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THE PURPOSE OF THIS DOCUMENT

This position statement informs the principles of care for a
child on long-term ventilatory support. Appropriate levels
of service provision are highlighted and compared to those
currently available in Australia and New Zealand. The aim
is to highlight the need for services that are equitable,
appropriate and safe to these children across Australia and
New Zealand.

Details regarding the provision of ventilatory support at
home will vary, depending on the severity of the underlying
condition and presence of co-morbidities, the mode of ven-
tilation and the number of hours of ventilation required per
day. Changes in these factors may occur over time.

This position statement represents consensus opinion of
paediatric respiratory and sleep specialists on the manage-
ment of children on ventilatory support at home. It is not a
comprehensive ‘standards of care’ document.

DEFINITIONS

Paediatric long-term ventilation (LTV) refers to ‘any child
who, when medically stable, continues to require a mechanical
aid for breathing, after an acknowledged failure to wean, or a
slow wean, 3 months after the institution of ventilation’.! Chil-
dren with a wide variety of underlying medical conditions can
require long-term ventilatory support. Technical advances have
led to an increasing number of children being managed with
long-term ventilatory support using a non-invasive interface
and therefore it is increasingly important to define the group
of children being referred to.

The United Kingdom Long Term Ventilation Working
Party define paediatric long-term ventilatory support as any
child below the age of 17 yrs who is medically stable and
requires a mechanical aid for breathing either invasively by
tracheostomy or by non-invasive mask interface for all or
part of the 24 h per day.” They specifically excluded children
who are likely to wean from ventilation in 3 months. The
American Thoracic Society Paediatric Chronic Home Venti-
lation Workgroup refer only to children requiring invasive
ventilation in the home.?

In this document, the following definitions are used:

1. Ventilatory support: Assistance to breathing provided by
mechanical means. This includes continuous positive air-
way pressure (CPAP) and mechanical ventilation deliv-
ered by any means (non-invasive or invasive) but
excludes supplemental oxygen alone.* We do not discuss
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the care of a child with a tracheostomy alone (without
ventilation); for this, the reader is referred to the Ameri-
can Thoracic Society Guidelines.’

2. Long-term ventilation: Failure to wean from ventilatory
support once medically stable, 3 months after the institu-
tion of ventilation.

3. Invasive ventilation: Ventilatory support delivered via an
endotracheal tube or a tracheostomy.

4. Non-invasive ventilation (NIV):. Ventilatory support
delivered via a nasal mask or similar non-invasive inter-
face. This includes mask bi-level support (bi-level posi-
tive airway pressure [BPAP]) and CPAP support.

5. Other forms of ventilatory support: This includes
negative-pressure ventilation, phrenic nerve pacing and
high-flow nasal cannula therapy.

6. Home: May be the child’s home, a foster home or a group
living environment.

Children have been classified into subgroups according
to the type of ventilatory support they require and the main
goal of ventilation at home (Table 1). This includes:

1. Children dependent on ventilation
A. Continuous life support
B. Sleep life support
2. Children requiring ventilation for health optimization
A. Fragile health support
B. Health support
3. Ventilatory support for children with life-limiting
conditions

This document is divided into sections covering these
subgroups, with a section on issues common to all groups.

ASSESSMENT OF EVIDENCE

Methods used in development of this position paper are
summarized in Figure 1, with further information provided
in Appendix S1 (Supporting Information).

The working party reviewed relevant literature to
inform this update of a previous document.® Literature rel-
evant to each section was identified if published after the
original guideline, covering the period 2008-2018. Key sea-
rch terms included: ‘ventilation’, ‘invasive ventilation’,
‘non-invasive ventilation’, ‘bi-level or BiPAP or BPAP’
and ‘CPAP or PAP’ for children. The search yielded small
cohort studies or case series, with no randomized con-
trolled studies. Due to the absence of randomized con-
trolled trials, the authors reviewed all available literature
with consensus of expert opinion reached to form the fol-
lowing recommendations.

SUMMARY OF RECOMMENDATIONS

A summary of key recommendations is available in Appen-
dix S2 (Supporting Information).

INTRODUCTION

Advances in neonatal and paediatric care have reduced mor-
tality but have introduced a new morbidity: a growing num-
ber of children who are medically stable but require
ventilatory support for all or part of everyday.”” In the past
20 years, the number and complexity of children receiving
home ventilatory support has increased significantly.>'*""2
In 2019, there were 1359 children across Australia and
New Zealand receiving home ventilatory support (Appendix
S3 in the Supporting Information).

This growth is driven by a change in societal expectations of
adequate support for those with long-term disability in the com-
munity, the pressure to reduce the duration of hospital stay and
recognition that children with a broad range of medical condi-
tions may benefit from long-term ventilatory support. Technical
improvements have also meant that ventilatory support at home
is feasible for more children. Care requirements at home vary
and an individualized clinically driven approach is required. A
principle of care is that long-term hospitalization is inappropri-
ate for a developing child,"> puts them at risk of hospital
acquired infection and is detrimental to family functioning and
relationships. Furthermore, it is expensive, an unnecessary use
of resources and may block intensive care or medical specialty
beds for other children.

The role of non-invasive ventilatory support to facilitate
discharge home and improve quality of life in patients with
life-limiting conditions has also expanded. Here, the goal is
not to prolong life, but to increase the time families can spend
away from hospital. A further large group of children have an
unrecognized need for ventilatory support due to the lack of
diagnostic and treatment facilities.'* The equipment and
expertise required to care for these children does not match
the rapidly increasing number of children already on NIV and
CPAP." Furthermore, the level of support provided for home
care of children on long-term ventilatory support is highly
variable across Australia and New Zealand, highlighting the
need to improve equity of access."

As well as technological requirements, children on assisted
ventilation require standard general paediatric health care. A chi-
1d’s developmental and educational needs should be a high prior-
ity, and health care should be delivered in a way that promotes
participation in family life and education, maximizing the child or
young person’s potential. Maintaining their role and relationships
within their family is paramount. Children with high technologi-
cal dependency and complex medical needs place a considerable
additional burden on any parent or caregiver. Planning for care at
home must address appropriate respite and psychological support
for carers and other family members, including siblings.

The need for psychological and emotional support for chil-
dren receiving home ventilation and their families is increasingly
recognized. Survey data from children using home mechanical
ventilation and their families have demonstrated lower quality
of life scores than both healthy populations and children with
other chronic conditions.'® Many studies have highlighted that
family dysfunction can occur in this population.'®™* Families
report that caring for their children has negative implications
such as marital conflict, emotional overload or the feeling of
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TABLE 1

Classification of subgroups of children requiring ventilatory support

Support level

Description

Example

1 Children dependent on
ventilation

1A: Continuous life support

1B: Sleep life support

2 Children requiring ventilation
for health optimization

2A: Fragile health support

2B: Health support

Those who require a mechanical aid for ventilation to maintain
life in the short or long term, with a high risk of death or
significant adverse outcome if ventilatory support is discontinued

The child is dependent on ventilatory support for at least 16 h per
day to maintain life awake and asleep
Life would be threatened by loss of ventilatory support

The child is dependent on ventilatory support to maintain life
asleep and life would be threatened by continued sleep without
ventilatory support

In the event of equipment/power failure, the child would be safe
if able to be woken

Those in whom ventilation is required for optimal health but is
not ‘life support’ as defined above

This group can discontinue ventilatory support during sleep for
short periods without immediate threat to life but there may be
medium- or long-term negative effects without regular utilization
of therapy

The child is not dependent for awake or asleep on the ventilatory
support for continuation of life on a short-term basis but has
fragile health status and may be subject to adverse outcomes
without daily use or in the event of a failure of the ventilator

The child is not dependent for awake or asleep on the ventilatory

Two subgroups are recognized: 1A and
1B

End-stage respiratory failure
High cervical cord injury

Congenital central
hypoventilation syndrome

Two subgroups are recognized

Severe neuromuscular disease or young
infant on mask NIV/CPAP

Majority of CPAP for OSA

support for continuation of life on a short-term basis
o Regular use optimizes health, but a major adverse event is
unlikely without use in the event of failure of the ventilator

3 Ventilatory support for children « ventilatory support provided with a focus on palliation of
symptoms and to facilitate quality of life (e.g., discharge from
hospital) in those with a life-limiting condition

with life-limiting conditions
receiving palliative care

End-stage respiratory failure

« Prolonging life is not the goal in this situation

Abbreviations: CPAP, continuous positive airway pressure; NIV, non-invasive ventilation; OSA, obstructive sleep apnoea.

neglecting their other children.'® Despite this evidence, resources
to provide psychological support are still lacking in most centres
across Australia and New Zealand.

While home-based care is often feasible”’ and may be less
expensive than in-hospital care, increasing demand for care at
home has highlighted funding issues for the home care of chil-
dren with significant medical and technological needs. Reviews
demonstrate that once a child requiring LTV is home, non-
elective readmission to hospital is unusual.*>"** Limited infor-
mation is available regarding long-term outcomes of children
cared for at home on ventilation via a tracheostomy, and chil-
dren using NIV.>***° Further information on such outcomes
for both child and family will inform future funding and care
decisions, and the development of standard of care guidelines.

PART ONE: CHILDREN DEPENDENT ON
VENTILATION

(A) Continuous life support

Introduction

Continuous ventilatory support is usually delivered via tra-
cheostomy when there is either a need for prolonged hours

on ventilatory support each day or if the child has an abnor-
mal upper airway. The ventilators used in this setting and

the presence of a tracheostomy add to the care needs of this
group of children.

Existing guidelines

Worldwide, there are substantial differences in practices,
care packages and financial support for children managed
by paediatric home-based ventilation programmes."®*'¢
Only the United Kingdom' and the United States®” have
published guidelines for home ventilation in children. The
American Thoracic Society guideline’” was published in
1990 with an update for chronic home invasive ventilation
in 2016.% In 1998, guidelines produced by the UK Working
Party on Paediatric Long-Term Ventilation' suggested that,
with appropriate support and careful planning, LTV for
children in the home is feasible. These recommendations
have been updated and can be found on the UK website
(www.longtermventilation.nhs.uk).

