts taken between users, in line
with manufacturers’ instructions.

10.2.7 NIV and the CFTR modulator era

A review of UK Registry data in 2019 indicated
that the use of NIV was increasing in the UK CF
population.>®” However, with the roll-out of CFTR
modulators for the majority of people with CF in
the UK, the trend for NIV use may change.>*° The
effects of CFTR modulators have led to greater
clinical stability for many people with CF, and with
this the frequency of need for NIV interventions is
unknown in this new population.

While there is limited information available at
present about the effects of modulator therapy and
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NIV use, comparison of UK Registry data from 2019
to 2024 indicates a trend for fewer people using
NIV.2600 Additionally, a 2021 review by Wadsworth
and Bright-Thomas found that of 14 people with
CF on NIV that started Kaftrio, 22% were able to
come off NIV completely with a further 36% able
to reduce their NIV requirements or oxygen use.®%

With the limited data indicating potentially fewer
people using NIV in the future, CF teams need to
make provisions to ensure continued competence
and proficiency in managing NIV interventions for
those who require it.

10.3 Continuous positive
airway pressure (CPAP)

Continuous positive airway pressure (CPAP) is a
type of breathing support where a small CPAP
machine provides a positive pressure of air
through a mask into the airway. CPAP prevents
sleep disordered breathing difficulties such

as obstructive sleep apnoea (OSA) where the
individual experiences complete or partial collapse
of the upper airway with an associated decrease
in oxygen levels or wakening. CPAP helps to keep
the airway open and increases the level of oxygen
in the lungs. CPAP can be used during airway
clearance to help splint open collapsible airways.

Untreated sleep disordered breathing, including
OSA, can lead to poorer pulmonary, cardiovascular
and metabolic outcomes for people with CF.>#
Additionally, Vendrusculo and colleagues reported
that children with sleep-disordered breathing had
lower exercise capacities and daily physical activity
levels.®02

Symptoms of OSA are increasingly being reported
in people with CF, including snoring, difficulty
breathing or mouth breathing during sleep, and
daytime sleepiness.®®® Risk factors for OSA differ
between adults and children, with upper airway
conditions including inflamed sinuses and enlarged
tonsils predominately the cause for children with
CF.603

Obesity is a main risk factor for adults with CF,
which historically has led to a low incidence

of OSA in this population.®®* However, with the
introduction of CFTR modulators, where weight
gain is now easier for many individuals with CF,
the incidence of OSA is likely to increase. Data
is emerging indicating that OSA and nocturnal
hypoxemia are increasingly common in adults
with CF,>* but that individuals may have no risk
factors®® and thus screening and investigation
through sleep studies should be considered.>#460

10.4 Recommendations

e NIV should be considered for all people with
CF demonstrating nocturnal hypoventilation
with a rise in pCO, despite optimal treatment
(QoE — moderate).

e NIV should be considered for those in ventilatory
failure for improved oxygenation, improved
clinical stability or control of symptoms related
to hypercapnia (QoE — moderate).

* NIV should be considered if fatigue is limiting
airway clearance (QoE — low).

e NIV should be considered as an adjunct where
desaturation is present during airway clearance
(QoE — low).

* NIV should be considered where there is
difficulty clearing secretions with other
techniques (QoE — low).

* NIV-supported exercise could be considered
in those with chronic hypercapnic respiratory
failure established on long-term NIV to help
increase exercise tolerance (QoE — very low).

e Screening for sleep-related breathing disorders
should be considered for all individuals with CF,
especially those displaying known risk factors
(QoE — low).

e CPAP should be considered for those with
obstructive sleep apnoea (QoE — moderate).

10.5 Good practice points

e To minimise risk associated with use of
positive pressure, especially in those
with advanced lung disease, appropriate
radiological investigations and medical
review should be done before starting NIV
to ensure the presence of an undrained
pneumothorax or other contraindications
to NIV use are excluded.

e Appropriate monitoring and review should
be carried out during the use of NIV and
CPAP to ensure optimal therapy is applied.
Review may be within clinic, home visits or
inpatient stays. Frequency of review will be
determined by the needs of the individual.

o A selection of ventilators, interfaces,
mouthpieces, nasal pillows, nasal masks, full
face masks and total face masks should be
available and used appropriately according
to individual assessment.

» Hospital policies to reduce the likelihood
of cross-infection during NIV or CPAP
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treatment must be developed in
conjunction with local infection control
teams.

¢ NIV may be used to facilitate airway
clearance and for ventilatory support
in both adults and children.

» |f nocturnal ventilation is indicated, prior
use of NIV for ACT may help reduce patient
anxiety and ease the process of initiation
due to patient familiarity with the device.

¢ NIV may be considered for use during
exercise where dyspnoea or oxygenation
limits activity despite optimal regimen
and oxygen therapy. Use of NIV during
exercise should be monitored carefully as
little is known about the outcomes of this
intervention.

¢ NIV should be used with caution in people
with CF with significant gastric symptoms
such as extensive gastric distension,
ileus, nausea and vomiting and gastro-
oesophageal reflux. Careful planning to
avoid meals may improve tolerability.

e With potentially fewer people with CF
requiring NIV post-CFTR modulators,
it is vital that clinicians maintain their
competency in managing this intervention
and link with or refer to local specialists to
ensure optimal services.

10.6 Research
recommendations

e Optimal use of NIV for exercise support.

e Contamination of NIV machines on a larger
scale.

¢ Work on OSA

e NIV use in post-modulator populations.
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11. Musculoskeletal (MSK) issues

MSK problems specific to CF occur in addition to
those of the general age-matched population.®%
The combination of abnormal respiratory
mechanics, CF-related bone disease (CFBD) and
muscle weakness lead to a high incidence of MSK
pain, fractures and postural changes.242265304606-610
These secondary complications can hinder an
individual's ability to carry out activities of daily
living, treatment and exercise and contribute

to the overall morbidity and mortality of the CF
population 607609611612 |t 5 essential that these
secondary complications are investigated and
optimally managed to help maintain quality of

life for people with CF.5%*

As people with CF age and as life expectancy is
further increased for those eligible and able to

take CFTR modulators, MSK conditions common

in the older-aged general population such as
osteoarthritis, fragility fracture and ‘frozen shoulder’
will present more frequently.5

Physiotherapists will need to be able to accurately
screen, assess and manage these and other MSK
conditions.

11.1 Posture and thoracic
kyphosis

The muscles of the trunk have a dual role for
respiration and posture304615616 gnd will prioritise
the needs of respiration.®”6'7 |n CF, this altered
neuromuscular control may compromise spinal
stability leaving the spine vulnerable to injury
and lead to postural adaption®%76® and MSK
problems_36,607,6l7—619

Increased thoracic kyphosis is a common
postural change in people with CF and
occurs as a result of:242304.607.611,620

e altered respiratory mechanics:
- altered neuromuscular control
- increased work of breathing
- hyperinflation
- an excessive, prolonged cough

¢ muscle weakness

» thoracic fracture secondary to low bone mineral
density (BMD).

In addition, sitting in slouched postures, an inability
to lie in thoracic extension, and pain, may further
contribute to a muscle imbalance 607611620621
Postural changes and tightening of the pectoralis
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muscles have been noted in children from the age
of seven®29622 and MSK problems begin to present
during the prepubescent years and are present by
puberty. 50762t

The association between worsening severity of CF
lung disease and increasing thoracic kyphosis has
been found in many studies but is not universally
agreed.®11620623-627 Qne study which showed the
prevalence of thoracic kyphosis to be significantly
less amongst children with CF than previously
reported, concluded this was likely to be associated
with the overall improvements in pulmonary status
of children.®® In the era of CFTR modulators and
the improved pulmonary status of both children
and adults, further understanding of posture and
thoracic kyphosis is heeded.

The importance of maintaining ‘good’ posture
through physical exercise and stretching is
highlighted in a study that shows children

and adolescents with CF present with a series

of postural changes compared with healthy
children.5?® Other studies have suggested this is
also important to prevent pain and to address the
poor body image and reduced self-confidence
that people with CF report.60661

Lack of clarity in the literature about measuring
thoracic kyphosis, whether taken in habitual or
corrected postures and the method of assessment
used, make studies difficult to compare.®?® The
current gold standard for measuring thoracic
kyphosis is a standing lateral radiograph, which
provides a Cobb angle. This method does have
limitations of high cost and radiation exposure,
and often fails to represent the full contour of the
thoracic spine.®?® Thoracic kyphosis can also be
measured with the Flexicurve, which is inexpensive,
easy to use, and in the general population has high
levels of reliability and validity.60662°

11.2 Cystic fibrosis related
bone disease (CFBD) and
fracture

Optimising bone health is essential for the CF

population and the most effective strategies are
early recognition, prevention, and treatment.3©

The reasons for CFBD are multifactorial:608631-636
o CFTR dysfunction

e Vitamin D, K and calcium deficiency

e Malnutrition
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e Delayed puberty

e Hypogonadism

e Decreased physical activity
e Respiratory infection

e Systemic inflammation

e Exogenous glucocorticoids and CFD.

In children with CF, deficits in trabecular and
cortical bone have been observed®’” and studies
report the prevalence of osteoporosis to be
23.5% and osteopenia to be 38% in young adults
with CF.5%0 As life expectancy for people with CF
increases, the incidence of low BMD and fracture
(and the associated pain and disability) may
increase.®*® CFTR modulator therapy may improve
bone density by directly targeting dysfunctional
CFTR and by influencing other risk factors for
CFBD and research is ongoing in this area.®¥’

Puberty is important for the development of bone
density and is a time when there is both peak
bone growth velocity and bone density accrual.5®®
Therefore, during childhood and the pubertal
growth spurt, regular weight-bearing exercises
will enhance the building of a stronger skeleton
through a higher peak bone mass and a larger
bone size.288 This type of exercise should continue
throughout an individual's life.

Optimising bone health needs to be managed

by the MDT, using existing CF guidelines, and
physiotherapists should aim to input into this
process.?8883 Severity of pulmonary disease is
related to BMD in people with CF; screening
guidelines for bone health in children with CF
should target individuals with the poorest clinical
status, particularly in regard to lung function, BMI
and total fat percentage.®*® Dual-energy X-ray
absorptiometry (DEXA) scans are used to assess
BMD and to guide intervention, which may include
specialised drug treatments.5#

Fracture rates are higher in the CF population,542643
with an increased incidence of 20% for
nonvertebral and 27% for vertebral fractures.5*®
Vertebral fractures are most common at the
thoracic level®*? and when present may contribute
to the development of an increased thoracic
kyphosis. In the CF population, there is evidence
of fracture under-reporting,®°8%2t and vertebral
fractures may be asymptomatic.%** Fracture
prediction tools have been proposed for use

in clinical practice, such as FRAX score.®%

Rib and vertebral fractures can result in significant
pain and individuals should receive adequate
analgesia and physiotherapy advice as a priority,
to enable chest expansion and optimise airway

clearance. Additionally, IV antibiotics and increased
mucolytic therapies may be required.®** People
with CF may have slower rates of fracture
healing®* and physiotherapists may need to

make appropriate adjustments to rehabilitation
programmes.

There are no CF-specific guidelines to manage
osteoporosis in postmenopausal women and
men over 50. A recent UK consensus statement
recommends that people with osteoporosis
should undertake impact and resistance exercises
to improve strength, balance and posture and
individuals at risk of falls should undertake a
balance exercise programme.546

11.3 Pain

Pain is a frequent problem in both children and
adults with CF. It is associated with reduced Qol,
depression, anxiety, higher rates of pulmonary
exacerbation and an increased risk for lung
transplant.®¥-%4° Pain negatively impacts on the
ability to participate in disease-related daily care>**
and, together with physical functioning, is the
strongest predictor of survival in CF.6% Altered
clinical outcome as a result of moderate-to-severe
pain appears to be independent of age, sex or lung
function.®¥

Pain is under-reported by people with CF and is
under-recognised and sub-optimally managed by
clinicians.509630650 Stydies show that the incidence
of MSK pain ranges from 12% to 65% and activities
of daily living are impacted in 50% of those with
MSK pain.®0885 Back pain is reported by up to 79%
of the adult population and has been shown to
significantly affect posture.5°

Pain assessment should be a routine part of

clinical care and accurate assessment of the

cause of pain should guide optimal, evidence-
based management. A recent systematic review
suggested that further research is needed to
explore the measurement properties of instruments
assessing pain in CF.54°

Persistent (chronic) pain, including chronic back
pain has been reported in the CF population.®® A
review of persistent pain is beyond the scope of
these guidelines, but MDT involvement or a referral
to a specialist pain team should be considered best
practice to manage the multidimensional aspects
of persistent pain.®>
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11.4 Inflammatory joint
disease and scoliosis

Episodes of joint pain (arthralgia) are well
recognised in people with CF, usually starting
after 10 years of age. Whilst much of this is
mechanical in nature, it is reported that an
inflammatory arthritis is present in 5-10% of people
with CF.2#265% CF-associated arthritis (CFA) and
hypertrophic pulmonary osteoarthropathy (HPOA)
are reported, but clinical manifestations are not
consistently described in the literature. There is no
formal definition of CFA or any evidence base for
treatment. The most clinically useful diagnostic
summary for CFA remains that from Pertuiset et

al in 1992.%%* They suggest that CFA should be
diagnosed if there is an inflammatory arthritis
without articular infection, without evidence of
periosteal change on X-ray and after exclusion

of another cause of inflammatory arthritis.®*?

Joint pain in CF requires a thorough diagnostic
work-up, as poor management of joint symptoms
affects QolL, an individual's ability to carry out
activities of daily living and ability to exercise.®*?
Inflammatory arthritis presents with joint pain

and swelling, and early morning stiffness lasting
more than 30 minutes; the combination of these
symptoms requires assessment by a rheumatologist
to exclude other conditions such as rheumatoid
arthritis, and to consider treatment options 608652
All inflammatory joint conditions, including CFA,
require multidisciplinary input from the CF team
and the rheumatology team to ensure optimal
care.5??

Scoliosis is not common in young children with

CF, but the incidence is higher in adolescents

with CF than in the general population®6%

and is associated with a negative effect on lung
function.%?265-659 Contributary factors are proposed
to be altered ventilation from airway obstruction,
hyperinflation and air trapping.25>6

11.5 Skeletal muscle function

Skeletal muscle atrophy, weakness and fatigue

are common in people with CF.22 As the life
expectancy of people with CF increases, the age-
related loss of skeletal muscle (sarcopenia) also
increases which may further exacerbate the risk

of adverse events such as falls and fractures.5¢°
Interventions that improve skeletal muscle function
or offset losses in muscle mass are therefore of
considerable importance in people with CF and
this is an area of ongoing research.

11.6 Screening and
prevention of MSK
dysfunction

Postural changes have been noted in children
from the age of seven;57¢61 MSK problems by
puberty.®% It has been suggested that children

as young as pre-school should receive regular
screening for spinal or other postural abnormalities
to minimise or potentially prevent secondary MSK
impairments.®’

MSK screening tools that aim to pro-actively
identify problems have been developed and used
in adult cohorts for early intervention. A thoracic
spine movement screen, questions about pain and
posture, and a validated pain questionnaire allow
clinicians to select the appropriate and optimal
care pathway.®%>-%%* More recently, paediatric
specific screening tools have been developed

and have begun to be used.®6565¢

Posture assessment cannot be considered in
isolation from movement and muscle activation®®’
and should be individualised.

11.7 Treatment

Physiotherapy must emphasize the importance

of physical exercise and postural care, as well

as addressing the unique complications which
occur as people with CF live longer.%®®* There is

an increasing body of evidence demonstrating

the role of physiotherapy MSK techniques for the
prevention and management of non-inflammatory
pain and postural changes, in both adults and
Chlld ren Wlth CF_177,606,607,621,668,669

MSK treatments include joint mobilisations,
techniques to address muscle dysfunction and
tightness, postural awareness, education and
strengthening exercises. A review of the literature
concluded that larger studies are required to assess
the effectiveness of manual therapy techniques.7°

Studies in children with CF have found that the
incidence of postural problems are directly related
to the amount of regular exercise taken; 90% of
children with postural issues reported doing little or
no exercise. The studies conclude that to minimise
postural issues, exercise should be incorporated
into lifestyle from an early age 620668

Improvements in posture and thoracic kyphosis
are achievable for people with CF. However,

a stretching programme of the muscles most
commonly affected in CF may not be sufficient
to address the multifactorial nature of altered
posture.5 In the general population there is also
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no consensus on the most effective treatment
methods, but education, manual techniques and
exercise are recommended.®¢”

11.8 Recommendations

e Regular weight-bearing activities should be
encouraged to optimise BMD (QoE — moderate).

o CF Physiotherapists should assess MSK
symptoms and should refer to MSK specialists
at the CF Centre and if this is not available, a
referral to local MSK specialist should be made,
to provide optimal and individually tailored
management (QoE — moderate).

* When required, referrals should be made to
a rheumatology or pain specialist to provide
optimal care (QoE — high).

e Fracture history should be recorded, and optimal
physiotherapy care provided (QoE — high).

11.9 Good practice points

e All individuals with CF should have an
annual MSK screen from age seven or
earlier if necessary, to proactively identify
postural problems and to ask about pain,
including MSK pain.

e MSK screening tools may be useful to
guide assessment. The Manchester Adult
MSK screening tool (Appendix V) provides
a validated outcome measure for pain
assessment and includes a matrix to
signpost appropriate care pathways for
those people with CF who have problems
with pain or posture. 52661662 Paediatric
tools have been developed but are not
yet validated.5%667

» Exercise should be encouraged to help
improve posture, develop postural
awareness and prevent the progression
of postural problems.

e Individual posture and ergonomic advice
should be given to all individuals and should
encompass advice for home, school, the
workplace and other daily activities. Habit
formation that will maintain optimal muscle
balance and posture should be encouraged.

e People with CF should be made aware that
they can seek advice about posture, pain
and MSK issues. When MSK problems or

acute injuries occur, prompt assessment
and treatment to enable a timely return to
daily activities, sport and exercise should
be given, or onward referrals made.

11.10 Research
recommendations

» Bone health and fracture history in people
with CF, and whether this correlates with
DEXA or age.

e Records of MSK problems and posture
concerns reported by adults, children and
young people with CF in the last year,
including the site or type of problem.

e Number of referrals made for MSK pain and
services available to people with CF, such as
being seen by the CF team or referred to a
GP or other MSK team.

* Pain management strategies used by people
with CF.

» Prevalence of CFA in the CF population.
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12. Management of specific issues

12.1 Pelvic health

Pelvic health issues are prevalent within

people with CF. Wider access for many to

CFTR modulators has improved health, fertility
and life expectancy for people with CF therefore
more may develop CFD, experience pregnancies,
go through menopause and reach old age; all
additional risk factors for pelvic health issues,
leading to an increased prevalence.

Appropriate care and support should be offered

to all people with CF, and physiotherapists should
assess for urinary incontinence (Ul) and faecal
incontinence (Fl) to identify prevalence and
educate on treatment options. Many individuals
may experience embarrassment around symptoms
which could prevent them from seeking
support.672-675

12.1.1 Bladder dysfunction and urinary
incontinence

People with CF are affected by incontinence more
than the general population; prevalence ranges
from 5% to 15% for men and 30% to 76% for
women.®’¢ One study reported increased incidence
of Ul in males with CF aged 18-50 when compared
with age-matched controls. This was associated
with higher levels of anxiety and depression.®”

The impact of Ul on QoL can be significant®’® and
is reported to increase both with age and severity
of symptoms.57°

Underreporting is common and assessment should
include evaluation of urinary frequency and urinary
urgency alongside U|.872673680 Vigilant and sensitive
surveillance for Ul is recommended to ensure that
individuals can access support and treatment as
required_672—674,678,681

There are different types of urinary incontinence
to consider:

 Stress urinary incontinence (SUI) — involuntary
loss of urine on effort or physical exertion such
as coughing or sporting activities.

» Urge urinary incontinence (UUI) — involuntary
loss of urine associated with urgency.

e Mixed urinary incontinence (MUI) — both SUI
and UUL.

o Post-micturition dribble (PMD) — involuntary
loss of urine immediately after finishing passing
urine, usually on rising from the toilet or leaving
the bathroom.82

The risk factors associated with Ul in CF are
multi-factorial and may include:

e poor nutritional status in younger people®®?

e imbalance of the muscles of respiration, posture
and continence

¢ increased intra-abdominal pressure associated
with persistent cough and constipation.®*

Cough is the most commonly reported cause of
SUI and symptoms are associated with forced
expiratory manoeuvres. The amount of leakage
reported varies greatly and can be a few drops

to emptying the full bladder.6748! People with CF
affected by SUI may be reluctant to perform airway
clearance treatment and lung function procedures
effectively due to the increased risk of urinary
incontinence.

The occurrence of SUI seems to increase at times
when cough is worse, such as during a pulmonary
exacerbation; the occurrence and severity of Ul
increases as disease progresses.®’3674 Analysis

of scores from a MSK screening tool that uses
validated questionnaires to assess pain and Ul

also demonstrated an association between the
presence of low back pain and symptoms of Ul

in females with CF.®8°

Three studies have addressed the assessment
and treatment of the pelvic floor muscles.8>-688
An improvement in pelvic muscle endurance was
reported following a three-month programme

of pelvic floor exercises in a small, self-selected
group of women with CF.5% A three-month
intervention of pelvic floor muscle training,
electrical stimulation, biofeedback and bladder
training resulted in reports of significantly

fewer episodes of leakage, sustained at three
months following the treatment period, and an
improvement in electromyography and ultrasound
imaging measures.®®® An abstract report describes
improvement in symptoms of both back pain and
SUl reported by women with CF who were taught
pelvic floor muscle exercises.®®>

12.1.1.1 First-line treatments

e Pelvic floor muscle training, including The
Knack’ and counterbracing against increases in
intra-abdominal pressure, with consideration
given to ACT, spirometry, exercise and lifting.
Care should be taken when teaching pelvic floor
exercises as evidence suggests 40% of women
with incontinence incorrectly perform a pelvic
floor contraction with verbal education alone.5®

o Fluid advice — limitation of caffeine, carbonated
drinks and alcohol.
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* Three-day bladder diary.

e Consider the Squeezy App and guidance from
Bladder & Bowel UK and Pelvic Obstetric and
Gynaecological Physiotherapy (POGP).

12.1.1.2 Recommendations

e Annual screening for urinary incontinence for
men and women. Physiotherapists should ask
about Ul symptoms as part of their routine
assessment; this should start in paediatric
care (QoE - high).

o Both preventative and active strategies for
the management of Ul should be implemented
(QoE — low).

* Where Ul is identified, further assessment with
the International Consultation on Incontinence
Questionnaire short form (ICIQ-UI SF; Appendix
Va) and appropriate referrals to local continence
services, pelvic health physiotherapy or
urogynaecology services is recommended
(QOE — low).

¢ Individuals with Ul should be given advice on
positioning and posture when performing airway
clearance, spirometry or exercise (QoE — low).

e Techniques such as AD may impose less stress
on the pelvic floor and the use of 'The Knack’
during airway clearance may reduce episodes
of incontinence. Maintaining a normal lumbar
lordosis rather than lumbar flexion should help
to maximise pelvic floor function (QoE — low).

e Undiagnosed or poorly controlled CFD may
also contribute to Ul through polydipsia and/
or polyuria and therefore liaising with the MDT
about screening for CFD is suggested
(QoE — very low).

12.1.1.3 Research recommendations

e Evaluate the effect of CF modulators on
urinary continence for children and adults
with CF.

12.1.2 Bowel dysfunction and faecal
incontinence

An increased prevalence of bowel dysfunction and
faecal incontinence (Fl) is reported in adults with
CF compared to the general population®8169069
with a variety of questionnaires used to survey
symptoms and the impact on QoL. Two studies
report bowel dysfunction and Fl in children

and adults with CF.6756%2 F| js associated with
coughing, sneezing, laughing and activities which
cause increased pressure on the pelvic floor, as
described in SUI. A recent study®! also describes an
association with vaginal delivery. However, due to

the extensive gastrointestinal comorbidity in CF, the
precise mechanism of bowel dysfunction and Fl is
unknown and is likely multifactorial.

12.1.2.1 Recommendations

e Every individual with CF should be screened for
Fl and symptoms of bowel dysfunction as part of
routine assessment of pelvic health (QoE — low).

o Communication with the MDT, especially
Specialist CF dietitians, is essential to consider
the impact of pancreatic enzyme replacement
therapy (PERT), constipation and colonic
microbiota on bowel function (QoE — low).

» When someone reports symptoms of bowel
dysfunction and Fl, further assessment with
appropriate questionnaires, such as St Marks
(Appendix Vb) or Wexner (Appendix Vc), and
referral to continence and or colorectal services
should be considered (QoE — low).

12.1.2.2 Research recommendations

o Evaluate the effect CFTR modulators on
FI for children and adults with CF.

12.1.3 Impact of CFTR modulators
on Ul and FI

A recent abstract reported a reduction in Ul
symptoms and ICIQ score at six and 12 months
following the introduction of CFTR modulators.
Further studies are required to investigate the effect
of CFTR modulators on Ul for people with CF.%%

Limitation of pre-CFTR modulator data relating

to Ul and Fl is acknowledged. Whilst reduction

in pulmonary exacerbations, cough and the
prescription of antibiotics which cause disruptive
changes in the gut microbiota may result in less
pelvic incontinence, factors such as rapid increase
in BMI, pregnancy rates and an ageing population
will necessitate ongoing screening for and
treatment of urinary and faecal incontinence.%%

12.1.4 Pelvic organ prolapse in females

The incidence of pelvic organ prolapse (POP)

in females in with CF is largely unknown. Risk
factors for POP include a chronic cough,
chronic constipation, increased BMI, pregnancy
and advancing age.®4®%> With access to CFTR
modulator therapy and longer life expectancies,
there will be a likely increased incidence due to
the increased risk factors in the aging population.

The symptoms of prolapse in females can include
vaginal heaviness or dragging, presence of a bulge
within or outside of the vagina and difficulties
emptying the bladder or bowel. POP in females
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that are within the vagina can be improved with
conservative treatments. Those that are outside
the vagina will require a surgical review.®%

The ICIQ-VS (Appendix Vd) can be a useful tool
to help with further screening of POP.580

12.1.4.1 Recommendations

e Pelvic floor muscle training to include The Knack
and counterbracing against increases in intra-
abdominal pressure, with consideration given to
ACT, spirometry, exercise and lifting (QoE — low).

o Constipation management with fluid and fibre
advice and laxatives as appropriate and referral
to Specialist CF dietetic services (QoE — low).

o Toileting positions to minimise straining of
the pelvic floor muscles (QoE — low).

o Consider referral to Pelvic Health Physiotherapy,
Urogynaecology or Colorectal teams for further
input and assessment such as vaginal pessary
management or surgical opinion (QoE — low).

12.1.4.2 Research recommendations

o Evaluate the prevalence of pelvic organ
prolapse for children and adults with CF.

12.1.5 Menopause

There are similarities between CF exacerbations
and menopausal symptoms, such as night sweats,
joint pain, headaches and fatigue. NICE guidance
NG235%% recommends discussion of management
options for women over the age of 40 who present
with menopausal symptoms, but there is limited
information regarding the age at which women
with CF experience menopausal symptoms. One
study with a small sample size reports earlier age

at menopause compared to the general population,
with half reporting worsening of CF symptoms at
menopause.’’

With widely available CFTR modulators and
advances in CF care, the likelihood of women
with CF experiencing menopausal symptoms
will increase. Studies are required around the
treatment of women with CF, in particular the
use of HRT where microvascular complications,
CFD, CF-related altered hepatic metabolism and
interaction of CFTR modulators may need to be
considered. 69869

Further investigation of the impact of menopausal
reduction in bone mineral density is required

in this population already at increased risk of
osteoporosis.”®

12.1.5.1 Recommendations

o People with CF experiencing menopausal
symptoms should be encouraged to track
symptoms to aid further support (QoE — low).

e People with CF may experience menopausal
symptoms at a younger age than the general
population and require earlier discussions
regarding management (QoE — low).

¢ Menopausal reduction in bone mineral density
should be considered, in view of the existing
CF-related increased risk of osteoporosis
(QoE — low).

12.1.5.2 Research recommendations

e Study of bone mineral density in pre-, peri-
and post-menopausal women with CF
compared with the non-CF population.

12.1.6 Sexual and reproductive health
(SRH)

People with CF have identified that they may prefer
to seek guidance from their CF team on SRH issues
including contraception, fertility, STls, cervical
screening and sexual dysfunction.®*°7°* Due to the
impact on health and longevity with increased
access to CFTR modulators, it is likely that people
with CF will increasingly encounter SRH concerns.
Educational training to CF teams will ensure
healthcare provision continues to reflect emerging
CF care demands. Further studies are required in
this area of care.

12.1.6.1 Recommendations

o Facilitate timely and accessible SRH discussions
with appropriate MDT members with onwards
referral where necessary (QoE — low).

12.1.6.2 Research recommendations

o Study of changing sexual and reproductive
health concerns and healthcare needs in
response to an ageing CF population.

12.1.7 Good practice points

» A sensitive and open approach with early
recognition of pelvic health symptoms and
concerns for everyone with CF.

» People with CF should be taught effective
pelvic floor bracing or The Knack during
activities that increase intra-abdominal
pressure such as airway clearance,
spirometry and exercise.
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e The Manchester Adult MSK screening tool
should be utilised (Appendix V), including
the ICIQ-UI SF (also separately available in
Appendix Va) which provides a validated
outcome measure to assess symptoms
of Ul.

¢ Physiotherapists should have an awareness
of MDT pelvic health referral options and
signpost to information.

e Consider the use of an annual screen
for menopause symptoms for women
with CF age 40 years and above, such
as Menopause Matters.

* Physiotherapists may consider undertaking
specialist pelvic health training to support
emerging CF healthcare needs.

12.2 Pregnancy and
parenthood

Parenthood is a normal life milestone that many
people with CF wish to experience. A survey from
five CF Centres in the USA found that 80% of its
responding adolescents and young adults with CF
intended to have children.”® CF teams, as part of
routine CF Centre care, are now more frequently
required to support women with CF through

one, if not multiple, pregnancies. Pregnancy and
parenthood bring unique challenges for people
with CF, requiring Specialist physiotherapy advice
and intervention throughout all stages including
pre-conception, during pregnancy, immediately
post-birth and during later stages of parenthood.

12.2.1 Pregnancy and CFTR modulators

Since the introduction of CFTR modulators, the
rate of pregnancy for CF women has increased.?’%3
CFTR modulators have been well-tolerated in
pregnancy’®* but little evidence on their safety in
pregnancy exists.”> While research on the safety
of CFTR modulators in pregnancy is ongoing,’®®

a current task force statement of experts from
Europe, Australia and New Zealand concluded
that all CFTR modulators are “probably safe”
during pregnancy due to no toxicity in animals

at normal doses.””” There have been case reports
of pregnancies on modulator therapy with few
complications and good overall tolerance and
outcomes for mothers and babies.562798-710 Dye

to the limited safety data, women with CF and
their partners should have a risk/benefit discussion
with their CF teams and allowed to make informed
decisions regarding risk to mother and child from
continuation or cessation of CFTR modulators
during pregnancy and breastfeeding.”03704711

There is a risk of health deterioration for women
with CF who stop modulator therapy, which may
reverse when restarting therapy.”®® Women with
CF who stop CFTR modulators should be closely
monitored for possible deterioration, with regular
physiotherapy reviews for airway clearance and
inhalation therapy.

12.2.2 Preconception

Historically women with CF were thought to be less
fertile than the general population,”?”13 with fertility
problems linked to health status, delayed menarche
and increased cervical mucus consistency.”%712 This
idea, alongside gaps in knowledge around fertility
for women with CF has been shown to influence
use of contraception,”* leading to unplanned
pregnancy being common.”®7> With the use of
CFTR modulators, potentially negating some of the
issues which influenced fertility such as increased
cervical mucus, there has been a rise in unplanned
pregnancies.’®713716 Data indicates that outcomes
for women with CF who planned their pregnancy
are better for both mothers and their babies.””

It is important that discussions with women

with CF around fertility and family planning

begin in adolescence and continue into
adulthood,04713714716718 providing knowledge
about potential fertility to allow informed choices
about contraception. Women with CF have
expressed wanting transparent conversations
with their CF clinicians about their reproductive
goals and options, revolving around shared and
informed decision-making, as well as the desire
for individualised pre-conception plans.”9720
Women may discuss sexual activity and pregnancy
intentions with physiotherapists, and open
communication and liaison with the wider CF
MDT is essential as family planning is complex.”4

Pregnancy is generally well-tolerated in women
with CF with no long-term reduction in lung
function seen.”?* However, many women with CF
do experience difficulties in maintaining stability of
their health during pregnancy and pre-pregnancy
risk factors for this include CFD, inadequate
nutrition, B. cepacia or MRSA colonisation and poor
or declining lung function over the last year.”03722723

A good health status at baseline with FEV1 greater
than 60% predicted is associated with a lower risk
of developing complications during pregnancy,
delivery, and post-partum.’?4-72° Additionally, a
BMI of at least 22kg/m? is recommended prior

to conception for better health outcomes.”°
However, there is emerging evidence that baseline
disease severity, although potentially impactful
on infant outcomes, does not affect disease
progression during or after pregnancy, therefore
it should be considered that women with severe
CF can manage pregnancy.”!
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Baseline maternal demographics such as lower
lung function, Pseudomonas colonisation and
pancreatic insufficiency have been linked to

infant complications such as low birth weight and
premature birth.”22731732 However, data is emerging
showing that pregnancy can be tolerated in
women with CF with FEV: less than 50% with

no link between FEV:1 and gestation age.”

Due to the potential complications, pregnancies
should be carefully planned wherever possible,
with genetic counselling, optimisation of health
pre-conception and close monitoring during and
after pregnancy to detect any decline in health
status.”?® Physiotherapists should work with women
with CF who are planning pregnancy to optimise
airway clearance, inhalation therapy and exercise
regimes.

12.2.3 Antenatal period

Normal changes that occur during pregnancy
may adversely affect the pregnant woman with
CF, with registry data indicating that women

with CF experience more complications during
pregnancy than women without CF.729734

For optimal outcomes during pregnancy,
interdisciplinary working between obstetrics,
maternal health and CF teams is recommended’s®
with more frequent reviews.”®

One small study reported a non-significant trend
that women who did not recover their lung
function after pregnancy had a significant lung
function decline at three months of pregnancy.”’
To prevent early decline, close monitoring,
interventions and optimisation therapies should be
used to manage pregnancy side-effects. Treatment
for decline in lung function or nutrition should be
proactive during and after pregnancy to ensure the
best outcome for both mother and baby.”?®

There are no prospective studies evaluating
physiotherapy interventions during pregnancy.
However, pregnancy has a significant impact on
respiratory status and physiotherapy requirements
are likely to change throughout the antenatal
period.”t?7247%8 Physiological and mechanical
changes encountered during pregnancy affect the
breathing pattern, and some women may benefit
from help to differentiate between the dyspnoea
that occurs during respiratory exacerbations

that require treatment and normal physiological
breathlessness of pregnancy, the management of
which should be taught early.”?® Nasal obstruction
may occur during pregnancy due to the increased
amount of blood flowing through the body causing
mouth breathing and/or snoring. Effective sinus
management should be taught using saline spray
or nasal lavage.”?

Side effects of pregnancy such as morning sickness
and nausea can be detrimental to physiotherapy
routines, and discussions with pregnant women
with CF around ability to complete ACTs are key

to enable adjustments, such as consideration of
gentle breathing techniques like AD.

Positioning for ACTs will require modifications
potentially from an early stage in the pregnancy
when nausea can impact on airway clearance and
sitting, standing and head-up positions should be
considered. The supine position should be avoided
during the second and third trimesters because of
the pressure of the foetus on the inferior vena cava
which can decrease venous return and cardiac
output.

As pregnancy progresses a reduction in functional
residual capacity causes early airway closure

into closing volumes and may lead to a risk of
hypoxia and impaired secretion clearance due to
atelectasis.”?® Additionally, the displacement of the
diaphragm upwards may create a V/Q mismatch,
further affecting ventilation and reducing residual
volume.”*® Proactive monitoring and escalation

of treatment strategies with a low threshold for
positive pressure (such as NIV and intermittent
positive pressure breathing) may help to minimise
these risks.

A retrospective review of pregnancies from one
Centre in 2008 suggested that women with an FEV:
less than 60% were more likely to need frequent
changes in ACTs and may require the addition

of positive pressure during hospital admission to
enhance ACT effectiveness and reduce work of
breathing.”*® However, a comparative review of

this data to 2021-2023 data indicates that in the
current era more women are managing pregnancy
without admissions or additional positive inspiratory
pressure.”®® Nevertheless, close monitoring by a
Specialist CF maternal clinic with physiotherapeutic
input should remain, as adaptions to ACTs were

still required irrespective of CFTR modulator
status.”#° A specialist physiotherapist is well-placed
to check quality and adherence of ACTs and
inhaled therapies throughout pregnancy to prevent
pulmonary exacerbations’* and plan the support
required post-delivery.

Additional nebulised medications are commonly
used during pregnancy when the use of systemic
preparations is limited by concerns about possible
teratogenicity. Proactive use of mucoactive agents
such as dornase alfa, hypertonic sodium chloride
and inhaled dry powder mannitol will help to
optimise airway clearance when it is limited by
physiological changes.

During pregnancy, biomechanical changes such
as softening of ligaments, low muscle tone,
increasing weight and enlarging breasts and
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abdomen may affect posture and activity.”?®
Patients may experience neck and back pain
because of lumbar lordosis. Pregnant women with
CF should be encouraged to continue exercising
with emphasis on mobility for thoracic spine and
shoulders alongside strengthening of muscles
around the pelvic girdle.”?®> As pregnancy advances,
the abdominal muscles become progressively
stretched and can become separated down the
midline. If a patient experiences pain or muscular
herniation a stabilising binder should be considered
for airway clearance.’?®

Pregnant women with CF should be advised to
modify their exercise programmes to avoid contact
sports and reduce overheating and dehydration
that can occur with activity. Walking, swimming,
and prenatal yoga are recommended forms of
exercise that can be utilised to maintain fitness
levels during pregnancy. Oxygen saturation should
be monitored during exercise; if SaO, falls below
90% supplemental oxygen should be given.”?®
Additionally, pregnant women with CF should

also be advised to complete daily pelvic floor
exercises with instruction on the Knack technique,
to prevent Ul.

Pregnancy after lung transplant usually requires
little Specialist CF physiotherapy input, but the
physiotherapist will have a role in monitoring for
signs of possible infection or rejection episodes
and maintaining posture, mobility, pelvic floor and
physical strength. Women with CF may still have
upper airway and nasal obstruction, and sinus
infections may occur.”°725

12.2.4 Post-partum

12.2.4.1 Neonatal period

In the first few days after delivery consideration
needs to be given to the new mother’s ability to
maintain her own health alongside caring for her
child. Factors which will influence this ability will
include the type of delivery the woman experiences
(caesarean section [C-section] or vaginal), health
status and support mechanisms. Completing ACTs
and nebulised medication is essential to stabilise
and improve pulmonary function once the baby
has arrived, and to prevent decline in lung function
in the post-partum period. A retrospective review
of pregnancies over 10 years at one UK CF Centre
reported some women experienced moderate falls
in lung function immediately after delivery, which
persisted at 12 months post-partum,’? so close
monitoring and MDT support in the early post-
partum period is essential.

C-section deliveries are common for women with
CF, with one registry study finding no association
between clinical variables such as lung function
and the type of delivery.”*? French CF registry data

indicates that women with low lung function and
who were not on CFTR modulators pre-conception
have higher rates of C-sections.”

If the delivery is via C-section, or if there are
significant tears post vaginal delivery, pain post-
partum may affect mobility and coughing which
may impact effectiveness of ACT, and so adequate
analgesia should be offered.”® Early mobilisation in
the immediate post-partum period is important and
can help facilitate ACT.”3

To help new mothers fit in ACT and nebulised
therapies, regimes should be adapted if needed to
optimise effect while being time efficient. Adjuncts
such as PEP or OPEP should be considered to
help to recruit any lung areas which have been
restricted during the later stages of pregnancy,

or to offer a simple and effective ACT. Nebulised
therapies should be reviewed with focus on time-
efficient and quiet equipment, with consideration
of reducing compressor noise where possible to
allow nebulisation during a baby’s nap time.”?®

12.2.4.2 Motherhood after the first few
weeks

There is conflicting evidence about the effect

of parenthood on mothers with CF. One study
looking at parenthood reported decreases in BMI
and FEV: in the year following birth;”#? however
another review looking at the long-term effects on
mothers up to 11 years after pregnancy reported
that pregnancy and motherhood did not appear to
accelerate disease progression.’?® Both studies did
report an increase in pulmonary exacerbations,’28742
with the longer-term study also noting more
illness-related visits and a decrease in some
domains of QoL.728

While the effect of CFTR modulator medications in
parenthood is largely unknown, the recent work of
Kazmerski et al reported that CFTR modulator use
prevented decline in lung function in the first year
of parenthood but did not prevent decreases in BMI
or occurrence of pulmonary exacerbations.”#?

Mothers with CF have described their child as being
a motivating factor to stay well and that while
initially it can feel difficult, disruptions to treatments
ease as motherhood progresses.”® Physiotherapists
need to provide ongoing support and guidance to
mothers to optimise regimes for ACT, inhalation
therapies and exercise which fit in with the
changing demands of motherhood.

12.2.4.3 Fatherhood

Approximately 95% of men with CF are infertile due
to a congenital bilateral absence of vas deferens
(CBAVD) with abnormalities of semen volume,

pH and constituents.”*® Although there has been
improvement in fertility with CFTR modulators in
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women with CF, men with CF are highly unlikely to
experience improved fertility status due to CBAVD.
There are currently no case reports of rescue of
fertility in men with CF treated with ivacaftor since
its approval in 2012.78

With the development of assisted reproductive
technology (ART), more men with CF are becoming
fathers.”** It is recommended that adult men with
CF are referred to a urologist with expertise in
sexual medicine and infertility.”#> Other than ART,
alternative paths to parenthood include adoption
and fostering.”®

Whilst fathers do not experience pregnancy,

they are subject to many of the demands and
challenges of parenthood planning and managing
young children.”** Pre-optimisation of health status
during parenthood planning should be considered
to minimise physical health deterioration of new
fathers after birth. New fathers’ adherence to
treatments may reduce while caring for a newborn,
and strategies to help fit therapies into childcare
routines should be explored.”®

One small study showed no significant change in
disease trajectory for men with CF who became
fathers; however, half of fathers with a FEV: less
than 40% at the time of the birth of their child
had died or received a lung transplant before
their child was two years old.”** Data from the UK
Registry ranging from 2015 to 2019 highlighted that
fatherhood negatively impacted on FEV: and BMI,
with an increase in pulmonary exacerbations.”
CFTR modulator use was seemingly protective

of changes in lung function, but not BMI| or
occurrences of exacerbations.”?However, this
registry study pre-dates the widespread use

of CFTR modulator therapy. Further studies

are required to understand the full impact of
fatherhood on clinical outcome in this CFTR
modulator-treated cohort.

12.2.5 Recommendations

e ACTs should continue throughout pregnancy
and be reqularly reviewed and modified as
pregnancy progresses with consideration to
side-effects and the degree of breathlessness
and discomfort (QoE — very low).

¢ Pregnant women should be familiar with using
a fast, efficient nebuliser system. This is good
preparation for the post-partum period where
time can be limited when caring for the newborn
child (QoE — very low).

e All pregnant women with CF should be given
postural awareness advice, strengthening and
stability exercises for the lumbosacral and pelvic
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floor regions. Onward referrals to MSK and
women's health services for further input should
be completed as appropriate (QoE — very low).

e Proactive assessment for ambulatory
oxygen desaturation is recommended and
supplementary oxygen can be utilised to
maintain SpO, above 90% in foetal oxygenation
(QoE — very low).

e Analgesia should be optimised post-delivery to
minimise impact on mobility, ACT and coughing
(QoE — very low).

» Patients who stop CFTR modulator therapy
pre- or during pregnancy and/or breastfeeding
should be reviewed and closely monitored
regarding airway clearance and inhalation
therapy requirements (QoE — low).

12.2.6 Good practice points

¢ Individualised preconception and
parenthood health information should be
offered to all people with CF as appropriate.

e Optimisation of health status should be
considered for all people with CF entering
parenthood.

e Pregnant women with CF should be taught
early to differentiate between the dyspnoea
that occurs during respiratory exacerbations
that require treatment and normal
physiological breathlessness of pregnancy.

e ACTs should be reviewed regularly
throughout pregnancy and modified as
necessary, including consideration of
positioning and introduction of positive
pressure support.

e Close monitoring through a specialist
maternal health clinic or collaboration
with obstetric colleagues is recommended.

e Proactive use of mucoactive agents
such as dornase alfa, hypertonic sodium
chloride and inhaled dry powder mannitol
(Bronchitol®) will help to optimise airway
clearance when it is limited by physiological
changes with consideration of time-
efficient nebuliser systems.

e |f mechanical pain, diastasis-rectus
or muscular herniation occurs during
pregnancy, a stabilising binder can be
useful.

» |f nasal obstruction is an issue during
pregnancy, effective sinus managements
techniques should be taught.
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o Gastro-oesophageal reflux during
pregnancy should be identified and treated
if present.

¢ The importance of pelvic floor exercises
during and after pregnancy should be
stressed, and the Knack taught, to be
used preceding any forced expiratory
manoeuvres.

e Early mobilisation and chest physiotherapy
post-partum is recommended, with
analgesia as required in the immediate
post-partum period.

¢ Advice should be provided for managing
treatments post-partum including family
assistance, combining treatments such as
hypertonic sodium chloride and PEP, using
nap times for airway clearance and planning
who can clean equipment.

12.2.7 Research recommendation

+ Changes to physiotherapy interventions
with pregnancy and parenthood to support
best practice.

12.3 Liver disease

It is estimated that between 20 and 40% of all
people with cystic fibrosis have CF-associated
liver disease (CFLD). CFLD is an early complication
of CF that occurs mostly in the first decade of life,
particularly in those with a history of meconium
ileus or pancreatic insufficiency and severe
mutations.”® Although clinically heterogenous,
approximately 5 to 10% of all people with CF
develop multilobular cirrhosis in the first decade
of life.”#” CFLD that is identified later than this,
tends towards a stable, non-progressive course

in later life.”48

The independent risk factors associated with
cirrhosis in CFLD are:

e being male
e P aeruginosa airway infection
o« CFD.7#

CFLD is associated with a polymorphism in

the alpha-1-antitrypsin gene.” The annual
prevalence of CFLD has increased from 2034 to
228.3 per 1000 patients from 2008 to 2013 in a
UK prospective study.”# If cirrhosis and/or portal
hypertension is present, this is classified as severe
CFLD.”® The presence of CFLD is associated with
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a higher mortality compared to those without liver
disease.” Cirrhosis is associated with a higher
all-cause mortality and shorter overall survival
compared with non-cirrhotic CFLD. However,
most deaths in a UK CF Registry study were in
adults (97.5%) and secondary to non-hepatic
complications (96%). It is suggested that liver
cirrhosis is a systemic syndrome a — contributory
factors include:

e increased susceptibility to infection
e sarcopenia
e renal dysfunction

e cardiomyopathy.

All of the above make an individual more
susceptible to cardiorespiratory failure during
infectious exacerbations.”

There remains no data examining the efficacy of
airway clearance in people with CFLD. However,
it must be recognised that massive splenomegaly
and the resulting abdominal distension, impaired
nutritional intake due to gastric compression

and impaired diaphragmatic function can cause
dyspnoea.®*

CFLD is associated with multiple endocrinopathies,
some directly related to liver dysfunction and
some as a consequence of liver dysfunction.”®
These factors affect treatment pathways and
considerations for the physiotherapist when
assessing people with CF. Those individuals with
severe CFLD will have some known endocrine
comorbidities and special attention should be
paid when considering treatment options. The
following are the most important comorbidities
to consider when planning treatment:

» Vitamin D deficiency, as this is further
exacerbated in those with underlying CFLD
due to biliary stasis.

e BMI and nutritional status, which may be
impaired over and above typical CF nutritional
status impairment; since nutritional status is
associated with linear growth, maintenance
of BMI, pulmonary function and survival in CF,
optimisation of nutrition and lean mass is a
crucial component of CF care.

e Bone disease and osteoporosis — individuals
with CFLD have a 1.8-fold higher frequency of
CF bone disease compared to matched controls
with CF. This is likely a combination of the
above factors in addition to vitamin K deficiency,
hypogonadism and IGF-1 deficiency.

e Impaired glucose metabolism and CFD are
more common in individuals with CFLD with
cirrhosis. CFLD is an independent risk factor in
the development of CFD. The combination of
CFLD and CFD is also independently associated
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with poor clinical outcomes including decline
in pulmonary function, increased risk of
hospitalisation, impaired nutritional status
and increased risk of mortality.”°

A recent publication looking at physical activity
and liver disease in adolescents with CF tells us
that CFLD negatively affects fat-free mass.”
Physiotherapists should pay particular attention

to exercise prescription in this complex population.
There should be a focus on strength work with
functional weight-bearing exercises to reduce

the impact of osteoporosis and improve lean

mass, paying close attention to blood glucose
levels during exercise prescription. Working closely
with dietitians to optimise nutritional status and
glycaemic control is important.

12.3.1 Recommendations

e Individuals with CFLD should have frequent
review by CF physiotherapists to ensure
adequate airway clearance with quick escalation
to use of positive pressure via PEP or NIV as
adjuncts to airway clearance to aid good basal
ventilation and secretion clearance in the
presence of hepatomegaly (QoE — moderate).

» Vigilance with monitoring haemoptysis and
clotting factors with every treatment to prevent
undue risk from bleeding (either intrapulmonary
or variceal). Although platelet volume is often
impaired chronically in CFLD, more important is
large daily change in platelets or haemoglobin
(QoE - high).

* In the presence of such high nutritional demands
it is imperative that safe exercise and strength
training takes place within the context of
adequate nutrition and diabetic control, with
close interdisciplinary review between Dietetics,
CFD Specialist Nurses and Physiotherapists
(QoE —moderate).

12.3.2 Good practice points

¢ Abdominal distension due to
hepatosplenomegaly or ascites may restrict
diaphragm excursion and cause basal
atelectasis. In these circumstances, supine
positioning should be avoided; ACTs may
be more comfortable and effective in an
upright or side lying (head raised) position.

e Use of PEP in the prevention of atelectasis
should be considered.

e Contact sports should be avoided in those
with hepatosplenomegaly.

¢ Physiotherapists should work closely with
dietitians to optimise nutritional status

and glycaemic control where required to
allow the individual to remain as active as
possible.

o Effective exercise programmes are essential
to prevent sarcopenia and reduce or delay
the onset of osteoporosis.

* |n the presence of abnormal clotting,
manual techniques should be avoided.
Potential for haemoptysis is increased also;
physiotherapists should be vigilant and
refer to haemoptysis quidelines should this
occur.

o Deficiency in regulatory mechanisms result
in derangement in the extracellular fluid
volume, and may lead to ascites, oedema
or pleural effusion. Careful attention to
positioning for airway clearance and during
exercise is important.

¢ |n the presence of active variceal bleeding,
physiotherapy may need to be discontinued
or carried out with extreme caution.

* Intensification of airway clearance
(including treatment during anaesthesia)
may be required if repeated anaesthetics are
required for monitoring and management
of oesophageal varices.

¢ Anaemia should be considered as a cause
of breathlessness when carrying out
respiratory assessment and anaemia may
affect ability to exercise.

¢ |n those with hepato-pulmonary syndrome,
monitoring of oxygen saturations
during exercise and any physiotherapy
interventions is important, with frequent
assessment of nocturnal oxygenation and
oxygen requirements during exercise.

12.3.3 Research recommendations

* Research should be carried out around
liver disease-associated sarcopenia and its
implications for exercise intolerance and
frailty.

12.4 Haemoptysis

Haemoptysis is the expectoration of blood
from the lower airways, which can range from
a minor streaking of blood in the sputum to
massive bleeding that can have life-threatening
consequences due to airway obstruction,
hypoxaemia and haemodynamic instability.
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Although haemonptysis is thought to be a common
complication of CF, there is huge variation in the
literature on incidence. It is thought to occur in
approximately 9% of the CF population,”? but there
is some reporting of mild haemoptysis to be as
high as 60%.75575* Adults are nearly four times more
likely to experience haemoptysis than children,”®
with the first episode usually occurring between

18 and 30 years of age.”>*’>* Massive haemoptysis
(MH) occurs in approximately 1 to 4.1% of all people
with CF and is rarely seen in children younger than
10 years.7s3754

There is little evidence to fully assess the impact
of CFTR modulators on incidence of haemoptysis
in the CF population; one observational study
analysing data from US and UK registries
comparing those taking ivacaftor to matched
controls showed a downward trend in incidence
of pulmonary complications including
haemoptysis.”® This study did not assess the
impact of Kaftrio, but UK CF Registry data does
suggest that there may have been a potential
reduction in annual incidence of haemoptysis.

Incidence of any haemoptysis in those under

the age of sixteen years is very low and reported
in absolute numbers, with 16 young people
reported in 2019%% reducing to less than five

in 2024.2 A similar change was seen in adults,
where a higher percentage of those 16 years or
older experienced haemoptysis in 2019 (6.6%)5%°
compared to 2024 (2.4%).2 Similar trends are also
seen in annual overall incidence of MH (0.6% versus
0.1% respectively) with no reported cases in those
under the age of 16.26% US data also suggests
that there may have been a decrease in incidence
of MH in recent years, however no reduction in
frequency of haemoptysis overall.””’

Bleeding usually arises from a bronchial artery, but
many reports have also suggested aberrant origin
of haemorrhages from non-bronchial collateral
vessels or from anastomosis between bronchial
and non-bronchial circulation.”®® Knowledge of the
precise pathogenesis of haemoptysis is limited but
has been attributed to the persistent inflammation
of the airways and vascular growth, which results
in hypertrophied bronchial arteries.”® Chronic and
acute inflammation weakens the vessel walls and
often leads to episodic or persistent bleeding into
the bronchial lumen. Whilst the most common
cause is infective exacerbation, a small case series
has reported catamenial haemoptysis where the
expectoration of blood coincides with menses
which improved following initiation of CFTR
modulators.”s°

Risk factors shown to be associated with
haemoptysis in CF are older age, more advanced
lung disease and the presence of P. aeruginosa,’
with MH more likely to be associated with the

presence of S. aureus in sputum cultures.”®
Identifying predictors for MH is challenging as

it is not exclusive to advanced disease and older
age.’®! A retrospective study has identified that the
presence of bronchial arteries with a diameter of
3.5mm or above and hypertrophied systemic non-
bronchial arteries on CT angiography significantly
correlates with MH, when compared to those
with end-stage disease and no haemoptysis
(p=0.002).7%? This may therefore serve as a
possible risk predictor for MH.

12.4.1 Diagnosing and treating
haemoptysis

Diagnostic investigation of haemoptysis includes:
e history taking

e clinical chemistry

e chest radiography

e contrast-enhanced CT with pulmonary
angiography (CTPA) (in the case of moderate
to large volume haemoptysis) — this is used to
identify hypertrophied vessels, localising the
source of bleeding to help plan subsequent
treatment intervention such as bronchial arterial
embolisation (BAE).

Rigid bronchoscopy can be performed as a
diagnostic measure in identification of the bleeding
vessel. However, there are some limitations to this
and unless the vessel is bleeding at the time of
bronchoscopy it is often difficult to localise. CTPA
has been shown to have higher sensitivity and
specificity when compared to bronchoscopy for
diagnosing bronchial arterial abnormalities.”®®

Differentiation of severity of haemoptysis is
necessary as treatment differs. This is based on
volume of blood expectorated. Estimation of

this can be challenging and is often under- or
overestimated.”®* Much of the literature considers
the definitions of haemoptysis as follows.”6476>

» Scant haemoptysis: less than 5ml

e Mild haemoptysis: 5ml to less than 50ml in
24 hours

* Moderate haemoptysis: 50ml to less than 250ml
in 24 hours

» Massive haemoptysis: more than 250ml in 24
hours or more than 100mls for 2 days or more

Mild or moderate haemoptysis is commonplace
and often associated with pulmonary exacerbation.
Generally, this is self-limiting and is managed
conservatively, usually responding to a course

of antibiotic therapy. Other medical treatments
which may be considered alongside antibiotics

are vitamin K, blood replacement and tranexamic
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acid.’>4768767 |n the event of a MH the aim of initial
management is maintenance of gas exchange by
maintaining the airway, administering oxygen and
positioning with the bleeding side down, if known.
Nebulised adrenalin may be administered where
active haemoptysis does not settle spontaneously.
Once stabilised, BAE is an accepted and effective
method of controlling the bleeding.”®

Whilst there are no randomised control studies
investigating BAE as a treatment option for MH,
recently published small retrospective single-
centre cohort studies ranging from five to 20
years' duration evaluated the safety, effectiveness
and outcomes following BAE.762768-770 |n addition,
a four-year prospective observational study
reported outcomes following BAE in individuals
with both MH and sub-massive haemoptysis.””*
Whilst the reported outcomes differ slightly
between studies, most highlight recurrence rates
following initial intervention ranging from 30 to
60%,7%8-7"1 with repeat BAE being required in 37
to 58.8% of cases,’®?’* and a median recurrence-
free period of 3.9 years.”® The median number
of interventions was two per individual, ranging
from one to seven.762768

Bandaralage et al (2021) failed to identify any
variables or risk factors associated with the

need for repeat BAE but identified that each
recurrent episode of haemoptysis requiring

BAE was significantly associated with increased
risk of mortality, ranging from 9 to 14.8% at 12
months76276877L Similarly, Flight et al (2017) were
unable to identify any statistically significant factors
associated with mortality.””* Floridi et al (2022)
have recently evaluated the role of BAE in the
management of sub- massive haemoptysis in a
five-year retrospective cohort study with 13 people
with CF. The study was limited by small participant
numbers but reported slightly lower recurrence
rates, with 69.2% haemoptysis-free at six months,
and also identified that early intervention is
associated with a reduction in recurrence severity.
They concluded that in the case of sub-massive
haemoptysis BAE had potential to improve

QoL and should be considered for bridging

for transplantation.””?

Serious adverse events following BAE are rare
but can include cerebral vascular accident,
paraplegia and transverse myelitis. Reporting of
less serious complications is more common but
incidence varies in the literature, ranging from
5.2 to 60.8%,7%17"t likely due to differences in
recording of adverse events. The most common
of these is post-procedural chest pain.761762768-772
Pain is commonly not severe, although one
study reporting 20-year experience of BAE in an
Australian tertiary centre reported some cases
of chronic pain syndrome requiring months of
narcotic analgesic drugs.”®®

There are no published studies regarding the
physiotherapeutic management of haemoptysis.
North American guideline based on a Delphi
consensus provide some guidance.”®” Whilst
there was no representation from physiotherapy
on the expert panel, these guidelines do include
recommendations regarding physiotherapeutic
strategies for managing haemoptysis.

12.4.2 Management

12.4.2.1 Scant or mild haemoptysis

For scant, mild haemoptysis, there is no evidence
to indicate that alteration in treatment strategies
is necessary, and there is good consensus to
suggest that stopping airway clearance and all
inhaled therapies is inappropriate.’®’” It has been
suggested that enhanced airway clearance to aid
the removal of purulent secretions contributing to
the pulmonary exacerbation may be beneficial.”®®

12.4.2.2 Moderate haemoptysis

In the management of moderate haemoptysis,
modification of physiotherapy is prudent. In theory,
positive pressure treatments may aggravate friable
vessels; it is worth considering discontinuing

these in favour of more controlled breathing
techniques such as ACBT or AD. Percussive devices
and oscillatory devices should also be used with
caution. Whilst there are concerns that ACTs may
dislodge a clot and exacerbate bleeding, this is
unlikely and if bleeding is related to the underlying
infection and inflammation, clearance of airway
secretions is an important component of care.”?’
For those with mild to moderate haemoptysis,

the benefits of continuing all inhaled therapies
should be balanced alongside the risks with each
individual; therapy should be withheld only if it
seems to exaggerate or provoke bleeding.”?’

12.4.2.3 Massive haemoptysis (MH)

In the event of MH, strongly consider temporarily
stopping all airway clearance with continual
assessment and review.”®” There is also strong
consensus regarding the recommendation

to withhold NIV in the event of MH in many
circumstances.”® The use of hypertonic sodium
chloride and dornase alfa has been suggested

to present a risk, although this remains unproven.
Hypertonic sodium chloride might be considered
more of a risk due to potential to irritate the
airways, induce cough and therefore possibly
provoke bleeding; there is strong recommendation
to consider stopping this in the event of MH.7”

There is no guidance regarding modification of
inhaled mannitol (Bronchitol®) in the event of
haemoptysis as the consensus guidelines pre-
date its licence. However, as it has a similar mode
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of action as hypertonic sodium chloride and has
the potential to provoke uncontrolled coughing it
should follow the same recommendations. There
is also suggestion from the limited evidence that
the benefit of continuing all other inhaled therapies
outweighs the risks and therefore should only be
withheld if they seem to exaggerate or provoke
bleeding.”®” Whilst Flume et al (2009) found a
decreased incidence of haemoptysis in patients
who were using dornase alfa long-term in clinical
practice stopping this during and for 48 hours after
an acute episode if massive is considered best
practice.

12.4.3 Exercise and haemoptysis

There is a lack of published studies regarding
exercise following haemoptysis. Exercise and
habitual physical activity guidelines®* based on
consensus opinion of physiotherapy experts
worldwide, recommend ceasing exercise following
moderate or massive haemoptysis, resuming a
gradual exercise programme after 24 to 48 hours
of no new bleed.

12.4.3.1 Exercise and recurrent haemoptysis

Some individuals may experience recurrent
haemoptysis despite BAE. There are no published
studies but emerging evidence through individual
case reporting suggests that physical activities

or triggers which increase heart rate such as
salbutamol, caffeine-based drinks or anxiety can
provoke episodes of haemoptysis. The proposed
mechanism is not clear, but it is suggested that
the increase in pulmonary artery blood flow

and blood pressures, as a result of the increase

in heart rate, causes break through bleeding in
small blood vessels around areas of infection.
Inhaled medications have also been shown to
provoke recurrent bleeding in some individuals.
Where there is clear association, the risks versus
the benefits of withdrawing the inhaled therapy
might be considered. More studies are required to
gain clearer understanding of factors that may be
associated with recurrent haemoptysis and how to
manage this in the long-term.

12.4.4 Perspective of people with CF

In 2020 Roman et al reported results of a small
survey exploring the perspectives of people with
CF around haemoptysis.””> Open questions
revealed 77% of 32 respondents who had
experienced haemoptysis found the first
experience ‘scary’, ‘frightening’ ‘worrying’ or
‘jarring’. Half of respondents described negative
impact on their QoL associated with worsening
anxiety and stress, fear of bleeding in public or
other life impacts. Fear of recurrent haemoptysis
had prompted some to reduce activity, travel

less and modify work schedules. It is important
for health care professionals to recognise the
distress caused by haemoptysis and to support
management of anxiety. Displaying sensitivity

to individual experience and offering proactive
advice about how to manage future events may
be helpful. Respondents were keen for research to
better understand triggers of haemoptysis which
may help to alleviate anxiety.””?

12.4.5 Recommendations

e For mild haemoptysis there should be no
immediate change to airway clearance, exercise,
NIV or inhalation therapies (QoE — low).

e For moderate haemoptysis vigorous
exercise should be ceased for 24 to 48 hours
(QoE - low).

e For massive haemoptysis airway clearance,
vigorous exercise and NIV should be temporarily
ceased (QoE - low).

» Consider stopping hypertonic sodium chloride
(QoE — low).

e Continue other inhaled therapies unless they
appear to aggravate or provoke bleeding;
temporarily cease and reassess once bleeding
settles (QoE — low).

12.4.6 Good practice points

¢ Physiotherapists should be aware of anxiety
related to haemoptysis and offer proactive
advice around management of future
episodes.

e Physiotherapists should be aware of
the potential for recurrent haemoptysis,
including after BAE.

12.4.6.1 Mild haemoptysis

» Continue airway clearance, inhaled therapies and
exercise, but with close monitoring of symptoms
combined with medical management to treat
underlying infection.

12.4.6.2 Moderate haemoptysis

e Physiotherapy interventions should be modified
following clinical assessment. This should
include careful consideration of the benefits and
risks of altering treatment regimes, recognising
that maintaining effective airway clearance is an
important component of ongoing treatment of
underlying infection. Treatment modifications
should include the following:

- Avoiding the use of positive pressure
techniques (internal, external or oscillatory)
for 24 to 48 hours after a bleed. Consider
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ACTs such as ACBT or AD which utilise
controlled coughing.

- Minimising vigorous or excessive coughing.

- Continuing all inhaled therapies but consider
stopping on an individual basis if identified as
potential trigger to uncontrolled coughing or
further bleeding.

- Ceasing physical exercise for 24 to 48 hours
after a bleed.

- Maintaining physical activity with careful
monitoring of physiological status.

- Temporarily ceasing NIV or, where considered
too great a risk, consider temporarily reducing
inspiratory pressures until bleeding settles.

12.4.6.3 Massive haemoptysis

¢ Acute management should prioritise assessment
and maintenance of airway and physiological
status, using NICE guidance on recognising
and responding to deterioration or risk of
deterioration.””*

» Optimise oxygenation and humidification.

o Careful positioning with high side lying, bleeding
side down. Cease all physiotherapy treatments,
inhaled mucolytics and exercise.

¢ Following embolisation, in liaison with
interventional radiologist, resume normal airway
clearance and a graduated exercise programme.

e Ensure adequate analgesia if chest pain limits
effective airway clearance.

e Psychological support and reassurance in
resuming normal activity and treatments may
be required.

12.4.6.4 Recurrent haemoptysis

* Where individuals experience ongoing
haemoptysis despite BAE, identification and
modification of potential triggers (including
inhaled therapies) may be required while taking
into consideration individual needs.

* Where exercise has been identified as a trigger:

- avoid increasing HR more than 20 to 30 bpm
above resting heart rate

- keep heart rate below 120-130 bpm
maximum

- where resting heart rate is above 100 bpm,
limit physical activity, avoiding an increase
or spike in heart rate during active bleeding
episodes and the acute recovery period
following this.

e Avoid or reduce caffeinated drinks.

» |f tachycardia associated with salbutamol is

identified as a trigger, consider reducing the
dose or an alternative bronchodilator.

12.4.7 Research recommendations

o Clinical consensus is needed on how
and when to alter maintenance inhaled
therapies during acute episodes of
haemoptysis.

e Clinical consensus is needed on how
and when to alter airway clearance and
physical exercise during acute episodes of
haemoptysis.

e Explore and gain understanding on
potential triggers and how to manage these
for people with CF who experience ongoing
recurrent haemoptysis.

12.5 Pneumothorax

Spontaneous pneumothorax is defined as

the presence of air in the pleural cavity and

is frequently considered a poor prognostic
indicator in CF, with an average survival rate of

24 to 30 months in adults following the initial
episode.”56775-778 A small paediatric study suggested
survival rate to be slightly better at 48 months.””?
Pneumothorax has been identified to be one of the
factors associated with increased risk of mortality
(p<0.0001) in children with CF admitted to PICU,
although overall survival outcomes are improved.’8°

UK CF Registry data from 2024 reported overall
annual incidence of pneumothorax (requiring
chest drain) to be 0.0% (n=5), with no reported
incidence in people with CF below 16 years of
age.? This is similar to the evidence in the literature
which reports annual incidence of spontaneous
pneumothorax to be approximately 0.64% (1 in 167
people with CF),766775781782 with a median age of
incidence of 23 years.’s!

There is little evidence to fully assess the impact of
widespread use of CFTR modulators on incidence
of pneumothorax in the CF population but an
observational study analysing data from US and UK
registries comparing those on ivacaftor to matched
controls showed a non-significant reduction

in incidence of pulmonary complication which
included pneumothorax (requiring a chest drain).”>®
Most recent UK CF Registry data also appears to
indicate decreased incidence of pneumothorax
(requiring a chest drain) reporting overall incidence
as 0.3% in 2019 versus 0.1% in 2023 and 0.0% in
2024, with no instances in those below 16 years of
age.?’83 US data also indicates a possible decrease
in incidence of pneumothorax in recent years.*?
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A published review suggests anatomical risk factors
such as cysts, subpleural blebs and bullae, all
commonly identified in the lungs of people with
CF, are associated with pneumothoraces.”®? These
areas are prone to distention due to gas trapping
from small airway obstruction. There is supporting
evidence associating severe airflow obstruction
with pneumothorax, with 75% of individuals
experiencing a pneumothorax having an FEV: less
than 40% predicted and many observed to have
high residual volumes.”® Specific pathogens and
nebulised therapies have been linked to an increase
in risk of pneumothorax, though it is more likely
that their presence reflects the severity of airways
disease and airflow limitation.”®

Clinical presentation of pneumothorax in CF

may occasionally be asymptomatic, but more
often presents with sudden onset of chest pain
and breathlessness. It has the potential to result

in respiratory failure, particularly in individuals
with severe disease manifestation. Diagnostic
investigation can be challenging with chest X-rays
having the potential to be misleading, particularly
in advanced CF. There should be low justification
for a chest CT scan as this accurately assesses
pneumothorax size and supports clinical decision-
making for ongoing medical management.

The primary goal for medical management
strategies is to re-expand the lung. Small
asymptomatic pneumothoraces may be managed
conservatively and resolve spontaneously,
however, as 20 to 75% experience recurrence,
more aggressive management is justified in

this population.”’>786-789 Management strategies
include high flow oxygen therapy and chest drain
placement; the latter may be combined with
preventative interventions such as pleurodesis.