A UK survey published in 1999® highlighted obstacles to
hospital discharge: failure to recruit qualified nursing staff
or trained carers, delay in obtaining funding and unsuitable
housing. Perspectives on community support, care pathways
and discharge planning for home ventilation in the United
Kingdom have been published.*®*'

A review by Edwards et al. in 2004,>° 5 years follow-
ing the publication of the UK guidelines,' reiterated
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Working Group Established
Call for volunteers to assist with revision of the 2008 document was held at the
TSANZ and ASA Paediatric Special Interest Group Annual General Meetings in 2016

O O O O O

First Teleconference Meeting June 2017
Background of previous document
Discussion of changes since 2008 document
Questionnaire regarding home ventilation programs developed
Discussion and consensus opinion on definitions to be used
Key search terms identified: ‘ventilation’,
invasive ventilation’, ‘Bi-level/BiPAP/BPAP, ‘CPAP/PAP’
o Delegation of sections for members to revise

‘invasive ventilation’, ‘non-

Section Revisions in Groups

o Independent literature reviews by members for
their specific section

o Articles relevant to other sections past to
relevant authors

o Members allocated to each section compared
searches and drafted section revision— circulated
to working group

Regular Teleconferences 2017-2020
o Review of each section revision — led by group allocated to section
o Discussion by working group with recommendations formulated based on
the literature obtained and expert opinion.

. )

‘ Collation of sections by lead author with review by working group and re-discussion at teleconferences. ‘

FINAL DRAFT OF DOCUMENT AGREED — SENT TO KEY STAKEHOLDERS FOR REVIEW

LI I

Child & Adolescent
Psychiatry

Home Ventilation Team
members at working group’s

CONSUMERS

Specialist clinical nurses with
experience in home ventilation

Paediatric
Intensivists

respective institutions

Editing by all authors following feedback from Key
stakeholders —finalisation of document

ENDORSEMENT FROM TSANZ AND ASA BOARDS

FIGURE 1 Summary of process for developing position statement

that, although transitioning a child on tracheostomy
ventilation from hospital to home was feasible, the
obstacles to discharge remained frustratingly similar. In
Australia and New Zealand, although the patient group
is similar,” community support services for children
requiring LTV differ significantly from those in the
United Kingdom, although many of the same obstacles
are faced by families.

Practical issues

Considering the options

The medical and ethical aspects of whether a child should be
ventilated long term should be discussed in paediatric multi-
disciplinary meetings prior to consideration of home therapy.*
Any form of assisted ventilation has enormous implications for
the quality of life of the child and their family, and tracheostomy
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ventilation has the most impact.** Discussions should include
explanation of the expected benefits and risks of treatment and
the anticipated burden of treatment on family life. Withdrawal
of ventilatory support may be appropriate where the child’s
underlying condition is progressive or irreversible, with poor
quality of life.*’ These issues are outlined further in Part four,
but a detailed discussion of the ethics of introducing or with-
drawing treatment is outside the scope of this document.>****

Indications
A requirement for long-term mechanical ventilation most
often starts during an admission to the intensive care unit
(ICU), with failure to wean from full-time invasive to intermit-
tent NIV, leading to tracheostomy for ongoing provision of
invasive ventilation. Examples of conditions in which this
may be required include cervical cord injury, tracheo-
bronchomalacia and central alveolar hypoventilation. Eligibility
for care at home requires stability in the child’s medical condi-
tion and ventilatory support requirements. This is usually con-
sidered when no changes have occurred for a month.*®

In contrast, implementation of ongoing NIV is more likely
to occur through monitoring of disease with overnight poly-
somnography (PSG), although individual centres may or may
not involve hospital admission in this process. The level of sup-
port families receive tends to be limited to equipment and/or
financial support (carers’ payments), without in-home carers.

The management of discharge to home” ideally requires a
centre with the capacity to set up, monitor and optimize the
ventilation therapy; provide for emergency admission in cases
of deterioration; and be a contact point for those managing the
patient at home. A consistent process for discharge within an
expert team improves the time to discharge.*® Recommended
discharge requirements are summarized in Table 2. Failure to
meet discharge criteria can constitute a contraindication to the
therapy and needs to be addressed early in the planning.
Recently published German national guidelines provide excel-
lent detailing of the requirements for each step of transitioning
to home, from the perspective of the managing team.*”*’

Service provision

Financial and carer support packages for the care of children
on LTV vary widely in Australia and New Zealand, between
countries, regions and even between centres. Packages need
to be flexible in terms of content and time, allowing for
adjustments when the support needs of the child change.
Early implementation of appropriate funding packages pre-
vents inappropriate long-term hospitalization. Factors
known to delay discharge include parent training, obtaining
approval from the agency financing home care and staffing
for any home carers. Anticipation of these issues and opti-
mizing the processes can minimize delays to discharge.”

Management recommendations

The following recommendations acknowledge that for an
individual child many aspects of care will be influenced by

co-morbid conditions, which need to be included in the
assessment of home care requirements.

Providing ventilation in the home increases quality of
life through family caregiving, the ability to participate in
social life with psychosocial support and increased patient
autonomy. It is also linked with reduced infection rates.'>"'
Key elements in home management for invasively ventilated
children include provision of appropriately trained carers
and support by multidisciplinary team. Discharge home of a
child who is ventilated places considerable demands on the
parents and family. Studies of the stresses and mechanisms
that staff and family use to cope are mainly from ICUs.>
The alteration in parental role is a major stressor, as they
shift to become an active carer for their child.

Carers in the home

Existing guidelines recommend that an awake, trained care-
giver be present at all times for a child who is chronically,
invasively ventilated, with at least two family caregivers
receiving specific training."” The presence/absence of associ-
ated disabilities will affect the level of care a child requires.*’
Support from professional, appropriately trained in-home
caregiver(s) is required by most families, to allow time to
sleep, work and maintain a life balance. However, the pres-
ence of regular carers in the home may also have a negative
impact on families.

Close supervision (24 h per day) is required to ensure
patency of the tracheostomy and on-going adequate ventila-
tion for children who cannot address these issues them-
selves. Lay healthcare assistants and/or family members can
be comprehensively trained in all aspects of the child’s care
to provide appropriate care in the home environment. This
initial and ongoing training should be supervised by special-
ist paediatric nurses and should never be the responsibility
of parents. Trained carers (nurses, family members or
healthcare assistants) should be provided every night, with
extended periods in the daytime to support the child at
home or in school. Carers should be awake during the night
so that problems can be immediately addressed. Organiza-
tions that specialize in coordinating complex home care
offer a significant advantage. Recommendations for the pro-
vision of home ventilation care provided by the disability
sector are summarized in Appendix S4 (Supporting Infor-
mation). The discharging tertiary paediatric service has the
overall responsibility for ensuring that the child is dis-
charged to a safe environment.

Multidisciplinary care team
Families should be made aware early on of the large multi-
disciplinary team that will be involved in caring for their
child both in hospital and at home. This will include not
only health professionals, but also additional supports from
community services (e.g., disability services, housing and
education).”

Consensus is that expertise can be developed in multi-
disciplinary teams to coordinate the management of these
children. Elements of importance include: a nominated team



926

CHAWLA ET AL.

TABLE 2 Discharge requirements for the child dependent on home
ventilation and relative contraindications for consideration prior to
discharge

Recommendation Additional information

1. Stable underlying disease
and co-morbidities

Defined as no recent requirements for
treatment changes (as assessed by the
child’s clinical team)

2. A (verified) safe
environment

3. Stable ventilation status
without complications

Using the same ventilator as intended for
home use

4. Stable tracheostoma
(where present)

5. Funding in place Arrangement to take over the costs for

nursing care and medical aid supplies

6. Equipment in place Supply with all the necessary devices,
consumables and materials and
ensure all are available at the time of

discharge

7. Follow-up plan in place Appointment for the first follow-up

should be scheduled pre-discharge

Relative contraindications (issues that may need to be addressed prior
to initial discharge)

1. Unstable medical ~ Either respiratory or other organ system

condition

2. Household Factors that make ventilation at home unduly
factors difficult or dangerous

3. Care and Include screening of parental health and
protection provision of psychosocial support as
issues appropriate

4. Financial
hardship

member to communicate with the family, respiratory/sleep
paediatrician, general paediatrician, paediatric intensive care
specialist, specialist nurses and/or sleep technologists/physi-
ologists familiar with home ventilation equipment, allied
health (child mental health professionals, physiotherapists,
occupational and speech language therapists), a social
worker and the community agency coordinating home
carers. Regular meetings with team members should occur,
with the frequency of meetings determined by the child’s
underlying illness, rate of change, age, medical complexity
and the social situation. The general practitioner and com-
munity nursing teams should be engaged early and kept up
to date with progress, particularly closer to discharge from
hospital or after any acute admission.

Parents and family

The first major change for the family is the shift from a
‘parenting’ role to that of ‘carer’ with expertise in their chi-
Id’s condition and liaising with the multiple professionals
involved. This most commonly occurs during an intensive
care admission, often followed by a prolonged admission,
after the child’s health has stabilized, due to the time taken
for organizational (particularly funding) processes and living
arrangements to be finalized.’*** Staff communication and

behaviour become more important in determining parental
stress as their stay lengthens.”® Families find strength in
their role as advocates for their child.”®> The transition from
acute to chronic care also requires the implementation of
routines for exercise, mobility and communication devices,
as well as attention to indicators of anxiety in the patient
and family, sometimes requiring referral to psychological
services.>

Parents adopt different roles when faced with a stressful
admission.>* Transition to home and then ongoing care in
the home demand considerable family and professional
caregiver support.”’ Parents are expected to care for their
child with disability at home and most are not offered an
option or alternative.® Undertaking this care at home cre-
ates a radically different model of parenting and family life
to that which they may have had before.> The impact on
siblings also needs to be considered and should not be
underestimated.”>*

For the child to be cared for at home, the parents must
take on the challenges of their child’s health needs including
roles of nurse, manager and technician required to fulfil this
task.”® These sometimes contradictory roles can challenge
parents to their physical and psychological limits. Summa-
ries of parents’ experiences include recurrent themes of loss
of privacy and authority that change the meaning of home,
dependence for financial support and decision-making,
social isolation for many parents (especially mothers), a
requirement to develop coping strategies for dealing with an
inherently unstable situation and confronting the moral
dilemmas posed by the situation.'”*

Risk minimization

A child who is dependent on assisted ventilation and their
family lives with a level of risk that others do not. Discharge
from hospital comes with additional risks, and parents need to
be clear that the benefits of home care outweigh these risks.

The risk management considerations of the ventilator-
dependent patient at home have been highlighted previously
and are reproduced in Table 3 (with permission from Sim-
onds)."** Additional considerations when preparing for
transition to home are shown in Table 4.

Discharge from hospital in staged fashion allows par-
ents and healthcare teams to troubleshoot any gaps in
the care plans, equipment or home set-up. Close liaison
with the child’s regional medical team is imperative,
particularly when families live at a distance from the
tertiary hospital. Training of local staff and/or transfer
to a regional hospital may be required prior to
discharge home.

Equipment requirements

The requirements listed are in addition to any equipment
needed for the care of a tracheostomy itself, for which the
reader is referred to the American Thoracic Society Guide-
lines for the Care of a Child with a Tracheostomy.” Prior to
discharge, a child ventilated via a tracheostomy should be
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stabilized on their home equipment. Table 5 summarizes the
recommended minimum equipment requirements for chil-
dren dependent on ventilation.

Key challenges

Readmission to hospital

When readmitted, a child on tracheostomy ventilation will
require care by nursing staft skilled in tracheostomy care and
the use of ventilators. The precise location will vary between hos-
pitals but a high dependency area or transitional care unit near
to or within the paediatric intensive care unit (PICU) is ideal.

Funding

The working group noted major disparities (and often inad-
equacies) in the provision and timing of funding provided
to children needing LTV, suggesting a need for this to be
documented for Australia and New Zealand.

(B) Sleep life support

This section addresses the needs of infants, children and young
people whose high ventilatory needs are supported via a non-
invasive interface. Other international guidelines/standards
recognize that the ‘interface’ used does not distinguish those
with high needs or risks per se, and a proportion of those using
NIV require the same levels of training, support and planning
as those using invasive ventilation, particularly when ventila-
tion cannot be discontinued for any period during sleep with-
out risk to life. A small but increasing number of children with
complex multi-system disorders are dependent on non-
invasive ventilatory support and individuals may transition
between invasive and non-invasive interfaces over time.

Defining ‘dependency’ and ‘need’ for ventilatory sup-
port is a continuum. For our purpose, dependency applies
to those at risk of serious or irreversible harm if their venti-
latory support was discontinued or malfunctioned for a 24-h
period. As with the invasively ventilated children described
above, this spectrum is best defined through an individual-
ized assessment by the clinical team involved.

Existing guidelines

No specific standards/guidelines for high dependency non-
invasive ventilatory support were identified in our literature
search, including grey literature from relevant national and
international organizations and societies, apart from one
document specific to management of children with central
congenital hypoventilation syndrome.”” However, several
standards/guidelines acknowledge that those supported with
a non-invasive interface may have needs as high as those
with a tracheostomy and combined these groups in their
recommendations.*””!

Practical issues

Considering the options
A tracheostomy remains the option of choice for children
who require ventilation >16 h/day.””’>7* However, a small
but increasing number of children who are dependent on
ventilatory support are managed with NIV.'' This option
avoids the potential morbidity/mortality of a tracheostomy
and offers advantages to the child and family. The choice of
invasive or NIV may be made at diagnosis (including for
infants), or a child may be transitioned to NIV from trache-
ostomy ventilation as their condition improves or when age
or other factors influence this choice. These decisions should
be made in conjunction with the parents and, if appropriate,
with the child, recognizing that the optimal interface may
change over time.

Decisions around the choice of interface are typically
based on multiple factors including the child’s:

o Opverall therapeutic goals.

« Age and development.

 Ventilatory requirements including aspects such as wake,
sleep and hours per day.

o Ability to cope with planned periods off ventilatory
support.

o Upper airway function and security.

o Bulbar function.

Indications

NIV is ventilatory support delivered via a nasal mask or simi-
lar non-invasive interface. NIV is an option (above invasive
support) when the goals of ventilation can be safely and effec-
tively achieved without tracheostomy. This includes symptom
reduction, improved quality of life, improved pulmonary
development, reduced complications, reduced hospitalization,
prolonged life and ‘life support. The potential adverse conse-
quences of a mask interface are less than tracheostomy, and
NIV can be undertaken on a trial basis.

Children in whom NIV is indicated may have a congenital
or acquired underlying medical condition. They generally fall
into three main groups: neuromuscular disease (NMD), central
hypoventilation and severe respiratory insufficiency.

Contraindications
NIV is contraindicated or not practical for long-term home use:

o In the absence of a secure airway during wakefulness.

o If NIV fails to normalize ventilation in a child whose under-
lying condition is considered reversible or non-progressive.

o If ventilation is required more than 16 h per day, trache-
ostomy should be considered due to the side effects and
practicalities of delivering NIV for this time period.”*”*7*

Funding packages
Funding packages for those with high-dependency non-
invasive ventilatory support should be based on those for
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TABLE 3 Risk management considerations (adapted with permission from Simonds et al.%")

Problem Consequence

Risk management

Power failure (e.g., power cut) Ventilator failure

Ventilator malfunction Ventilator failure

Failure of ventilation

Accidental disconnection

Circuit obstruction Failure or suboptimal ventilation

Mask fit Too tight: pressure sore
Too loose: leaks
Tracheostomy blocked Failure of ventilation

Tracheostomy falls out or cannot  Failure of ventilation

be replaced after changing

Medical problems Acute deterioration, settings

no longer appropriate

General

Mains power alarm. Battery backup (internal or external battery in circuit).
Ambu bag with connector for ventilator-dependent patient

Regular service and planned preventative maintenance. Emergency contact line
to report problems. Back-up ventilator in patients with less than one night
ventilator-free time

Low pressure and low minute volume alarms. Secure attachment of ventilator/
circuitry connections. Support of ventilator tubing to prevent dragging on
tracheostomy or mask

High pressure alarm

Close attention to mask fit, variety of interfaces to alternate. Skin protective dressing.
Low pressure, low minute volume alarms

Efficient suction with battery power or manual operation. Carers trained to
change tracheostomy. Effective humidification. High pressure alarm

Improve fixation of tube. Carers trained to change tube, smaller size
tracheostomy tube available. Ambu bag and mask are available, which
carers can use

Rapid access to advice. Carers and patients trained to recognize early signs of
chest infection or ventilatory decompensation. Carers trained in basic life
support. Immediate access to hospital care. Battery-powered ventilator for
use in transit

Patients and carers competent in ventilator operation, basic maintenance, problem
solving and when to seek help. Written plan of action for predictable problems
such as power cuts, chest infection and equipment failure. Equipment
problems notified to manufacturer and central agency where available (e.g.,
Medicines and Healthcare Products Regulatory Agency)

children on tracheostomy ventilation. The working group
noted that this group often receive less funding due to not hav-
ing a tracheostomy, even when their care needs are equivalent.

Management recommendations
Specific issues that apply to high-dependency NIV include:

Interface choice, fit and care

The non-invasive interface may not be simpler or safer
than a tracheostomy. The type and size of mask must be
appropriate and requires ongoing assessment/monitoring,
particularly with facial growth. Any interface has a limited
lifespan and will need regular checks and replacement. Spe-
cific risks may have equivalent life-threatening implica-
tions to a tracheostomy. These include partial mask
displacement occluding an infant or child’s airway,
impaired clearance of airway secretions and/or vomit,
imposition of additional dead space or rebreathing if the
mask or ventilator is not operating correctly, risk of skin
pressure ulcers and abnormal growth of the mid-face, due
to long-term pressure from the mask. Carer training is vital
to minimize these risks. Mask pressure effects can be
reduced by the use of multiple masks used on a rotating
schedule, mouthpiece ventilation for daytime use and so
on. The application of adhesive pads and/or cushioning
solutions may also be beneficial.

Ventilator

The ventilator must be appropriate for NIV, with appropri-
ate alarms and power failure provision, to accommodate the
child’s ventilatory needs, age and size.

Back up
As with tracheostomy ventilation, a back-up device, circuit
and mask must be available within an appropriate timeframe.

Infection control

Attention to appropriate infection control procedures is also
recommended, including mask care. Further infection con-
trol measures relevant to all patients on home ventilation
are discussed in section on Infection control.

PART TWO: VENTILATORY SUPPORT FOR
OPTIMIZATION OF A CHILD’S HEALTH:
INCLUDING BPAP AND CPAP

Children for whom ventilatory support has been prescribed to
normalize ventilation during sleep are able to discontinue ven-
tilatory support during sleep for short periods without immedi-
ate threat to their life. However, failure to adequately treat their
respiratory insufficiency in the medium to long term will lead
to serious morbidity and premature mortality.”*”” Demon-
strated benefits include decreased incidence of hospital
admission,””> improved quality of sleep, decreased daytime
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TABLE 4 Recommended requirements for discharge home
Recommended requirement Details
1. Medical stability for discharge « The child should have been using the ventilator that will be used at home for a sufficient period to
establish that the settings are appropriate to achieve ventilatory support goal®>®®
2. Home visits by nursing staff and/ « Should occur early in the discharge process to assess the home environment in relation to the new needs

or other team members

of the child—inappropriate home environments are a frequent cause of delayed discharge for children
with complex healthcare needs

1,8,26

« Ventilation equipment requires considerable space and access to power outlets—home modifications to
meet equipment specifications and workplace standards may be required. Parents may need support to

find alternative housing

3. Parent/caregiver education « Parent willingness and capacity to undertake complex medical care at home should be assessed early in

the admission

« Parents are required to have completed a standardized education programme and have demonstrated
proficiency and confidence in all aspects of their child’s care

4. Ventilator maintenance plan A programme for regular maintenance and replacement of ventilator equipment is recommended
5. Daily care plans, action plans and risk o Itis reccommended that these are individually written for each child
minimization strategies o Action plans for respiratory exacerbations after initial discharge are recommended and should be

regularly reviewed (e.g., instructions on how to arrange urgent medical review, changes to ventilatory
settings and addition of oxygen)

6. Emergency plan « Provision of a list of contacts (e.g., PICU, respiratory paediatricians or paediatrician on call in regional
area) whom the parents and carers can call on at any hour for advice or support is recommended
o An ambulance plan should be organized. At the time of discharge, ambulance services should be aware
of the child’s condition and ventilatory support needs, so that appropriate teams can be sent in an
emergency. A clear written emergency plan with medical contact details included should be available to
ambulance officers. This emergency plan should be discussed and practiced with the family and carers

prior to discharge

7. Power supply plan o The relevant power supply company should be contacted and advised of the patient’s medical condition,
and priority requested for power restoration in the case of power outage and for power not to be
removed in the absence of bill payment

o A back-up plan for power outage should be included in the discharge plan, availability of back-up battery
support, emergency contacts and consideration of a generator, depending on distance to closest hospital

8. Trained carer availability « Sufficient carers should be trained in all aspects of the child’s care and available at the time of discharge

Abbreviation: PICU, paediatric intensive care unit.

sleepiness, increased sense of well-being, improved concentra-
. o . 78-80
tion and reduced incidence of morning headaches.