Surgical pleurodesis or pleural abrasion using video
assisted thoracoscopic surgery (VATS) appears to
be the most effective and preferred management
option,”66775777 glthough a Cochrane review
identified no RCTs assessing efficacy of either
chemical or surgical pleurodesis in people with
CF.7?% Pleural procedures, including pleurodesis

do not have a significant adverse effect on the
outcome of later lung transplantation’’® and are no
longer considered an absolute contraindication.”!
Recently endobronchial valve therapy has been
reported as a potential novel management strategy
for persistent air leak in people with CF deemed
too high risk for surgery, or where there is concern
chemical pleurodesis may unnecessarily increase
risk of complications at lung transplantation.”?792

To promote resolution of pneumothorax it is
suggested that supplemental oxygen at high

flow rates generates a partial pressure gradient
between the pleural cavity and end capillary blood
by decreasing the partial pressure contribution of

nitrogen, theoretically increasing the reabsorption
of gas from the pleural cavity. Increased rates of
reabsorption whilst on oxygen were demonstrated
in a small prospective study of 10 people

with CF, including children.””® It is recognised

that individuals remain at risk of respiratory
deterioration, despite medical management with
insertion of intercostal drain. Lord et al identify
several contributing factors which include pleural
pain, immobility and underlying lung volume
loss.”® They stress the need for prompt, early
management which should include IV antibiotics
and adequate analgesia to allow effective airway
clearance and early mobilisation under the
supervision of experienced CF physiotherapists.

There are no published studies advocating

the physiotherapy adaptations required with

a pneumothorax, although there are two
consensus guidelines available that provide some
recommendations regarding physiotherapy
interventions. These have been based on results
of a worldwide informal survey regarding exercise
management’! and expert opinion by a Delphi
consensus regarding airway clearance techniques,
NIV, inhaled therapies and general activities.”®”

It should be noted that the latter did not have
physiotherapy representatives on the expert panel.

Flume et al highlight that it is generally considered
appropriate to continue airway clearance as
reducing airway obstruction by clearing mucus
may aid resolution and/or prevent any worsening
of the pneumothorax’’. There is little guidance
recommending the most appropriate ACT, but
techniques that are based on controlled breathing
such as ACBT or AD may be more favourable.”?

Flume et al’®” strongly recommend withholding
positive pressure techniques due to the risk of
increasing intrapleural pressure and potential to
cause progression of the pneumothorax. Whilst it
did not reach good consensus, there is suggestion
that when a chest drain is in situ, it may not be
necessary in all circumstances to withhold positive
pressure. There is no guidance on when to resume
positive pressure techniques following resolution
of pneumothorax; it is suggested to adhere to local
guidelines with individual risk benefit assessments.
The point at which spirometry is resumed may
provide some guidance, but again this remains
contentious in the absence of supporting evidence.
Confirmation of radiological resolution is key

to reducing risk with such procedures, and it is
advised that individuals wait two to three weeks
after successful pleurodesis before resuming
activities that increase intrapleural pressure.”76794
Where pneumothoraces have been managed
conservatively it may be necessary to extend this
period up to three months to reduce the risk of
recurrence.’®
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Individuals with respiratory failure who develop
pneumothorax should be admitted and monitored
closely.”® There is strong recommendation to
withhold NIV in most circumstances,’® although
there are individual case reports where a chest
drain has been sited and NIV support remains a
necessity.””> Recommendations state that this
should be undertaken in an appropriate high-level
care setting.”®’

There is no published evidence on the use of
inhaled therapies with pneumothorax. There is,
however, strong recommendations to maintain all
aerosol therapies,’® which should be reviewed and
optimised by the CF team to ensure ease of airway
clearance.”87%3

There is little evidence on exercise management
during pneumothorax but there is some guidance
for the acute recovery period from two weeks
after resolution. Flume et al highlight good
consensus on avoiding activities that may increase
intrathoracic pressure such as weightlifting.”s”
Swisher et al are more specific and recommend
avoiding lifting weights that are greater than

5lb and activities that produce the Valsalva
manoeuvre.?* Gradual upper body exercise
should be resumed following removal of chest
drain over two to four weeks.?>

Consensus was not sufficient to make a definitive
recommendation on when to resume exercise at
higher intensities,”®” although there is guidance
for the general population, where it is advised that
sports that involve extreme exertion and physical
contact should be deferred until full resolution
and that activities involving scuba diving should
be discouraged permanently.”’® It is suggested that
people with CF reduce exercise intensity initially
with low-grade activity being encouraged,’ to
ensure airway clearance prior to carrying out
physical exercise in order to minimise vigorous
coughing during exertion,?* gradually returning
to normal physical exercise activities.

12.5.1 Recommendations

¢ Airway clearance should be continued, with
avoidance of techniques that increase positive
pressure in favour of more controlled techniques
such as ACBT and AD (QoE — low).

¢ Inhaled therapies should be reviewed, and
those that optimise airway clearance should
be continued (QoE — low).

¢ NIV should be withheld, or in circumstances
where ventilatory requirements are such that it
cannot be withheld, close monitoring in high-
level care settings should take place (QoE — low).

o Upper limb weightlifting over 5lb should be
avoided for two weeks post resolution and
airway clearance is advisable prior to exercise
to minimise the risk of coughing during exertion
(QoE — low).

* |nhaled therapies should be continued,
particularly mucolytics to optimise airway
clearance (QoE — low).

12.5.2 Good practice points

¢ |Individuals should be taught how to avoid
paroxysms of coughing.

e Ensure appropriate and adequate hydration
and maintain use of inhaled therapies to
ensure ease of airway clearance.

» Ensure appropriate analgesia to enable
the individual to participate in airway
clearance, maintain thoracic expansion and
commence early mobilisation.

e Encourage cardiovascular exercise at
lower intensity, gradually increasing post-
resolution with the aim of resuming normal
activities.

¢ Avoid upper limb resistance exercises until
at least two weeks after resolution.

e Gradual re-introduction of therapy
techniques using positive pressure when
manoeuvres such as respiratory function
testing is resumed.

e Scuba diving should be avoided
permanently and there should be caution
around high-altitude activities following a
pneumothorax.

12.5.3 Research recommendations

e Clinical consensus is needed on how
and when to alter maintenance inhaled
therapies with acute pneumothorax.

e Clinical consensus is needed on how and
when to alter airway clearance and physical
exercise with acute pneumothorax.

e Clinical consensus is needed on how
and when to alter NIV with acute
pneumothorax.
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12.6 Critical care

Admission to the critical care or intensive care

unit is associated with a poor prognosis in CF.
Factors associated with a poor outcome include
prior colonisation with B. cepacia complex, rapid
decline in FEV1 and severe exacerbation.”?® Positive

outcomes are associated with potentially reversible

conditions, such as the acute management of
haemoptysis or pneumothorax’’” and post-
operative management. Confirmed diagnosis of
COVID-19 in those post-transplant and with a
lower FEV1 poses an increased risk of requiring
mechanical support.”®

Endotracheal intubation (mechanical ventilation)
is associated with a poor prognosis in people
with CF.79°8% However, the outcome of treatment
with NIV is good®°8*t and many centres may
manage NIV in high-dependency or ward areas.
Extracorporeal membrane oxygenation (ECMO)
is used on critical care as a salvage strategy

in people with CF with respiratory failure and

is being increasingly used as a bridge to lung
transplantation 892893 The use of ECMO has
emerged as a promising intervention that can
avoid invasive ventilation and allows individuals
to eat, move around and undertake airway

clearance while awaiting lung transplantation.8%4-8%7

Ambulation whilst on ECMO has been shown to
be an independent predictor of successful bridge
to transplant.8%®

There are no published studies on physiotherapy
for people with CF who are intubated and
ventilated. The NICE guideline ‘Rehabilitation

after critical illness in adults’, should be adhered

to as appropriate. 8 These national guidelines
should also be applied to those receiving ECMQO 810
Rehabilitation on ECMO requires a careful,
multidisciplinary approach, and should be led

by staff who have completed a competency

for moving individuals on ECMQ .8

12.6.1 Recommendations

e Ensure regular airway clearance is continued
and optimise humidification (QoE — low).

e Ensure good positioning for optimal ventilation
and drainage of secretions (QoE — low).

e During a critical care stay and as early as
clinically possible, perform a short clinical
assessment to determine the individual's risk
of developing physical and non-physical
morbidity (QoE — moderate) 8%

e For those at risk of physical and non-physical
morbidity, perform a comprehensive clinical

assessment to identify their current rehabilitation

needs. This should include assessments by

healthcare professionals experienced in critical
care and rehabilitation (QoE — moderate).8%°

For those at risk, agree short-term and
medium-term rehabilitation goals, based on
the comprehensive clinical assessment. The
individual's family and/or carer should also be
involved (QoE — moderate).8%°

e The comprehensive clinical assessment and

the rehabilitation goals should be collated and
documented in the individual's clinical records
(QoE — moderate).8%°

For those at risk, start rehabilitation as early as
clinically possible, based on the comprehensive
clinical assessment and the rehabilitation goals.
Rehabilitation should include:

- measures to prevent avoidable physical
and nonphysical morbidity, including a
review of previous and current medication
(QoE — moderate)

- anindividualised, structured rehabilitation
programme with frequent follow-up reviews.
The details of the structured rehabilitation
programme and the reviews should be
collated and documented in the individual's
clinical records (QoE — moderate) 8%

For individuals on ECMO, ambulation
and rehabilitation should be aided by
physiotherapists trained in managing
people on ECMO (QoE - low).

12.6.2 Good practice points

o To ensure optimal management there
needs to be excellent communication and
liaison between both the critical care and
CF physiotherapy teams and the wider MDT.

» The use of timetables to protect airway
clearance and rehabilitation time may be
beneficial.

12.6.3 Research recommendations

» A case series approach (single or
multicentre) would be useful to explore
the effectiveness of airway clearance
and rehabilitation interventions in people
with CF admitted to critical care. The
heterogeneity and the low number of
people with CF admitted to critical care
may explain why there have been no
current published studies of physiotherapy
and/or rehabilitation interventions.
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12.7 Physiotherapy before
bilateral lung transplant
(prehab)

Physiotherapy before lung transplant can be a
complex balance of airway clearance, inhalation
therapy and exercise training. Interventions may
be influenced by skeletal muscle weakness, poor
bone health, low BMI, pain and fatigue. The goal of
physiotherapy in people with CF prior to bilateral
lung transplant is clinical and physical optimisation
alongside maintaining QoL .84

The wider availability of CFTR modulators and

the benefits on clinical trajectory and longer life
expectancy are emerging.8? There is potential
that the introduction of CFTR modulators could
delay the referral for lung transplantation in those
able to take them and for exercise to play an even
larger role in optimising the future lung health
trajectory.8?

Frailty is common in people with CF undergoing
lung transplant assessment; in a recent study

a higher frailty index at listing was significantly
associated with worsening waitlist status, post-
transplant mortality and graft failure despite waitlist
times.®* A study of paediatric lung transplant
registrants including young people with CF found
those with the worst functional status as defined
by the Lansky Play Performance Scale had a
higher association with death or removal from

the waiting list.®* As the CF population ages and

is projected to live longer with wider availability of
CF modulators, pulmonary and extrapulmonary
complications increase the medical complexity and
decision-making for lung transplantation.®'* There
is potential for the average age of people with

CF undergoing lung transplantation to increase,
therefore alongside the end-stage lung disease
frailty, there is potential for a greater age-related
frailty component. However, it is important to note
this potential delayed need for lung transplant may
not be the case for all people with CF, particularly
those not able to take CF modulators.

The physiotherapy assessment of people with CF
for lung transplantation includes exercise testing.
The ECFS exercise working group recommend the
6MWT in severe CF disease and work up for lung
transplant, and the 1-min STS test in lung transplant
candidates.’®® In a recent retrospective study of CF
Centres across the world before the widespread
availability of CF modulators, W, was identified
to be the measure most strongly associated

with two-year risk of death or lung transplant,
making it a useful marker for referral and listing:
probability of death or lung transplant was 45.2%
for those with a W, less than 49.2% predicted.1¢
Further research into the impact of HEMT on lung

transplantation and frailty in people with CF before
lung transplantation is needed.

The evidence for pre-transplant rehabilitation
specific to people with CF is limited. The evidence
for pre-transplant rehabilitation is generally limited
to non-randomised and observational studies.85-87
Evidence from a systematic review including
exercise training before lung transplantation
demonstrated exercise training can maintain or
improve functional exercise capacity in chronic
lung diseases including CF.8% A single-centre
cohort study of people with CF participating in
three centre-based supervised exercise sessions

a week before lung transplant maintained their
6MWT distance and improved their bicep/
quadricep training volume.8

Individually tailored exercise programmes to
maintain and improve functional capacity, including
strength and flexibility should be offered to all
awaiting lung transplantation. Due to ventilatory
limitations with severe CF disease, interval and
strength training are often better tolerated than
continuous aerobic exercise.

There is emerging evidence for the use of virtual
pulmonary rehabilitation®® and this option

provides access for people with CF on the lung
transplant waiting list to pulmonary rehab classes
without the risk of cross infection. A pilot study of
telerehabilitation for individuals with CF awaiting
lung transplantation reported home-based
pulmonary rehabilitation had significantly better
adherence than hospital-based pulmonary rehab.8

Although evidence is limited, supplemental oxygen
and NIV may facilitate exercise training in those
with severely affected respiratory function.8:.817820
The use of short and long-term goal setting is
encouraged by clinical experts, however there

is currently no evidence in CF.

The NHS clinical commissioning position has
recently recommended the use of veno-veno
ECMO (VV-ECMO) including for people with CF
as a bridge to lung transplant to be available as a
treatment option.®? Recent case reports including
people with CF who underwent VV-ECMO
bridge to transplant concluded physiotherapy
management of airway clearance and active
rehabilitation on ECMO is safe and feasible

and an integral part of the management of this
cohort 805822

12.7.1 Recommendations

e Every person with CF being considered for
lung transplant should have individually tailored
exercise programmes that include interval
training, strength training and flexibility and these
should be reviewed regularly by a physiotherapist
or exercise practitioner (QoE — low).
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» Exercise training before lung transplantation in
chronic lung diseases can maintain or improve
functional exercise capacity (QoE — low).

» On CPET testing, a W e Of less than 49.2%
predicted may indicate an increased risk of lung

transplant or death within two years (QoE — low).

12.7.2 Good practice points

o Every person with CF on the lung transplant
waiting list should be educated on the
benefits of prehabilitation.

¢ |ndividuals should be offered different
modes of exercise delivery where possible
including hospital, community or virtual.

» Evaluation of exercise capacity and frailty
ahead of lung transplantation is important,
including monitoring frailty while on the
lung transplant waiting list.

 Ambulatory oxygen therapy may be
used during exercise, following a formal
assessment by a physiotherapist, where
improvement in exercise performance or
symptoms is demonstrated.

* NIV can be used to support exercise;
settings should be adjusted from baseline
settings to achieve symptomatic comfort.

e Short and long-term goals should be
completed with each individual to facilitate
and motivate rehabilitation.

¢ Physiotherapy including active rehabilitation
and airway clearance is integral for people
with CF who undergo ECMO as a bridge to
lung transplant.

12.7.3 Research recommendations

o Evaluate the impact of CFTR modulators
on timing of listing for lung transplantation.

e Evaluate the outcome measures used to
assess frailty and exercise capacity in people
with CF listed for lung transplantation,
including further research into the use of
Woeak @s @ marker for lung transplant referral
and listing in the CFTR modulator era.

» Define the rehabilitation needs of people
with CF awaiting transplant.

» Define the efficacy of exercise interventions
in people with CF awaiting transplant,
with regards to the type (endurance,
strengthening or combined), intensity,

duration and mode of delivery (hospital,
community, virtual).

12.8 Physiotherapy following
bilateral lung transplant

Lung transplantation is a treatment undertaken to
improve the QoL and survival in carefully selected
people with CF with advanced lung disease 169196823
Following lung transplantation, there is a marked
improvement in pulmonary function. However,
individuals still experience physical impairments,
such as limited exercise capacity around 40—

60% of predicted normal values, early-onset of
metabolic acidosis and skeletal muscle weakness,
all of which persist for years after transplant
surgery.®® In the early post-transplant phase, this
is likely due to deconditioning from end-stage
disease at the point of transplant, and the extended
intensive care and hospital stay following surgery,
which can vary from three to six weeks or more if
complications ensue 8

Additionally, side effects of immunosuppressant
medications which are taken long-term following
lung transplantation include adverse effects on
bone and skeletal muscle cellular structure 824825
Lung transplant recipients with CF remain at risk
of skeletal fragility despite prompt initiation of
post-transplant anti-osteoporosis therapy.8?> Lung
transplant patients also face psychological stressors
throughout the course of the transplant journey,
which can significantly impact QoL, physical
functioning and adherence to recovery regimes.8¢

Physiotherapy input following lung transplantation
can be extremely diverse and includes the
management of the individual in the intensive

care unit, on the ward and as an outpatient.
Physiotherapy includes treatments to improve
functional capacity, muscle strength, joint range of
movement and postural alignment.®! Other MSK
issues may also need to be addressed, along with
appropriate short-term and long-term goal setting.
Physiotherapy input may also involve:

e respiratory weaning from tracheostomy
¢ NIV and oxygen support

¢ liaison with gyms and pulmonary rehabilitation
centres

e organisation of nebuliser units

e preparation for employment or other major life
goals.8!

The majority of post-lung transplant studies
investigate the effects of exercise and activity of
daily living in a mixed population, including those
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with COPD, emphysema, interstitial lung disease,
pulmonary hypertension, alpha-1 antitrypsin
deficiency, and alveolitis fibrotisans.826-842 These
studies include participants with both single and
bilateral lung transplant. A recent review of lung
transplantation rehabilitation® and a systematic
review (2020) of exercise training for lung
transplant candidates identified a total of 11 post-
transplant studies:®® four RCTs,82840-842 one quasi-
experimental,®% three pilot research studies, 833838839
two observational studies®’82° and a retrospective
analysis.®¥” Results from these studies indicate that
exercise training appears to be beneficial both
before and after lung transplantation; however,
the evidence for direct causation is limited.

One RCT compared the effects of pulmonary
rehabilitation with standard care and showed a
significant change in chest wall expansion and
health-related QoL measured using the COPD
Assessment Test, but no significant changes in
the 6MWT, modified Medical Research Council
dyspnoea scale, or hand grip strength.8 The
rehabilitation program consisted of chest-wall
stretching, controlled breathing techniques and
personalised exercise of 20—30 minutes cycling
and treadmill two to three times per day for four
weeks.

Another RCT of lung transplant recipients

who participated in a 20-week supervised

HIIT programme three times a week, showed
improvements in one-repetition max arm press
and leg press, and mental aspect of the 36-Item
Short Form Survey (SF-36), compared to a control
group.84?

A further study compared exercising on a whole-
body vibration platform (WBVT) to the same
exercises on the floor.84° Improvement in 6MWD
was significantly higher in the WBVT group
compared with the control group (83.5m [95%

Cl 654 to 101.7] versus 55.2m [95% CI 37.5 to
72.8]; p=0.029). Also, peak work rate increased
significantly more in the WBVT group than in the
control group (16.8W [95% CI 13.5 to 20.5] versus
12.6 W [95% CI 9.0 to 16.1]; p=0.042). No adverse
events related to the intervention occurred during
the study.

A final RCT found that three months of supervised
training, initiated immediately after hospital
discharge, improved functional recovery (daily
walking time, movement intensity during walking
and daily steps, measured by SenseWear Pro
Armband and DynaPort activity monitors) and
cardiovascular morbidity of patients up to one
year after lung transplantation .8

A study investigating exercise performance in
people with CF before and after bilateral lung
transplant showed exercise capacity improved

post-transplant but remained below the age-
matched healthy controls.8®t An increase was
shown between peak exercise arterial-venous
oxygen difference pre- and post-transplantation
but was not of statistical significance. The
investigators concluded that an impaired oxygen
extraction was the predominant mechanism
limiting exercise capacity after transplantation and
that this abnormality could not be solely explained
by deconditioning or anaemia.

Lung transplant recipients with CF have a
prevalence rate of post-transplant fractures of 21%
but their occurrence is neither associated with
pre-transplant BMD, post-transplant BMD changes
nor mortality.8?> BMD declines most significantly

in the first few months post-transplant, and then
progressively increases over up to five years,
without marked improvement in pre-transplant
values.®% In a review of handgrip strength testing
in lung transplant candidates and recipients, figures
improved from 21.1kg before rehabilitation to
35.7kg after rehabilitation.#* Authors therefore
concluded that handgrip strength is a quick and
easy assessment tool that should be used with
lung transplant recipients.

A study looking at experiences and perceptions of
receiving and prescribing rehabilitation in adults
with CF undergoing lung transplantation reported
six key findings:82

1. Structured exercise benefits both physical and
mental health.

2. CF-specific physiological impairments were a
large barrier.

3. Supportive in-person or virtual relationships
facilitated participation.

4. CF-specific evidence and resources are
needed.

5. Telerehabilitation experiences during the
COVID-19 pandemic resulted in preferences
for a hybrid model.

6. Virtual platforms and clinical workflows require
further optimisation.

12.8.1 Recommendations

» All people with CF should receive a structured
exercise programme following discharge from
hospital after lung transplant (QoE — very low).

e People with CF should be offered both in-
person and option of telerehabilitation post-lung
transplant (QoE — very low).

e Handgrip strength should be tested after lung
transplant (QoE — very low).
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12.8.2 Good practice points

NIV may be needed post-extubation,
particularly in those who have used it as
a bridge to transplant.

Liaison with the pain management team
may be necessary to ensure effective airway
clearance and participation in an exercise
regimen.

Due to vagal nerve denervation and
impaired cough reflex post-transplant,
appropriate ACTs should be used.

The use of any positive or negative
pressure adjuncts will be discussed with the
surgeons before use due to the effect on
the bronchial anastomosis.

An individually tailored exercise programme
including cardiovascular and resistance

and flexibility work to improve functional
capacity should be introduced in line with
the individual's goals. Resistance exercise

is important to help combat the effects of
the long-term steroids required with the
immunosuppression regimen.

High-dose steroid therapy following a
rejection episode can increase the risk of
tendonitis, tendon rupture and osteoporotic
changes. Care must be taken when advising
on exercise programmes.

Liaison with the dietitian will be important
to ensure that the exercise programme
prescribed does not exceed calorific intake.

12.8.3 Research recommendations

Define the acute and long-term
rehabilitation needs of people with CF
post-transplant.

Evaluate the presence of long-term
secondary effects of transplant on
peripheral muscle function and dysfunction
in people with CF.

Define the efficacy of exercise interventions
in people with CF post-transplant, with
regards to the type (endurance, strengthen
or combined) intensity, duration and mode
of delivery (hospital, community, virtual).

Explore perceived benefits and barriers to
exercise in people with CF post-transplant.

12.9 Palliative and end-of-life
care

12.9.1 What is palliative care?

WHO defines palliative care for both adults and
children as follows: “Palliative care is an approach
that improves the quality of life of patients and
their families facing problems associated with a
life-threatening illness. This is provided through
the prevention and relief of suffering through early
identification, accurate assessment and treatment
of pain and other problems, physical, psychosocial,
and spiritual”.®4

Palliative care:

e provides relief from pain and other distressing
symptoms

 affirms life and regards dying as a normal
process

e intends neither to hasten nor to postpone death

e integrates the psychological and spiritual aspects
of care

o offers a support system to help individuals live as
actively as possible until death

» offers a support system to help the family cope
during the individual's illness and in their own
bereavement.

12.9.2 Symptom burden and palliative
care needs in CF

Caring for people with CF can be complex, with
many individuals experiencing several distressing
physical and psychological symptoms. A recent

US study found that 78% of those surveyed (median
FEV157%, range 16-110%) were experiencing

at least one unmet physical or psychological

care need,®® with physical symptoms adversely
affecting daily living (such as lack of energy) and
psychological needs (such as fears about my

CF getting worse) being the most prevalent.84¢
Results indicate that unmet care needs may be
more strongly correlated with perceived symptom
burden than with objective clinical factors such as
FEVi. This crucial distinction highlights that even
patients with relatively preserved lung function can
experience significant psychological symptoms and
functional limitations due to their CF, which may go
unaddressed if care is solely focused on spirometry
results.

The most common physical symptoms often
stated in surveys are fatigue and pain and the most
common psychological symptoms are anxiety and
fear about their condition 846847 With this in mind,
the introduction of palliative care should not be
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delayed until the time when death is imminent;
discussions with people with CF and their loved
ones should start early®® and run parallel to

usual care to ensure they get the benefits of both
therapeutic approaches.®* Some data shows that
certain individuals may be more likely to report
higher palliative care needs than others. These
include females, those with higher symptom
burden and those not on CFTR modulators.8468%0
Females consistently report a higher prevalence
of unmet care needs, though it remains unclear
whether this discrepancy stems from genuinely
poorer clinical outcomes in females or is
influenced by underreporting among men due to
societal expectations regarding health and care-
seeking behaviours. Clinical teams must be aware
of this disparity when screening patients, fostering
an environment where all individuals, regardless of
gender, feel confident to openly discuss any unmet
care needs.

The CFF recommends that structured screening
of symptoms should start early with specific
symptom management conversations initiated
at annual review from age 12, or with disease
milestones such as referral for lung transplant,
hypercapnia and daytime oxygen requirement at
rest.®! Others suggest palliative care services are
introduced if FEV: falls below 50%.8% |t may be
helpful in these situations to use a screening tool
such as the Integrative Palliative Care Outcome
Scale (IPOS)®18% or Supportive Care Needs
Survey Short Form 34 (SCNS-34) to help facilitate
discussions.®4¢ Palliative care discussions and
screening should be flexible to the individual's
needs and requests, including the option of
home-based or hybrid reviews.8>

Early, integrated palliative care input is essential

in the management of these complex, often
untreated symptoms.84984-8% Once introduced,
palliative care teams should remain involved
throughout the individual's lifespan,®’ to provide
ongoing care to both the individual as well as
supporting family and carers. Feedback from
people with CF and carers suggests that CF teams
could improve their delivery of palliative care,
especially the more advanced skills such as end-
of-life discussions and advance care planning.8®8
Increased collaboration between CF and palliative
care teams may improve specialist knowledge
sharing and address learning needs.®° Having

a dedicated palliative care clinician integrated
within the CF team may improve collaboration
and responsiveness to symptoms.86086t

12.9.3 Advance care planning and
discussions about symptoms and
treatment choices

Advance care planning (ACP) conversations,
focusing on goals of care, prognosis and treatment
decisions, are recommended for all individuals
with advanced lung disease.®® These discussions
should begin early, ideally in an outpatient setting
and with a familiar member of the CF team, which
may be an experienced physiotherapist.863-865
Studies demonstrate that people with CF have
expressed a need for an openness to participate

in ACP discussions with their CF team?®% and

they are generally comfortable talking about this
subject 854863866 ACP may empower individuals to
actively participate in their care planning®’” and
provide clinical teams with essential insights into
the individual's needs and wishes. However, the
rate of completion of such documents remains low
in adults with CF due to barriers from the clinical
team such as lack of training and confidence®588%°
and fear of causing distress,®%® and is often not
completed until the terminal hospitalisation.®°

Most people with CF die in hospital®’® and this is
likely due to the intensity of treatments and the
complexity of predicting the terminal stage. Itis
essential to provide early opportunities for people
with CF to make an ACP, discussing topics such
as their preferred place of care and death.85787°
Having these discussions early may give CF teams
and people with CF time to build relationships
with community teams to facilitate the individual's
wishes if dying at home or in a hospice is their
preference.

In paediatric care, evidence has shown

caregivers are included more than children in

ACP discussions. Introducing ACP discussions
early can increase congruence between the
young person and caregiver and may allow
caregivers to be more prepared and feel more in
control of uncertain situations.®”* Structured ACP
documentation is available and recommended to
empower healthcare professionals to initiate these
discussions.®”2

12.9.4 End-of-life care in CF

The CFF define that people with CF have
advanced lung disease if:5?3

e they have FEV: less than 40% predicted when
stable, or

* have been referred for lung transplantation
evaluation, or

e one or more of the following characteristics
- previous ICU admission for respiratory failure
- hypercapnia
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- daytime supplemental oxygen requirement
at rest

- pulmonary hypertension

- severe functional impairment from respiratory
disease

- 6MWT distance less than 400m.

People with CF can often live for several years
with advanced lung disease and recover from
multiple acute deteriorations during the slow
decline in their health, making the timing of death
difficult to predict.84987° During this potentially
long, chronic ‘terminal phase’ of CF, prognosis is
uncertain due to individuals experiencing additional
disease complications and increased symptom
burden, associated with an intensive daily therapy
regime . 849866874-876 However, it has been shown
that rapid lung function decline in the first year of
advanced lung disease has been associated with
worse outcomes.®”’

Early discussions about an individual's care and
wishes are therefore essential to prepare and
plan for unexpected or sudden deteriorations
that may occur. Within CF, active treatment and
palliative care are often provided in parallel, as
both therapeutic models help identify and treat
symptoms in end-stage disease. 842873878

Although most people with CF die from respiratory
failure, technological advances such as NIV

and ECMO, have provided alternative treatment
choices for those with end-stage disease. Lung
transplantation is a potential option for people
with advanced disease, although it must be
acknowledged that not all individuals are eligible
or choose this option. In addition, organ availability
remains an issue in the UK, with 40% of individuals
dying on the waiting list.84%878-881 Awaiting lung
transplant can further complicate end-of-life care
as the person with CF, their family and the MDT
must balance the hope of transplantation alongside
the reality of death whilst waiting for organs 849875

12.9.5 Physiotherapist’'s role in
end-of-life CF care

Physiotherapists have a key role in end-stage
disease management. Physiotherapists focus

on maximising functional ability and comfort to
enhance Qol and this continues to apply during
end-stage disease management and end-of-life
care 88885 |n conjunction with multidisciplinary
and medication strategies, physiotherapy
techniques can help alleviate many of the
symptoms experienced at end-of-life, such as
breathlessness, anxiety, fear, secretions and pain.

Interventions may need to be adapted to consider
the individual's condition and needs®? and
to ensure comfort. Considerations or airway
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clearance adaptations may include positioning,
length and frequency of sessions, use of adjuncts
and review of NIV settings and interfaces if
appropriate.®®* While it is important to appreciate
the benefits these techniques provide, it is also
important to acknowledge the potential burden
they impose.

Few studies have directly addressed the input
of physiotherapy during end-of-life care. In a
retrospective analysis®? common treatments
included ACTs with ACBT, IPPB, NIV, exercise,
anxiety management and relaxation techniques,
with a reduction in the use of adjuncts such as
PEP and OPEP. It is important to note that many
individuals continued with ACTs to within 24
hours of death.88?

12.9.6 Following the death of a person
with CF

CF teams may find it beneficial to reflect on the
deaths of people with CF under their care,®*
taking the opportunity to review the quality of care
provided against guidelines, learn from experiences
and highlight any training needs. Caring for people
with CF at the end of life can impact the wellbeing
of the CF team, and staff must be empowered with
the skills and support to optimise their self-care.
Such training and support may be provided by
their embedded CF Psychologist or via their

Trust wellbeing services.

12.9.7 Recommendations

e Physiotherapy treatment should focus on
optimising QoL and symptom control in
those with advanced disease (QoE — low).

e Physiotherapy ACTs need to be tailored to
the individual needs of the person with CF
(QoE — low).

e Consider NIV as a physiotherapy adjunct to
increase ease of sputum clearance and reduce
oxygen desaturations and breathlessness
(QoE — low) 58659

e People with CF should be offered physiotherapy
input and support in the last stages of life
(QoE — low).

e Consider referral or seek advice from palliative
care services with regards to people with
CF with high symptom burden such as pain
or breathlessness which limit the efficacy of
physiotherapy treatments (QoE — low).

e People with CF should be screened annually for
symptom burden from the age of 12. Tools such
as IPOS screen for symptom burden and may
help initiate advance care planning (QoE — low).
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¢ Introduce palliative care services in the moderate
stages of disease (FEV: below 50%) and continue

input throughout the individual's lifespan
(QoE — low).

12.9.8 Good practice points

Good communication between the CF
team, the palliative care team, the person
with CF and their family is paramount
during all aspects of the terminal stages.
The CF team must consider the person with
CF and their family's level of understanding,
concern, and fear of the unknown when
discussing any treatment changes and be
prepared to answer questions.

Early discussions around treatment choices
and the preferred place of death should
take place between the person with CF
and the MDT and be documented clearly.
If appropriate physiotherapists can lead on
these conversations.

If an individual's preferred place of death

is home or hospice, physiotherapy input
needs to be provided and/or supported in
this setting, and if necessary, training should
be provided by the physiotherapy team to
hospice staff, community palliative care
team or the individual's family around

NIV and physiotherapy treatment.

Frequent short treatment sessions may be
required to maximise symptomatic relief but
minimise burden during end-of-life care.

Consider positive pressure such as NIV

to reduce work of breathing and provide
symptomatic relief during ACTs, exercise
or to support breathlessness management
pre- and post-activities of daily living such
as washing or dressing.

People with CF using NIV may choose to
remove their NIV in the terminal stages.
Physiotherapists should be prepared to
discuss with individuals and families what
may happen when they remove their NIV
and liaise with the wider MDT to optimise
symptom control medications if this is the
individual's wish.

Individuals who are 24-hour NIV-dependent
will have two machines to alternate (day
and night) and should have more than one
face interface to alternate to reduce the risk
of pressure areas.

e The use of nasal masks or mouthpiece
interfaces for short periods may enable
individuals at the end of their life to speak
to relatives and drink and eat more easily.

« To optimise individual independence, if
they are NIV-dependant, consider setting
up their NIV on a trolley to enable them to
mobilise more easily.

¢ Physiotherapists need to consider how to
support their colleagues and manage their
own emotions when caring for people with
CF at end-of-life. The opportunity to reflect
as a team or individually should be available
for all staff and teams should promote
positive coping strategies.

e Education and support should be provided
to physiotherapists undertaking advance
care planning discussions to help empower
staff, promote discussions and reduce
emotional fatigue.

e Consider use of structured ACP
documentation to guide advance care
planning discussions.

» Consider formal integration of palliative
care clinicians into the CF team.

12.9.9 Research recommendations

e Explore the role of the physiotherapist in
supporting people with CF who choose
to die at home or in a hospice.

e Explore physiotherapists experiences and
challenges of providing physiotherapy
interventions towards the end of a person
with CF's life.

o What access is there to palliative care teams
across UK CF Centres?
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13. Cystic fibrosis screen positive,
inconclusive diagnosis (CFSPID) and
CFTR-related disorders (CFTR-RD)

13.1 CFSPID

NBS can result in the recognition of infants with
a positive NBS result that do not meet diagnostic
criteria for CF and have an unclear outcome (see
precise definition below). These infants are given
the designation, cystic fibrosis screen positive,
inconclusive diagnosis, or CFSPID. In 2019

the ECFS published updated guidance for the
management of CFSPID, including a harmonised
definition with the CF Foundation in the US. 84

CFSPID definition®884.885
A positive NBS for CF

AND EITHER

A sweat chloride value of less than
30mmol/L and two CFTR variants (at least
one of which has unknown phenotypic
consequence)

OR

An intermediate sweat chloride value
(30—-59mmol/L) and one or no CF-causing
variants.

An infant with a CFSPID designation is, by
definition, well and does not have CF. They are
however at risk of developing a CFTR-related
disorder (CFTR-RD) or CF later in life.

Rates of conversion from CFSPID to a CF diagnosis
range from 6% to 48%, depending on the NBS
protocol used.®68 |nfants with an intermediate
sweat chloride (30-59mmol/L) are more likely

to convert. Programmes that use more extensive
DNA analysis are more likely to identify infants with
CFSPID and those infants are less likely to convert
to a CF diagnosis.®® Infants with CFSPID who do
not convert are at risk of developing a CFTR-RD,

but the extent of this risk is not currently quantified.

The ECFS guidance provides a suggested
timescale for follow-up.88 The guidance proposes
clinical evaluation and minimal investigations for
children who are well. Considering data from

the prospective French study (DPAM), there is no
evidence to support routine respiratory culture

for infants and children with CFSPID who are
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well.88 For symptomatic children, it is less clear. It
is reasonable to undertake respiratory culture if a
child has a persistent cough and initiate treatment
appropriately based upon the results.

The ECFS guidance suggests that these infants are
reviewed by a Paediatrician with a special interest
in CF.88 |t is not explicit whether this should be

in a CF clinic or general respiratory clinic. There
are pros and cons to both options. If a child

with CFSPID is referred to a physiotherapist, it is
important they work closely with the physician

to provide consistent and appropriate messaging
to the family. Routine airway clearance is not
indicated unless there is conversion to a CF or
CFTR-RD diagnosis. A survey of CF Centres in the
UK and Ireland showed a wide variation in how
these individuals are managed, however.8°

Children with a CFSPID designation are well

and most will remain well. Some may convert to

a CF diagnosis and should move on to standard

CF care pathways. Some may develop persistent
symptoms as is common in childhood, and

the management of this cohort is challenging,
requires clear communication, good team-
working and consistent messaging from healthcare
professionals.

Many of the references used are based on expert
consensus. These publications are a based on
the best available evidence from cohort studies
and case series reviews. This is the soundest
methodological process currently available

for studying this population.

13.1.1 Recommendations

e When a person with CFSPID is referred to
physiotherapy, the physiotherapist should
undertake a full respiratory assessment,
including history (cough, infections) and
auscultation (QoE - low).

e There is no evidence to support routine
ACTs for people with CFSPID (QoE — low).

e Activity should be encouraged in line with
that of the general population (QoE — low).

e Respiratory cultures should be obtained only
in cases of persistent symptoms (including
samples for respiratory viruses) (QoE — low).
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13.1.2 Good practice points

¢ For children with a CFSPID designation who
are well, the European guidance suggests
a more thorough evaluation just prior to
school entry. If imaging and spirometry are
reassuring at this point, then discharge to
primary care may be discussed with the
family, possibly with an appointment with
the child when they are older to explain
the implications of this finding. If discharge
happens then the family and the primary
care physician require clear information.

13.1.3 Research recommendation

» Ongoing evaluation will be required to
understand the longitudinal outcomes in
this cohort, highlighting those who may be
at risk of developing lung disease and may
therefore benefit from early physiotherapy
input.

13.2 CFTR-related disorders
(CFTR-RD)

CF is often categorised by a wide variability of
clinical expression in terms of disease severity
and rate of progression.® With over 2,000 known
CFTR variants, CFTR protein dysfunction should
be viewed as existing on a continuum and for
some variants, the reduction in activity may not
be sufficient to lead to a multiorgan or ‘classic’
CF phenotypic presentation.®*?

The term CFTR-RD has been developed from
previous descriptions of atypical or nonclassical CF
and is defined as “a clinical condition with evidence
of CFTR protein dysfunction that does not fulfil the
diagnostic criteria for CF". 8"

Clinical presentations include CBAVD, acute
recurrent or chronic pancreatitis and disseminated
bronchiectasis.®** Some will have no detectable
lung disease.

To date, there is no documented evidence
outlining the need for physiotherapy intervention
for individuals diagnosed with CFTR-RD. At
present, few adult services have dedicated CFTR-
RD diagnostic clinics and there is no precedent
set on standardised physiotherapy involvement.
However, it may be pragmatic to consider that for
those presenting with a bronchiectasis phenotype,
physiotherapy input could be clinically indicated
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to support optimal lung health.°* Additionally,
the recent publication from the ECFS diagnostic
network working group states:%%*

e “A chest radiograph and pulmonary function
tests should be performed in all individuals.
If either of these are abnormal, a thoracic CT
to evaluate for bronchiectasis and/or bronchial
wall thickening is recommended.”

» "Whenever possible, a respiratory specimen
(spontaneous or induced sputum, or cough/
throat swab if not expectorating) should be
collected for microbiological analysis.”

For many CF physiotherapy clinicians, these are
tasks which are a routine part of their clinical
practice, and physiotherapists may be well placed
to provide this clinical support.

The implementation of alternative methods of lung
monitoring such as LCl may be advantageous in
monitoring those with normal spirometry, who
could be at risk of developing lung disease.*

13.2.1 Recommendations

e More research is required to determine the need
for standardised physiotherapy input within this
cohort (QoE - low).

¢ An individualised approach should be adopted
(QoE — low).

o For those presenting with evidence of
bronchiectasis, physiotherapy review should
be undertaken (QoE — low).

13.2.2 Good practice point

e Pulmonary function tests and sputum
analysis are important objective measures
to assess for potential lung-related issues
and may fit into a physiotherapy scope of
practice.

13.2.3 Research recommendation

e Ongoing evaluation will be required to
understand the longitudinal outcomes in
this cohort, highlighting those who may
be at risk of developing lung disease
and may therefore benefit from early
physiotherapy input.
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14. Complementary therapies

‘Complementary therapy’ and ‘alternative medicine’
are terms often used to describe treatments
outside the usual medical treatment remit. The
evidence base for the use of complementary
therapy in CF in the UK is limited and based on a
questionnaire sent to all adult and paediatric CF
Centres in the UK in 2016, and repeated in 2024.
Of the 26 Centres who responded to the survey in
2024, 31% stated CTs are integrated into their care
of people with CF and are applied by either the
physiotherapist (75%), an external ‘complementary
therapist’, or another member of the MDT. Some
of the most common therapies described under
this umbrella include acupuncture and massage
therapy. Salt cave and salt lamps (halotherapy) are
not currently used as a treatment by the CF MDT;
however, they have been reported in the 2016 and
2024 questionnaire responses to be of interest to
people with CF.

Although there may be evidence for some
complementary therapies in the non-CF
population, such as acupuncture in the
management of chronic pain,®® research relating
specifically for the use of complementary therapies
in people with CF is lacking and there is insufficient
evidence to support or refute their use. Many
physiotherapists have an interest in complementary
therapies and some techniques such as therapeutic
massage and relaxation form core training at an
undergraduate level with further courses such

as acupuncture and acupressure available and
targeted at experienced physiotherapists.

It is beyond the scope of these guidelines
to produce a full systematic review of all
complementary therapies.

14.1 Acupuncture and
acupressure

Acupuncture involves the insertion of needles into
the skin and acupressure uses the application of
physical pressure. Points are selected on the body
following Western medicine principles to provide
neuromuscular stimulation or traditional Chinese
medicine (TCM) principles of balancing flow of
energy (Qi) along meridians in the body.®¢ There
is a growing use of acupuncture in respiratory
conditions and anecdotal evidence that individuals
are requesting acupuncture as a treatment
modality.8%7-8%°

In 2010, Carrolan et al mapped the use of
acupuncture treatment in adults with CF in 20
Specialist adult CF Centres in the UK. Four

Centres were providing acupuncture treatment by
physiotherapists, most commonly treating back
pain, breathlessness, headaches, joint pain, anxiety,
sinus pain and pleuritic chest pain. There are
studies in people with CF which have demonstrated
improvements in parameters such as Qol, exercise
capacity, and decreased anxiety and dyspnoea
scores using acupuncture techniques.898899901-903

It has been reported that "acupuncture is not
widely available in UK Adult CF Centres mainly
due to lack of trained professionals available to
provide a service”. Some Centres have funded
non-NHS acupuncturists to provide a service

to patients, but this is not a consistent offering
nationally as funding varies from Centre to Centre.
Carrolan’s study demonstrates that 71% of the
surveyed physiotherapist respondents felt that
acupuncture treatment should be carried out by a
physiotherapist with acupuncture training, rather
than a fully qualified (but non-health professional
trained) acupuncturist.®®°

Acupuncture is considered relatively safe, but as it
is an invasive procedure it carries undeniable risk
with pneumothorax being a rare but dangerous
potential complication. The incidence of serious
events like pneumothorax could differ depending
on the style of acupuncture and the training

of therapists. However, there are a growing
number of case studies from different countries
highlighting the risks.895-99¢ Whilst these are only
single institution case studies, they all raise the
importance of individuals having access to an
accredited and registered acupuncturist and
clinicians having a high index of suspicion for
pneumothorax if a patient complains of chest
pain following acupuncture.

14.1.1 Good practice points

e There is no lower age limit for when
acupuncture or acupressure can be
performed, though children may have
a more acute response to acupuncture
and it is therefore advisable to trial
acupressure first.

¢ |n the absence of physiotherapists trained
in practicing Western-style acupuncture,
individuals may be referred to a fully
qualified TCM or Five Element acupuncturist
to benefit fully from this holistic treatment
approach. Visit the British Acupuncture
Council website for guidance.
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14.2 Massage

Massage has benefits such as improving circulation,

decreasing some forms of oedema and reducing
MSK pain and tension.®°® Massage therapy has also
been shown to help relieve stress and pain, as well
as promote wellbeing and relaxation.?®® Zink et al
in 2019 conducted a pilot study in 24 people with
CF aged 8 to 21 over a 10-to-12-week period.
Their purpose was to evaluate massage therapy
on QolL. They concluded that massage therapy
was found to significantly reduce muscle tightness,
marginally reduce pain and aid relaxation and
thoracic excursion in participants with CF. There
was no statistically significant improvement in
QoL scores.®® Short-term benefits of massage
and MSK physiotherapy on pain reduction in
adults with CF have also been documented,®

but longer-term, large-scale studies are needed.

Common symptoms of chronic illness such as
anxiety and depression may be alleviated by
massage.®® A small RCT in children with CF
noted subjective improvements in both anxiety
levels and mood of parents and children using
parent-administered massage therapy.®*? Abstracts
highlighting the importance of massage therapy
to adults with CF during inpatient admissions
have also been documented.?9%°13 A 2023

review of manual therapies in CF care, of which
massage was included, concluded that there
was limited research in this area, and difficulties
with comparison of literature due to variations in
methodology and interventions. Positive trends
related to subjective measures regarding pain
and ease of breathing were noted, but further
research is required.”* Massage and relaxation
techniques are commonly used in end-of-life
care, but benefits versus burden should be
carefully considered.®®®

Contraindications must be noted, and massage
should not be performed over pitting oedema,
areas of impaired tissue integrity and fractures.
Caution should be exercised in individuals with
prolonged bleeding times.8%®

Aromatherapy massage, using plant-derived,
aromatic essential oils combined with massage
to promote physical and psychological wellbeing
in CF has limited documentation and is currently
only cited in pilot studies in abstract form.
Subjectively all six adult participants with CF
reported improvement in anxiety and possible ease
in airway clearance.®® There is ongoing interest in
the area of essential oils on bacterial and biofilms
of P. aeruginosa isolates from people with CF, but
no firm conclusions have been drawn .98

14.2.1 Good practice points

o Consider the use of massage therapy for
the relief of MSK pain.

o Consider the use of massage therapy to
help decrease anxiety in people with CF
and their carers.

o Contraindications to massage therapy must
be noted.

14.3 Halotherapy (salt caves,
salt lamps)

For centuries, especially in Eastern Europe, people
have visited natural salt caves for the healing and
therapeutic properties of the air. Halotherapy can
be delivered in artificially constructed ‘salt caves’
that stimulate the conditions of a natural cave by
dispensing dry aerosol micro particles of salt. Other
modes of halotherapy delivery are via salt inhalers
or ‘salt pipes’. Suggested mechanisms of action

are mucolytic, antibacterial, anti- inflammatory,
immunomodulating and hyposensitizing.®*

Evidence to support halotherapy use is limited
and primarily involving people with COPD or
asthma. One study carried out a randomised
double-blind study into the use of a salt room
with halogenerator (treatment group) or a salt
room without halogenerator (control group) in
children aged between five and 13 years with mild
asthma.??® Both the control and treatment group
had twice weekly 45-minute sessions for seven
weeks. The treatment group received salt aerosols
produced by a halogenerator. A halogenerator
brings a flow of clean, dry air that is saturated with
highly dispersed negatively charged particles of
sodium chloride into the chamber. The study had
small numbers (29 in the treatment group and

26 controls) but found a statistically significant
improvement in bronchial hyper-responsiveness
and in most parameters of QoL questionnaire in
the treatment group. They found no improvement
in spirometry or fractional exhaled nitric oxide
levels following treatment.®?°

Another study explored the efficacy of salt cave
halotherapy in 139 individuals with chronic
respiratory conditions, including only five people
with CF.?%t Improvements in flow-volume loop
parameters and decreased bronchial resistance
measured by plethysmography were reported after
10 to 20 daily one-hour sessions. Two smaller
studies have also shown benefit. Six people with CF
had five 45-minute salt cave halotherapy sessions
on consecutive days and showed improvement

in lung function and sputum production.’® The
second study with 13 people with CF showed
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no significant change in lung function, but
improvements in Borg dyspnoea index scores,
SNOT-20 scores and subjective health perception
levels with no adverse effects.??3

In 2018, a paper highlighted a list of
contraindications for halotherapy, which include
hyperthyroidism, active tuberculosis, high-grade

hypertension, cardiovascular and respiratory failure,

acute-stage blood disorders, contagious diseases,
fever, open wounds and malignant diseases.?*°
Giangioppo et al refer to the risk of cross infection
in relation to halotherapy: “sitting in a salt room for
extended periods with other respiratory patients
can also promote the spread of infection”.®

There is minimal evidence available evaluating the
efficacy of salt spray inhaler or salt pipe use in CF.
Rabbani et al explored the use of salt spray inhalers
in 20 people with non-CF bronchiectasis, using the
inhaler for 25 minutes per day for two months.®?®
After a two-month treatment course no significant
improvements were identified in lung function
tests, GBMWT results or QoL questionnaires.
However, there were no significant adverse effects.

There is also no evidence available to suggest

salt lamps might have a physiologically beneficial
impact on the respiratory health of people with CF.
There have, however, been no reports of adverse
side effects as a result of its use in any studies.

The benefits to emotional health and wellbeing
provided by salt lamps have been extensively
documented (although not specifically in CF),

if not scientifically supported.92292¢

In summary, the evidence supporting the use
of halotherapy is weak due to poor quality of
study design, methodology and data collection.
Furthermore, with halotherapy having more
popularity in Eastern Europe, many of the papers
were not available in English and are beyond
the scope of this document. Exploratory studies
have demonstrated that halotherapy may have
some benefit for people with CF, though many
of the studies have looked at COPD or asthma
populations.

14.3.1 Good practice points

¢ Where people demonstrate an interest
in halotherapy, physiotherapists should
offer inhaled hypertonic sodium chloride
as a safe and known alternative where
appropriate.

¢ There is no information regarding infection
control precautions and management when
using halotherapy and physiotherapists
should advise people with CF accordingly.

14.4 Other complementary
therapies

14.4.1 Art therapy

Art therapy may be defined as a form of
psychotherapy involving the encouragement
of free self-expression through painting, drawing
or modeling used as a remedial or diagnostic
activity, though definitions may vary. Research
on the use of art therapy in CF is lacking so no
recommendations are available. However, an
abstract from 2023 using art therapy online, in
small groups for children with CF aged 5 to 11
found it a useful platform to share concerns
and experience peer support.®?’

14.4.2 Singing

Many families feel singing is a good form of
treatment for children with CF. A Cochrane review,
updated in 2019, reported there is insufficient
evidence to recommend singing as an effective
adjunct treatment in individuals with CF, however,
they should be encouraged to participate but not
replace current modalities.®?® In Scotland, the 2015
Breath Cycle project evaluated the benefits of
classical singing techniques and breathing control
on respiratory health in adults with CF. Only 14
individuals completed the pilot study, reducing

the authors’ ability to find statistically significant
differences. Improvements were suggested in

tidal breathing during exercise, FEV1 and LCI.°%°

A literature review in 2018°% on singing lessons
for respiratory health reviewed 17 studies in a
variety of pathologies, including three in CF and
all with small numbers. It concluded generally that
singing may be used as an adjunctive treatment for
respiratory disease. However, as mentioned above,
this should not replace current airway clearance
modalities in CF.

14.5 Research
recommendations

e Longer term studies using larger sample
sizes and RCT study design are necessary
to help confirm recommendations of
complementary therapies including
acupuncture, massage and halotherapy
specifically within CF.

e |tis important to gain information and
insight into the use and interest of
complementary therapies from people with
CF and their carers to help guide which
areas of complementary therapy research
should be prioritised.
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15. Adherence

Adherence is defined as:*3*

“The extent to which the patient’s behaviour
matches agreed recommendations from the
prescriber.”

This term is described as preferable to
compliance, defined as:***

“The extent to which the patient’s behaviour
matches the prescriber's recommendations.”

Concordance is a wider concept that does not
focus solely on participating in treatment but

is based on the idea that consultations are a
negotiation between equals. It recognises the
rights of people to decide whether or not to take
prescribed medicines.®*> Adherence is considered
the preferred term for medication or treatment-
taking behaviours.931933

People with CF need multiple medications to
control symptoms and slow disease progression.®
Studies prior to the widespread availability of
CFTR modulators suggest the median number of
daily medications prescribed is seven.®** These
treatments take a mean time of 108 minutes a
day®** posing significant challenges in terms of
scheduling around education, work and families.®*®
People with CF need to complete many daily
non-medication-based treatments, including
airway clearance, activity and structured exercise,
taking dietary supplements and monitoring

dietary intake.’® In view of this sustained treatment
burden, poor adherence has been identified as the
greatest cause of treatment failure and monitoring
adherence to prescribed therapy is identified as a
priority.?%®

Following the large-scale availability of CFTR
modulators in the UK, there has been some
uncertainty about the need for some standard
therapies. Clinical trials of CFTR modulators were
as add-on therapy®¥”9%€ but studies have identified
that less treatments are being prescribed and
adhered to in the era of CFTR modulators.232940
There is no clear data at present about the long-
term outcomes of the discontinuation of standard
therapies. There is data that adherence to CFTR
modulators may be sub-optimal.®4%4? |t should also
be acknowledged that at least 10% of people with
CF are unable to take CFTR modulators and rely on
standard therapies. Adherence remains important
for the CF community.®*

Many influences and barriers to adherence
are reported in the literature:

1. Lack of knowledge.®*
2. Communication.?*

3. Self-efficacy (the belief that the individual
can perform the behaviour.*

Perceived illness severity.?*®

Coping styles.>¥

Family factors.®#°

4
5

6. Depression. >
7

8. Support.®°
9

Parental supervision.!
10. Characteristics of the treatment regimen.®#
11. Problems with fitting treatment into lifestyle.

12. A perception that treatment does not help or
may be harmful itself.

13. Physical consequences or side-effects of the
treatment.?%

Adherence is recognised as variable depending on
the treatment,®* for example optimal adherence
to pancreatic enzymes does not predict optimal
adherence to nebulised medications. It may also
vary for a single treatment in an individual at
different times.?> Adherence levels in people with
CF have been found to decline into adolescence
and young adulthood,*** which may reflect the
transition from family administration of treatment
to independence. Adherence may be influenced
by changes in the prescribed regimen or by
intervention to enhance one aspect of the regimen
where a drop in other aspects may be seen.®>®
Ongoing comprehensive assessment of adherence
patterns is needed.®*

15.1 Measuring adherence

Methods of measuring adherence vary in
objectivity and validity. The most common method
of assessment is self-report. When compared to
more objective measures, self-report strategies
over-estimate adherence.?*29%97 The reasons for
this are multifactorial and may include inaccurate
recall, optimism and a reluctance to admit
behaviour that is not in keeping with the agreed
treatment plan.®* This social desirability bias may
be particularly important for people with CF where
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decisions on life-saving procedures such as lung
transplants are potentially influenced by adherence
reports and data.

Daily diary methods are more accurate®® but

are time- and resource-consuming and so not
appropriate for long-term clinical use. Prescription
refill methods such as medicines possession ratio
and proportion of days covered are more objective
but still over-estimate adherence as there is no
guarantee all dispensed medication is taken.®36942
Other direct measurements such as blood levels
are used, but these are limited in accuracy and

in practicality for long-term use®® as well as

being unsuitable for the measurement of many

physiotherapy treatments such as airway clearance.

Electronic data capture is the most objective
adherence measure and its use in adherence

trials is increasing. Pill bottles, nebulisers, inhalers
and some methods of airway clearance can be
electronically monitored to log the exact date and
time of use. This data can be used by people with
CF and their families and shared with clinical teams
to understand and optimise adherence.® Early
devices had high rates of malfunction, but they are
now more reliable.®* For some applications of this
technology such as pill bottles, there can be issues
such as with specially packed medications which
have challenges when decanted.®*¢%4 Electronic
data capture is a way to optimise preventative

care and improve activation.®#

15.2 Adherence to airway
clearance

Most studies assessing adherence to airway
clearance have used questionnaires or telephone
diaries to assess adherence. They assess adherence
to airway clearance overall rather than providing
individual data for different techniques. Reported
adherence rates to airway clearance range from
33.3 + 43.15% to 91.2%.9%° A pilot study using
electronic data capture suggested adherence rates
to OPEP were 45% compared to self-reported
adherence of 100%.%%°

Project Fizzyo worked together with engineers
and designers to develop electronically chipped
airway clearance devices and wearable activity
trackers.t%¥ |t looked at associations between
quality and quantity of ACTs and FEV1 in children
and young people with CF. The study identified
that ACTs are beneficial when performed as
recommended, but most people use techniques
that do not improve lung function. They concluded
that there is an opportunity to optimise therapy
and reduce the burden for people with CF by
supporting effective ACTs 8687
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An Australian study in adults with CF looked at
developing a PEPtrac device to accurately measure
and provide preliminary clinical data of adherence
and technique characteristics such as expiratory
duration and pressure properties, in supervised

vs unsupervised ACTs.?®* Numbers were low

but concluded that this device could accurately
measure adherence and technique data when
using PEP/OPEP devices unsupervised by adults
with CF.

With the introduction of CFTR modulators, the

CF community have placed more emphasis on
reducing treatment burden to aid adherence .69
It is essential that there is access to accurate
methods of measuring the clinical benefit of ACTs
to understand whether ACTs be safely stopped and
under what individual circumstances.

15.3 Adherence to exercise
and activity

Despite exercise and activity being widely
advocated as beneficial, there is very little
adherence data. Adherence levels to exercise
have been assessed as higher than adherence to
airway clearance.?”” Overall, people with CF report
a preference for exercise as compared to other
treatments 249963964 Exercise is regarded as socially
acceptable®®® and an area over which people feel
they have control.®® Lack of energy, lack of good
health, lack of self-discipline, and lack of time were
noted as the most frequent barriers to exercise.®®’

The desire to replace airway clearance techniques
with exercise was evidenced in the original James
Lind Alliance research questions for CF.9%¢

It remains unclear whether digital health
technologies®® and interventions®”® improve
adherence to exercise. Both Cochrane systematic
reviews on this topic add low-certainty evidence
of little or no improvement 7097

15.4 Adherence to inhaled
medication

Monitoring adherence to inhaled medication

has become easier and more accurate using
adaptive aerosol delivery technology, which
provides detailed monitoring including date, time,
completeness of dose and time taken to nebulise,
and with chipped vibrating mesh devices. This
electronic data capture suggests that adherence to
nebulised medications can be low or variable.?72-974
Monitoring allows greatly improved accuracy in
identifying adherence levels and is acceptable to
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people with CF.2%6959975 \When measured objectively
using electronic data capture, long-term
adherence rates to nebulised treatments are

36% in adults®® and 67% in children.®”®

A significant study utilising electronic data capture
is CFHealthHub.** This programme involved the
development of a behaviour change intervention
which was tested in a large RCT. The intervention
was data-logging nebulisers, a digital platform

and behavioural change sessions with trained
clinical interventionists which was compared to
usual care with data-logging nebulisers. While
significant differences were not seen in pulmonary
exacerbations and lung function, adherence was
significantly improved along with a lower perceived
CF treatment burden.®*®

15.5 Why is adherence
important?

Adherence research has been highlighted as a high
priority by policy makers and the WHO.**3 Poor
adherence has implications for people with CF,
their family, the CF team, leading to unnecessary
exacerbations and resulting in additional antibiotics
and hospitalisations. This is expensive, undermines
QolL, can lead to antibiotic-related adverse events
and may reduce life expectancy.®*#°’> People

with CF who collect less prescription medication
are more likely to be admitted to hospital for

a pulmonary exacerbation and incur higher
healthcare costs.?’® Studies have demonstrated the
importance of adherence to inhaled treatments

on health outcomes, with people collecting four
or more courses per year of nebulised tobramycin
being 60% less likely to be admitted to hospital
than those collecting one,®”” and greater adherence
to dornase alfa being associated with shorter
inpatient stays.*’®

15.6 Strategies to impact
on adherence

A Cochrane systematic review identified
evidence for psychological interventions to
improve adherence.®”® Positive effects were seen
predominantly with behavioural and educational
interventions but with an impact on dietary
intake and nutritional status rather than on other
aspects of treatment, so are less applicable to
physiotherapy-related treatments.”®

Self-management strategies such as educational
approaches have also been assessed.’® The trials
included used self-report outcomes to assess
adherence and gave conflicting and unclear results.

One study assessed a wide-ranging programme
aimed at self-management of CF demonstrated no
differences in adherence to physiotherapy-related
treatments such as airway clearance, exercise and
inhalation therapy,®®! whereas an airway clearance
and inhalation therapy specific programme
demonstrated improved adherence outcomes

but with wide confidence intervals.®

There are some small-scale pilot studies looking
at strategies to impact on adherence. These have
included ‘token economy’,*®* which found variable
improvements in adherence to exercise which
may have been related to the type of reward.
Motivational interviewing is also an area of interest
to researchers, but little evidence of significant
impact on adherence has yet been demonstrated.

The use of interventions to support habit formation
is showing promise with high adherers reporting
stronger habit compared with low adherers. Habit
may be a promising target for self-management
interventions®®4. There are ongoing studies that
will enhance future understanding of strategies

to impact on adherence.

A Cochrane review assessing interventions for
enhancing medication adherence found that
outcomes are inconsistent from study to study.®”
It identified that interventions are mostly complex
and not very effective, so that the full benefits

of treatment cannot be realised. It highlighted
that research in this area needs advances,
including improved design of feasible long-term
interventions, objective adherence measures, and
sufficient study power to detect improvements
clinical outcomes.*"

15.7 Recommendations

o Consideration should be given to using
devices which utilise electronic data capture
to record adherence to tailor treatments and
adherence interventions to the individual,
optimise preventative care, make best use
of financial resources and improve activation
(QoE — moderate).

« Where adherence levels are measured, this
should be to different treatments and over
time (QoE — moderate).

e To support adherence clinicians should aim
to use the quickest and simplest technique,
combination of techniques or device possible
(QoE — low).

e Habit formation, self-management and
educational strategies should be considered
when addressing adherence patterns
(QoE — moderate).
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¢ Monitoring and interventions to support
adherence to CFTR modulators, including the
impact of adherence to conventional treatments,
should be provided (QoE — moderate).

15.8 Good practice points

* Physiotherapists should work with the MDT
to develop a consistent and co-ordinated
approach to supporting adherence.

* Physiotherapists should be aware that
adolescence may bring lower participation
and adherence with treatments at home
and remote monitoring activities.

» Physiotherapists should spend time during
consultations aiming to understand the
person’s adherence patterns.

¢ Treatments should be rationalised or
combined where possible and appropriate,
so the person with CF has the simplest and
quickest treatment regimen possible.

* People with CF and their families should
be supported to monitor and optimise
adherence to treatment.

15.9 Research
recommendations

e There is a need for studies assessing long-
term adherence to airway clearance,
exercise and physical activity using
objective data capture methods.

e« There is a need to assess the variation in
adherence to different ACTs.

e There is a need for studies assessing long-
term adherence to airway clearance,
inhaled therapies and exercise in the CFTR
modulator era.

e There is a need for high quality studies to
assess the impact of strategies aiming to
enhance adherence to airway clearance,
exercise and physical activity, and inhaled
therapies.
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16. Infection prevention and control (IPC)

There are several infection control guidance
documents from NICE, CFF and CF Trust, providing
specific guidance around segregation, cross
infection, and surveillance. There is, however,

a lack of physiotherapy-specific guidance.

This chapter will highlight the current and
recommended infection prevention and control
(IPC) practices identified both nationally and
internationally. Whilst this information and
associated advice is based on the current evidence
it should also be taken in combination with local
IPC policies.

It should be noted that it is beyond the scope
of this guidance to discuss settings beyond the
hospital environment or comment on other
infection control risks.

This document is designed to complement
the overarching guidance.

16.1IPC in CF Centres

16.1.1 Segregation

Infection in the airways of people with CF drives
inflammation-associated bronchiectatic changes
and respiratory decline. Primary prevention

of these infections through effective IPC is an
important management strategy.?®> Much of the
literature mentions segregation of people with
CF with specific pathogens, based on respiratory
tract culture results, including B. cepacia complex
(including epidemic strains of B. cenocepacia
ET12), transmissible strains of P. aeruginosa (for
example, Liverpool Epidemic strain [LES] and
Australian Epidemic strain [AES-1]),986°87 MRSA,
non-P. aeruginosa, and more recently NTM
(more specifically M. abscessus). There is clear
evidence that increased incidence of bacterial
infection occurs when cohort segregation is

not implemented.8828°

Cohort segregation appears to interrupt the spread
of infection, reducing the morbidity and mortality
associated with chronic infection.?°°%t However,
cohort isolation alone will not provide enough
protection against dominant strains of specific
pathogens.?92-9%4

It is recognised that people with epidemic strains of
P. aeruginosa require more hospitalisations, have an
associated increased resistance to antibiotics and
have a faster rate of clinical decline.®®! It is therefore
logical to assume that all people with CF pose a
significant risk to each other and that segregation

will only work if minimal contact and optimal IPC
strategies are employed.®®

Epidemiological studies have identified that
nosocomial transmission of CF-specific pathogens
during synchronous hospital clinic attendances

is @ more likely route of transmission than social
contact outside the hospital environment,149%
suggesting that indirect transmission is a likely
factor in acquisition.

Rowbotham et al°® reports the findings of an
extension of an RCT%® where the first acquisition of
P aeruginosa following segregation was 289 weeks
as compared to 52 weeks in the non-segregated
arm. This strongly suggests that cohort segregation
is indeed a worthy endeavour.

16.1.2 Aerosols

Many of the pathogens that affect people with

CF can be found in the natural environment. Most
initial acquisitions of these infections are thought
to be from the environment but the significance
of the relationship between these environmental
pathogens and those found in people with CF
remains unclear.®97-1001

In the hospital setting, there is evidence to
suggest that person-to-person cross-infection
can occuyrtes10001002-1008 This could happen
through:999,1000,1003-1005

e direct and indirect (fomite) contact transmission

 infectious respiratory droplet transmission
(above 5um)

e airborne transmission (droplet nuclei less
than 5um).

People with CF expectorate respiratory secretions
in the form of droplets and droplet nuclei during
cough manoeuvres. These have been shown

to have high yields of viable pathogens within
them 1659931006-1012 D aeryginosa and B. cepacia
complex can survive for long periods in water;

P. aeruginosa can persist suspended in sputum on
dried surfaces for up to eight days.?921013-1015 Clifton
et al suggested that mucoid strains of P. aeruginosa
have a longer half-life and therefore have an
increased survival advantage, surviving in droplet
nuclei for up to 45 minutes.'°® M. abscessus has
also been shown to be viable for 24 hours after
cough aerosolization.10%

Transmission of CF pathogens is considered to
be via the airborne route and is responsible for
the cross-infective spread of epidemic strains
of P. aeruginosa and B. cepacia during identified
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outbreaks, recognising that cross-infection
continued to occur despite segregation, rigorous
contact-based precautions and decontamination
of environments 10

Respiratory activities such as breathing, talking,
sneezing and coughing influence the volume

of airborne particles potentially carrying
pathogens.’?%® Higher velocity activities such

as sneezing and coughing further enhance
transmission of any respiratory infections.

Wood and Zuckerman identified higher risk of
infectious aerosol particle production during
periods of exacerbation when coughing was more
prevalent and when respiratory function or airway
clearance occurred.!®1016 P geruginosa droplets
were identifiable at one to two metres following
conversation®® highlighting the potential risk

for cross-infection within waiting rooms and the
associated difficulty in maintaining a safe distance
between people with CF.

Wainwright et al reported that therapies including
physiotherapy and inhalation of nebulised
mucoactive agents which induce coughing are
likely to result in similar cough-induced aerosols
seen with voluntary cough and greater than those
detected in tidal breathing.’°%” This suggests that
enhanced IPC practices should be employed
during periods of nebulisation and airway
clearance.

During cough manoeuvres droplets greater

than 5pum have been shown to travel up to three
metres from the source but are unable to stay
airborne for long. Droplet nuclei less than 5um

are of respirable range, can travel further (up to five
to ten m) and stay airborne for longer (up to three
hours).1659981007.1011.101410151017 Ajrhorne contamination
has been detected in CF clinics, wards, corridors,
and pulmonary function testing rooms,1014.10151017-1021
The highest rates of airborne contamination

were shown to occur after airway clearance and
pulmonary function tests and persist in confined
spaces 101410191020 Ajr contamination after spirometry
only reduced to extremely low levels 30 minutes
after the individual left the room10041005.1016

Increasing the air exchange and room ventilation
rate in clinical areas allows greater removal of
pathogens from the air and in theory reduces
the risk of airborne pathogen transmission.10%°
Modifying the flow of people with CF through
clinics by avoiding use of waiting in communal
areas and enhancing IPC procedures within

the clinic setting has reduced the rates of
transmission_1004,1005,1022—1024

There is growing concern that these studies have
shown the potential for airborne transmission
although definitive evidence of this remains
limited.10011002,1009101610171025 |t has been suggested
that the use of enhanced air exchange and
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ventilation or negative pressure rooms will reduce
the risk of airborne transmission, but this needs
further research,10051009.10111025-1027 \W hen sputum
samples are required, it may be worth obtaining
them before clinic attendance to minimise cough
aerosols in the environment. 1ot

Surgical masks are effective at reducing airborne
P aeruginosa load by around 90% when worn

by people with CF during cough manoeuvres,

and it has been surmised that by reducing

droplet and droplet nuclei spread, this reduces
the risk of surface contamination and airborne
transmission®1928 glthough this remains
controversial.1003-10051016 Masks may be poorly
tolerated in young children and those with
respiratory distress; in these circumstances both
Wood and Zuckerman proposed that good cough
etiguette, enhanced air exchanges in the clinical
environment, longer wash out periods between
patients or negative pressure rooms should be
considered.?011016 pegple with CF should wear face
masks in high risk and communal areas such as
through hospital corridors, in the X-ray department
or when visiting pharmacy, but face masks may
not be required in individual hospital rooms
during examination or admission.®85101L1029 Chen
identified a reduced incidence of B. cepacia when
people with CF wore masks and gloves outside of
individual rooms. 1030

16.1.3 Transmission

Both direct and indirect person-to-person
infection transmission should be considered
when identifying the source of new infection.
Direct cross-infective transmission via droplets

is less likely as a result of individual and cohort
segregation.’%?® Clinical strains of P aeruginosa,
B. cepacia and M. abscessus have been recovered
from hospital water supplies and surrounding
surfaces such as drains and showers. It is unclear
whether the original route of contamination

was environmental or from a person with
CF_1000,1003,1014,1031—1033 CF pathogens have been
detected in CF clinic settings, on surfaces of
instruments and furniture . M. abscessus has
been shown to be potentially spread by surface
contamination of an inpatient room 100

Whole genome sequencing has enabled

species identification of pathogens, specifically
M. abscessus isolates. Yan analysed the

M. abscessus isolates of 14 people with CF and
found clusters of genomically similar isolates.10%
When epidemiological analysis was performed
there were multiple cross-over periods of
outpatient clinic attendance, suggesting that

it was at these clinic attendances when cross-
infection occurred.10291034
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Rowbotham identified P. aeruginosa and Bcc on
the hands of healthcare workers and could be
transmitted for up to 180 minutes.?®> Skin and
fingernails of healthcare workers and the use of
false nails encouraged bacterial contamination,
therefore diligent hand hygiene and wearing

of gloves when engaged in clinical care is
recommended.0?