Existing guidelines

No guidelines were found for the general management of
children on NIV, although specific guidelines address cer-
tain diagnostic groups, highlighting issues in these
populations (e.g., for Duchenne muscular dystrophy
[DMD]®*'"** and for the respiratory management of children
with neuromuscular weakness).** Reports from centres
involved in commencing children on NIV*?*73%7¢ highlight
the need for paediatric expertise, the use of behavioural
modification approaches and allied health support to
improve adherence to therapy, as well as parental commit-
ment for successful initiation.

Practical issues

Considering the options

Non-invasive support extends survival and improves quality
of life in patients with progressive neuromuscular conditions

like DMD.”>’””® Children who would potentially benefit
from NIV should have access to a paediatric facility with ter-
tiary respiratory and sleep medicine services, enabling
informed discussions regarding the advantages and limita-
tions of ventilatory support, including escalation of support
during a significant respiratory infection,*’” at the time of
spinal surgery®>™®” and towards the end of life.****

Indications

Bi-level positive airway pressure

Children with hypoventilation during sleep, even if isolated
to rapid eye movement sleep, benefit from NIV.7#8089-%1
The presence and severity of hypoventilation during sleep is
best established by PSG. Indications for long-term ventila-
tory support with NIV include hypoventilation second-
ary to:

« NMD.

o Chest wall restriction (bony abnormalities, etc.).

o Chronic lung disease.

o Severe upper airway obstruction not adequately treated
with CPAP.

o Obesity hypoventilation.
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TABLE 5

Recommended equipment requirements for children dependent on ventilation

Recommended requirement

Details

1. A portable ventilator, suitable for home use in children

2. Alarms should be available to alert the carer to
disconnection, decannulation or tracheostomy occlusion

3. A sufficient alternate power source as appropriate to the
child’s setting

4. Hand ventilation equipment for manual ventilation

5. An alternative ventilator

6. Oxygen saturation monitor

7. Portable suction

One or two preferred ventilators are recommended, so that workers are familiar with
the capabilities, limitations and operation of those ventilators

Summaries of different ventilators are available®*~%°

The ventilator model chosen will depend on local availability and individual
requirements. The ventilator should be set up for that individual child and then locked
so that settings cannot be adjusted accidentally

Heated humidification is essential for tracheostomy ventilation
Ventilators should be regularly maintained according to the manufacturer’s

specifications and documentation made of maintenance and repair

67,68

The following built-in alarms are recommended:

Low tidal volume (unless the patient’s tidal volume is less than the minimum detectable
tidal volume for the ventilator used)

Low minute ventilation

High pressure

Disconnect (low pressure),*” noting that this alarm may fail to detect decannulation
with small tracheostomy size (alarm function should be evaluated with the child’s
specific circuit and tracheostomy size)

Power failure

This may be a battery or generator

Will be needed in the event of mechanical or electrical failure
It may also be required for use away from home in children who do not require 24-h
ventilation but may need support unexpectedly

For use in the event of a mechanical failure

Where this ventilator is kept will depend on the geographical location of the patient and
the accessibility of services to provide an alternative ventilator at short notice

In most cases, a second ventilator will need to kept in the child’s home

Ventilator alarms should not be relied on alone, and continuous oximetry monitoring is
recommended to augment carer observation and ventilator alarms, in order to facilitate
early recognition of a problem

For all tracheostomy ventilated patients

Additional equipment to be considered depending on individual patient needs

1. Oxygen concentrator or cylinders
2. Mechanical insufflation-exsufflation device

3. Nebulizer equipment

« Capable of providing sufficient oxygen flow for emergency use

Continuous positive airway pressure

acclimatization to the mask at home, to enhance the child’s

The largest group of children requiring CPAP have obstruc-
tive sleep apnoea (OSA), many of whom have significant
medical co-morbidities,”***° which need to be considered
when planning support for the home. Indications for long-
term ventilatory support with CPAP include:

o OSA not successfully treated with surgical options such as
adenotonsillectomy or in children where surgery is
contraindicated.

o Craniofacial and airway abnormalities.

o Chronic lung disease.

Initiation of therapy
Initiation of BPAP/CPAP is usually not urgent and can be

instigated through a planned process, including staged
approach of mask fitting as an outpatient + a period of

acceptance of the treatment in the long term.”> BPAP/CPAP
may be initiated in a hospital ward, PICU, sleep laboratory
or even at home. Regardless of the location, ventilatory set-
tings and equipment need to be individualized for each child
by trained paediatric staff. Compliance with these therapies
is enhanced in units with skilled paediatric staff and appro-
priate behavioural management programmes.***°

Monitoring progress of therapy

Close follow-up is recommended following the initiation of
therapy, particularly over the first month.”” Telephone con-
tact from experienced staff can support parents with
maintaining therapy at home. Outpatient clinic visits should
include a review of interface, overall comfort as well as gen-
eral equipment checks. Objective assessment of adherence is
now possible through digital download of data or remote
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monitoring and is useful for identifying suboptimal adher-
ence. The frequency of formal monitoring with PSG
depends on many factors but is generally recommended at
6-12-month intervals.

Adherence to therapy

The challenges associated with maintaining NIV therapy in chil-
dren are increasingly recognized especially for children with
developmental delay, anxiety or behavioural problems.”” What
exactly constitutes good or adequate adherence to therapy con-
tinues to be debated. Following early adult studies that suggested
average CPAP use was 4.7 h/night, CPAP use of 4 h/night of
70% of nights was established as a clinical and empiric bench-
mark of CPAP adherence.”** However, such levels of therapy
may not promote all health and functional outcomes, and the
cut off for adequate levels of therapy is still to be determined in
paediatrics, given the higher sleep requirements of children.”
Regardless, studies in children have consistently found low levels
of usage. Marcus et al. found that adherence averaged only
38 + 33 h per night” O'Donnell et al. and Nixon et al.
reported similar suboptimal adherence, with mean usage of
4.7 h per night*>* Identification of specific factors affecting
adherence to therapy and the impact of potential behavioural
interventions continue to be explored.”>**"~1%

Funding and service provision

Appropriate funding for diagnosis, equipment and long-
term management is important for NIV, regardless of the
child’s age, and should be equitable across regions.

Management recommendations
Family support

The care and supervision needs of children on ventilatory
support should be eligible for government financial assis-
tance (e.g., Child Disability Allowance). The need for home
carers will depend on the co-morbidities/associated disabil-
ities of the child. Respite care should also be considered.

Home ventilation teams

Staff experienced in using NIV can support successful initia-
tion and ongoing care of these children, providing access to
the specialized advice needed to ensure rapid rectification of
problems. Teams with processes to ensure adequate follow-
up of all children on ventilatory support, both for clinical
review and review of ventilation settings (with poly-
somnography if appropriate), will make sure that changing
needs are anticipated and addressed."**'%>1%2

Risk minimization

NIV therapy for health optimization is usually low risk. Par-
ents require education on how to anticipate, avoid and treat
complications that arise, such as skin breakdown or mask
leak. Higher risks may apply to infants and children who are
unable to remove their mask or signal for assistance. All
families should know how to prioritize and seek assistance
in the event of equipment failure (resulting in timely
replacement) and have a documented action plan. Regular
equipment servicing according to the manufacturer’s recom-
mendations is essential.

Children receiving CPAP or BPAP via
tracheostomy

A small group of children that require special mention are those
who may require a tracheostomy for anatomical reasons (upper
airway obstruction) but who also receive CPAP or BPAP sup-
port for health optimization through this rather than through a
non-invasive interface. The presence of a tracheostomy adds
complexity to their management and they may require care
equivalent to those in the high-dependency groups.

Equipment requirements

The most problematic issues for NIV in children are achiev-
ing low dead space and appropriate triggering sensitivity.
Ideally, centres should have one or two preferred machines,
so that staff are familiar with the capabilities, limitations and
operation of each. Machine settings should be lockable so
that settings cannot be adjusted accidentally. Although
humidification is optional, it is increasingly being rec-
ommended and may improve compliance.®”

When prescribing NIV for infants and children in high-
risk groups (include those under 5 years of age and children
with mobility difficulties restricting mask removal), moni-
toring at home should be done appropriate to the specific
child’s vulnerabilities, regardless of the model of ventilator
used. Monitoring may include oximetry or cardiorespiratory
monitoring, disconnect, pressure (low or high) and/or power
failure alarms. High-risk infants and children may also war-
rant use of ventilators with higher specifications to ensure
appropriate alarms (e.g., use of a bi-level machine in CPAP
mode for additional alarms to be available).

Masks designed specifically for children are ideal, with
low dead space and an appropriate size and shape to limit
leak and minimize pressure marks on the face. All interfaces
require regular review and adjustment as children grow. Full
face masks covering the mouth should be avoided in infants
and very young children, children with frequent vomiting
and children unable to independently remove the mask or
seek assistance in the case of overnight vomiting or other
emergencies, due to risk of aspiration. If a full-face mask or
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total face mask is used (covering the mouth), it must be
fitted with an anti-asphyxia valve.

Key challenges
Readmission to hospital

Staff caring for children on ventilatory support require specific
training in the use of ventilation equipment. Children on NIV
should be advised to take their equipment with them for any
hospital admission, regardless of the reason for hospital
admission.

PART THREE: VENTILATORY SUPPORT
FOR CHILDREN WITH LIFE-LIMITING
CONDITIONS RECEIVING PALLIATIVE CARE

Introduction

NIV is increasingly being used in children with complex life
limiting conditions during acute illnesses and these children
may demonstrate a need for ongoing ventilatory support. A
specific cohort of these children are receiving end-of-life care.

Clinical context

Advances in medical care have led to a cohort of children with
complex medical needs, who may develop the need for ventila-
tory support during acute illnesses, with some children benefit-
ting from NIV when being discharged for end-of-life care.

Close liaison between the primary team, intensive care, pal-
liative care and respiratory/sleep ventilation teams needs to be
established early, to facilitate discussions regarding appropri-
ateness and feasibility of ventilatory support as part of the palli-
ative care plan. The goal is to facilitate discharge of the child
from an acute hospital setting to a domiciliary setting.

This cohort of children are an evolving group, where a
clear understanding of the goals of therapy is needed to avoid
increasing the burden of care by using NIV. A subgroup of
children receiving end-of-life care have a life expectancy that
extends beyond a few weeks. The nature and burden of home
ventilation in this cohort need to be carefully considered, with
plans for treatment escalation and/or agreed limits of care.
The funding considerations for this group of children include
equipment for home ventilation and extra support for the
family in relation to the increased burden of care.