Zuckerman found bacterial contamination

on the hands of people with CF was common,
and the bacteria identified at the beginning

of the clinic visit was not the same as that
identified at the end.!%*® Possible routes for

contamination, either via aerosols, droplets
or fomites Were:164,993,1015,1019,1029,1034,1035

e contaminated equipment including respiratory
devices

¢ high touch surfaces
¢ hand shaking

e door handles
 table surfaces

e soap dispensers

e chairs

¢ handwash basins

¢ bed linen.

Epidemic strains were found to be more prevalent,

possibly surviving longer due to the longer half-
“fe_1009

Alcohol gel was sufficient at removal of surface
bacteria and recommended more regularly during
clinic visits 1671019

Chlorine-based products and vaporised hydrogen
peroxide have been used been used as part of
final cleaning regimen of rooms that have been
occupied by people with CF with M. abscessus.102°
Chlorine-based products have also been used

for surface cleaning in rooms of those with

P aeruginosa.’®* Bleach has been used in drains
where P. aeruginosa has been isolated.’®** UV light
was shown to be effective at killing P. aeruginosa,
B. cepacia, Stenotrophomonas maltophilia and
NTM (M. abscessus) 100010361037 Others recommend
using EPA-registered hospital disinfectant or
detergent 1003

Although Grade quality of the evidence was
considered low or very low on much of the
evidence, RCTs into IPC issues are not considered
ethical.*® There is, however, a wealth of evidence
to support the benefit of segregation.

With the increased use of digital technology,
face-to-face clinic contact with the MDT and
people with CF could be less frequent. With a

reduction in frequency of clinics, the likelihood

of cross-infection could be reduced.®® Although
each hospital has its own challenges and physical
resource limitations, a unified approach to infection
control practices is needed across hospitals caring
for people with CF.102°

16.1.4 Recommendations

Develop a robust local IPC strategy which
recognises the requirement for individual and
respiratory microbiology cohort segregation
(QoE — moderate).

Use respiratory microbiological data to
segregate people with P. aeruginosa,

B. cepacia or M. abscessus infections, for
example by using separate outpatient clinics.
This should also extend to physiotherapy
sessions and use of treatment rooms and
gym spaces (QoE — moderate).

The local IPC policy should include
recommendations for cleaning and
decontaminating rooms and equipment
used between people with CF and the use
of agents with activity against CF pathogens
including M. abscessus (QoE — high).

During inpatient care, ensure all physiotherapy
manoeuvres and exercise are conducted in
individual rooms. If a physiotherapy gym is

to be used it should be by no more than one
person with CF at a time with appropriate
surface cleaning and decontamination. The time
between people with CF using the gym should
be optimised according to air exchanges and
room ventilation (QoE — moderate).

Ensure appropriate cleaning and
decontamination of all multiuse physiotherapy
and exercise equipment between people with
CF (QoE — moderate).

Stethoscopes or pulse oximeters should be for
individual use where possible and appropriately
decontaminated after use and between people
with CF (QoE - low).

Covered sputum pots should be used for
respiratory secretion containment and
appropriately disposed (QoE — moderate).

Water-repellent gowns and gloves should

be used when performing airway clearance

or direct clinical care to prevent the possibility
of fomite cross-transmission both for inpatients
and outpatients. This is in line with contact

and transmission-based precautions

(QoE — moderate).

People with CF should be encouraged to
practise hand washing or use alcohol-based
hand gel frequently, especially in the outpatient
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environment before use of a spirometer or
other handheld apparatus (QoE — moderate).

» Consider requiring that people with CF use
surgical masks in communal areas of the
hospital to reduce the risk of environmental
contamination and airborne transmission of
potential pathogens (QoE — low).

¢ When carrying out spirometry in standard airflow
rooms, consider allowing a washout period
between people with CF (QoE - low).

» Consider specification of room ventilation
(number of air changes per hour) when planning
new CF facilities to reduce the risk of airborne
transmission of CF pathogens (QoE — moderate).

16.1.5 Good practice points

o Consider allowing time after spirometry to
allow droplets to settle before cleaning and
disinfecting the room, unless the room has
enhanced ventilation.

¢ The fingernails of healthcare workers
should be kept trimmed and artificial
nails are not advised.

¢ Audit and enhance staff adherence to
cleaning and hand hygiene.

¢ When cross-infection in the outpatient
setting is a concern, consider minimising
cough inducing and aerosol generating
procedures in outpatient rooms by
collecting sputum and cough swab
specimens at home prior to appointment.
Consideration must be given to the
individual's ability to provide a quality
sample in the home environment.

* Appropriate cough etiquette should be
encouraged: cough or sneeze into a tissue
or your elbow not your hands; discard any
tissues into an appropriate bin; wash hands
after using a tissue.

» Optimise infection control practices and
processes in physiotherapy and pulmonary
function laboratories.

o During inpatient stays, people with CF
should be accommodated in single rooms
with en-suite basin, toilet and shower.

* In outpatient clinics, people with CF should
avoid using communal waiting areas —
instead they should be given an individual
clinic room on arrival to clinic. Increase
usage of telehealth consultations where
possible will reduce cross-infection risk.

16.2 Nebulisers and airway
clearance devices

There is an ever-increasing variety of medical
devices available for nebulised therapy and airway
clearance, and subsequently, a variety of devices
may be used over time by a single patient.

16.2.1 Nebuliser devices

Nebuliser contamination by various clinically
significant pathogens, including B. cepacia,

S. maltophilia and P. aeruginosa have been well-
documented.1936-104 |n addition, yeast and moulds
have also been cultured in high prevalence from
nebulisers, even after washing and drying.104?
There is little evidence to support correlation
between the organisms cultured from nebulisers
and an individual's own respiratory samples.1036-103°
Nonetheless, these findings highlight the need for
rigorous nebuliser device cleaning and disinfection,
as a contaminated nebuliser device could
potentially result in re-infection of the airways,

or represent a source of new infection.

16.2.2 Airway clearance devices

There are few studies investigating the
contamination of airway clearance devices, but a
recent study found that 28 out of 30 devices tested
were contaminated with bacteria — these were
mainly environmental bacteria, but five samples
were positive for pathogenic bacteria.’*** Cleaning,
defined as soaking in hot soapy water, rinsing

and air-drying resulted in complete eradication in
half of the samples, partial eradication in 30% and
failure to eradicate in the remainder.

16.2.3 Current guidelines

The CF Foundation IPC guideline gives
recommendations for nebuliser maintenance both
in hospital and at home.1%%> The use of disposable
nebuliser devices in hospital is advocated. After
each use, any residual medication should be

rinsed out with sterile water and the components
replaced after 24 hours. At home they recommend
cleaning with dish detergent followed by
disinfection with one of multiple methods:

1. Boiling in water.
Dishwasher.
Steaming.

70% alcohol soak.

s BN

3% hydrogen peroxide soak.
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Both cold methods of disinfection require rinsing
with sterile water. The final step is complete air-
drying. These steps should be carried out after
each use.

A comprehensive review on nebuliser

device hygiene in CF exists!%* and offers
recommendations on cleaning and disinfection
practises for nebuliser devices in hospital and at
home (Appendices VI, VII).

Nebulisers should be washed with detergent
after each use and disinfected immediately using
thermal disinfection. Following disinfection parts
can be:

e stored in the disinfector unit until used the next
time (within 24 hours) — this recommendation
supports the findings of two studies
investigating steam disinfection of nebuliser
and airway clearance devices in a baby bottle
disinfector.10451046 Steam was found to be a safe,
effective, simple method of disinfection for
nebulisers inoculated with common pathogens
including S. aureus, P. aeruginosa, B. multivorans
and M. abscessus. Furthermore, Hohenwarter
found that active drying of components was
found to be a source of recontamination and
that components could be safely left undisturbed
in the disinfector until required.104

o left to air dry — this method is not definitive as
the review cites two recent papers showing how
NTM and S. aureus (MSSA and MRSA) can survive
on plastic surfaces for 24 hours during the air
drying process.

These guidelines can be used in conjunction with
manufacturers’ instructions to drive local policy
and inform advice given to people with CF.

To date there are no such guidelines for airway
clearance devices, although each manufacturer
provides information with the devices. However,
good practise would suggest that the procedures
for the nebuliser devices should apply for hygiene
of airway clearance devices.

Similarly, there is little from the literature to guide
the frequency of changing bacterial filters and
patient tubing from devices such as the IPPB
device. The American Association for Respiratory
care (AARC) clinical practice guideline for the IPPB
recommends that IPPB circuits should be changed
between individuals, when visibly soiled, or
according to institutional infection control policy.3%”

A simple, clear, consistent approach to the
maintenance of these devices is a significant
step in overcoming the barriers to this part of
an individual's daily routine.
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16.2.4 Good practice points

¢ Nebuliser components and airway
clearance devices should be washed
with detergent after each use.

¢ Washing nebuliser and airway clearance
device components is essential to remove
residual medication or debiris.

o Steam disinfection represents an effective,
safe and simple method of disinfection of
nebuliser and airway clearance devices.

o Sterile water should be used for the final
rinse if disinfection of nebuliser and airway
clearance devices is not possible.

« Air drying after cleaning and disinfection
of nebuliser and airway clearance devices
is effective in most cases.

16.2.5 Research recommendation

e Literature review to formulate universal
guidelines for the cleaning and hygiene
of airway devices and adjuncts.

16.3 Education and adherence
to IPC recommendations

16.3.1 Healthcare professionals

While most CF Centres educate people with CF
and families appropriately regarding cleaning and
disinfection methods for nebuliser and airway
clearance devices, there is variability around how
often the guidelines are reviewed and practiced.
Specifically, the recommended time interval of
nebuliser cleaning and disinfection appears to

be highly variable among CF Centres 1%

Despite increased evidence and recognition
that the implementation of strict IPC procedures
decreases the spread of pathogenic bacteria in
CF there is continued evidence that healthcare
professionals, people with CF and their families
are inadequately fulfilling recommendations put
in place to improve IPC practice,?8510211048-1050

Local audits and then targeted healthcare
professional education and skills programmes

have been shown to improve adherence to IPC on
a local level.%8>10% Educational IPC posters visible in
clinical areas are thought to improve accountability
of people with CF and healthcare professionals.104
Education on the requirement of personal
protective equipment (PPE) such as gowns and
gloves enhanced adherence to infection control
measures.
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Despite declining inpatient admission rates

for since the introduction of CFTR modulators,
education for inpatient healthcare professionals
remains important as people with CF are still being
hospitalised.

Universal approaches to IPC developed for CF
closely mirror the approaches used to prevent
COVID-19 including universal mask use, social
distancing , and frequent hand hygiene.?%%

The COVID-19 pandemic has likely changed
perceptions about IPC, not only among healthcare
professionals, people with CF and their families,
but among the general public as the rationale for
mitigation strategies for COVID-19 were widely
promoted.

Targeted education for inpatient ward healthcare
professionals not generally considered part of
the CF care team, is recommended to obtain
consistent practices. Similarly, findings suggest
that universal and repeated discussions between
care teams and people with CF and their families
regarding IPC practices and their rationale could
improve future implementation by reducing
knowledge and attitude barriers.?0%

There is a large variation in CF Centres’ IPC
practices, possibly because of suboptimal
knowledge of the best evidence, lack of or
conflicting evidence, inadequate resources, or
a combination of these. IPC practice guidelines
for Centres to follow are necessary for better
and standardised care of people with CF.

Barriers to healthcare professional
implementation and adherence to IPC
recommendations have been identified as:10211048

¢ Reduced access to available recommendations.

¢ Reduced knowledge of the content of the
recommendations.

¢ Reduced time available or support to adhere
to recommendations.

* Low confidence in ability to change behaviours
of people with CF.

o Lack of confidence in a healthcare
professional’'s own ability to adequately
fulfil the recommendations.

16.3.2 Good practice points

e Improved awareness and access to IPC
guidelines for healthcare professionals.

» Enhanced IPC education, skills workshops
and training for healthcare professionals.

e Sharing successful IPC guidance and
interventions between CF Centres.

e |PC educational posters in clinical areas.

o Local audits of IPC adherence to inform
strategies to reduce local barriers to staff
adherence to recommendations.

e More work is needed to link adherence to
IPC guideline adherence with improved
patient outcomes.

16.4 People with CF and their
families

Poor adherence behaviours are well-documented
in people with chronic disease and specifically
people with chronic respiratory disease.10%?

The treatment burden associated with airway
clearance and nebuliser therapy has also been
well-documented, and it has been shown that
adherence to these therapies has been variable.*®

The care of respiratory equipment may be
considered a mundane and insignificant
practise to people with CF. The incidence of
nebuliser contamination improved after a single
education session, which included written and
oral instructions.’*# Families of younger children
with CF had better adherence to IPC practices,
such as cleaning and disinfecting of nebuliser
equipment, than adolescents and adults with CF.
This may be due to better integration of newer
recommendations into the care of younger
children with CF, where families may have
heightened concerns regarding the impact of
these practices on their child’'s health, and that
older people with CF with advancing disease
may need increased support to adhere to
recommendations.10%

People with CF, their families and caregivers
may not implement and adhere to IPC
recommendations due to:1%%3

e inadequate awareness of IPC recommendations

e reduced understanding of risks and therefore the
benefits of adhering to IPC recommendations

e time constraints

e impact of deteriorating health on ability to
perform recommended IPC practices, such as
cleaning and disinfecting physiotherapy and
nebuliser equipment.

16.4.1 Recommendations

e Physiotherapists working in CF should
have full awareness and understanding of
the local and national IPC recommendations
(QoE — moderate).
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Physiotherapists working in CF must have

an awareness and understanding of the
manufacturers’ recommendations for cleaning
and disinfecting specific physiotherapy and
nebuliser equipment (QoE — low).

Physiotherapists working in CF have a pivotal

role in educating and supporting people with
CF and their families and caregivers in specific
IPC recommendations:

Performing hand hygiene.
Containing and disposing of sputum.

Cleaning and disinfection of physiotherapy
and nebuliser equipment.

Cough etiquette.

Avoiding contact with other people with
CF. (QoE — moderate).

16.4.2 Good practice points
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Education is an essential tool to improve
acceptance of and adherence to hygiene
protocols and to drive positive outcomes.

Enhanced regular IPC education and skill
training.

Specific education and training on nebuliser
and physiotherapy equipment cleaning and
disinfection.

Increased frequency of discussions around
IPC recommendations.

Offer increased support to those
with deteriorating health to perform
recommended IPC practices such as
cleaning and disinfecting nebuliser
equipment.

Consider peer-to-peer education using
digital health opportunities and social media
as a vehicle for communication.
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17. Physiotherapist prescribing

Non-medical prescribing refers to the prescribing
and management of medicines by specially trained
nurses, optometrists, pharmacists, physiotherapists,
podiatrists, radiographers, dietitians and
paramedics working within their clinical
competence and specialism as either independent
and/or supplementary prescribers.1054

Physiotherapists in the UK gained independent
prescribing rights in 2013 and obtained limited
controlled drug prescribing rights in 2015:10551056

“The physiotherapist independent prescriber
may prescribe any licensed medicine from the
British National Formulary (BNF), within national
and local guidelines for any condition within the
practitioner’s area of expertise and competence
within the overarching framework of human
movement, performance and function. They
may also mix medicines prior to administration
and may prescribe from a restricted list of
controlled drugs as set out in Regulations.”

The NHSE long-term workforce plan encourages
increasing the number of independent prescribers
and allied health professions (AHPs) acting as
senior decision makers, in appropriate settings,

as part of increasing the scope and reach of AHP
roles to help manage demand productively.1%%’

Physiotherapist prescribers are required to
undertake CPD specific to prescribing within their
specialist area in addition to the CPD relating to
non-prescribing areas of practice.’**® All ACPCF
members who are undertaking their training to be
an independent prescriber or who are annotated
by the HCPC as prescribers are able to join the
ACPCEF Independent Prescribers (ACPCF IP) group.
The ACPCEF IP group have study days twice a year
to support prescribing CPD specific to CF and to
provide a network for sharing both knowledge
and experience. The group has seen recent rapid
growth in the numbers from 11 members in 2015,
to 27 members in 2019, to 47 members in 2023,
highlighting that physiotherapist prescribing has

a key role and is being adopted with increasing
frequency by principle and advanced practice
physiotherapists working in CF.

In 2023 the ACPCF IP group conducted an online
practice survey of all its members; 27 out of

the total 47 members completed the survey. All
respondents were annotated as supplementary
and independent prescribers working across both
paediatric (52%) and adult (44%) services in CF.
Fifty-four percent of respondents felt their ability
to independently prescribe frequently negated the
need for medical involvement for prescribing.
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The trend in medicines prescribed was for
inhaled medications including inhaled mucolytics
(93%), bronchodilators (89%) and antibiotics
(89%); there were also a high proportion of
respondents prescribing oral antibiotics (65%).
One respondent was prescribing IV medications,
and 16% prescribing modulators, demonstrating
the continuing advances and progression in
practice of physiotherapy prescribers in CF.
Many of the respondents reported that they
attend ACPCF IP meetings to augment their
prescribing CPD, demonstrating how important
these UK meetings are.

As it stands, physiotherapists practicing in the
Republic of Ireland are not able to become
non-medical prescribers, as dictated by their
CORU state registration. In January 2023 the

Irish Society of Chartered Physiotherapists (ISCP)
released a press statement calling upon the
Department of Health to change legislation to
allow physiotherapists to become non-medical
prescribers, to enhance delivery of care. At time of
publication, no such changes have been made.1%%¢

17.1 Regulation of
physiotherapist prescribing
practice

Physiotherapist prescribers must only prescribe
once they have successfully completed an HCPC-
approved prescribing programme and had their
entry on the HCPC register annotated to show
their prescribing status.

The HCPC ‘Standards for Prescribing’ outline the
standards of prescribing proficiency required for
physiotherapists annotated as prescribers on the
HCPC register. These are in addition to the general
standards of proficiency for physiotherapists that
apply to all registrants.10°

The Royal Pharmaceutical Society A Competency
Framework for Prescribers and the CSP Practice
Guidance for Physiotherapist Supplementary
and Independent Prescribers provide details of
prescribing competencies and practice guidance
that must be maintained to ensure safe and
effective prescribing, including information on
the assessment, consultation and prescribing
governance 10541055

Physiotherapist prescribers must meet the

requirements of HCPC, CSP and their employer
to ensure they are prescribing safely, in line with
best practice, local and national guidance.10591060
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Physiotherapist prescribers must also ensure that
they have adequate indemnity for their prescribing
practice and should ensure that their practice

has been endorsed by their employer, which may
require an addition to their job description.

17.2 Recommendations

e All CF MDTs should review whether the addition

of a physiotherapist prescriber may enhance the
service they offer (QoE — low).

Advanced Physiotherapists within a CF service
ought to consider NMP training as part of their
annual CPD and/or job planning review to
support people with CF under their care

and CF services (QoE — moderate).

Physiotherapist prescribers working in CF
must undertake CPD specific to both CF and
prescribing. This can be achieved through
attendance on ACPCF IP group events.
Additional CPD activities may include CF
conferences, peer supervision, local medicine
reviews and journal clubs (QoE — moderate).

Physiotherapist prescribers working in CF should
be part of any local clinical governance teams/
programmes monitoring quality improvement

in CF care (QoE — low).

17.3 Good practice points

e Physiotherapist prescribers working in CF
should be endorsed by the CF Centre MDT
and improve experiences of people with CF
without compromising safety or access to
quality care.

e Physiotherapist prescribers working
in CF must remain up to date with CF
medication guidance relevant to their
prescribing practice, which may include
local guidelines, CF Trust guidance,
commissioning guidance and NICE
appraisals.

e Physiotherapist prescribers working in CF
should help people with CF make informed
decisions about their treatment and support
use of appropriately prescribed medicines
to best effect 10611062

e Physiotherapist prescribers working in CF
should have access to a local non-medical
or independent prescribing forum to
support long-term CPD and development
needs.

17.4 Research
recommendations

o Continued evaluation of the evolution
of ACPCEF IP prescribing practice.

o Evaluation of views of MDTs and people
with CF on CF physiotherapy independent
prescribing practice.

o Evaluation of the impact of ACPCF IP
biannual meetings on the CPD of CF
independent prescribing physiotherapists.

e Assessment of how an independent
prescribing qualification can impact job role
and career progression in physiotherapy.

o Assessment of barriers to obtaining
independent prescribing qualifications
for physiotherapists working in CF.
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18. Appendices

Appendix I: Exercise

Appendix la

Schematic overview of how to determine whether a maximal effort

has been given and the cause(s) of any exercise limitation.

Maximal test?
At least one of:
Plateau in Vo, (Attainment of V'oomax)

Peak HR > 195 (children) or > 100%
predicted (adults)

VIEpeak 285% MVV
RER > 1.05
Blood lactate >8 mmol/L* (adults)

l Yes

Abnormal exercise response

No

At least one of:

V'0zpeak <85% predicted

Peak HR <90% predicted

V'epeak >85% MVV

V'o, at AT <50% predicted V'ozpeax
Desaturation >5% from baseline
Decrease in IC > 150 mL

J Yes

Determine cause of exercise limitation

Respiratory Cardiovascular
limitation limitation

V 02peak Reduced Reduced

V'o,at AT Normal Normal/ reduced
Peak HR Reduced Likely normal
V'e/MVV >85% <85%

Spo02 Normal/ reduced Normal

Early termination

l

Adverse event
on exercise
e.g. arrhythmia,
pain, etc.

Peripheral
muscle limitation

Reduced
Likely reduced
Reduced
<85%

Normal

Figure reproduced with permission from: Radtke T, et al. ERS Statement on standardisation

of cardiopulmonary exercise testing in chronic lung disease. Eur Respir Rev 2019; 18:28(154).

l

Suboptimal
effort

Peripheral
deconditioning

Reduced
Reduced
Normal
<85%
Normal
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Appendix |Ib

CPET Case Study Patient

Patient A (FEV1 95% predicted), male
(p.Phe508del/p.Ala457Pro, ¢.1369G>C) and aged
13 years attended for CPET at annual review.

He attained a VOppea Of 38.7 mL/kg/min (84%
predicted), and a peak heart rate (HRe) of 184
beats/min. He had significant breathing reserve at
peak exercise (Vepeax 77L/min versus calculated MVV
108 L/min), meaning that he was not ventilatory
limited during exercise. His anaerobic threshold
(AT) occurred at 40% predicted VO,peax.

Taken collectively, the above CPET data suggested
suboptimal exercise capacity, with deconditioning
suggested by early onset of the AT. Selected data
from panels 3, 4, and 5 of his 9-panel plot are
displayed in Appendix llc.

His physiotherapy team constructed an
individualised exercise programme. Improvements
in both exercise capacity and physical conditioning
were evident upon retesting five months later (see
Appendix Id). His VO, had increased to 43.2
mL/kg/min (96% predicted), and AT had improved
to 48% predicted VO,pea. An identical HR s and
similar breathing reserve were recorded.

Case example illustrating an exercise-limited and deconditioned person with CF
(Selected data [Panels 3,4,5 shown] from CPET are displayed)

Predicted VO,peax
VO, mL/min VCO, mL/min

F1z00

1000

100 200

Load/W

HR bpm VCO, mL/min

~300(

/f///f’c:::

o

VCO, mL/min

Ve L/min

Predicted MVV

3
i
¥

1000 2000 3000

VCO, mL/min

Figure reproduced with permission from: Urquhart and Saynor, Paediatr Respir Rev 2018; 27:28-32.
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Improvements in exercise capacity and AT in same patient following individualised
exercise programme
(Selected data [Panels 3,4,5 shown] from CPET are displayed)

Predicted VO,peax Predicted MVV
VO, mL/min VCO, mL/min Ve L/min
25 / 2500 ]
15 F1500 e04
1 Fio )
JZICZ :ZIC: E‘-:I_'I
VCO, mL/min

HR bpm VCO, mL/min

r3000

J/-«-:z::
/ 0

VCO, mL/min

Figure reproduced with permission from: Urquhart and Saynor, Paediatr Respir Rev 2018; 27:28-32.
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Appendix lc

Standard operating procedure for
maximal cardiopulmonary exercise
testing (CPET)

Following a short rest period, an unloaded phase
should be undertaken. This phase is important for
assessing baseline pulmonary gas exchange and
ventilation associated with vertical leg movements.
This phase also allows the individual further
familiarisation with exercise on the treadmill cycle
ergometer and to warm up adequately. Since most
cycle ergometers cannot provide a true minimum
load of O W, a workload of 10 W should be used.

A three minute duration is recommended,
however in individuals with severe lung disease
and/or severe deconditioning this phase may be
shorter (but not less than two minutes) in order to
perform the incremental exercise phase before the
participant fatigues. If a treadmill is used, the lowest
speed may be chosen for baseline measurements,
such as 1.0-1.6 km/hour.!

After resting and unloaded phases, an incremental
exercise phase to exhaustion should begin. Whilst
the 2015 European statement on exercise testing
in CF? recommends the Godfrey ‘step’ incremental
protocol® (workload increases each minute on the
minute), others have recommended the use of
ramp incremental testing protocols.*® Although

it has not yet been directly investigated in people
with CF, ramp and uniform minute-by-minute
incremental protocols are both acceptable and
provide similar outcomes, when total duration

of the incremental phase is the same in healthy
individuals. Importantly, whichever incremental
protocol is used should be adapted to the
individual's characteristics in order to allow
adequate evaluation and follow-up. To assist

with this and achieving a target incremental test
duration of 8-12 minutes, a CF-specific equation
to predict peak workload is now available’
(Equation 1). Based on standard measures of
anthropometry and FEV1, this equation can be
used to help calculate individualised workload
increments for a cycle ergometry testing protocol:

Woeak (W) = =142.865 + 2.998 X Age (years) — 19.206
X Sex (0 = male;1 = female) + 1.328 x Height (cm)
+ 23.362 x FEV:1 (L)

Equation 1.

The most recent statement from the European
Respiratory Society! also provides additional,
alternative formulae and a CF example.

As outlined in the European Respiratory Society
consensus document,! monitoring patients at
the end of the incremental exercise phase (ie
upon exhaustion) is important. They should be
encouraged to continue unloaded pedalling

or 2-3 minutes at a reduced speed of ~30 rpm
when cycling (or very slow walking when on the
treadmill). A prolonged recovery period may be
necessary for some patients and observation during
this time may identify any changes improvement
in exercise recovery time after pulmonary
rehabilitation and exercise programmes. During
this period, cardiovascular monitoring (ECG,
blood pressure, SpO; etc) should be performed.
Since delayed post-exercise heart rate recovery is
frequently observed in lung disease patients and
associated with dynamic hyperinflation® and poor
prognosis, HR recordings may offer additional
useful information. Furthermore, assessment of
perceived exertion, dyspnoea and leg fatigue
should be performed using standardised scales
suggested by Borg and others. In line with
European Respiratory Society recommendations,?
gas exchange measurements can be terminated,
and the mask/mouthpiece removed in order to
make the participant more comfortable (unless
these measurements are required for specific
evaluations during the recovery phase. In addition,
inspiratory capacity manoeuvres may be performed
during this phase of testing to assess the rate of
recovery of dynamic hyperinflation, but this is
mainly done for research purposes.!

Where maximal CPET has been used, it is important
to confirm whether a maximal effort has been
achieved in order to interpret the data accurately.
The algorithm prided by the ERS Taskforce! is
presented in Figure 1 to assist with this decision-
making process. Additionally, when time allows and
the participant is able, supramaximal verification
has been shown to improve the reproducibility

and accuracy®® of maximal CPET outcome
measures and confirm whether an individual has
worked maximally. Such verification testing has
been shown to be safe and well tolerated in both
children/adolescents with mild to moderate CF as
well as adults and/or those with more severe CF
pulmonary disease.®

If full CPET testing is unavailable it is recommended
that the same ramp cycle and treadmill protocols
be performed with all other measures available and
using predictive metabolic equations to estimate
oxygen consumption in lieu of direct gas analysis.*®
This should be undertaken with caution as
predictive equations can only provide an estimate
of 'true’ exercise capacity.
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Appendix Id

Cardiopulmonary exercise test summary report

Hospital name:
Patient’s surname:
Patient’s name:
DOB:

Consultant:

Indication(s) for
conducting the test:

Department:
Test date:

Type of ergometer
and metabolic cart:

Reason for referral:

Clinical diagnosis:

Technical

Protocol

Describe exercise protocol employed, work increment
as a function of time and total incremental exercise
duration.

Technical comments

Review criteria outlined in Appendix la to establish
whether the test has led to the limit of tolerance. Report
the source of equation used to express physiological
variables as a fraction of predicted normal values.

Reason for termination of test

Report the reason(s) indicated by the patient for
terminating the test (breathlessness, leg discomfort or
both). Indicate whether the patient complied well with
the incremental effort or claimed discomfort with the
exercise or breathing apparatus as a contributing factor
to exercise limitation.

Exercise response

Aerobic capacity/anaerobic threshold*

A VOjypear Of .... mL/min/kg (...% predicted normal) was
achieved along with a peak workload of .... Watts

(...% predicted normal) or peak speed of ... km/hour.
Anaerobic threshold (AT) occurred at .... mL/min/kg

(...% predicted VO,.,). Corresponding values were ...
METs at AT and.... METs at the limit of tolerance. Indicate
whether VO,/work rate slope (.... mL/min/Watt) was
within the normal range.

Cardiovascular response

Peak HR was .... beats/min (% predicted normal).
Indicate any abnormalities detected by the ECG
recordings and report systolic and diastolic BP at the
limit of tolerance. Conclude if cardiovascular response
was normal.

Ventilatory response

Peak Ve was .... L/min (...% MVV)**. Report the change
from baseline in inspiratory capacity (delta IC = ...
mL). Report shortness of breath score .......... Conclude
whether exercise limitation was of ventilatory origin.

Gas exchange

Report ventilatory equivalents for VO, and VCO; at

AT and at peak exercise. Report resting and peak SpO.,.
Report the Ve/VCO, slope values. Conclude whether
gas exchange response to exercise was hormal.
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Metabolic RER values were .... at rest, .... at AT and .... at the limit
of tolerance.

Summary

Conclusion: Comment on patient’s effort and exercise capacity
taking into consideration peak values for work rate,
speed, VO, and AT. Comment on potential ventilatory,
cardiovascular or peripheral muscle limitation or simply
poor effort.

Compare the results with previous tests on the same
patient and indicate when the test should be repeated.

*Anaerobic threshold (AT) determined from breath-by-breath gas exchange measurements or blood lactate
measurements.

** Report, if MVV was measured directly (sprint method) or estimated (provide equation).

Anaerobic threshold (AT); blood pressure (BP); heart rate (HR); inspiratory capacity (IC); metabolic equivalent
(MET); maximum voluntary ventilation (MVV); respiratory exchange ratio (RER); peak oxygen saturation
(SpO,); carbon dioxide production (VCO,); minute ventilation (Ve); oxygen uptake (VO,).

Text in italics refers to treadmill exercise outcomes.

Please note that this summary report is augmented by data tables and graphs of exercise data summarised
in table 4 of the main manuscript [Radtke T, et al. ERS Statement on standardisation of cardiopulmonary
exercise testing in chronic lung disease. Eur Respir Rev. 2019 Dec 18;28(154)].
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Appendix le
The Borg perceived exertion scale

15-point scale
e 6 — 20% effort

o 7 — 30% effort — Very, very light — rest

o 8 - 40% effort

e 9 - 50% effort — Very light — gentle walking
e 10 - 55% effort

o 11 - 60% effort — Fairly light

e 12 - 65% effort

e 13 — 70% effort — Somewhat hard — steady pace
e 14 - 75% effort

e 15 - 80% effort — Hard

e 16 — 85% effort

e 17 — 90% effort — Very hard

e 18 — 95% effort

e 19 - 100% effort — Very, very hard

e 20 - Exhaustion

Borg G. Psychophysical bases of perceived
exertion. Med Sci Sports Exerc 1982; 14(5):377-81.

Borg G, et al. A category-ratio perceived exertion
scale: relationship to blood and muscle lactates
and heart rate. Med Sci Sports Exerc 1983;
15(6):523-528.

Borg GAV. Borg's Rating of Perceived Exertion and
Pain Scales. Champaign, IL: Human Kinetics, 1998.
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Appendix Il: Sinus disease

Appendix lla
SN5 Questionnaire

Date:

Chronic Rhinosinusitis Screening Questionnaire

Thank you for taking the time to fill out this questionnaire. Your responses will help us improve our
understanding of how diseases of the nose and sinuses affect children with cystic fibrosis, so that
we can better identify and treat these problems.

Age: Gender: M F

Over the past 12 weeks, has your child complained of any of the following on a daily basis?

Nasal congestion or obstruction? Yes No
Facial pain, pressure, or fullness? Yes No
Smelly drainge from the front of the nose, or back into the throat? Yes No
Decreased sense of smell? Yes No

Adapted from Hassanzad, M. et al. (2019) 'Evaluation of Quality of Life in Terms of Sinonasal Symptoms in Children
with Cystic Fibrosis’. Biomolecular concepts: 10(1); 91-98 (doi: 10.1515/bmc-2019-0011).
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SN-5 (Sillonasal-S)

Instruction: Please help us understand the impact of sinus and/or nasal problems on your child's quality
of life by checking one box for each question below. Thank you.

In the past 4 weeks, how often have

] ]

these been a problem for your child? = £ g
o B 2 e 2 @
S e = & |z @<
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Sinus infection

Nasal discharge, bad breath, daytime cough, post-nasal drip,

headache, facial pain or head banging.

Nasal obstruction

Stuffy or blocked nose, nasal congestion, reduced sense

of smell, trouble breathing with mouth closed.

Allergy symptoms

Sneezing, itchy nose/eyes, need to rub nose/eyes, or

watery eyes

Emotional distress

Irritable, frustrated, sad, restless, or trouble sleeping because

of nose or sinus illness

Activity limitations

Missed school/daycare, lost time with family/friends, unable

to do projects because of nose or sinus illness
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Appendix lIb

Sino-nasal outcome test (SNOT-22)

Washington University grants permission to use
and reproduce the SNOT-22 as it appears in the
PDF available here without modification or editing
of any kind solely for end user use in investigating
rhinosinusitis in clinical care or research (the
“Purpose”). For the avoidance of doubt, the
Purpose does not include the (i) sale, distribution or
transfer of the SNOT-22 or copies thereof for any
consideration or commercial value; (ii) the creation
of any derivative works, including translations;
and/or (iii) use of the SNOT-22 as a marketing tool
for the sale of any drug. All copies of the SNOT-

22 shall include the following notice: "All rights
reserved. Copyright 2006.

Washington University in St. Louis, Missouri.” Please
contact Jay Piccirillo (314-362-8641) for use of the
SNOT-22 for any other intended purpose.

“All rights reserved. Copyright 2006. Washington
University in St. Louis, Missouri.”
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Sino-nasal outcome test (SNOT-22) I.D: Date:

Below you will find a list of symptoms and social/emotional consequences of your rhinosinusitis.

We would like to know more about these problems and would appreciate your answering the following
questions to the best of your ability. There are no right or wrong answers, and only you can provide us
with this information. Please rate your problems as they have been over the past two weeks.

Thank you for your participation. Do not hesitate to ask for assistance if necessary.

[y
N

. Decreased sense of smell/taste

[y
W

. Difficulty falling asleep

[y
>

Wake up at night

[y
w

. Lack of a good night's sleep

=
2

Wake up tired

[y
N

Fatigue

[y
©

Reduced productivity

=
0

Reduced concentration

N
o

. Frustrated/restless/irritable

N
=

. Sad

1. Considering how severe the problem c g
is when you experience it and how often ko) = 3
it happens, please rate each item below % B % S ‘é
on how "bad" it is by circling the number Tg El % E) E £
that corresponds with how you feel using 8 5 & 3 o g
this scale: 2 @ = s ¢ £
S S 8§ 38 g
g5 8 & 8§ 5
1. Need to blow nose 2
2. Nasal blockage 2
3. Sneezing 2
4. Runny nose 2
5. Cough 2
6. Post-nasal discharge 2
7. Thick nasal discharge 2
8. Ear fullness 2
9. Dizziness 2
10. Ear pain 2
11. Facial pain/pressure 2
2
2
2
2
2
2
2
2
2
2
2

OOOOOOOOOOOOOOOOOOOOOONoproblem

N T N N N e N e e e e
N N NN N NN NN NN NN N NN N | oY
S N N N S N e N N N B N e N N N I SN e AN N O I AN S
(62 IS » I I ® » IR 2 I 2 A IR N © N 2 O 2 R O 2 IR N © 2 I © 2 I N 2 B RO 2 IR N © 2 BN © 2 I IR © 2 B @ 2 B O 2 BN © 2 BN G A B IO |
O/o/O0o|lO0OjlO0OJlO0O/O0O|O0O|]O|]O|O|]O|]O|O|O|lOJO|IO|O|]O|0O]|O

22. Embarrassed

2. Please mark the most important items affecting your health (maximum of 5 items) 41\

SNOT-20 Copyright © 1996 by Jay F. Piccirillo, M.D., Washington University School of Medicine, St. Louis, Missouri.
SNOT-22 Developed from modification of SNOT-20 by National Comparative Audit of Surgery for Nasal Polyposis
and Rhinosinusitis. Royal College of Surgeons of England.
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Appendix lic

How to take a nasal rinse sample

Equipment required:

0.9% Saline (~50ml)

60ml Luer-lok syringe (short nozzle end) —» o

1 wide aperture sample pot

Disposable bowl

Tissues

**|F TAKING A COUGH SWAB OR
SPUTUM SAMPLE — PLEASE TAKE
THIS BEFORE SINUS SAMPLE SO NOT
CONTAMINATED**

1

Reproduced with permission from the Royal Brompton Hospital.

On a flat surface, pour 40-50ml of
0.9% saline into the sample pot

Syringe out the 0.9% saline into the
60ml syringe — turn upwards and void
any air from the top of the syringe

Leaning over the bowl in sink/ on lap,
place the syringe tightly against the
nostril to ensure a good seal (warn the
patient they may still be able to feel
the nozzle of the syringe in their nose)

Place the sample pot under the other
nostril (this may require a second
pair of hands) to collect ~5-10mls

of solution. When you have enough,
encourage pt to gently blow out any
residual fluid into the pot

Send off sample as “sinus antral lavage”

for MC&S

Allow patient to blow their nose and
then dispose of bowl and fluid cleared
into a yellow bin.

Royal Brompton and
Harefield hospitals

Part of Guy's and St Thomas' NHS Foundation Trust
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Appendix lid

Pari sinus

In principle the PARI SINUS® can be used with all medications approved for inhalation.

Practical experience in the use of PARI SINUS® with numerous different solutions and medications has
already been gathered. In relation to the treatment objectives outlined below, the information on named
solutions and medications is based on pilot or case studies, or is of an empirical nature.

Medication Usual Prescrip- Delivery Reconsti- Notes
indication tion system tuting

Saline 0.9% Treatmentand | 2.5mlas PARI SINUS® N/A Osmotic
prevention needed, up | nebuliser .

. . Instructions for use
of chronic to 4 times (empirical)
rhinosinovitis. daily

Mucoclear 3% | Treatmentand | 4ml, 2-4 PARI SINUS® N/A Instructions for use
(hypertonic prevention times daily nebuliser (empirical)
saline of chronic
solution) rhinosinovitis.
Nebusal 7% Treatmentand | 4ml, 2-4 PARI SINUS® N/A Instructions for use
(hypertonic prevention times daily nebuliser (ongoing study)
saline of chronic
solution) rhinosinovitis.
Pulmozyme Treatmentand = 2.5mgin PARI SINUS® N/A Mucolytic
(dornase alfa) prevention 2.5ml, once | nebuliser S .
of chronic daily Publication (pilot
T study)
rhinosinovitis.
Positively affect
both symptoms
and QoL in
comparison to
isotonic saline.
Budesonide Treatmentand = 1mg/2ml, PARI SINUS® N/A Anti-inflammatory
prevention once daily nebuliser L
of signs and Publication (case
study)
symptoms
of seasonal
and perennial
allergic rhinitis.
Treatment
of signs and
symptoms of
nasal polyps.
Gernebcin P aeruginosa 80mg/2ml, | PARI SINUS® Antibiotic
(tobramycin) Lnjiitel?n. once daily \r:veitaugzeer Publication (pilot
research is LC® Sprint study)
needed to sinus handset
establish the with filter
potential attachment.
benefits of

these therapies.
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Colistimethate

sodium
(Colomycin)

Standards of care and good clinical practice for the physiotherapy management of cystic fibrosis

P aeruginosa
infection.
Further
research is
needed to
establish the
potential
benefits of

these therapies.

Paediatric
over eight
years: 2mu
twice daily.

Adult: 2mu
twice daily.

[deally
12 hours
between
doses

PARI SINUS®
nebuliser
with PARI
LC® Sprint
sinus handset
with filter
attachment.

1mu: Imu
Colomycin
reconstituted
with 4ml
water for
injection

or sodium
chloride
0.9%.

2mu: 2mu
Colomycin
reconstituted
with 4ml
water for
injection

or sodium
chloride
0.9%.

Syringes needed
(5ml)

In case of
bronchoconstriction,
or where already
using nebulised
salbutamol,
Colomycin may

be reconstituted
with two vials of
salbutamol 2.5mg.
Must be used
immediately, do not
store in fridge for
later use.

If reconstituting with
water for injection
or sodium chloride
0.9%, acceptable

to reconstitute two
doses of Colomycin
and store second
dose in fridge to be
used within 24 hours
or discard.
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BSACI

Improving Allergy Care

through education, training and research

Appendix lle
How to use a nasal spray

Before use
e Shake the bottle before use, and remove cap

* You will need to prime the nasal spray if it is new, or if you have not used
it for 2 weeks or more (see manufacturer instructions for how to do this).

Step 1 Clear the nose by gently blowing or | This prepares the nasal area by

by performing nasal douching. removing mucus that otherwise
prevent the medicated spray it from
reaching the nasal lining

Step 2 Bring your head forward, placing This position closes off the back of
your chin on your chest the throat and allows the spray to

reach the correct area inside the
nose

Step 3 Hold the spray in the opposite hand | This ensures you aim the spray at
to the nostril in which you are about | the correct angle, pointing it away
to apply the spray. For example, use | from the septum which has only a
the left hand to apply the spray in thin layer of membrane and can be
the right nostril and the right hand easily damaged.
for the left nostril.

Step 4 Place the end of the spray bottle This will ensure the spray is aimed
just inside the nostril aiming away toward the fleshy turbinate's inside
from the septum pointing to the ear | the nose which are often the main
or eye. area of inflammation in the nose.

Step 5 Activate the spray. You may breathe | Not sniffing hard reduces the risk of
in gently and steadily through your the medication being swallowed or
nose. Do not sniff hard. ‘tasted’.

Step 6 Breathe out through your mouth.

Put the bottle into the opposite
hand and repeat steps 4,5 and 6 in
the other nostril.

e If you need to administer two sprays into each nostril, repeat steps 3 to 6 again.

e Once you have finished, wipe the nozzle so that it is clean, and put the cap back on

e It may take a few weeks before you notice any improvement in your symptoms. Please always
use your nasal spray as prescribed by your doctor or pharmacist.

Adapted from: BSACI. Standard Operating Procedure - Topical Nasal Corticosteroid Spray. 2023.
www.bsaci.org/wp-content/uploads/2023/11/Nasal-corticosteroid-SOP-BSACI.pdf
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Appendix lIf
The MYGIND position

Introduction

This position is used to administer topical steroid
solution to the forehead sinus area (frontal sinuses),
which is difficult to reach with nasal rinses alone.
This can be especially useful after a surgery that
affects the opening of the frontal sinus.

How to do

» Hang your head off the side of the bed, then
apply the drops to the nasal cavity (up your
nostrils), allowing gravity to drain the drops
to the desired area.

o Keep your head hanging upside down for about
five minutes before returning to an upright
position.

» Repeat these steps one to two times per day,
or follow any instructions you've been given.
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Appendix llI: Medications

Appendix llla
Drug response assessment (DRA) standard operating procedure (SOP)

1. Scope

This SOP has been developed for use by qualified HCPC-registered physiotherapists
working within a CF Centre who have been assessed as competent to perform DRAs
(including medicine administration component) and review use of inhaled and nebulised
medicine.

2. Aims and objectives

» To standardise the procedure for the performance of DRAs and follow-up of new
inhaled/nebulised medicine and the information provided to people with CF and
those that care for them, to minimise the risk of adverse events.

» To give the responsibility of performing the entire DRA procedure, including medicine
administration component, to one competent individual. This will avoid parts of the
procedure being missed accidentally and minimise the risks to patient safety.

» To streamline the process of performing DRAs, to improve clinical efficiency.

3. Standards
3.1 Procedure for DRA under physiotherapist supervision
3.1.1 Location of DRA

* DRAs should be routinely performed in hospital in a single occupant room with easy
access to medical assistance and oxygen therapy in case of an adverse event.

e Itis recommended that an in-hospital DRA is performed for any inhaled or nebulised
drug that the individual is naive to, or if they have not taken the drug for more than
12 months, or there has been a significant change in their health since they last took
a dose

e All 'virtual’ or home DRAs are considered ‘at risk’ and a thorough multidisciplinary
risk assessment should be undertaken prior to deciding on this course of action (risk
assessment should consider: lung function, DRA history; failed/passed DRAs in the
past, if/ when they have failed why did they fail, are they considered ‘atopic’?). This
process and the team members involved should be documented in the notes.

3.1.2 Restart of inhaled medicine without a DRA

» Framework for restarting inhaled medication (FRIM) should be used to risk assess
the safety of a restart of inhaled medication without a formal DRA process in the
following circumstances:

- More than 12 months since last test dose of trial drug.
- No adverse events associated with using the drug previously.
- No significant change in clinical condition since last taken.

3.1.3 Preparation for DRA

e Ensure that medicine is therapeutically indicated as detailed in current Summary of
Product Characteristics (SPC), available on the electronic Medicines Compendium
(eMC) website. In the case of nebulised 7% and 3% hypertonic saline, which are
classed as medical devices, please refer to current Instructions for Use (IFU).

» |f a medicine is to be used outside of stated therapeutic indications or if dose
recommended is not the standard adult dose, a CF consultant, or competent
physiotherapist independent prescriber (IP) must have approved use and documented
this in the medical notes. Note that amikacin, amphotericin, ceftazadime, meropenem,
tauroldine solution and vancomycin are used ‘off-label’ when nebulised, so there is no
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nebulisation-specific information in the SPC for these medicines. It is recommended
local Patient Information Leaflets (PILs) are produced for these ‘off label” inhaled
medications.

Ensure that there are no known contraindications to medicine use as detailed in SPC,
IFU or local PILs and that the individual is not known to have an allergy to it. If any
contraindications or allergies to the medicine are identified, this must be discussed
with a CF consultant prior to DRA and an appropriate plan must be made to minimise
any risks if the DRA is considered to be the best course of action. This should be
documented by the CF consultant in the medical notes.

Ensure that the following have been considered with the individual in relation to their
circumstances, in conjunction with a CF consultant, specialist respiratory registrar or
competent physiotherapist IP and a decision has been made to proceed with DRA:

- special warnings and precautions of use

- interaction with other medicinal products and other forms of interaction

- fertility, pregnancy and lactation

- effects on ability to drive and use machines as detailed in SPC IFU or local PILs.

The DRA medicine should be prescribed by a physician or competent physiotherapist
IP as a STAT dose. For details of advised medicine prescriptions see Appendix lllh
‘Nebulised Medication Overview'.

Drug and food allergies should be recorded as locally advised by the prescriber but
should be checked with the individual by the physiotherapist (and added to if required)
prior to administration of DRA medicine.

3.1.4 Pre-DRA

On arrival to the clinical area the individual with CF should be shown immediately to
their single occupant room. Ideally a window will be kept open, and the door will be
closed throughout the DRA process.

Local and national Infection Prevention and Control (IPC) guidelines should be
adhered to throughout the DRA process.

Inform the individual of therapeutic indication of medicine as detailed in current PIL,
available on eMC website, IFU or local PILs available for ‘off label use nebulisers.

Inform the individual of the most commonly reported potential adverse effects of
medicine as detailed in PIL, IFU or local patient information leaflets. Depending on
the medicine being assessed, there may be a number of additional less commonly
reported side effects. Inform the individual that this is the case.

Gain informed verbal consent to undergo DRA. If the individual is unable to give
informed verbal consent due to lack of mental capacity, it may still be appropriate for
them to undergo DRA, if it is considered to be in their best interests. In this situation,
the individual's carer is required to take on the responsibility of undergoing training for
administration of the medicine in the community.

Obtain all equipment, paperwork (including prescription, which must be present at
point of medicine administration) and medicine/constituents that will be required
during DRA.

3.1.5 Pre-DRA objective assessment

Peripheral oxygen saturations (SpO,) should be measured.

Spirometry should be performed. The American Thoracic Society/European
Respiratory Society criteria for acceptable repeatability of spirometry readings!®®®
should be adhered to during the DRA and all subsequent medicine follow-ups.

If the individual is unable to perform spirometry, auscultation pre- and post-DRA
can be used to detect wheeze or bronchospasm alongside SpO..

Auscultate to identify any retained secretions or wheeze.
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o For DRAs of Bronchitol®, the Bronchitol® Initiation Dose Assessment (BIDA)*4 should
be followed and the form completed. This determines when spirometry and SpO,
should be measured in relation to the inhalation of increasing doses of Bronchitol®.

3.1.6 Pre-DRA bronchodilator

¢ The individual should administer their usual short-acting inhaled or nebulised
bronchodilator, to reduce risk of bronchospasm. If not prescribed a short-acting
bronchodilator, liaise with a CF consultant, specialist respiratory registrar or competent
physiotherapist IP regarding whether prescription of such medicine may be
appropriate.

« Wait appropriate length of time for bronchodilator medicine to take effect if
applicable: 20 minutes following beta, agonist bronchodilator such as salbutamol;
45 minutes following antimuscarinic bronchodilator such as ipratropium bromide.

3.1.7 Administration of DRA medicine by physiotherapist

e |tis recommended that the prescriber should not also administer the medication. If a
physiotherapist IP has prescribed the medicine, it is not recommended they administer
it. In this instance, a different CF physiotherapist, an NMC registered CF CNS or ward
nurse (Band 5 or above) would be responsible for the medicines administration
component and the demonstration and assessment of medicine preparation (if
applicable).

e Occasionally, local policy will permit the prescriber to administer the medicine. If
permitted there needs to be:

- aclear rational, for example to ensure that the pathway for patient care does not
build in unnecessary extra steps or processes

- athorough risk assessment and a process in place to limit errors, for example the
prescription should be checked prior to administration by a person who usually
administers medicines such as a nurse, pharmacist or physiotherapist.

¢ Remain with the individual throughout the entire DRA procedure to optimise patient
safety.

¢ Make a positive identification of the individual by confirming demographic details and
PID, to ensure that medicine is administered to the correct person.

e Check the prescription as follows:
- full name
- date of birth
- allergies
- ward
- consultant
- drug approved name
- correct dose
- route
- prescriber’s signature
- date of prescription
- special instructions.

o Advise the individual to decontaminate their hands before medicine/constituents are
handled and prepared.

e Check the medicine prior to administration as follows
- dose being administered
- expiry dates of medicine/constituents.
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During administration of DRA medicine, follow SPC, IFU or local PILs as appropriate
with regards to:

- preparation of DRA medicine, such as mixing of nebuliser solution

- correct operation of inhaler/nebuliser device in accordance with manufacturer’s
instructions

- recommended procedure for inhalation of medicine.

If preparation of medicine requires mixing of powder with a solvent (Colomycin®,
Promixin®, Cayston®, amikacin or meropenem) the physiotherapist should
demonstrate the procedure. The individual or carer can then be observed performing
this by the physiotherapist to assess their ability to do this accurately and safely if
required.

The physiotherapist should also assess the person’s ability to inhale the medicine using
the correct procedure.

The physiotherapist should sign the prescription to indicate the time at which the
medicine is administered.

If an adverse effect occurs during the DRA, inhalation should be ceased and a
physician informed, if appropriate (dependent on severity). If a severe adverse effect
occurs, medical assistance should be summoned immediately and appropriate
treatment provided.

3.1.8 Following DRA

Ask the individual to describe any adverse effects experienced and rate the severity
using a numerical recognition scale (NRS) from 0—10, where 10" is the worst adverse
effect imaginable. The severity of any adverse effects may determine whether or not a
trial period of medicine is undertaken. If a severe adverse effect occurs or if an adverse
effect not stated in the SPC occurs, it should be reported to the MRHA Yellow Card
Scheme in a timely manner

DRAs of Bronchitol®

o As discussed previously, the BIDA* should be followed and the form
completed. This determines when spirometry (performed by a competent
practitioner) and SpO, should be measured in relation to the inhalation of
increasing doses of Bronchitol®.

3DRAs of other medicines

o Spirometry should be performed by a competent practitioner five minutes
after end of inhalation to assess for medicine-induced bronchospasm.

e SpO, should be measured and auscultation completed.

e Assess for the presence of any constriction:

% constriction = pre-DRA FEVi—post-DRAV FEV:  x 100
Pre-DRA FEV1
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3.1.9 Passed DRA — medicine suitable for use

10% constriction or less.

11-15% constriction and the individual is asymptomatic.

3.1.10 Failed DRA
e 11-15% constriction and the individual is symptomatic
e 15% constriction or more

» Ensure these findings are due to bronchospasm rather than loosened and retained
sputum. If this is thought to be the case encourage airway clearance and consider
repeat spirometry.

* Allow a further 10 minutes observed recovery time and repeat spirometry. If more than
15% constriction continues give a post-DRA bronchodilator to reverse bronchospasm,
allow a further 10 minutes observed recovery time and repeat spirometry.

e Once constriction has recovered to 10% or less and the individual is not symptomatic,
monitoring can be stopped and they are safe to leave.

 If constriction remains above 10% persistently, seek urgent medical review and
continue to monitor the individual closely.

3.1.11 If DRA failed

o Consider repeat DRA at a later date when the individual is well if it is identified that they
were unwell and this is the possible cause of failed DRA).

o Consider a DRA for an alternative medicine.

 If you are unsure how to proceed escalate to a CF consultant or discuss with the CF
specialist team.

3.1.12 Information provided for patients continuing with trial period of medicine

The physiotherapist should provide information detailed in SPC, IFU or local PILs on
the following:

1. Preparation of medicine, such as mixing of nebuliser solution.

2. Correct operation of inhaler or nebuliser device in accordance with manufacturer’s
instructions.

3. Recommended procedure for inhalation of medicine.

4. Daily dose schedule and recommended interval between doses. If there is no
documented recommended interval between doses, for twice daily medicine, the
locally agreed recommendation is ideally 10 to 12 hours (minimum of 8 hours)
between doses.

5. Optimum timing of medicine in relation to other prescribed inhaled or nebulised
medicine and airway clearance. In general, this would be as follows:

a. short-acting inhaled/nebulised bronchodilator

b. inhaled or nebulised mucolytic or osmotic agent prior to ACT. In the case
of dornase alfa however, current evidence!®®* indicates that its benefit is not
affected by timing with regards to time of day used or ACT. Therefore, in the
absence of strong evidence to suggest that one timing regimen is superior to
another, the timing of dornase alfa inhalation can be largely based on practical or
individual preference. However, if nebulised prior to ACT we recommend at least
a 30-minute interval between the end of inhalation and the commencement of
ACT based on evidence that dornase alfa makes CF sputum pourable within this
time frame!0651066,

c. inhaled or nebulised antibiotic following ACT. These should also be taken within
active period of preceding short-acting bronchodilator, for example no longer
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10.

11.

12.

13.
14.

than four hours following salbutamol or ipratropium bromide. Consideration
should be given to potential interaction between inhaled antibiotics and dornase
alfa as this may lead to dornase alfa inactivity.

d. inhaled/nebulised steroid following ACT.

Before use, all medicine and its constituents, should be checked to ensure that the
correct dose is being administered and the expiry date has not been exceeded.

If a dose of medicine is missed or forgotten, what action to take, if any.

If too much medicine is taken or if it is swallowed accidentally, the individual should
seek advice from their medical team as soon as possible during hormal working
hours, or GP or local A&E department out of hours.

If any adverse effects occur during trial period, the individual should stop medicine
use and medical advice should be sought as above. If they stop the medicine for any
other reason, medical advice should also be sought, as this may lead to worsening
chest symptoms.

If, during the trial period, a new situation regarding precautions of taking the
medicine arises, for example if they become pregnant or they have been
commenced on a new medicine that should not be taken in conjunction with

trial medicine, they should inform their CF team. In this situation, a CF consultant,
specialist respiratory registrar or competent physiotherapist NMP should assess risks
and benefits of the individual continuing with the trial medicine.

Manufacturer’s instructions for the care, cleaning and sterilisation of the inhaler or
nebuliser device and related consumables should be followed where applicable.

If required for nebulisation (see local guidance), filter pads used within PARI Filter/
Valve Sets should be discarded and replaced following each dose.

Appropriate storage of medicine and constituents.

Safe disposal of empty packaging and administration equipment such as capsule
cards, glass ampoules, inhaler devices, components of nebuliser chambers in the
community (see Table 1 below for locally agreed guidance at the West Midlands
Adult CF Centre). Advice should include time after which administration devices
should be discarded, for example TOBI® Podhaler® devices should be discarded
after 7 days.

Table 1

Component/constituent for disposal Safe disposal in community

Residual unwanted medicine e.qg. residual volume Sharps box

in eFlow®rapid handset

Residual unwanted diluents e.g. water for Pour down sink
injections/0.9% sodium chloride solution in open

ampoule

Empty plastic ampoules Domestic waste
Empty glass ampoules Sharps box
Used syringes Domestic waste
Inhaler devices (Bronchitol®, Colobreathe®, Domestic waste

TOBI Podhaler®)

Empty capsules and capsule cards Domestic waste

(inhaled medicines)
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Any unused medicine or its constituents (opened
or unopened) that are unwanted e.g. due to
intolerance/exceeding expiry date

Return to community or
hospital pharmacy

eFlow®rapid and PARI TurboBOY?®: plastic
components of nebuliser chambers, PARI
TurboBOY® connection tubing

Household re-cycling

eFlow®rapid aerosol heads

Return to hospital for clinical
waste disposal

eFlow®rapid and PARI TurboBOY®: live parts of
nebuliser devices e.g. air compressor/control
unit, power adaptors, grey eFlow®rapid nebuliser
connection cord

Return to PARI Medical Ltd or
to hospital for electrical waste
disposal

I-neb®: mouthpiece, discs, medicine chamber
and lid, drug guide and washing basket

Domestic waste

I-neb®: I-neb body (control unit), power cord
and battery charger

Patient to return to Philips
Respironics

15. Any medicine specific instructions/precautions stated in SPC, IFU or local PILs not

already covered above such as:

a. If medicine should only be inhaled using the administration device(s) and related
consumables recommended by the medicine manufacturers and if stipulated, no
other medicine should be inhaled via a device/consumable designed for a specific

medicine.

b. If the medicine should not be mixed with any other medicinal product in a

nebuliser chamber.

c. Whether the appearance of the medicine may vary despite being stored as

recommended.

d. The appropriate discarding of any opened but unused medicine or constituent,

for example:

- Only Iml of 2.5ml dornase alfa ampoule is required for one dose within the
I-neb® device and the remaining 1.5ml should be discarded. Opened ampoules
of any medicine should never be stored for re-use.

- There will always be a residual volume of medicine in a regular eFlow®rapid
handset at the end of inhalation which should be discarded.

e. In the event of haemoptysis, cease dornase alfa and seek appropriate medical
assistance and advice. Re-start 48 hours following last episode, unless otherwise

instructed.

f. As far asis feasible, nebulised antibiotics should be inhaled in a well-ventilated
room, away from other people. This may not be possible however if a person'’s

carer is supervising them, for instance.

g. If a mixed, refrigerated, second dose of meropenem has changed significantly in
colour from when it was first mixed, it should not be used. Second doses must be

used within 12 hours of original mixing.
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3.1.13 Completion of DRA

e Ensure the individual has returned to pre-DRA level of wellness if they experienced any
adverse effects during DRA, before they leave hospital if an outpatient, or before being
left unsupervised if an inpatient.

 |If the individual agrees to trial a medicine following a passed DRA, arrangements
should be made to supply sufficient medicine for duration of trial period. For most
medicines there is one month trial period (six weeks for Bronchitol®). However,
antibiotics being used for attempted pathogen eradication may be prescribed for
up to three months.

3.1.14 Post-DRA room cleaning

» Following the DRA appropriate cleaning of the room should take place according
to local IPC guidance.

3.1.15 Documentation of DRA details

e The following information should be recorded on the ‘CF physiotherapy inhaler/
nebuliser follow-up record’ which should be inserted into the individual's medical
records:

- all objective measurements such as spirometry results, SpO,, auscultation.

- the ability of the individual or their carer to prepare nebuliser solutions which require
mixing (if applicable)

- the individual's ability to use the inhaler or nebuliser device correctly

- the individual's ability to follow recommended procedure for inhalation
- subjective data such as adverse effects

- education provided relating to new medicine.

o Completed BIDA forms used for DRAs of Bronchitol® should be filed with completed
‘CF Physiotherapy drug response assessment (DRA) proforma’.

e Document in individual's main clinical record that DRA of medicine has been
performed (and for details of this, refer to 'CF Physiotherapy drug response assessment
(DRA) proforma’) and the outcome.

o File any paper recording sheets in the individual's medical records as per local policy.

3.2 Medicine follow-up
3.2.1 Initial follow-up

The use of all new inhaled or nebulised medicine should be reviewed following a trial
period of one month, with the exception of Bronchitol® which requires a 6 week follow-
up. This review will be completed by qualified HCPC registered physiotherapists working
within the CF centre who are competent to perform DRAs of medicine.

» Ask the individual to describe any adverse effects experienced and rate the severity
using a numerical recognition scale from 0—-10, where 10" is the worst adverse
effect imaginable. The severity of any adverse effects may determine whether or not
medicine is continued on a long-term basis.

» Spirometry should be performed by a competent practitioner and SpO, measured.

e Discuss with the individual and CF consultant, specialist respiratory registrar or
competent physiotherapist NMP, as appropriate, potential continuation of medicine
based on the above.

e Record all objective data such as spirometry results, SpO, and subjective data on the
‘CF Physiotherapy inhaler/nebuliser follow-up record'.

e Assess individual's understanding of the new medicine and whether they continue
to use and store it appropriately. Record any education and advice provided at initial
follow-up on the ‘CF Physiotherapy inhaler/nebuliser follow-up record'.
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» Insert 'CF Physiotherapy inhaler/nebuliser follow-up record’ into their medical records,
alongside the ‘CF Physiotherapy drug response assessment (DRA) proforma’.

3.2.2 If continuing with medicine after intial follow-up

» Advise if the medicine is to be taken continuously on a daily basis or on an alternating
month basis. If it is to be taken on an alternating month basis, ensure the individual is
aware of what medicine, if any, should be taken in the new medicine ‘off’ month (this
should be agreed with a CF consultant, specialist respiratory registrar or competent
physiotherapist NMP).

o Contact pharmacist regarding completion of initial follow-up, as appropriate. They
will provide information on obtaining future supplies of medicine, if required.

3.2.3 Six-month follow-up

The use of all new inhaled or nebulised medicine should be reviewed following a
period of six months. This review will be completed by qualified HCPC registered
physiotherapists working within the CF Centre.

This should be performed as described in section 3.2.1 initial follow-up with six month
data and information.

3.2.4 If continuing with medicine long-term following six-month follow-up
e Contact pharmacist regarding completion of six month pharmacy medicine follow-up.

4. Responsibilities and roles

It is the responsibility of each physiotherapist who has been assessed as competent
to perform DRAs and reviews of inhaled or nebulised medicine to ensure that they are
familiar with:

» the contents of this SOP and adhere to it when performing DRAs

» the most up-to-date SPC, IFU and local PlLs relating to specific medicines.

It is also the responsibility of each CF CNS and ward nurse to be familiar with the above,
should they need to perform the administration and training component of the DRA, to
avoid a physio NMP prescribing the medicine and then administering it.

4.1 Training Requirements

Qualified HCPC-registered physiotherapists who are undergoing competency training for
performing DRAs of inhaled and nebulised medicine should:

» have worked within the CF Centre, consistently for a minimum of one year
e be Band 6 or above
» familiarise themselves with the contents of this SOP

» familiarise themselves with the contents of most up-to-date SPC, IFU and local PILs
relating to specific medicines

e undergo appropriate Electronic Prescribing training as required locally (for
administration rights)

* have completed the appropriate local medicines management training modules
(please refer to local policy)

e receive education from CF specialist pharmacist

e undergo assessment of understanding of all medicines that will be administered by
DRA competent physiotherapist or specialist nurse.
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In order to establish competence, the physiotherapist will undergo assessment by
a competent assessor in which they must:

+ demonstrate the ability to prepare all medicines which require mixing used at the
centre such as nebulised Colomycin®, Cayston®, meropenem and amikacin

« complete a final competency assessment against required standards, in which they
are observed performing an entire DRA of two inhaled and two nebulised medicines.

Related appendices
* Nebulised Medication Overview

+ Example of Medicine Administration Competency SOP
+ Example of Competency Assessment Document

» CF Physiotherapy inhaler/nebuliser follow-up record

With thanks to S. Cameron*,

Edited for ACPCF NMP Group by C. Brown* 20th December 2023 and with thanks to the
ACPCEF independent prescribing group

*West Midlands Regional Adult Cystic Fibrosis (CF) Centre, University Hospitals Birmingham (UHB)
NHS Foundation Trust.
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Appendix lllb
DRA flowchart

Action

Preparation

!

Pre-trial assessment:
Spirometry
Oxygen saturations
Auscultation

!

Administer pre-test bronchodilator
(if required)

!

Administer inhaled drug

!

Re-assess 5 mins post dose inhalation
Lung function
Oxygen saturations
Auscultation

!

Analysis for possible
bronchospasm

(measured by SpO,
and spirometry)

—

l L

Test dose Test dose

successful failed

Report back Recover

to referrer
and proceed l

with course

of inhaled Plan

medication

Standards of care and good clinical practice for the physiotherapy management of cystic fibrosis

Adapted from RBH NHS Trust with kind permission

Guidance

Ensure prescription and trial form completed and
medication checked

Collect equipment: Nebuliser kit, compressor,
spirometer, oxygen saturation monitor, stethoscope

Take 3 reproducible forced spirometry readings
(ATS guidelines within 5% of each other)

If unable to perform reproducible lung function
then auscultation can be used to detect wheeze
pre- and post-dose

Take up to 3 reproducible spirometry readings
Calculate bronchoconstriction(% drop in FEV1
after dose given):

FEV: actual value (pre — post)/pre x 100
Re-auscultate to compare to baseline

<10% constriction? -

Pass
10—15% constriction and asymptomatic? —
10—15% constriction and symptomatic? —

Fail
>15% constriction -

Ensure these findings are due to bronchospasm
rather than loosened and retained sputum
(encourage airway clearance, consider repeat
spirometry and auscultation)

If >15% constriction after 10 mins post-drug, give
post-test bronchodilator to reverse bronchospasm

Consider test dose to be repeated on a separate visit
(discuss with referrer)

Pre-treat with a bronchodilator or consider alternate
medication)
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Appendix llic

CF physiotherapy inhaler/nebuliser follow-up record
*File in main medical notes, according to date of first drug review*

Patient name & PID / label: Inhaler/nebuliser (state
constituents if applicable)

ASSOCIATION OF CHARTERED PHYSIOTHERAPISTS IN CF
NDEPENDENT PERSCRIBERS GROUP

Date of DRA

Date of initial follow-up

Date of 6-month follow-up

Observations
Assessment FEV: FEV1% predicted SpO,
Pre-DRA L % %
Initial follow-up L % %
6-month follow-up L % %

Tolerance of medicine

Follow-up Adverse reaction(s) reported & severity Continuing with
(NRS scale 1—10, where 10 most severe) medicine?
Initial
6-month
For individuals continuing with medicine
(vif individual/carer has correct understanding OR insert your initials if re-advised)
In accordance with PIL/IFU and CF physiotherapy DRA SOP Initial 6-month
assess individual's/carer’s understanding of the following: review review

Medicine preparation (include time by which prepared drug must be used)

Operation of administration device

Procedure for inhalation

Daily dose schedule (including recommended time between doses)

Order/timing in relation to other inhaled/nebulised medicine & ACT (including
time by which medicine should be taken following short-acting bronchodilator)

Checking expiry date of medicine/constituents for each dose

Action if missed dose

Action if too much medicine taken/swallowed accidentally
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If adverse effects occur, should cease use & seek appropriate medical
assistance/advice

If new precautions of use arises in future, cease use & seek medical advice

If medicine should only be taken using specific device/consumables

If no other medicine should be taken using device/consumables for new
medicine

Manufacturer’s instructions for care of (including cleaning and sterilisation, if
appropriate) administration device and consumables

If required for nebulisation, filter pads are discarded & replaced for each dose

Appropriate storage of medicine/constituents

Safe disposal of unused drug & constituents/administration equipment

On any other drug specific instructions/precautions in PIL, IFU or local PIL if not
covered above

Follow-up
(physio to initial box)
In accordance with CF Physiotherapy DRA SOP: Initial 6-month
review review
Contact pharmacist re: obtaining further medicine supplies, if required
Advise individual regarding date of medicine review. Date agreed:
If antibiotic, advise on ongoing regimen and note any changes (V)
Continuous Continuous Alternating
use short-term use long-term. months.
for attempted Alternating
eradication. antibiotic(s):
Duration:
Follow up Additional comments
Initial
6-month
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Follow up

Physiotherapist
name (print)

Signature

Date

ID number

Designation

Initial

6-month

With thanks to S. Cameron, Edited for ACPCF IP Group by C. Brown Jan 2020/4.