PART FOUR: ISSUES COMMON TO ALL
GROUPS

Ventilatory support is a highly specialized treatment that
should always be commenced and followed up with involve-
ment of a tertiary specialized paediatric service.

Medical review

A multidisciplinary clinic can help to avoid frequent outpatient
visits. The timing of clinical review by a paediatrician experi-
enced in home ventilation will vary depending on the child’s
needs, for example, two to three monthly for children highly
dependent on ventilation and three to six monthly for those on
NIV for health optimization. It is likely to be more frequent
directly after the initiation of ventilatory support and decrease
with time. The review should include assessment of adherence
(subjective and objective’’) and complications of therapy.
Clinical review should be coordinated with appropriate investi-
gations (e.g., lung function testing) and other specialist assess-
ments if indicated. Vaccination against respiratory pathogens
should be offered.'*>'**

Tertiary paediatric centres should have a designated
team for children on ventilatory support. Each child should
have a case manager responsible for coordinating follow-up
within a multidisciplinary framework, to ensure the chang-
ing needs of the child and family are anticipated and
addressed. Additional to this, an overall care coordinator is
recommended for children receiving LTV, to work with and
guide the team process and tasks while building collabora-
tion with all parties involved.

Follow-up physiology studies are recommended at
regular intervals. The nature of those studies (Level 1-4
sleep studies) will depend on the child’s health condition,
their ventilatory support and their stability over time, and
is best determined by their supervising sleep
specialist,'0"192

Changes to ventilatory settings are usually required with
increasing age and growth or due to changes in the underlying
condition of the child but vary annually for children stable on
CPAP for OSA, to more frequently for those early in the
course of treatment or in children with an unstable medical
condition.

Checking of ventilatory settings, alarm functioning, bat-
tery power level and machine servicing should occur annu-
ally or as recommended by the manufacturer to ensure
appropriate functioning. This may be performed by the hos-
pital biomedical engineering department, the manufacturer
or by a specific service provider.

Infection control

It is recommended that infection control procedures at
home are aligned with hospital practice, which should be
continually reviewed appropriate to local circumstances.
Families require education on infection control measures, to
ensure a good understanding of the importance of this
aspect of their child’s care. For all patients, manufacturer
guidelines should be followed regarding cleaning/disinfec-
tion of equipment. Chronic colonization with highly resis-
tant organisms can occur in patients on LTV, particularly
following prolonged hospitalization. Families should be
made aware of the additional measures that may be required
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in this instance. NIV (CPAP/BPAP) increases the dispersal
of aerosolized droplets and therefore may require special
considerations to avoid risk of transmission of respiratory
viruses. Specific measures should be guided by hospital pol-
icy and be practical and easy to undertake at home. Infor-
mation regarding any changes to local infection control
policies needs to be regularly communicated to both families
and carers. There are significant risks to ceasing respiratory
support without seeking expert advice. Therefore, in the
context of infection risk, these decisions should always be
made in consultation with the treating respiratory/sleep
paediatrician.

Psychological support

The need for home ventilatory support places a substantial
burden on the child or adolescent patient and their family,
including parents and siblings.'>'* The nature of the social,
emotional, developmental, educational and practical chal-
lenges faced by children and parents vary.

The provision of in-home support workers often adds to the
burden of care impacting family privacy and functioning. Psy-
chological preparation of families and ongoing training of sup-
port workers can help to reduce stress for all concerned and
minimize the risk of breakdown in these critical relationships.

Psychological support may be required at any phase of
the illness process and additionally as the child moves
through various key developmental stages including com-
mencing school, adolescence and transition to adult care
and independence.

Psychological support should be available and offered to
children, parents and siblings. Psychology may also have a
role in the training of support workers, given the complexity
of their in-home role, and in the provision of secondary
consultation and support for all members of the home
ventilation team.

Ethics of paediatric home ventilation

Evidence shows that home mechanical ventilation is a cost-
effective method to deliver the therapy, optimizes use of
healthcare resources, provides mental and emotional bene-
fits for the patients and their families and that patients expe-
rience increased independence.'® Home ventilation is
effective, but it imposes significant burden on families, par-
ticularly those of children dependent on ventilation for life
support. The burden of care is also affected by the duration
(per day) of therapy required, other care needs of the patient
and the child’s tolerance of therapy balanced against the
parent’s conscientiousness in applying it.

Apart from the burden of care imposed on the families,
ethical challenges also surround the decision of who should
be offered the therapy while also maintaining respect for the
family and patient’s wishes, and quality of life."” Equity of
access to therapy is important and is acknowledged to be an
issue worldwide. The level of support provided at home

varies widely, depending largely on the availability of local
resources. Ethical challenges can arise at all points of chang-
ing therapy, whether commencing more intensive therapy
or ceasing support. The cessation of support is an issue cov-
ered most extensively in the literature pertaining to the ICU,
but it is also likely to be faced by teams who provide ventila-
tory support at home. Evaluation of the ‘best interests of the
child/family’ or the balance of relative benefits against harm
is important, in particular balancing beliefs about duration
versus quality of life particularly in children where many
have significant co-morbidities that the family may already
have dealt with for long periods of time.* This dilemma can
compound, or be compounded by, the resources required to
manage the home ventilatory support, where the decision
to provide home therapy may implicitly demand admission
to the ICU during any acute illnesses.

Transition from paediatric to adult care

Long-term ventilatory support is associated with an increase in
survival in a range of conditions leading to ventilatory failure
in children,'%71%° resulting in increasing numbers of such chil-
dren surviving to adulthood and transitioning to adult services.
Evidence suggests that insufficiently managed, non-
standardized transition of children requiring ventilatory sup-
port to adult care increases the risk of adverse outcomes.''*™'*
Many reviews discuss the medical transition process from pae-
diatric to adult care and the reader is referred to consensus
statements on healthcare transition for young adults with com-
plex and chronic healthcare needs."'>™'*>

Transition to adult-orientated health services should be
a formally planned and coordinated process, which begins
early in adolescence. The choice of primary adult physician
and ventilatory support service will depend on the underly-
ing diagnosis, the locality of services and the wishes of the
patient. During transition, health care for adolescents on
ventilatory support may need to address ethical decisions
such as need for ongoing or escalating ventilatory support
and end-of-life decisions.''® The timing of transition can be
especially difficult in adolescents with a progressive disorder
who are nearing the terminal stages of their disease. Ideally,
the transfer process should involve close collaboration
between treating paediatric and adult teams and should
include one of the following care models: paediatric clini-
cians attending adult clinics, adult clinicians attending pae-
diatric clinics or attendance by both at a planned ‘handover’
clinic with the young person and her/his family or

117,118
carers.

Workforce issues/manpower planning

The initial treatment of children requiring home ventilatory sup-
port should ideally be within a tertiary paediatric service with
respiratory paediatricians and intensivists. Continuing increase
in the numbers of children receiving ventilatory support at
home will necessitate increase in the capacity of healthcare
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systems to deal with the demands for appropriate diagnostic ser-
vices, medical and nursing support.

Once home, the day-to-day care of these children may
rest with a regional general paediatrician and local allied
health professionals' who may have very little experience or
expertise in ventilatory support therapy. Geographical dis-
tances from a tertiary centre can be large and educational
packages, teleconferencing, telephone help and written
action guidelines for families and local teams help to ensure
that therapy is not compromised. Including local paediatri-
cians in the planning stage will help them to provide ade-
quate support and education to families.

Travel and fitness to fly

Children on ventilatory support frequently seek to access air
travel. Long flights where the child may need to sleep may
necessitate a fitness to fly test.''*'** Families need to be
informed, ideally at the outset, that airline travel can be dif-
ficult, especially internationally, with restrictions in the
choice of airline due to carry-on luggage rules, which
machines can be used in flight (electrical isolation) and diffi-
culties procuring travel insurance. Travel can be facilitated
by contacting the medical officer of the airline early for
information specific to the airline. The family will require
appropriate carry bags to protect equipment and the correct
electrical adapters for the countries being visited.

WHAT IS NEEDED IN THE FUTURE?

 Research should focus on improving the evidence base for
current models of care.

o Further development of education packages for parent/
family is required.

o Appropriate funding is needed to set up and maintain an
Australian and New Zealand registry of patients on home
ventilatory support. This is required:

« To facilitate equitable standards of care.

 To inform future recommendations and assist in resource
allocation planning.

o To liaise with manufacturers to improve equipment
options for children.

CONCLUSIONS AND KEY MESSAGES

Children with chronic respiratory failure vary in their level
of dependence on mechanical ventilation. Policy makers and
practitioners at all levels can help to ensure that their rights
are respected and their needs met. Coherent, multi-
disciplinary and inter-agency planning is required to dis-
charge these children from hospital to home, particularly
those dependent on ventilation. The use of ventilatory sup-
port adds a significant burden of care to parents and families
caring for these children, so that provision of appropriate

carer support and respite care is crucial to the well-being of
the child and family.

The levels of support for care at home for children on
LTV support are highly variable across Australia and
New Zealand in both our previous and current surveys of
specialists involved in delivery of home ventilation
programmes. The establishment of a multi-centre working
group and patient registry will help to advocate for equity of
access across Australia and New Zealand.

SUMMARY STATEMENTS

o The Thoracic Society of Australia and
New Zealand (TSANZ) and Australasian Sleep
Association (ASA) support the equitable access to
diagnostic and therapeutic options for children
who require ventilatory support.
The TSANZ and ASA support the care of
technology-dependent  children in  their
own home.
Implementation of a standard template for sur-
veillance and audit of this increasing/expanding
patient cohort of children who require ventilatory
support is recommended to facilitate cross-centre
collaboration and service enhancement.
The establishment of a multi-centre working
group and a patient registry should be under-
taken to inform individual patient care and policy
development.

ACKNOWLEDGEMENTS

The working group would like to thank all the key stake-
holders who reviewed this document with particular refer-
ence to patients and their families who provided consumer
recommendation. We would also like to thank the TSANZ
and ASA for their support and endorsement of this
document.

CONFLICT OF INTEREST

Andrew Tai (chair), Jasneek Chawla, Amanda L. Griffiths,
Sadasivam Suresh, Jacob Twiss, Moya Vandeleur, Karen
A. Waters, Andrew C. Wilson and Susan Wilson have no
conflicts of interest to declare. Elizabeth A. Edwards’
spouse is an employee of Fisher and Paykel Healthcare,
and Gillian M. Nixon’s spouse is an employee of Bird
Healthcare.

ORCID
Jasneek Chawla ‘® https://orcid.org/0000-0001-5035-0744
REFERENCES

1. Jardine E, Wallis C. Core guidelines for the discharge home of the child
on long-term assisted ventilation in the United Kingdom. UK Working
Party on Paediatric Long Term Ventilation. Thorax. 1998;53:762-7.


https://orcid.org/0000-0001-5035-0744
https://orcid.org/0000-0001-5035-0744

VENTILATORY SUPPORT AT HOME FOR CHILDREN

935

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Wallis C, Paton JY, Beaton S, Jardine E. Children on long-term venti-
latory support: 10 years of progress. Arch Dis Child. 2011;96:998-
1002.

. Sterni LM, Collaco JM, Baker CD, Carroll JL, Sharma GD, Brozek JL,

et al. An official American Thoracic Society clinical practice guide-
line: pediatric chronic home invasive ventilation. Am J Respir Crit
Care Med. 2016;193:e16-35. https://doi.org/10.1164/rccm.201602-
0276ST

. MacLean JE, Fitzgerald DA. A rational approach to home oxygen use

in infants and children. Paediatr Respir Rev. 2006;7:215-22.

. Sherman JM, Davis S, Albamonte-Petrick S, Chatburn RL, Fitton C,

Green C, et al. Care of the child with a chronic tracheostomy. This
official statement of the American Thoracic Society was adopted by
the ATS Board of Directors, July 1999. Am ] Respir Crit Care Med.
2000;161:297-308.

. Nixon G, Edwards EA, Cooper DM, Fitzgerald DA, Harris M,

Martin J, et al. Ventilatory support at home for children. A consensus
statement from the Australasian Paediatric Respiratory Group. 2008.
[cited 2020 Nov 13]. Available from: https://wwwthoracicorgau/
clinicalpublications/clinical-documents

. Fraser ], Henrichsen T, Mok Q, Tasker RC. Prolonged mechanical

ventilation as a consequence of acute illness. Arch Dis Child. 1998;78:
253-6.

. Jardine E, O’Toole M, Paton JY, Wallis C. Current status of long term

ventilation of children in the United Kingdom: questionnaire survey.
BM]J. 1999;318:295-9.

. Edwards EA, Hsiao KH, Nixon GM. Paediatric home ventilatory sup-

port: the Auckland experience. ] Paediatr Child Health. 2005;41:
652-8.

Paulides F, P16tz FB, Verweij-van den Oudenrijn LP, van Gestel JPJ,
Kampelmacher MJ. Thirty years of home mechanical ventilation in
children: escalating need for paediatric intensive care beds. Intensive
Care Med. 2012;38:847-52.

McDougall CM, Adderley RJ, Wensley DF, Seear MD. Long-term ven-
tilation in children: longitudinal trends and outcomes. Arch Dis Child.
2013;98:660-5.

Amin R, Sayal P, Syed F, Chaves A, Moraes TJ, Maclusky I
Pediatric long-term home mechanical ventilation: twenty years of
follow up from one Canadian center. Pediatr Pulmonol. 2014;49:
816-24.

Wells PW, DeBoard-Burns MB, Cook RC, Mitchell ]. Growing up in
the hospital: part I, let’s focus on the child. J Pediatr Nurs. 1994;9:
66-73.

Lloyd-Owen §J, Donaldson GC, Ambrosino N, Escarabill ], Farre R,
Faroux B, et al. Patterns of home mechanical ventilation use in Europe:
results from the Eurovent survey. Eur Respir J. 2005;25:1025-31.
Edwards EA, Nixon GM. Paediatric home ventilatory support:
changing milieu, proactive solutions. J Paediatr Child Health. 2013;
49:13-8.

Gonzilez R, Bustinza A, Fernandez SN, Garcia M, Rodrifuez S,
Garcia-Teresa MA, et al. Quality of life in home ventilated children
and their families. Eur ] Pediatr. 2017;176:1307-17.

Carnevale FA, Alexander E, Davis M, Rennick J, Troini R. Daily living
with distress and enrichment: the moral experience of families with
ventilator-assisted children at home. Pediatrics. 2006;117:¢48-60.
https://doi.org/10.1542/peds.2005-0789

Graham RJ, Rodday AM, Weidner RA, Parsons SK. The impact of
family on pediatric chronic respiratory failure in the home. J Pediatr.
2016;175:40-6.

Heaton ], Noyes J, Sloper P, Shah R. Families’ experiences of caring
for technology-dependent children: a temporal perspective. Health
Soc Care Community. 2005;13:441-50.

Dybwik K, Tollali T, Nielsen E, Brinchmann BS. “Fighting the sys-
tem”: families caring for ventilator-dependent children and adults
with complex health care needs at home. BMC Health Serv Res. 2011;
156:156.

Fields AI, Coble DH, Pollack MM, Kaufman J. Outcome of home care
for technology-dependent children: success of an independent,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

community-based case management model. Pediatr Pulmonol. 1991;
11:310-7.

Marcus CL, Jansen MT, Poulsen MK, Keens SE, Nield TA,
Lipsker LE, et al. Medical and psychosocial outcome of children
with congenital central hypoventilation syndrome. ] Pediatr. 1991;
119:888-95.

Canlas-Yamsuan M, Sanchez I, Kesselman M, Chernick V. Morbidity
and mortality patterns of ventilator-dependent children in a home
care program. Clin Pediatr (Phila). 1993;32:706-13.

Samuels M. Long-term ventilation. Paediatr Respir Med. 1996;2:
24-30.

Appierto L, Cori M, Bianchi R, Onfori A, Catena S, Ferrari M, et al.
Home care for chronic respiratory failure in children: 15 years experi-
ence. Paediatr Anaesth. 2002;12:345-50.

Edwards EA, O'Toole M, Wallis C. Sending children home on trache-
ostomy dependent ventilation: pitfalls and outcomes. Arch Dis Child.
2004;89:251-5.

Marcus C, Rosen G, Davidson Ward SL, Halbower AC, Sterni L,
Lutz ], et al. Adherence to and effectiveness of positive airway pressure
therapy in children with obstructive sleep apnea. Pediatrics. 2006;117:
e442-51.

Marcus C, Ward SL, Mallory GB, Rosen CL, Beckerman RC, Weese-
Mayer DE, et al. Use of nasal continuous positive airway pressure as
treatment of childhood obstructive sleep apnea. ] Pediatr. 1995;127:
88-94.

O’Donnell AR, Bjornson CL, Bohn SG, Kirk VG. Compliance rates in
children using noninvasive continuous positive airway pressure. Sleep.
2006;29:651-8.

Waters K, Everett FM, Bruderer JW, Sullivan CE. Obstructive sleep
apnea: the use of nasal CPAP in 80 children. Am ] Respir Crit Care
Med. 1995;152:780-5.

Dhillon JS, Frewen TC, Singh NC, Speechley KN. Chronic
mechanical-dependent children in Canada. Paediatr Child Health.
1996;1:111-6.

Perrin ], Erenberg G, La Camera R, Nackashi JA, Poncher JR,
Randall V, et al. Guidelines for home care of infants, children, and
adolescents with chronic disease. American Academy of Pediatrics
Committee on Children with Disabilities. Pediatrics. 1995;96(1 Pt 1):
161-4.

Fauroux B, Sardet A, Foret D. Home treatment for chronic respira-
tory failure in children: a prospective study. Eur Respir J. 1995;8:
2062-6.

Fauroux B, Boffa C, Desguerre I, Estournet B, Trang H. Long-term
noninvasive mechanical ventilation for children at home: a national
survey. Pediatr Pulmonol. 2003;35:119-25.

Kamm M, Burger R, Rimensberger P, Knoblauch A, Hammer J. Sur-
vey of children supported by long-term mechanical ventilation in
Switzerland. Swiss Med WKkly. 2001;131:261-6.

Sakakihara Y, Yamanaka T, Kajii M, Kamoshita S. Long-term
ventilator-assisted children in Japan: a national survey. Acta Paediatr
Jpn. 1996;38:137-42.

Eigen H, Zander J. Home mechanical ventilation of pediatric patients.
American Thoracic Society. Am Rev Respir Dis. 1990;141:258-9.
Ludvigsen A, Morrison J. Breathing space: community support of chil-
dren on long term ventilation - summary. UK: Barnardo’s; 2003.
Noyes J. Care pathway for the discharge and support of children
requiring long term ventilation in the community. UK: National Ser-
vice Framework for Children, Young People and Maternity Services,
Department of Health; 2005.

Noyes J, & Lewis M. From hospital to home: guidance on discharge
management and community support needs of children using long
term ventilation. Barnardo’s, UK, 2005.

Sudbery ], Noyes J. Voices and choices of children and young people
who use assisted ventilation: bibliography and analysis of the literature.
UK: University of Salford and the Joseph Rowntree Foundation; 1999.
Sritippayawan S, Kun S, Keens T, Davidson W, Sally L. Initiation of
home mechanical ventilation in children with neuromuscular diseases.
J Pediatr. 2003;142:481-5.


https://doi.org/10.1164/rccm.201602-0276ST
https://doi.org/10.1164/rccm.201602-0276ST
https://wwwthoracicorgau/clinicalpublications/clinical-documents
https://wwwthoracicorgau/clinicalpublications/clinical-documents
https://doi.org/10.1542/peds.2005-0789

936

CHAWLA ET AL.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Tibballs J. Legal basis for ethical withholding and withdrawing life-
sustaining medical treatment from infants and children. ] Paediatr
Child Health. 2007;43:230-6.

Simonds AK. Ethical aspects of home long term ventilation in chil-
dren with neuromuscular disease. Paediatr Respir Rev. 2005;6:209-14.
Ryan M, Kilham H, Jacobe S, Tobin B, Isaacs D. Spinal muscular atro-
phy type 1: is long-term mechanical ventilation ethical? ] Paediatr
Child Health. 2007;43:237-42.

Robart P, Make B, Tureson D. AARC clinical practice guideline: long
term invasive mechanical ventilation in the home. Respir Care. 1995;
40:1313-20.