West Midlands Regional Adult Cystic Fibrosis (CF) Centre, University Hospitals Birmingham (UHB)
NHS Foundation Trust.
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Appendix llid
Example of a Medicine Administration Competency SOP

ASSOCIATION OF CHARTERED PHYSIOTHERAPISTS IN CF

1. Summary For qualified physiotherapists registered with the HCPC working within a
CF Centre to demonstrate competence in the completion of DRAs and
the administration of inhaled and nebulised medicine (including medicines
administration component) through skill, knowledge and application.

Competency achievement is required before the physiotherapist can
perform DRAs alone.

2. Scope Administration of DRAs of inhaled/nebulised medicine.
3. Applicable to Quialified HCPC-registered physiotherapists, Bands 6 and above who will
be administering DRAs of inhaled and nebulised medicine within the CF
Centre.
4. Related policy and All relevant local policies, procedures and guidelines (under the following
legislation headings) should be accessible on the Trust intranet site. The most up-to-

date version must always be used.

o Estates & Facilities

¢ Health and Safety

¢ Information Communications Technology
¢ Infection Control

¢ Information Governance

e Medical Devices

¢ Medicines Management

¢ Nursing

o Safety & Governance

HCPC
Standards of conduct, performance and ethics.
Standards of proficiency for physiotherapists.

Chartered Society of Physiotherapy
Code of Members’ Professional Values and Behaviour.
The physiotherapist should always refer to the most up-to-date policy

available.
5. Eligible to assess Qualified assessor who is competent to administer medicine.
6. Standard to be The physiotherapist must be able to perform the skill safely and effectively
achieved without support and demonstrate appropriate background knowledge

of both the procedure (detailed in the 'CF physiotherapy DRA SOP’) and
the medicine to be administered. The physiotherapist should, at all times,
adhere to relevant local policies, procedures and guidelines and also
regulatory body standards and codes of conduct (see section 4. above).

7. Training required Supervised practice in clinical setting with a competent practitioner.
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8. Training and Local training as appropriate, for example:
resources available « Trust Preceptorship module

¢ Medicine Step up module

e Electronic Prescribing module

Awareness of appropriate national resources such as:
« BNF online: BNF (British National Formulary) | NICE

+ Electronic medicines compendium: Home - electronic medicines
compendium (emc)

» Medicines and healthcare products regulatory agency: Yellow Card |
Making medicines and medical devices safer

9. Author This document has been developed and modified from the HEFT Amended
MM34 Medicine Administration Competency (2014) by CF Physiotherapist
Sarah Cameron and edited by Catherine Brown for the ACPCF NMP group
Jan 2020.

With thanks to S. Cameron,
Edited for ACPCF iP Group by C. Brown Jan 2020 and reviewed 2024.

West Midlands Regional Adult Cystic Fibrosis (CF) Centre, University Hospitals Birmingham (UHB) NHS
Foundation Trust.
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Appendix llle

Framework for Restarting Inhaled
Medications in Cystic Fibrosis (FRIM-CF)

The Clinical Commissioning Policy: Inhaled Therapy for Adults and Children with Cystic Fibrosis
Reference: NHS England A01/P/b 4.1 states that all patients should be prescribed a supervised test dose in
the hospital environment before commencing therapy. This test dose or drug response assessment (DRA)
monitors for bronchospasm and any adverse reactions to the inhaled therapy Appendix Ill (england.nhs.uk).
This also applies to the devolved nations of the UK.

Until recently, it was common practice to re-trial most inhaled medications in hospital if it had been more
than 12 months since the patient last took it. However, during Covid-19, the model of patient care changed,
and patients came to hospital less. A risk assessment was developed to identify patients who may safely
restart an inhaled medication without a new DRA, this has since been adapted into the FRIM below.

***This does not apply to someone starting a specific inhaled antibiotic or mucoactive medication for the
first time***

This FRIM risk assessment must be completed by the CF specialist team (CF specialist physiotherapist,
consultant, CNS and pharmacist) to decide the appropriateness of restarting the inhaled medication without
a DRA. Those who participate in this discussion and the decision made should be clearly documented in the
patient’'s medical record.

Risk assessment:
Has the patient had the inhaled medication previously? YES / NO

NB the patient must have safely taken the same brand of inhaled medication previously and passed a previous DRA — if
the previous hospital DRA is for TOBI but the patient has been prescribed Bramitob, for instance, they would still require
a face-to-face DRA.

If NO, then DO NOT proceed with the FRIM risk assessment.

If YES, then please complete the table below before proceeding.

If you answer NO to questions 1—7 below you may proceed to restart the medication without a new DRA.

If you answer YES to any questions, then please clearly document the discussion and final decision as to
whether restarting without a DRA is appropriate.

Patient's name: Hospital number:
Drug:
1. Isthe patient’s FEVi< 55% predicted (skip to YES NO

Q2 if patient is unable to perform repeatable

lung function) (May not be appropriate

to restart without a new
DRA, please discuss
further with MDT)

Document here:
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2. Has there been a significant change in the YES NO
ip;a;;:g;srseo(;g:&nn—s)lnce they last had the (Discussion with the
' MDT) Document here:
E.g. has the patient’s lung function dropped
>10% since they last took the inhaled
medication, have they developed recent
ABPA and/or more reactive airways?
3. Has the patient had any adverse reactions YES NO
i i ' i ?
associated with the inhaled drug previously? Document here:
4. Has the patient failed DRAs in the past? YES NO
Document here:
5. s the patient considered atopic or are they YES NO
?
thought to have CF asthma? (This is not a
contraindication in itself
but should prompt more
in-depth discussion with
the MDT) Document
here:
6. Do you have concerns that the patient/carer YES NO
may not be able to respond appropriately if
there is an adverse event at home?
7. Is there another reason the patient should YES NO

have a repeat DRA?

E.g they are now old enough to complete
repeatable lung function, MDT opinion that
DRA is required

Document here:

Is restarting the inhaled medication without a
new DRA appropriate?

YES / NO

Reasons:

Signed:

MDT members involved in discussion:

Designation:
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If a restarting the inhaled medication without a new DRA is deemed appropriate, please check the
following before proceeding (refer to the Hospital Trust’s DRA SOP for further detail):

1. Up to date drug allergies.

2. Current clinical status (is the patient well enough to proceed without a new DRA?).
3. The patient/carer has access to a bronchodilator if required.
4

The patient/carer is aware of possible adverse reactions to the inhaled drug, including appropriate
safety netting advice, for example what circumstances to use the bronchodilator and who to contact if
an adverse event occurs at home.

5. The patient/carer is aware of how to take the inhaled medication — including dosage, how to
reconstitute (if appropriate), how to store, timing around airway clearance, how to use the nebuliser
device and who to contact for more supplies.

6. Has a follow up phone call or clinic appointment booked?

Once you have completed the above FRIM please place a copy in your patient’s medical records and
complete this very short survey. The ACPCF IP group wish to collect your experience of using the FRIM
and will share the overall results.

Thank you

forms.office.com/Pages/ResponsePage.aspx?id=15-6Hk8LFOu3f7LUSHrTxLsJ33sThJIFgM584N88UzxUNU
ISUTIOUIRCNEFaNjNBTDIPVDdJWUYxQi4u

Framework for Restarting Inhaled

Medications in Cystic Fibrosis
(FRIM-CF)

Nicola Collins, ACPCF IP Group
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.
Appendix llIf
ASSOCIATION OF CHARTERED PHYSIOTHERAPISTS IN CF

Example of Competency Assessment Document

ASSESSMENT OF COMPETENCE IN PERFORMING DRAs AND ADMINISTRATION OF INHALED/NEBULISED
MEDICINE

This document has been developed to record the assessment of competence of qualified HCPC registered
physiotherapists working within a CF Centre performing DRAs of inhaled and nebulised medicine. The HEFT
Medicine Administration Competency (2014) has formed the basis of this document.

Physiotherapists undergoing competency assessment must first have completed the training requirements
stated in the 'SOP for the performance of Drug Response Assessments (DRAs) and follow-up review of
inhaled and nebulised medicines’

1. Supervised practice

Supervised practice of Date Assessor name Assessor signature
inhaled/nebulised medicine
(state name below)

Inhaled drug 1:

Inhaled drug 2:

Nebulised drug 1:

Nebulised drug 2:

2. Assessment of competence in nebuliser solution preparation

Assessment of Date Pass/fail Assessor Assessor Trust ID no.
competence in mixing name signature
nebuliser solutions

Nebulised colistimethate
sodium:

« Colomycin®

e Promixin®

Cayston®

Amikacin

Meropenem
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3. Final competence assessment

To establish competence, the physiotherapist must demonstrate
that the following components of the DRA (as detailed fully in
'SOP for the performance of Drug Response Assessments (DRASs)
and follow-up review of inhaled and nebulised medicines’ and
in accordance with the Trust's Medicines Policy) are considered/
completed to a satisfactory standard

Assessment of
competence
(pass/fail against
each component)

Ist 2nd
attempt attempt

Preparation - prior to DRA
1. Medicine is therapeutically indicated

2. Contraindications/allergies & precautions to use considered and
decision made to proceed with DRA

3. Inform patient of therapeutic indication
Inform patient of potential side effects

Gain patient’s (or carer’s, if applicable) informed verbal consent to
undergo DRA

6. Spirometry and SpO, measured (if DRA of Bronchitol® BIDA should be
followed)

7. Obtain all medicine/constituents, equipment & paperwork including
prescription (EP or paper chart) to minimise risk of interruption

Ensure patient administers own bronchodilator, as appropriate

Ensure in area where easy access to medical assistance, oxygen supply

Patient identification & administration
1. Remain with patient throughout DRA

2. Make a positive identification of patient

3. Check the prescription (should be present at point of administration).
Check drug & food allergies on prescription & add to if required, in
discussion with patient/carer

4. Use personal protective equipment as appropriate & standard infection
control precautions throughout the procedure (advise patient to do
the same as appropriate)

5. Check medicine/constituents are correct prior to administration &
expiry dates not exceeded

6. Follow SPC, IFU or local patient information leaflet with regards to:
a. preparation of DRA
b. correct operation of inhaler/nebuliser device
c. recommended procedure for inhalation of medicine

7. If medicine preparation requires mixing of powder/solvent,
demonstrate procedure for the patient/carer. Patient/carer can then
be observed performing this to assess ability.

Assess patient’s ability to inhale medicine using correct procedure
Sign prescription to indicate time medicine administered

10. If adverse effect occurs, inhalation should be ceased & a physician
informed if appropriate or medical assistance summoned immediately
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Following DRA

1

Ask patient to describe any adverse effect(s). Severe adverse effects
should be reported to the MRHA Yellow Card Scheme and Pharmacy

Spirometry should be completed 5 minutes following end of inhalation
and SpO, measured (if DRA of Bronchitol® BIDA should be followed)

Calculate % constriction to determine (along with consideration of any
adverse effects) whether appropriate to pursue trial period of medicine

Deal appropriately and safety with and >10% constriction, escalating if
required

Information provided for patients/carers continuing with trial period
of medicine

As detailed in PIL, IFU and local patient information leaflets and DRA SOP:

1. Preparation of medicine

2. Correct operation of inhaler/nebuliser device in accordance with
manufacturer’s instructions
Recommended procedure for inhalation of medicine
Daily dose schedule & recommended interval between doses
Optimum timing of medicine in relation to other prescribed inhaled/
nebulised medicine & ACT

6. Action to take if a dose of medicine is missed/forgotten

7. Action to take if too much medicine taken or swallowed accidentally

8. Action to take if experiences adverse effects

9. Action to take if stops using medicine

10. Action to take if new situation re: precautions of taking medicine arises

11. Manufacturer's instructions for the care of (including cleaning and
sterilisation, if appropriate) the inhaler/nebuliser device and related
consumables

12. If required for nebulisation, filter pads used within PARI Filter/Valve Sets
should be discarded & replaced following each dose

13. Appropriate storage of medicine/constituents

14. Safe disposal of empty packaging and administration equipment

15. Any medicine specific instructions/precautions not already covered

Completion of DRA

1. Patient returned to pre-DRA level of wellness, if experienced adverse
effects during DRA, before leaving hospital (out-patient) or before
being left unsupervised (in-patient)

2. If patient to continue with trial period of medicine make arrangements

for supply
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Documentation of DRA details

1. Complete the ‘CF Physiotherapy drug response assessment (DRA)
proforma’ (if Bronchitol® DRA, BIDA should also be completed) and

insert in main clinical record

2. Document in main clinical record that DRA of medicine has been
performed (and for details of this, refer to ‘CF Physiotherapy drug
response assessment (DRA) proforma’) and the outcome e.g. for 1
month follow-up of medicine, patient not to continue with medicine

3. File and paper records in patient’'s medical records

Assessment of
competencein
performing full DRA
procedure

Date

Pass/fail

Assessor
name

Assessor
signature

Trust ID no.

Inhaler or nebuliser name
(1st attempt):

Inhaler or nebuliser name
(2nd attempt if failed 1st):

Competence statement

Thisistostatethat ..o,

has passed the medicine administration competency for

performing DRAs of inhaled and nebulised drugs used within the West Midlands Regional Adult CF Centre

With thanks to S. Cameron,

Edited for ACPCF IP Group by C. Brown Jan 2020 and reviewed 2024

West Midlands Regional Adult Cystic Fibrosis (CF) Centre, University Hospitals Birmingham (UHB) NHS

Foundation Trust.

Standards of care and good clinical practice for the physiotherapy management of cystic fibrosis

172



Appendix llig

Examples of flowcharts for nebulised
medications in people with Cystic Fibrosis

Appendix lligl
Aztreonam Lysine
(Cayston®)

Conventional/ Jet neb I-neb e-Flow
Cayston® should not be Cayston® should not be Are you using an Altera
used in a conventional jet used in an I-neb — please e-Flow handset?
nebuliser — please inform a inform CF Specialist
CF Specialist Physiotherapist Physiotherapist i l

Yes No
Do you mix 1 vial of Cayston Inform CF
powder with the provided 1 — Specialist
ampule of sodium chloride? Physiotherapist
Yes No
Are you taking your Inform CF Specialist
antibiotics after your Physiotherapist

airway clearance?

! !

Yes No
Continue Education
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Appendix llig2

Colistimethate sodium 1MIU
(Paediatric dose up to 2 years of age)

Conventional / Jet neb “— Yes

l |
Have you got a Pari LC
Plus for antibiotics?

l !

!

4— Areyou using Colomycin? —

e-Flow

Do you mix 4mls volume of

Yes No
Continue Provide patient Yes
with one l

Continue
Do you mix 4mls volume of diluent
with IMIU Colomycin?

! !

. Discuss with
Driving gas CF Specialist
l l Physiotherapist
Air or O,
compressor l
Discuss with
Continue CF Specialist
Physiotherapist

Standards of care and good clinical practice for the physiotherapy management of cystic fibrosis

diluent with IMIU Colomycin?

!

No

!

Discuss with
CF Specialist
Physiotherapist

No

!

Are you using
Promixin?

!

Yes

!

No longer
commercially
available.
Discuss with
CF Specialist
Physiotherapist
to establish
alternative
brand of
medication

Are you taking your antibiotics
after your airway clearance?

!

Yes

!

Continue

!

No

!

Education
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Appendix llig3

Colistimethate Sodium 2MIU
(Adult / paediatric dose > 2 years of age)

Conventional / Jet neb

!

Have you got a Pari LC
Plus for antibiotics?

l !

Yes No

! !

Provide patient
with one

!

Do you mix 4mls volume of diluent
with 2MIU colomycin?

! !

Continue

«— Yes

!

!

e-Flow

!

Do you mix 4mls volume of
diluent with 2MIU Colomycin?

! !

Driving gas “—
Air or O,
compressor l
Discuss with
Continue CF Specialist
Physiotherapist

Standards of care and good clinical practice for the physiotherapy management of cystic fibrosis

Yes No
Continue Discuss with
CF Specialist
Physiotherapist
Discuss with
CF Specialist

Physiotherapist

4— Areyou using Colomycin? —

No

!

Are you using
Promixin?

!

I-neb

Yes

!

No longer
commercially
available.
Discuss with
CF Specialist
Physiotherapist
to establish
alternative
brand of
medication

Are you taking your antibiotics
after your airway clearance?

!

Yes

!

Continue

!

No

!

Education
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Appendix llig4

Dornase Alfa

(DNase)
Conventional/Jet nebuliser I-neb* e-Flow
Using a conventional open Have you got a green Using a separate handset?
jet nebuliser (e.g. LC PLUS®, chamber?
LC STAR®, sidestream) l l
handsetswith a mouthpiece? l i

l l Yes No l l

Yes No

l Continue Inform a CF

Specialist

Physiotherapist
Provide the l
f patient with one

Are you using other If you also take Promixin

medication in this chamber? then you can discuss with a

What driving gas is being

[ Lo

Yes No —) Continue —p Download data

CF specialist physiotherapist.

Air or O,

l ! l [

Inform a CF Please note only DNase should Yes No
CoptE Specialist be run through green chamber.
Physiotherapist Inform a physiotherapist
No 4— Are you taking DNase at least 30 mins prior to airway clearance? —» Yes
il -
Have you discussed — Yes — Continue Scntints

an alternative timing
with the Specialist
Physiotherapist — No —>» Inform a CF Specialist Physiotherapist

*Although the I-neb is no longer commercially available, its use may still be relevant where consumables are available.
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Appendix llig5

Hypertonic sodium chloride

7% 1 6% | 3%
Conventional/Jet nebuliser I-neb*

! !

Using a conventional open Have you got a lilac

e-Flow

!

Are you using a separate
handset to DNase?

! !

Yes No
Continue Discuss with
CF Specialist
Physiotherapist

jet nebuliser (e.g. LC PLUS®, chamber?
LC STAR®, sidestream)
handsetswith a mouthpiece? l l
l l Yes No
Yes No
Provide the
patient with one
v

Are you using other

Driving gas medication in this chamber?
Air or O,
compressor No 13 -

| |

Do you carry out 2 fills y

<_

!

If you also take Promixin
then you can discuss with a
CF specialist physiotherapist.

Inform a CF Specialist

Physiotherapist

"
Continue of the chamber for each
treatment dose?
Inform a CF Specialist l l
Physiotherapist
Yes No
Yes . .
Download «<4— Continue Education/
and print Inform
No ¢« offdata < Physiotherapist

*Although the I-neb is no longer commercially available its use
may still be relevant where consumables are still available.

Are you taking your hypertonic
saline before and/or during
your airway clearance?

! !

Yes No
Continue Education

Standards of care and good clinical practice for the physiotherapy management of cystic fibrosis 177



Appendix lligé

!

Conventional/ Jet neb

l

Quinsair® should not be
used in a conventional
nebuliser — please inform a
CF Specialist Physiotherapist

QORD AD

O ,O</\

Sy

()]

4

D, ~
> =
‘:Wx’
) /-

‘BROS\®

Levofloxacin
(Quinsair®)

!

I-neb

!

Quinsair® should not be
used in an |-neb — please
inform CF Specialist
Physiotherapist

ASSOCIA

TION OF CHAR

e-Flow

!

Are you using an Zirela
e-Flow handset?

INDEPENDENT PERSCR

l !

Yes No

Are you taking your Inform CF

antibiotics after your “— Specialist

airway clearance? Physiotherapist
Continue  ¢— Yes No
Inform CF Specialist
Physiotherapist
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Appendix llig7 BN &
Tobramycin 170mg/1.7ml
(Vantobra®)

Conventional I-neb e-Flow
Vantobra®should not be Vantobra® should not be Is the patient using a Tolero®
used in a conventional used in an I-neb - please e-flow handset?
nebuliser — please inform a inform CF specialist
CF Specialist Physiotherapist Physiotherapist l l

Yes No
Are you taking your Inform CF
antibiotics after your “— Specialist
airway clearance? Physiotherapist
Continue  ¢— Yes No
Inform CF

Specialist Physio
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Appendix llig8 Ol socnon or conmeses somerses
CRGEC S R G R

A, e
BROS\S

Tobramycin
(Bramitob®)
Conventional/ Jet neb I-neb e-Flow

!

Do you have a PARI LC
Plus for tobramycin?

! !
Yes No Yes No
!

!

Are you using this handset

Bramitob should not
separate to DNase?

be given via an I-neb

Provide the Inform a CF
patient with one Specialist
Physiotherapist

l v
Do you have a filter? Are you using a filter?

! !
Yes No Continue +“— Yes No
!

Provide the Inform a CF Specialist
patient with one Physiotherapist

!

v

Driving gas
l l Are you taking your antibiotics
after your airway clearance?
Air O, l l
l Yes No
Continue l l
Continue Education

Inform a CF Specialist
Physiotherapist
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!

Conventional/ Jet neb

!

Do you have a PARI LC
Plus for tobramycin?

! !

Yes No

!

Provide patient
with one

! !

Do you have a filter?

! !

Yes No

!

Provide the
patient with one

! !

Driving gas
! !
Air 0,
!

Continue

Inform a CF Specialist
Physiotherapist

Tobramycin 300mg/5ml
(Tobi® or Tymbrineb®)

!

I-neb*

!

Do you take your
tobramycin in the lilac

chamber?
! !
Yes No
!
If you also

take Promixin
then you can
discuss with a
CF specialist

physiotherapist

: !

Do you carry out 2 fills
of the chamber for each
treatment dose?

! !

Yes No 1
Inform a CF Specialist
Physiotherapist

Download
|-neb data

Are you taking —>

your antibiotics
after your airway

clearance? —

e-Flow

!

Are you using this handset
separate to DNase?

! !

Yes No

!

Inform a CF
Specialist
Physiotherapist

! !

Do you use a filter?

! !

Yes No
Continue Inform a CF
Specialist
Physiotherapist

Yes — Continue

No — Education

*Although the | neb is no longer commercially available its use may still be relevant where consumables are still available.
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Appendix Illlh

Nebulised/inhaled medications for people with CF overview

This is a quick reference guide to the nebulised and inhaled medications used in CF. It is intended to only
be used by clinicians who have received appropriate training and who are familiar with the SPC of each
licensed medicine and the indications, prescription and delivery details of the commonly used ‘off-label’

medicines used for inhalation in CF.

Note that all people commencing a new nebulised/inhaled medication listed in the table below, or when the
medication has not been used for the last 12 months, should have a supervised drug response assessment
(DRA) as per documented DRA procedure. An observed dose may be considered where a nebulised/

inhaled drug has been prescribed and taken in the past but exceeds 12 months. Rationale for this should

be considered within a framework for re-starting inhaled medications (FRIM) as per documented FRIM
procedure (see appendix llle). Please refer to your clinical commissioning policy and NICE guidance
regarding the criteria for use of the licensed medications.

For any medications not included in this overview please refer to the British National Formulary (BNF) for
prescribing information. Useful administration advice for inhalers not included in this overview advice can be

found at rightbreathe.com

Useful definitions

‘Licensed’ medications

“A marketing authorisation or product licence
defines a medicine’s terms of use: its summary of
product characteristics (SPC) outlines, among other
things; the indication(s), recommended dose(s),
contraindications, and special warnings and
precautions for use on which the licence is based,
and it is in line with such use that the benefits of
the medicine have been judged to outweigh the
potential risks. Furthermore, a licensed medicine:
has been assessed for efficacy, safety, and quality;
has been manufactured to appropriate quality
standards; and when placed on the market is
accompanied by appropriate product information
and labelling.™

'‘Off-label’ use of medications

There are clinical situations when the use of
medicines outside the terms of the licence ('off-
label’) may be judged by the prescriber to be in
the best interest of the patient based on available
evidence. This has become common practice in
inhaled medications in CF where licensed options
are limited. In the table below we use the term
‘off-label’ where use is outside of the medicine’s
licence.!
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Medication Usual indication Prescription Delivery system Reconstituting Notes

Amikacin Mycobacterium Paediatric: Conventional compressor | 250mg: 1Iml Amikacin for Glass ampoules, preferably
Use as a abscessus <12 years: 250mg twice & PARI LC Plus or Sprint injection (250mg/ml) with | issue syringes and needles.
nebuliser is daily. with filter attachment. 3ml sodium chloride 0.9%.

‘off-label’. >12 years: 500mg twice Some centres advise 500mg: 2ml Amikacin for

N.B Arikayce® daily. that patients can use injection (250mg/ml) with

libosomal eFlow®rapid with a regular | 2ml sodium chloride 0.9%.

590mg nebuliser Adult: eFlow®rapid handset with

solution is filter attachment to reduce

available but is
not licensed for
use in CF.

Itis licensed
for use in
adults with
non-CF related
refractory

NTM disease
caused by
Mycobacterium
avium complex
(MAC).

500mg twice daily.

In paediatrics and
adults ideally 12 hours
between doses.

treatment time, though
there is no robust data to
support this.
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Amphotericin Aspergillus Paediatric: Conventional compressor | 5mg: 50mg vial Liposomal amphotericin
(Ambisome) <10 years: 5mg twice & PARI LC® Plus or Sprint Amphotericin with 10ml (Ambisome) should be
Use as a daily. with filter attachment. water for injection. Use prescribed NOT the non-lipid
nebuliser is _ 1Iml of this solution and amphotericin (Fungizone).
. . >10 years: 10mg twice dilute further with 2ml .
off-label’. daily. of water for iniecti Rubber bung on vial not
jection .
. removable therefore will need
(minimum volume of 3ml .
Adult: for nebulisation). syringes (10ml) and needles.
25mg twice daily 10mg: 50mg vial
Amphotericin with 10ml
Ideally 12 hours water for injection. Use
between doses. 2ml of solution and dilute
with a further 1Iml of water
for injection (minimum
volume of 3ml for
nebulisation).
25mg: 50mg vial
Amphotericin with 12ml
sterile water.
6ml to be nebulised.
Remaining mixed solution
can be kept in fridge
for second daily dose
(discarded if not used
within 24 hours).
Aztreonam Pseudomonas 75mg three times daily. eFlow®rapid using 1 vial aztreonam powder Keep in fridge but can be kept
(Cayston®) aeruginosa Minimum 4 hours Altera® handset with (75mg) with 1 ampoule out of a fridge but below 25°C
Is also used between doses filter attachment (Altera® sodium chloride 0.17% for 28 days.
. . ' handset included in (included in Cayston® , . .
off-label’ for monthly Cayston® pack) pack) Usual starting regimen is
Burkholderia ' ' 28 days on/28 days off.
cepacia Alternating with another
>6 years inhaled antibiotic or

Consider ‘off-label’
use in <6 years if
clinically indicated

continuous treatment may be
indicated if deterioration in
month off treatment.

Standards of Care and Good Clinical Practice for the Physiotherapy Management of Cystic Fibrosis

184



Ceftazidime Burkholderia 1g twice daily. Conventional compressor | Reconstitute 1g with 3ml Tastes awful which can impact
cepacia & PARI LC® Plus or Sprint water for injection. tolerance.
Use as a Ideally 12 hours e
S with filter attachment.
nebuliser is between doses.
‘off-label’.
Colistimethate Pseudomonas Paediatric: eFlow®rapid with a regular | 1IMIU: IMIU Colomycin Syringes needed (5ml)
sodium . aeruginosa <2 years: 1 MIU twice eFlow®r§p|d handset OR a reconstltgtgd w|th 4ml In case of
(Colomycin) daily conventional compressor water for injection or bronchoconstriction. or
& PARI LC® Plus or Sprint sodium chloride 0.9%. h read L bulised
>2 years: 2MIU twice with filter attachment. . where aiready using nebuiise
daily. 2MIU: 2MIU Colomycin salbutamol, Colomycin may
reconstituted with 4ml be reconstituted with 2 vials of
Adult: water for injection or salbutamol 2.5mg
’ sodium chloride 0.9%. . .
2MIU twice daily. Must be used immediately,
do not store in fridge for later
use.
Ideally 12 hours
between doses. If reconstituting with water
for injection or sodium
chloride 0.9%, acceptable
to reconstitute 2 doses of
Colomycin and store second
dose in fridge to be used
within 24 hours or discard.
Colistimethate Pseudomonas 1.66MIU (one capsule) Turbospin® powder inhaler | No reconstitution required. | Cough may be an issue and
'(sgg:gg:eathe®) aeruginosa twice daily. (inhaler in pack). One capsule to be inhaled can be related to technique.
>6 years Ideally 12 hours twice daily.

between doses.
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Dornase alfa
(DNase/
Pulmozyme®)

Mucolytic
>6 years

Consider ‘off-label’
use in <6 years if
clinically indicated.

Paediatric (off label):

<2 years: discuss with
CF

> 2years: 2.5mg once
daily pharmacist.

Adult:
2.5mg once daily.

The SPC states 'some
patients over the

age of 21 years may
benefit from twice daily
dosage’.

Consider twice daily
in patients with severe
disease or during
exacerbations.

Conventional compressor
& open-vent jet nebuliser
such as PARI LC® Plus or
Sprint or Sidestream OR
eFlow®rapid with a regular
eFlow®rapid handset.

‘Off-label’ use with the
[-neb is supported by data.

No reconstitution required.

eFlow®rapid or
conventional compressor:
2.5mgin 2.5ml (1 vial).

I-neb: 1 fill of green
chamber (discard
remainder).

Keep in fridge.

Do not complete airway
clearance for 30 mins post
nebulisation.

Consider potential interaction
with nebulised antibiotics
when recommending a
treatment regimen.

Hypertonic
sodium
chloride 7%
(Nebusal®,
Resp-ease®)

Note 6% & 3%
(Mucoclear®)
also available

This is classed
as a medical
device rather
than a medicine,
please refer

to current
instructions for
use (IFU)

Osmotic agent.

Recommended if
DNase not tolerated
OR as an additional
therapy if clinical
deterioration or
difficulty clearing
chest despite
DNase.

Paediatric:

<2 years: discuss with
CF pharmacist

>2 years: 4 ml once-
twice daily of 3-7%
as tolerated. Younger
patients should be
initiated on 3%

Adult:
7% in 4 ml (1 vial) twice
daily.

Can increase to four
times daily if needed.

Conventional compressor
& open vent jet nebuliser
such as PARI LC® Plus or
Sprint or sidestream, OR
I-neb OR eFlow®rapid
with a regular eFlow®rapid
handset.

No reconstitution required.

I-neb: 2 fills of lilac
chamber (discard
remainder).

eFlow®rapid or

conventional compressor:

4ml (1 vial).

Often used as required rather
than regular twice a day.

Can be used with conventional
compressor & PARI LC® Plus or
Sprint alongside PARI PEPTM
S, Aerobika® or Acapella®. This
may impede deposition but
may improve adherence and
clearance.
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Levofloxacin Pseudomonas 240mg twice daily. eFlow®rapid using No reconstitution required. = Keep in the foil package to

(Quinsair®) aeruginosa Zirela® handset with o protect the neb from light.
Ideally 12 hours, filter attachment (Zirela® 2.4ml (240mg) vial via

>18 years minimum 8 hours : . the eFlow®rapid using Usual starting regimen is
handset included in e L
. , . between doses. e Zirela® handset with filter 28 days on/28 days off.
Consider ‘off-label monthly Quinsair® pack). . .
attachment. Alternating with another

use in <1$ years f inhaled antibiotic as required.
clinically indicated.

Bitter taste of levofloxacin can
impact tolerance. Anecdotally
sucking dark chocolate/strong
tasting sweets after dose can

improve tolerance.

Note unusually high systemic
absorption compared with
other nebulised antibiotics
(approx. 50%). Caution should
be exercised with concurrent
use of other fluroquinolones
such as Ciprofloxacin.

Clinicians should be aware of
the risk of systemic side effects
of levofloxacin and ensure
people prescribed levofloxacin
have been counselled on

the possible side effects

and the need to discontinue
treatment if they experience
these (MHRA alert www.gov.
uk/drug-safety-update/
fluoroquinolone-antibiotics-
reminder-of-the-risk-of-
disabling-and-potentially-
long-lasting-or-irreversible-
side-effects)
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Mannitol

Recommended if

400mg twice daily.

Osmohaler inhaler device

No reconstitution required.