Windisch W, Geiseler J, Simon K, Walterspacher S, Dreher M. Ger-
man national guideline for treating chronic respiratory failure with
invasive and non-invasive ventilation: revised edition 2017 - part 1.
Respiration. 2018;96:66-97. https://doi.org/10.1159/000488001

Baker CD, Martin S, Thrasher J, Moore HM, Baker J, Abman SH,
et al. A standardized discharge process decreases length of stay
for ventilator-dependent children. Pediatrics. 2016;137:¢20150637.
https://doi.org/10.1542/peds.2015-0637

Windisch W, Geiseler J, Simon K, Walterspacher S, Dreher M. Ger-
man national guideline for treating chronic respiratory failure with
invasive and non-invasive ventilation - revised edition 2017: part 2.
Respiration. 2018;96:171-203. https://doi.org/10.1159/000488667
Sobotka SA, Hird-McCorry LP, Goodman DM. Identification of fail
points for discharging pediatric patients with new tracheostomy and
ventilator. Hosp Pediatr. 2016;6:552-7. https://doi.org/10.1542/hpeds.
2015-0277

Preutthipan A, Nugboon M, Chaisupamongkollarp T, Kuptanon T,
Kamalaporn H, Leejakpai A. An economic approach for children with
chronic ventilation support. Curr Pediatr Rep. 2014;2:1-8.

Manning ], Hemingway P, Redsell SA. Survived so what? Identifying
priorities for research with children and families post-pediatric inten-
sive care unit. Nurs Crit Care. 2018;23:68-74.

Carnevale FA, Rehm RS, Kirk S, McKeever P. What we know (and do
not know) about raising children with complex continuing care needs.
J Child Health Care. 2008;12:4-6. https://doi.org/10.1177/136749
3508088552

Geoghegan S, Oulton K, Bull C, Brierley J, Peters M, Wray J. The
experience of long-stay parents in the ICU: a qualitative study of par-
ent and staff perspectives. Pediatr Crit Care Med. 2016;17:e496-501.
https://doi.org/10.1097/PCC.0000000000000949

Henderson CM, Williams EP, Shapiro MC, Hahn E, Wright-Sexton L,
Hutton N, et al. "Stuck in the ICU": caring for children with chronic
critical illness. Pediatr Crit Care Med. 2017;18:e561-e68. https://doi.
org/10.1097/PCC.0000000000001332

Rose L, Fowler RA, Fan E, Fraser I, Leasa D, Mawdsley C, et al. Pro-
longed mechanical ventilation in Canadian intensive care units: a
national survey. J Crit Care. 2015;30:25-31. https://doi.org/10.1016/j.
jcre.2014.07.023

Sahetya S, Allgood S, Gay PC, Lechtzin N. Long-term mechanical ven-
tilation. Clin Chest Med. 2016;37:753-63. https://doi.org/10.1016/j.
ccm.2016.07.014

Falkson S, Knecht C, Hellmers C, Metzing S. The perspective of fami-
lies with a ventilator-dependent child at home. A literature review.
] Pediatr Nurs. 2017;36:213-24. https://doi.org/10.1016/j.pedn.2017.
06.021

Simonds AK. Respiratory support for the severely handicapped child
with neuromuscular disease: ethics and practicality. Semin Respir Crit
Care Med. 2007;28:342-54.

Wang KW, Barnard A. Technology-dependent children and their
families: a review. ] Adv Nurs. 2004;45:36-46. Epub 2003 Dec 17.
Simonds AK. Risk management of the home ventilator dependent
patient. Thorax. 2006;61:369-71.

Chatwin M, Heather S, Hanak A, Polkey MI, Simonds AK. Analysis of
home support and ventilator malfunction in 1,211 ventilator-
dependent patients. Eur Respir J. 2010;35:310-6.

Amin R, MacLusky I, Zielinksi D, Adderley R, Carnevale F, Chiang J,
et al. Pediatric home mechanical ventilation: a Canadian Thoracic

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Society clinical practice guideline executive summary. Can ] Respir
Crit Care Sleep Med. 2017;1:7-36.

Tobin M]J. Principles and practice of mechanical ventilation. 2nd ed.
NY, USA: McGraw-Hill; 2006.

Simonds AK. Non-invasive respiratory support: a practical handbook.
2nd ed. London: Arnold; 2001.

Simonds AK, editor. Non invasive respiratory support: a practical
handbook. 3rd ed. London: CRC Press; 2007.

Massie CA, Hart RW, Peralez K, Richards GN. Effects of humidifica-
tion on nasal symptoms and compliance in sleep apnea patients using
continuous positive airway pressure. Chest. 1999;116:403-8.

Edwards EA, Byrnes CA. Humidification difficulties in two
tracheostomized children. Anaesth Intensive Care. 1999;27:656-8.
Kun S, Nakamura C, Ripka J, Davidson Ward S, Keens T. Home ven-
tilator low pressure alarms fail to detect accidental decannulation with
pediatric tracheostomy tubes. Chest. 2001;119:562-4.

Idiopathic congenital central hypoventilation syndrome: diagnosis
and management. American Thoracic Society. Am J Respir Crit Care
Med. 1999;160:368-73.

Windisch W, Walterspacher S, Siemon K, Geissler J, Sitter H. German
Society for Pneumology Guidelines for non-invasive and invasive
mechanical ventilation for treatment of chronic respiratory failure.
Published by the German Society for Pneumology (DGP).
Pneumologie. 2010;64:640-52.

Li KK, Riley RW, Guilleminault C. An unreported risk in the use
of home nasal continuous positive airway pressure and home
nasal ventilation in children: mid-face hypoplasia. Chest. 2000;117:
916-8.

Faroux B, Lavis JF, Picard A, Boelle PY, Clement A, Vazquez MP.
Facial side effects during noninvasive positive pressure ventilation in
children. Intensive Care Med. 2005;31:965-9.

Villa MP, Pagani ], Ambrosio R, Ronchetti R, Bernkopf E. Mid-face
hypoplasia after long-term nasal ventilation. Am J Respir Crit Care
Med. 2002;166:1142-3.

Young HK, Lowe A, Fitzgerald DA, Seton C, Waters KA, Kenny E,
et al. Outcome of noninvasive ventilation in children with neuromus-
cular disease. Neurology. 2007;68:198-201.

Simonds AK, Ward S, Heather S, Bush A, Muntoni F. Outcome of
paediatric domiciliary mask ventilation in neuromuscular and skeletal
disease. Eur Respir J. 2000;16:476-81.

Katz S, Selvadurai H, Keilty K, Mitchell M, MacLusky I. Outcome of
non-invasive positive pressure ventilation in paediatric neuromuscular
disease. Arch Dis Child. 2004;89:121-4.

Simonds AK, Muntoni F, Heather S, Fielding S. Impact of nasal venti-
lation on survival in hypercapnic Duchenne muscular dystrophy. Tho-
rax. 1998;53:949-52.

Mellies U, Ragette R, Dohna Schwake C, Boehm H, Voit T,
Teschlet H. Long-term noninvasive ventilation in children and adoles-
cents with neuromuscular disorders. Eur Respir J. 2003;22:631-6.
Baydur A, Layne E, Aral H, Krishnareddy N, Topacio R, Frederick G,
et al. Long term non-invasive ventilation in the community for
patients with musculoskeletal disorders: 46 year experience and
review. Thorax. 2000;55:4-11.

Finder JD, Birnkrant D, Carl J, Farber HJ, Gozal D, Iannaccone ST,
et al. Respiratory care of the patient with Duchenne muscular dystro-
phy: ATS consensus statement. Am ] Respir Crit Care Med. 2004;170:
456-65.

Birnkrant D, Bushby KM, Amin RS, Bach JR, Benditt JO, Eagle M,
et al. The respiratory management of patients with Duchenne muscu-
lar dystrophy: a DMD considerations working group specialty article.
Pediatr Pulmonol. 2010;45:739-48.

Birnkrant D, Bushby K, Bann C, Alman B, Apkon S, Blackwell A,
et al. Diagnosis and management of Duchenne muscular dystrophy,
part 2: respiratory, cardiac, bone health, and orthopaedic manage-
ment. Lancet Neurol. 2018;17:347-61.

Hull J, Aniapravan R, Chan E, Chatwin M, Forton J, Gallagher J, et al.
British Thoracic Society guideline for respiratory management of chil-
dren with neuromuscular weakness. Thorax. 2012;67(Suppl 1):i1-i40.


https://doi.org/10.1159/000488001
https://doi.org/10.1542/peds.2015-0637
https://doi.org/10.1159/000488667
https://doi.org/10.1542/hpeds.2015-0277
https://doi.org/10.1542/hpeds.2015-0277
https://doi.org/10.1177/1367493508088552
https://doi.org/10.1177/1367493508088552
https://doi.org/10.1097/PCC.0000000000000949
https://doi.org/10.1097/PCC.0000000000001332
https://doi.org/10.1097/PCC.0000000000001332
https://doi.org/10.1016/j.jcrc.2014.07.023
https://doi.org/10.1016/j.jcrc.2014.07.023
https://doi.org/10.1016/j.ccm.2016.07.014
https://doi.org/10.1016/j.ccm.2016.07.014
https://doi.org/10.1016/j.pedn.2017.06.021
https://doi.org/10.1016/j.pedn.2017.06.021

VENTILATORY SUPPORT AT HOME FOR CHILDREN

937

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Wazeka AN, DiMaio MF, Boachie-Adjei O. Outcome of pediatric
patients with severe restrictive lung disease following reconstructive
spine surgery. Spine. 2004;29:528-34. discussion 535.

Eagle M, Bourke ], Bullock R, Gibson M, Mehta ], Giddings D, et al.
Managing Duchenne muscular dystrophy - the additive effect of spi-
nal surgery and home nocturnal ventilation in improving survival.
Neuromuscul Disord. 2007;17:470-5.

Kinali M, Messina S, Mercuri E, Lehovsky ], Edge G, Manzur AY, et al.
Management of scoliosis in Duchenne muscular dystrophy: a large
10-year retrospective study. Dev Med Child Neurol. 2006;48:513-8.
Simonds AK. Living and dying with respiratory failure: facilitating
decision making. Chron Respir Dis. 2004;1:56-9.

Suresh S, Wales P, Dakin C, Harris MA, Cooper DG. Sleep-related
breathing disorder in Duchenne muscular dystrophy: disease spectrum
in the paediatric population. ] Paediatr Child Health. 2005;41:500-3.
Simonds AK. Recent advances in respiratory care for neuromuscular
disease. Chest. 2006;130:1879-86.

Vianello A, Bevilacqua M, Salvador V, Cardiaioli C, Vincenti E. Long-
term nasal intermittent positive pressure ventilation in advanced
Duchenne’s muscular dystrophy. Chest. 1994;105:445-8.