Cough is expected, if

e . ) . .
(Bronchitol®) DNqse r\qt tolerated The doses should be in pack. Ten capsules to be inhaled coughmg too much.con5|der if
OR if clinical . . . . technique could be improved.
. . . taken morning and twice daily. Note multiple
deterioration despite . . . . .
DNase night with the evening inhalations may be needed | Note that anecdotally some
' dose taken 2-3 hours to inhale each capsule people who feel tight chested
>18 years before bedtime. contents via the inhaler. with a full dosing regimen
. , , have found a reduced dose
Consider ‘off-label , , -
. . (‘off-label’) beneficial for
use in <18 years if )
- S airway clearance, e.g. some
clinically indicated. .
completing 10 capsules once
daily, some reducing the
number of capsules per dose.
Meropenem Pseudomonas Paediatric: Conventional compressor | 125mg: 500mg Rubber bung on vial not
Use as a aeruginosa .and 6-12 years: 125mg twice & 'PAR'I LC® Plus or Sprint Merope'nem to pe removable therefore will need
nebuliser is Burkholderia daily. with filter attachment. reconstituted with 8ml syringes (10ml) and needles.
‘off-label’. cepacia if unable 12 - 250 ; Some centres advise wate.r for |nJ'ect|.on. 2.5ml Remaining mixed solution can
to tolerate or >Llc years: mg twice . of this solution is then 2
S daily. that patients can use . . be kept in fridge for second
continuing to y ©m i mixed with 0.5mls water , . .
. eFlow®rapid with a regular S . . daily dose (discarded if not
deteriorate on P . for injection. This 3mls is L ,
i . . eFlow®rapid handset with . used within 12 hours or if
licensed alternatives. | Adult: . then nebulised. . .
‘ ‘ filter attachment to reduce discolouration observed).
Mycobacterium 250mg twice daily. treatment time, though 250mg: 500mg
abscessus. Used there is no robust data Meropenem to be
where sensitivities Ideally 12 hours to support this. reconstituted with 8ml
indicate OR as an between doses. water for injection. 4ml
alternating neb (250mg) to be nebulised.
with Amikacin
if continuing to
deteriorate.
Tauroldine Burkholderia 4ml of 2% solution Conventional compressor | Pre-made, draw up as Rubber bung on vial not
solution 2% cepacia twice daily. & PARI LC® Plus or Sprint needed. Keep in fridge removable therefore will need
Use as a Post-transplant Ideally 12 hours with filter attachment. once used for first time. syringes (5ml) and needles.
S Discard as per pharmacy
nebuliser is between doses. . .
‘off-label’ instructions.
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Tobramycin Pseudomonas 300mg (4mls) twice Licenced through Conventional compressor | Keep in fridge (allow to
(Bramitob) aeruginosa daily. conventional compressor or eFlow®rapid: 300mgin | come to room temperature
. . & PARI LC® Plus or Sprint 4ml (1 vial). before nebulising, this can
off label’ use Ideally 12 hours, e . .
. . with filter attachment. Ch e . reduce viscosity and therefore
for Burkholderia minimum 6 hours I-neb: 2 fills of lilac .
. . treatment time).
cepacia between doses. Some centres advise chamber.
-6 vears that patients can use Only licensed in children over
Y ‘off-label’ with Ineb or 6 but is used >6 months.
Consider ‘off-label’ eFlow®rapid with a regular . . .
) . P . Usual starting regimen is
use in <6 years if eFlow®rapid handset with
. N . 28 days on/28 days off
clinically indicated. filter attachment to reduce o
. . (unless eradication 3 months
treatment time. There is .
continuously), however
robust data to support . .
. . . alternating with another
delivery of Bramitob with . L
P inhaled antibiotic may be
the eFlow®rapid but not o . . .
: indicated if deterioration in
with the I-neb.
month off treatment.
Tobramycin Pseudomonas TOBI® or Tymbrineb are | Licenced through Conventional compressor | Keep in fridge (allow to come
(TOBI® or aeruginosa chemically identical. conventional compressor or eFlow®rapid: 300mg in | to room temperature before
. ® . . L
Tymbrineb) ‘off label’ use 300mg (5mls) twice \?Vilsﬁﬁlltlé(riatli’;léifnresnpinnt 5ml (1 vial). nebulising).
for Burkholderia daily. ’ I-neb: 2 fills of lilac Only licensed in children over
cepacia ‘Off-label’ use with an chamber. 6 but is used off licence in >6
Ideally 12 hours, o
o I-neb or eFlow®rapid with months.
>6 years minimum 6 hours Orn
between doses a regular eFlow®rapid Usual starting regimen is
Consider ‘off-label’ ' handset with filter
) . . 28 days on/28 days off
use in <6 years if attachment is supported o
y . (unless eradication 3 months
clinically indicated. by robust data. .
continuously), however
alternating with another
inhaled antibiotic may be
indicated if deterioration in
month off treatment.
Tobramycin Pseudomonas 4x28mg capsules Podhaler inhaler device in Four capsules (4x28mg, Cough may be an issue and
(TOBI Podhaler® | aeruginosa (112mg) twice daily. pack. 112mg total) to be inhaled | can be related to technique.
inhalation ‘off label’ use Ideally 12 hours, twice daily.
powder)

for Burkholderia
cepacia

>6 years

minimum 6 hours
between doses.
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Tobramycin
(Vantobra®)

Pseudomonas
aeruginosa

‘off label’ use
for Burkholderia
cepacia

>6 years

Consider ‘off-label’

use in <6 years if
clinically indicated.

170mg twice daily.

Ideally 12 hours,
minimum 6 hours
between doses.

eFlow®rapid using
Tolero® handset with
filter attachment (Tolero®
handset included in
monthly Vantobra® pack).

No reconstitution required.

1.7ml (170mg) vial via

the eFlow®rapid using
Tolero® handset with filter
attachment.

Keep in fridge (allow to come
to room temperature before
nebulising).

Usual starting regimen is

28 days on/28 days off
(unless eradication 3 months
continuously), however
alternating with another
inhaled antibiotic may be
indicated if deterioration

in month off treatment.

Vancomycin

Use as a
nebuliser is
‘off-label’.

MRSA

Paediatric:
5mg/kg twice daily.

Adult:
250mg twice daily.

Ideally 12 hours
between doses.

Usually a five day
duration of treatment
for eradication.

Always state 500mg
vials to be issued from
pharmacy not 1g vials.

Conventional compressor
& PARI LC® Plus or Sprint
with filter attachment.

Use 500mg vial.
Reconstitute 500mg
Vancomycin with 8ml
water for injection.

Paediatric dose (5mg/
kg): Draw up required
dose and make up to a
total of 4ml with water for
injection.

250mg: 4ml of
reconstituted solution

to be nebulised and
remaining 4ml to be kept
in fridge for second daily
dose, discard if not used
within 24 hours.

Although the | neb is no longer commercially available its use may still be relevant where consumables are still available.

References

Rubber bung on vial not
removable therefore will need
syringes (10ml) and needles.

1 Medicines and Healthcare products Regulatory Agency (2014) Off-label or unlicensed use of medicines: prescribers’ responsibilities. Available at:
www.gov.uk/drug-safety-update/off-label-or-unlicensed-use-of-medicines-prescribers-responsibilities [Accessed 24/07/2025]
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Appendix IV

Manchester Musculoskeletal Screening Tool

-ACF~

MANCHESTER ADULT CYSTIC FIBROSIS CENTRE

Q)

ACPCF

Association Of Chartered
Physiotherapists In
Cystic Fibrosis

1. Do you have any episodes of pain? Y/ N
(If yes, complete MPQ)

2. Do you have any episodes of leaking urine, or
an urgent or frequent need to pass water? Y/ N
(If yes, complete ICIQ)
Do you have any concerns about your posture? Y/ N
What is the cause of pain? Musculoskeletal Y / N
Other: (e.g. surgery, gout, unknown)

5.

In sitting:

6. Is patient able to lift both arms straight above head
level with ears?

7. With arms across chest is patient able to rotate
upper body to 45°?

8.

With arms above head is patient able to lean to 30°?

Date:

Name:

DOB:

Height:

Gender: M/ F
Microbiological group:
FEV: today:

Diabetes: Y/ N

Experiencing exacerbation: Y / N

Mark site of pain on body chart

Score (admin use only)

Q Y N
1
2
Outcome 3
Refer to Screening Pathway Matrix for outcome: 4
A. If all ticks are in shaded boxes then no action required 5
(see '/Recommendation’ on page 4) 6
B. Posture and exercise leaflet 7
C. Pelvic floor leaflet 8
D. Musculoskeletal physiotherapy assessment MPQ Max 50
E. Refer to continence specialist VAS Max 100
F. Patient declined intervention, screen in 1 year ICIQ Max 21
G. Refer for specialist assessment Outcome A-G

Therapist name/signature:
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Manchester Musculoskeletal Screening Tool: MPQ
Short Form McGill Pain Questionnaire

A. Please describe your pain during the last 7 days (v one box on each line.)

None Mild Moderate Severe
1. Throbbing o 10 20 30
2. Shooting o 10 20 34
3. Stabbing o 10 20 30
4. Sharp oQd 10 20 30
5. Cramping o 10 20 30
6. Gnawing o 10 20 304
7. Hot/burning 0O 10 20 30
8. Aching o 10 20 30
9. Like a weight o 10 20 304
10. Tender o0 10 20 30
11. Splitting o 10 20 30
12. Tiring/exhausting o 10 20 30
13. Sickening onO 10 20 30
14. Fearful o 10 20 30
15. Punishing/cruel o0 10 20 30

B. Rate your pain during the past 7 days

The following line represents pain of increasing intensity from “no pain” to “worst possible pain”.

Place a vertical line (]) across the line in the position that best describes your pain during the past 7 days.

No pain

C. Present pain intensity

00O
10
2 O
3 0
4 O
50

~ACF-

MANCHESTER ADULT CYSTIC FIBROSIS CENTRE

No pain

Mild
Discomforting
Distressing
Horrible
Excruciating

Worst possible pain

Investigator’s use only:
* Visual Analogue Scale (VAS) score: Djj mm

* MPQ Score:
S=sum of1-11

| Max:33 |

Total MPQ score =

| Max:50 |

A=sumof12-15 E=C

S+A+E

© Ronald Melzack, 1970, 1987
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Manchester Musculoskeletal Screening Tool: ICIQ
ICIQ-UI Short Form  CONFIDENTIAL

Initial number Today's date

Many people leak urine some of the time. We are trying to find out how many people leak urine, and
how much this bothers them. We would be grateful if you could answer the following questions,
thinking about how you have been, on average, over the PAST FOUR WEEKS.

1. Please write in your date of birth: 2. Areyou (tick one):
‘ ‘ H ‘ H ‘ ‘ Female (I Male O

3. How often do you leak urine?

: never 10
(Tick one box)
about once a week or less often [ 1
two or three times a week [ 2
aboutonceaday [ 3
severaltimesaday [ 4
allthetime O 5
4. We would like to know how
much urine you think leaks. none 010
How much urine do you usually leak a smallamount [ 2
(whether you wear protection or not)? a moderate amount [J 4
(Tick one box) alarge amount [ 6
5. Overall, how much does leaking urine interfere with your everyday life?
Please ring a number between 0 (not at all) and 10 (a great deal)
0 1 2 3 4 5 6 7 8 9 10
not at all a great deal
ICIQ score: sum scores 3+4+5 D D
6. When does urine leak? _
(Please tick all that apply to you) never — urine does not leak [
leaks before you can get to the toilet [
leaks when you cough or sneeze [
leaks when you are asleep [
leaks when you are physically active/exercising [
leaks when you have finished urinating and are dressed [
leaks for no obvious reason [
leaks all the time O

<\MF> Thank you very much for answering these questions.

Copyright © "ICIQ Group”

MANCHESTER ADULT CYSTIC FIBROSIS CENTRE
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Screening Pathway Matrix

1
Do you have any concerns
about your posture?

! !

No Yes

! !

5 — | 4

Is there an increased
thoracic kyphosis?

! !

No Yes

Can correct
B
Posture and

-

L
L Msk }CI)DhySiO l l

exercise leaflet

NHS

Manchester University
NHS Foundation Trust

~ACF-

MANCHESTER ADULT CYSTIC FIBROSIS CENTRE

2 3
Do you have any pain? Do you have any episodes of
leaking urine, or an urgent or
l l frequent need to pass water?
No Yes: complete l
MPQ
No —

Yes: complete MPQ

Is the pain l l l

musculoskeletal?

Score Score Score
l l 1-4 5-10 >10

! L

No Yes/don't
know
C
l Pelvic floor leaflet

review in 3 months

assessment
Better No better/

l worse
Discharged from 4—‘ l A

episode of care

N

D
Yes l Msk physio access
pelvic floor and progress
v T A exercise for 3 months
6.7 and 8 Screen again l l
Is the patient unable to Inii=2'years
achlevg normal tho[)acu: A A Sl No better/
active moments? —> No J —_—
L
Recommendation B
If the patient passes the screening tool but the Refer for specialist
practitioner remains concerned about the habitual assessment
posture adopted by the patient, advice or a specialist

assessment should be offered. This will inform the
patient about optimal postures which may prevent
problems in the future.

Disclaimer

This material has been developed by the Manchester University NHS Foundation Trust (MFT) and is to
be used as a quide only in conjunction with local practices and guidelines. Use of this material is not a
substitute for the exercise of appropriate professional skill and judgement. Manchester University NHS
Foundation Trust shall not be liable to any person for any loss or damage which may arise from the use

of this material.

The Manchester Musculoskeletal Screening tool is the copyright of and
reproduced with the permission of Manchester University NHS Foundation Trust
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Appendix V: Pelvic health

Appendix Va Today'sdate | d [ d | [m[m] |

ICIQ-UI

ICIQ-UI Short Form  CONFIDENTIAL ntiatnumber [ [ [ [ [ | [ | |[ ]

Many people leak urine some of the time. We are trying to find out how many people leak urine, and
how much this bothers them. We would be grateful if you could answer the following questions,
thinking about how you have been, on average, over the PAST FOUR WEEKS.

1. Please write in your date of birth: 2. Are you (tick one):
‘ ‘ H ‘ H ‘ ‘ Female [ Male O

3. How often do you leak urine?

. never 10
(Tick one box)
about once a week or less often [0 1
two or three times a week [ 2
aboutonceaday [ 3
severaltimes aday [ 4
allthe time O 5
4. We would like to know how
. . none OO0
much urine you think leaks.
How much urine do you usually leak a small amount [ 2
(whether you wear protection or not)? a moderate amount [ 4
(Tick one box) alargeamount [ 6
5. Overall, how much does leaking urine interfere with your everyday life?
Please ring a number between O (not at all) and 10 (a great deal)
0 1 2 3 4 5 6 7 8 9 10
not at all a great deal
ICIQ score: sum scores 3+4+5 D D
6. When does urine leak? _
. never — urine does not leak [
(Please tick all that apply to you) _
leaks before you can get to the toilet [
leaks when you cough or sneeze [
leaks when you are asleep [J
leaks when you are physically active/exercising [
leaks when you have finished urinating and are dressed [
leaks for no obvious reason [
leaks all the time [

Thank you very much for answering these questions.
Copyright © "ICIQ Group”
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Appendix Vb
St Marks Questionnaire

Never Rarely Sometimes Weekly Daily
Incontinence for solid stool 0 1 2 3 4
Incontinence for liquid stool 0 1 2 3 4
Incontinence for gas 0 1 2 3 4
Alteration in lifestyle 0 1 2 3 4
No Yes
Need to wear a pad or plug 0 2
Taking constipating medicines 0 2
Lack of ability to defer defecation for 15 minutes 0 4

Never, no episodes in the past four weeks; rarely, 1 episode in the past four weeks; sometimes, >1 episode
in the past four weeks but <1 a week; weekly, 1 or more episodes a week but <1 a day; daily, 1 or more

episodes a day.

Add one score from each row: minimum score = 0 = perfect continence; maximum score = 24 =

totally incontinent.
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Appendix Vc

Wexner questionnaire

Frequency
Type of incontinence Never Rarely Sometimes Usually Always
Solid 0 1 2 3 4
Liquid 0 1 2 3 4
Gas 0 1 2 3 4
Wears pad
Lifestyle alteration 0 1 2 3 4

Never, 0; rarely, <1/month; sometimes, <1/week,=1/month; usually, <1/day, =1/week; always, =1/day.

0, perfect; 20, complete incontinence.
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Appendix Vd
ICIQ-VS

ICIQ-VS 10/05 CONFIDENTIAL

Initial number ‘ ‘

Vaginal symptoms questionnaire

Many people experience vaginal symptoms some of the time. We are trying to find out how many people
experience vaginal symptoms, and how much they bother them. We would be grateful if you could answer

the following questions, thinking about how you have been, on average, over the PAST FOUR WEEKS.

Please write in today'’s date: ‘ ‘ H ‘ H ‘ ‘

Please write in your date of birth: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

Vaginal symptoms
la. A i i
Are you aware of dragging pain never 0 0
in your lower abdomen? ]
occasionally [ 1
sometimes [ 2
most of the time [0 3
all of the time [ 4
1b. How much does this bother you?
Please ring a number between O (not at all) and 10 (a great deal)
0 1 2 3 4 5 6 7 8 9 10
not at all a great deal
2a. Areyou aware of soreness in your vagina?
youaw in yourvagt never [ 0O
occasionally [ 1
sometimes [ 2
most of the time [ 3
all of the time [ 4
2b. How much does this bother you?
Please ring a number between 0O (not at all) and 10 (a great deal)
0 1 2 3 4 5 6 7 8 9 10
not at all a great deal
3a. Do you feel that you have reduced sensation
L . notatall OJ O
or feeling in or around your vagina?
alittte O 1
somewhat [ 2
alot O3
3b. How much does this bother you?
Please ring a number between 0O (not at all) and 10 (a great deal)
0 1 2 3 4 5 6 7 8 9 10
not at all a great deal
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Prolapse is a common condition affecting the normal support of the pelvic organs, which results in descent
or ‘'dropping down’ of the vaginal walls and/or the pelvic organs themselves. This can include the bladder,
the bowel and the womb. Symptoms are usually worse on standing up and straining (e.g. lifting, coughing or
exercising) and usually better when lying down and relaxing.

Prolapse may cause a variety of problems. We are trying to find out how many people experience prolapse,
and how much this bothers them. We would be grateful if you could answer the following questions,

thinking about how you have been, on average, over the PAST FOUR WEEKS.

4a.

Do you feel that your vagina is too loose or lax?

notatall OO O
alittle O 1
somewhat [ 2
alot O 3
4b. How much does this bother you?
Please ring a number between 0O (not at all) and 10 (a great deal)
0 1 2 3 4 5 6 7 8 9 10
not at all a great deal
5a. Are you aware_of alump or bulge never O 0
coming down in your vagina? ]
occasionally [ 1
sometimes [ 2
most of the time [0 3
all of the time 0O 4
5b. How much does this bother you?
Please ring a number between 0O (not at all) and 10 (a great deal)
0 1 2 3 4 5 6 7 8 9 10
not at all a great deal
6a. Do you feel a lump or bulge come out of your vagina, so
that you can feel it on the outside or see it on the outside? ) never [0
occasionally [J 1
sometimes [ 2
most of the time [0 3
all of thetime O 4
6b. How much does this bother you?
Please ring a number between 0 (not at all) and 10 (a great deal)
0 1 2 3 4 5 6 7 8 9 10
not at all a great deal
7a. Do you feel that your vagina is too dry? never 00
occasionally [ 1
sometimes [ 2
most of the time [ 3
. all of thetime O 4
7b. How much does this bother you?
Please ring a number between 0 (not at all) and 10 (a great deal)
0 1 2 3 4 5 6 7 8 9 10
not at all a great deal
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8a.

Do you have to insert a finger into your

vagina to help empty your bowels? ) never 0
occasionally O 1
sometimes [ 2
most of the time [0 3
) all of thetime O 4
8b. How much does this bother you?
Please ring a number between 0O (not at all) and 10 (a great deal)
0 1 2 3 4 5 6 7 8 9 10
not at all a great deal
9a. Do you feel that your vagina is too tight?
never 10
occasionally O 1
sometimes [ 2
most of the time [ 3
. Il of the ti 04
9b. How much does this bother you? arorthe fime
Please ring a number between O (not at all) and 10 (a great deal)
0 1 2 3 4 5 6 7 8 9 10
not at all a great deal
Sexual matters
We would be grateful if you could answer the following questions, thinking about how you have been,
on average, over the PAST FOUR WEEKS.
10. Do you have a sex life at present?
y P yes 1
no, because of my vaginal symptoms [ 0
If NO, please go to question 14 no, because of other reasons [
11a. Do worries about your vagina
interfere with your sex life? notatall O 0
alittle O 1
somewhat [ 2
alot O 3
11b. How much does this bother you?
Please ring a number between O (not at all) and 10 (a great deal)
0 1 2 3 4 5 6 7 8 9 10
not at all a great deal
12a. Do you feel that your relationship with your
. . notatall [0 O
partner is affected by vaginal symptoms?
alittle O 1
somewhat [ 2
alot O3
11b. How much does this bother you?
Please ring a number between 0O (not at all) and 10 (a great deal)
0 1 2 3 4 5 6 7 8 9 10
not at all a great deal
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13. How much do you feel that your sex life has been spoilt by vaginal symptoms?
Please ring a number between 0 (not at all) and 10 (a great deal)

0 1 2 3 4 5 6 7 8 9 10
not at all a great deal

Quality of life

We would be grateful if you could answer the following questions, thinking about how you have been,

on average, over the PAST FOUR WEEKS.

14. Overall, how much do vaginal symptoms interfere with your everyday life?
Please ring a number between 0 (not at all) and 10 (a great deal)

0 1 2 3 4 5 6 7 8 9 10
not at all a great deal

Thank you very much for answering these questions.
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ICIQ-VS 10/05

Vaginal symptoms questionnaire scoring
(This section is for administrative use only)

Patientnumber‘ ‘ H ‘ H ‘ H ‘ ‘ ‘

Vaginal symptoms score

Vaginal symptom score = 2x(dragging pain) + 2x(soreness in vagina) + (reduced sensation) + 2x(vagina
too loose) + 2x(lump felt inside) + 2x(lump seen outside) + 2x(vagina too dry) + (faecal evacuation)

Symptom* Score Weighted score
Q1. ‘dragging pain’ X2 =
Q2. ‘'soreness in vagina’ X2 =
Q3. ‘reduced sensation’ x1l=
Q4. 'vagina too loose’ X2 =
Q5. 'lump felt inside’ X2 =
Q6. 'lump seen outside’ X2 =
Q7. 'vagina too dry’ X2 =
Q8. faecal evacuation’ x1=
Total vaginal symptoms score

*(Note: Q9, ‘'vagina too tight’, is primarily for detecting a potential post-treatment complication and is
therefore not included in the scoring)

Sexual matters score

Sexual matters score = (sex-life spoilt) + 8x(worries about vagina interfere with sex-life) + 8x(relationship
affected)

Sexual matter Score Weighted score
Q11. ‘'worries about vagina interfere with sex-life’ x8 =
Q12. 'relationship affected’ x 8 =
Q13. ‘sex life spoilt’ x1=
Total sexual matters score

Quality of life score

Quality of life ‘ Score

Q14. 'quality of life affected’ ‘

Copyright © “ICIQ Group”
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Appendix VI: Summary of evidence-based best practice
guidelines relating to nebuliser hygiene in CF

* New nebuliser parts should be washed and disinfected before first use (Recommendation 2).

e During a hospital admission and at home, wash the nebuliser parts after each use (Recommendation 3).

» Nebulisers should be washed and re-disinfected immediately prior to use after greater than 24 hours of

inactivity (Recommendation 4).

At home recommendations

Inpatient recommendations

Wash hands thoroughly with soap and water
and use hand disinfector gel before starting the
cleaning process (Recommendation 1)

Wash hands thoroughly with soap and water
and use hand disinfector gel before starting
the cleaning process.

Gloves should be worn by healthcare professionals
with hand hygiene performed after removal of
gloves (Recommendation 1)

Disconnect nebuliser from the compressor unit
and dissemble into their constituent components
(Recommendation 11)

Disconnect nebuliser from the compressor unit
and dissemble into their constituent components
(Recommendation 11)

Washing

Wash nebuliser components in a solution of warm
tap water (Recommendation 12) and dishwashing
liquid in accordance with the detergent
manufacturer’'s guidance (Recommendation 14).

Location

Do not wash nebuliser parts directly in kitchen
or bathroom sinks (Recommendation 8) or the
dishwasher (Recommendation 9).

This should be done in a dedicated plastic,
glass or metal bowl in the patients’ kitchen
(Recommendation 10).

Rinsing
Sterile water must be used during a final rinse,

when immediate disinfection is not possible
(Recommendation 13).

Disposal of waste water

Disposal of waste water should be via the toilet,
ensuring the toilet lid is closed prior to flushing
(Recommendation 17).

Washing

Wash nebuliser components in a solution of warm
tap water (Recommendation 12) and dishwashing
liquid in accordance with the detergent
manufacturer’'s guidance (Recommendation 14).

Location

This should be done in a disposable bowl,
metal bowl or basin (not directly in a sink-
Recommendation 5) in the patients’ room.
(Recommendation 6)

Rinsing
Sterile water must be used during a final rinse,

when immediate disinfection is not possible
(Recommendation 13).

Disposal of waste water

Metal bowl and waste water should be sent
to the ward sluice (Recommendation 15).

Waste water should be disposed of here and the
metal bowl should be sterilised by autoclaving
(Recommendation 16).

Disinfection

Washed and rinsed nebulisers should be
disinfected after each use (Recommendation 7)
using an electric baby bottle steam disinfector,
(Recommendation 18).

Disinfection

Washed and rinsed nebulisers should be disinfected
immediately after each use (Recommendation 7)
using an electric baby bottle steam disinfector
(Recommendation 18).

OR

Reusable nebulisers may be autoclaved, where the
nebuliser manufacturer states that the device can
be safely autoclaved (Recommendation 19).
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Storage

Leave the disinfected nebuliser parts undisturbed in
the disinfector until the next use (within 24 hours).

Should the parts be disturbed (i.e. lid lifted off for
any reason) then the disinfection process should
be repeated and the parts left undisturbed until the
next use (within 24 hours) (Recommendation 20).

Storage

Leave the disinfected nebuliser parts undisturbed
in the disinfector until the next use (within 24
hours).

Should the parts be disturbed (i.e. lid lifted off for
any reason) then the disinfection process should
be repeated and the parts left undisturbed until the
next use (within 24 hours) (Recommendation 20).

After disinfection

Wash hands thoroughly with soap and water and
use hand disinfector gel after the cleaning and
disinfection process prior to reassembling the
nebuliser device (Recommendation 1).

Standards of care and good clinical practice for the physiotherapy management of cystic fibrosis

After disinfection

Wash hands thoroughly with soap and water and
use hand disinfector gel after the cleaning and
disinfection process prior to reassembling the
nebuliser device (Recommendation 1).
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Appendix Vil: Nebuliser manufacturers cleaning instructions

Manufac- Web link/ Name of | Type Recommendations Other Replace
turer reference device
Wash Rinse after Frequency Disinfect Rinse after Dry Frequency
washing of washing disinfection of disin-
fecting

Philips Sidestream Side- Breath Wash all | Rinse in After Boil in water | Rinse in Air 1/week May be Every 12
Respironics | Plus Reus- Stream enhanced | items clean each use. | with 2-3 clean dry washed months

able high Plus jet in hot water. drops of water once a

efficiency soapy dish wash- for 2 week con-

nebulizer water. ing liquid minutes. tained in a

Instructions for 10 min- basket on

for Use Ref utes. top rack

1092001 of dish-

Published washer. To

2013 reduce risk

Koninkli- of infection,

jke Philips clean and

Electronics disinfect by

N.V. [online] boiling in

Available hot water

at: youtu. between

be/qFPF- treatments.

wbRr-OM

[Accessed

15/08/19]
Philips SideStream | Side- jet Wash all | Rinse After Boil (except | Rinse all Air 1/week Wipe mask | After 12
Respironics | reusable Stream items all parts each use. = mask and parts in dry with dry months

kit Phillips reusable (except | inclean tubing) in clean clean cloth | use

Respironics | kit tubing) water for water with water and air dry.

Published in hot, 2 min- 2-3 drops for 2

2018 Konin- soapy utes. of dish minutes.

klijke Philips water. washing

N.V. liquid for 10

minutes.
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Manufac- Web link/ Name of | Type Recommendations Other Replace
turer reference device
Wash Rinse after Frequency Disinfect Rinse after Dry Frequency
washing of washing disinfection of disin-
fecting

Philips SideStream | Side- jet Wash in Rinse in After N/A N/A N/A N/A Do not After
Respironics | dispos- Stream warm, clean, each use. immerse 30 days

able kit Ref | dispos- soapy cold tubing in use

448,448A able kit water. water. water. Wipe

Philips mask with

respironics clean dry

Published cloth an air

2013 Konin- dry.

klijke Philips

Electronics

N.V.

Philips [-Neb AAD [-neb AAD + Place Rinse After Submerge Rinse Shake | Once Use an anti- | After 6
Respironics | system PMT mouth- parts (still | each use. | the partsin | with soft, | off per septic wipe | months
User guide piece, in basket) the washing | distilled excess | week to wipe

Philips medication | in soft, basket, in a or filtered = water away any
Respironics chamber, dis- pan of soft, | water. and moisture
Published medica- tilled or distilled allow around the
2015 Konin- tion lid filtered or filtered to air horn and
klijke Philips and drug water. If water with dry. sensor port
N.V. guide in the water 3 drops of cover. Not
(supplied) is hard, liquid deter- suitable for
washing rinse gent. Bring dishwasher
basket. with to the boil or micro-
Submerge water and boil for wave. Do
the basket that has 10 minutes. not use
in warm been bleach or
soapy wa- boiled any other
ter (3 drops | and al- cleaning
of liquid lowed agents.
detergent) to cool.
and move
basket back
and forth.
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Manufac- Web link/ Name of | Type Recommendations Other Replace
turer reference device
Wash Rinse after Frequency Disinfect Rinse after Dry Frequency
washing of washing disinfection of disin-
fecting
Philips Clean- Aerogen  VMT Wash the Rinse Rinse Rinse under | N/A Shake | Optional 1year
Respironics | ing your Aeroneb nebulizer under after each | running, off weekly warran-
Aerogen Go unit (med- running, use, wash | hot, tap excess ty
Go Philips ication hot, tap daily. water. Bring water
Respironics cup &cap, water. a pan of and
1118514 nebuliz- distilled allow
Rev 00 er body, water to parts
base and the boil and to fully
mouth- leave parts air dry.
piece) in immersed
solution of in boiling
warm wa- water for
ter and dish maximum
washing 20 minutes.
soap. Do
not soak.
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Man- | Web link/ Name Type Recommendations Other Re-
ufac- | reference of place
turer device Wash Rinse after Frequen- | Disinfect Rinse after Dry Frequen-
washing cy of disinfection cy of dis-
washing infecting
PARI | PARILC Fam- | PariLC Breath | Place all Rinse After A. Place all parts in For Place After Remove all = After 1
ily Instruc- Pari LC en- disassem- | all parts each boiling water for 5 chemical | onadry, cleaning | parts from | year
tions for Use Plus hanced | bled com- | thor- use. minutes. Using a disinfec- | clean pot or
(Cleaningand | Pari LC | jet ponents in | oughly in clean pot and fresh | tion rinse | and ab- disinfector
disinfection at | Plus warm tap | running water with reduced | all parts sorbent a s soon
home) Pub- Junior water with | water. calcium content. thor- surface as disin-
lished 2016 Pari a.llttle B. Standard thermal oughly in | and let f;cﬁon has
PARI Pharma Baby dishwash- - running them dry finished.
. . o disinector for baby
GmbH. [on- Pari LC ing liquid . water. com- Dry the
. . bottles with a run
line] Available @ Star for at least . pletely. parts.
. time of at least 6
at: www. 5 minutes. . When
' minutes.
pari.com/uk/ dry,
products/ C. Specialist chem- wrap in
pari-lc-plus- ical cleaningin a a clean,
nebuliser/ hospital setting lint-free
pari-lc-plus- only, as per manu- cloth.
nebuliser/ facturer's instruc-
[Accessed tions.
15/08/19]
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http://www.pari.com/uk/products/pari-lc-plus-nebuliser/pari-lc-plus-nebuliser/
http://www.pari.com/uk/products/pari-lc-plus-nebuliser/pari-lc-plus-nebuliser/
http://www.pari.com/uk/products/pari-lc-plus-nebuliser/pari-lc-plus-nebuliser/

Man- | Web link/ Name Type Recommendations Other Re-
ufac- | reference of place
turer device Wash Rinse after Frequen- | Disinfect Rinse after Dry Frequen-
washing cy of disinfection cy of dis-
washing infecting
PARI PARI LC PARI LC | Breath | Place all Rinse After A. Boil in water for N/A if Place After Wrap After
SPRINT Fami- | SPRINT | en- disassem- | all parts each 5 minutes - use a method onadry, | cleaning | in clean, 1year
ly Instructions | PARILC | hanced | bled com- | thor- use. clean potand fresh | A, BorC clean lint-free
for Use Pub- SPRINT | jet ponents oughly in water with reduced | used. and ab- cloth and
lished 2015 Sinus in warm running calcium content. For sorbent keep in dry,
PARI Pharma | PARI LC tap water | water. L surface dust-free
; B. Standard disin- method .
GmbH. SPRINT with a . and environ-
. : . fector for baby bot- | D, rinse
[online] Baby little dish tles - run time of at | after dis- let dry ment.
Available at: PARI LC washing least 6 minutes infection com- NOTICE
WWW.pari. SPRINT for 5 min- ' . . pletely. The LC
. . o in running .
com/int/ser- | Junior utes. C. Specialist chem- water interrupter
vice/hygien- | PARI LC ical cleaning in a ' is not de-
ic-process- SPRINT hospital setting signed to
ing-at-home/ | Star only, as per manu- withstand
[Accessed facturer's instruc- exposure
15/08/19] tions. to micro-
waves,
and must
therefore
not be
disinfected
in a micro-
wave oven.
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http://www.pari.com/int/service/hygienic-processing-at-home/
http://www.pari.com/int/service/hygienic-processing-at-home/
http://www.pari.com/int/service/hygienic-processing-at-home/
http://www.pari.com/int/service/hygienic-processing-at-home/

Man- | Web link/ Name Type Recommendations Other Replace
ufac- | reference of
turer device Wash Rinse after Frequen- | Disinfect Rinse after Dry Frequen-
washing cy of disinfec- cy of dis-
washing tion infecting
PARI Instructions eFlow® | VMT Place in Rinse Imme- | A. Thermal Not Place At least | Storein Nebu-
for use eFlow® | Rapid warm tap under diately | disinfector with speci- on dry, once/ a clean, liser
rapid nebu- Tolero® water with | running after operating time fied. clean day dust-free handset
liser system Zirela® a little dish | tap each of 6 minutes. surface place eg 1 year
Published Altera® washing water. use. B. boil in distilled and nebuliser Aerosol
2018 PARI for 5 min- ) allow bag Micro- | head
water for at least -
Pharma utes. 5 minutes to dry wave disin- | 3-6
GmbH. ' com- fector not months
[online] pletely. suitable.
Available at:
WWW.pari.
com/int/ser-
vice/hygien-
ic-process-
ing-at-home/
[Accessed
15/08/19]
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http://www.pari.com/int/service/hygienic-processing-at-home/

Manufac- Web link/ Name of Type | Recommendations Other Re-
turer reference device place
Wash Rinse after Frequen- | Disinfect Rinse Dry Frequen-
washing cy of after dis- cy of dis-
washing infection infecting
Omron Omron Microair® | VMT | Nebu- Rinse with After Make disin- Rinse A. gen- Daily Store in
Healthcare Instruc- Model lise a distilled each fecting solu- with tly wipe - after storage
Inc. tion Manual NE-U22V small water. use. tion of distilled | with a the last case orin
Microair® amount . water. soft clean | treat- clean en-

. . A. 1 part white .
vibrating of vineaar. 3 parts cloth. ment of | vironment.
mesh tech- distilled negar, > p the day | Do not

distilled water B. allow
nology Model water or to air dr use
NE-U22V for 1-2 o deayn household
Published minutes. B. Mild de- environ- bleach.
OMRON tergent soap
. ) ment. Do not

Healthcare (dishwashing finse in
Inc. 2007. soap in distilled stron
[online] Avail- water) Nebu- 9

i . running
able at: om- lise a small water
ronhealth- amount of the ’
care.com/ solution for Not suita-
products/mi- 1-2 minutes. ble for mi-
croair-nebu- Soak parts in crowave
lizer-neu22v/ the disinfect- oven.
[Acccessed ing solution for
15/08/19] 10-15 minutes.
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