Nixon G, Mihai R, Verginis N, Davey MJ. Patterns of continuous pos-
itive airway pressure adherence during the first 3 months of treatment
in children. J Pediatr. 2011;159:802-7.

King MS, Xanthopoulous MS, Marcus CL. Improving positive airway
pressure adherence in children. Sleep Med Clin. 2014;9:219-34.
Sawyer A, Gooneratne N, Marcus CL, Ofer D, Richards KC,
Weaver TE. A systematic review of CPAP adherence across age
groups: clinical and empirical insights for developing CPAP adherence
interventions. Sleep Med Rev. 2011;15:343-56.

Weaver T, Maislin G, Dinges DF, Bloxham T, George CF,
Greenberg H, et al. Relationship between hours of CPAP use and
achieving normal levels of sleepiness and daily functioning. Sleep.
2007;30:711-9.

Bhattacharjee R, Benjafield AV, Armistead ], Cistulli P, Nunez CM,
Pepin JLD, et al. Adherence in children using positive airway pressure
therapy: a big-data analysis. Lancet. 2020;2:E94-E101.

DiFeo N, Meltzer LJ, Beck SE, Karamessinis LR, Cornaglia MA,
Traylor J, et al. Predictors of positive airway pressure therapy adherence
in children: a prospective study. J Clin Sleep Med. 2012;8:279-86.

Simon S, Duncan C, Janicke DM, Wagner MH. Barriers to treatment
of paediatric obstructive sleep apnoea: development of the adherence
barriers to continuous positive airway pressure (CPAP) questionnaire.
Sleep Med. 2012;13:172-7.

Hawkins S, Jensen EL, Simon SL, Friedman NR. Correlates of pediat-
ric CPAP adherence. J Clin Sleep Med. 2016;12:879-84.

Koontz KL, Slifer KJ, Cataldo MD, Marcus CL. Improving pediatric
compliance with positive airway pressure therapy: the impact of
behavioral intervention. Sleep. 2003;26:1010-5.

Tan E, Nixon GM, Edwards EA. Sleep studies frequently lead to
changes in respiratory support in children. J Paediatr Child Health.
2007;43:572-5.

American Thoracic Society. Standards and indications for cardiorespiratory
sleep studies in children. Am ] Respir Crit Care Med. 1996;153:866-78.
Ministry of Health. 2006. Immunisation Handbook 2006. Wellington:
Ministry of Health.

Shaban R & Forster E. Australian immunisation handbook. 8th ed.
Canberra: National Health and Medical Research Council; 2003.
McKim D, Road J, Avendano M, Abdool S, Cote F, Duguid N, et al.
Home mechanical ventilation: a Canadian Thoracic Society clinical
practice guideline. Can Respir J. 2011;18:197-215.

Dybwik K, Nielsen EW, Brinchmann BS. Ethical challenges in home
mechanical ventilation: a secondary analysis. Nurs Ethics. 2012;19:233-44.
Chatwin M, Tan H-L, Bush A, Rosenthal M, Simonds AK. Long term
non-invasive ventilation in children: impact on survival and transition
to adult care. PLoS One. 2015;10:e0125839.

Oskoui M, Levy G, Garland CJ, Gray JM, O’Hagen ], De Vivo DC,
et al. The changing natural history of spinal muscular atrophy type 1.
Neurology. 2007;69:1931-6.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Jeppesen ], Green A, Steffensen B, Rahbek J. The Duchenne muscular
dystrophy population in Denmark, 1977-2001: prevalence, incidence
and survival in relation to the introduction of ventilator use.
Neuromuscul Disord. 2003;13:804-12.

Blum RWM, Garrell D, Hodgman CH, Jorissen TW, Okinow NA,
Orr DP, et al. Transition from child-centred to adult health-care
systems for adolescents with chronic conditions: a position paper
of the Society for Adolescent Medicine. ] Adolesc Health. 1993;14:
570-6.

Agarwal A, Willis D, Tang X, Bauer M, Berlinski A, Com G, et al.
Transition of respiratory technology dependent patients from pediat-
ric to adult pulmonology care. Pediatr Pulmonol. 2015;50:1294-300.
McManus M, Pollack LR, Cooley WC, McAllister JW, Lotstein D,
Strickland B, et al. Current status of transition preparation among
youth with special needs in the United States. Pediatrics. 2013;131:
1090-7. Epub 2013 May 15.

The Royal Australasian College of Physicians. Transition to Adult
Health Services for Adolescents with Chronic Conditions. 2006. [cited
2020 Nov 13]. Available from: http://www.racp.edu.au/index.cfm?
objectid=B567F6BD-D4A2-C8EA-4D7BA9C2AABF5D03

The Paediatric Society of New Zealand Position Statement. Meeting
the Care and Support Needs of Young People with Complex and
Chronic Health and Disability Needs as they Approach Adulthood
[online]. 2003. [cited 2020 Nov 13]. Available from: http://www.
paediatrics.org.nz/files/positionstatements/highhealthneeds.pdf

The Royal Australasian College of Physicians. Position Statement on
Disability. 2012. [cited 2020 Nov 13]. Available from: http://www.
racp.edu.au/download.cfm?downloadfile=5F1277FF-D59D-C3AB-3F
08E0D423B3A54E&typename=dmFile&fieldname=filename

The Royal Australasian College of Physicians. Transition of Young
People with Complex and Chronic Disability Needs from Paediatric
to Adult Health Services. 2014. [cited 2020 Nov 13]. Available from:
https://www.racp.edu.au/docs/default-source/advocacy-library/transit
ion-of-young-people-with-complex-and-chronic-disability-needs.pdf
Field B, Scheinberg A, Cruikshank A. Health care services for adults
with cerebral palsy. Aust Fam Physician. 2010;39:165-7.

Ipsos-Eureka Social Research Institute. Review of Transition of Young
Adults Clinics: Final Report of Findings, prepared for the Department
of Human Services. 2008. [cited 2020 Nov 13]. Available from: http://
health.vic.gov.au/subacute/clinic-final-report.pdf

Buchdahl R, Bush A, Ward S, Cramer D. Pre-flight hypoxic challenge
in infants and young children with respiratory disease. Thorax. 2004;
59:1000.

Buchdahl RM, Babiker A, Bush A, Cramer D. Predicting hypoxaemia
during flights in children with cystic fibrosis. Thorax. 2001;56:877-9.
Hall GL, Verheggen M, Stick SM. Assessing fitness to fly in young
infants and children. Thorax. 2007;62:278-9.

Udomittipong K, Stick SM, Verheggen M, Oostryck J, Sly PD,
Hall GL. Pre-flight testing of preterm infants with neonatal lung dis-
ease: a retrospective review. Thorax. 2006;61:343-7.

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section at the end of this article.

How to cite this article: Chawla J, Edwards EA,
Griffiths AL, Nixon GM, Suresh S, Twiss J, et al.
Ventilatory support at home for children: A joint
position paper from the Thoracic Society of Australia
and New Zealand/Australasian Sleep Association.
Respirology. 2021;26:920-37. https://doi.org/10.1111/

resp.14121



http://www.racp.edu.au/index.cfm?objectid=B567F6BD-D4A2-C8EA-4D7BA9C2AABF5D03
http://www.racp.edu.au/index.cfm?objectid=B567F6BD-D4A2-C8EA-4D7BA9C2AABF5D03
http://www.paediatrics.org.nz/files/positionstatements/highhealthneeds.pdf
http://www.paediatrics.org.nz/files/positionstatements/highhealthneeds.pdf
http://www.racp.edu.au/download.cfm?downloadfile=5F1277FF-D59D-C3AB-3F08E0D423B3A54E%26typename=dmFile%26fieldname=filename
http://www.racp.edu.au/download.cfm?downloadfile=5F1277FF-D59D-C3AB-3F08E0D423B3A54E%26typename=dmFile%26fieldname=filename
http://www.racp.edu.au/download.cfm?downloadfile=5F1277FF-D59D-C3AB-3F08E0D423B3A54E%26typename=dmFile%26fieldname=filename
https://www.racp.edu.au/docs/default-source/advocacy-library/transition-of-young-people-with-complex-and-chronic-disability-needs.pdf
https://www.racp.edu.au/docs/default-source/advocacy-library/transition-of-young-people-with-complex-and-chronic-disability-needs.pdf
http://health.vic.gov.au/subacute/clinic-final-report.pdf
http://health.vic.gov.au/subacute/clinic-final-report.pdf
https://doi.org/10.1111/resp.14121
https://doi.org/10.1111/resp.14121

	Ventilatory support at home for children: A joint position paper from the Thoracic Society of Australia and New Zealand/Aus...
	THE PURPOSE OF THIS DOCUMENT
	DEFINITIONS
	ASSESSMENT OF EVIDENCE
	SUMMARY OF RECOMMENDATIONS
	INTRODUCTION
	PART ONE: CHILDREN DEPENDENT ON VENTILATION
	(A) Continuous life support
	Introduction
	Existing guidelines
	Practical issues
	Considering the options
	Indications
	Service provision

	Management recommendations
	Carers in the home
	Multidisciplinary care team
	Parents and family
	Risk minimization

	Equipment requirements
	Key challenges
	Readmission to hospital
	Funding


	(B) Sleep life support
	Existing guidelines
	Practical issues
	Considering the options
	Indications
	Contraindications
	Funding packages

	Management recommendations
	Interface choice, fit and care
	Ventilator
	Back up
	Infection control



	PART TWO: VENTILATORY SUPPORT FOR OPTIMIZATION OF A CHILD'S HEALTH: INCLUDING BPAP AND CPAP
	Existing guidelines
	Practical issues
	Considering the options
	Indications
	Bi-level positive airway pressure
	Continuous positive airway pressure

	Initiation of therapy
	Monitoring progress of therapy
	Adherence to therapy
	Funding and service provision

	Management recommendations
	Family support
	Home ventilation teams
	Risk minimization

	Children receiving CPAP or BPAP via tracheostomy
	Equipment requirements
	Key challenges
	Readmission to hospital


	PART THREE: VENTILATORY SUPPORT FOR CHILDREN WITH LIFE-LIMITING CONDITIONS RECEIVING PALLIATIVE CARE
	Introduction
	Clinical context

	PART FOUR: ISSUES COMMON TO ALL GROUPS
	Medical review
	Infection control
	Psychological support
	Ethics of paediatric home ventilation
	Transition from paediatric to adult care
	Workforce issues/manpower planning
	Travel and fitness to fly

	WHAT IS NEEDED IN THE FUTURE?
	CONCLUSIONS AND KEY MESSAGES
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	REFERENCES


