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Abstract The number of children dependent on home me-
chanical ventilation has been reported to be increasing in many
countries around the world. Home mechanical ventilation has
been well accepted as a standard treatment of children with
chronic respiratory failure. Some children may need mechani-
cal ventilation as a lifelong therapy. To send mechanically ven-
tilated children back home may be more difficult than adults.
However, relatively better outcomes have been demonstrated
in children. Children could be safely ventilated at home if they
are selected and managed properly. Conditions requiring home
ventilation include increased respiratory load from airway or
lung pathologies, ventilatory muscle weakness and failure of
neurologic control of ventilation. Homemechanical ventilation
should be considered when the patient develops progressive
respiratory failure or intractable failure to wean mechanical
ventilation. Polysomnography or overnight pulse oximetry
plus capnometry are used to detect nocturnal hypoventilation
in early stage of respiratory failure. Ventilator strategy includ-
ing non-invasive and invasive approach should be individual-
ized for each patient. The author strongly believes that parents
and family members are able to take care of their child at home
if they are trained and educated effectively. A good team work
with dedicated members is the key factor of success.
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Introduction

The number of children dependent on home mechanical ven-
tilation has been reported to be increasing in many countries
around the world [1–6]. This growing trend could be ex-
plained by a variety of reasons. Firstly, advancement in inten-
sive care dramatically improves prognosis of patients with
severe illnesses. Much more patients survive and live longer,
although some may remain on high technology support. The
progression to detect nocturnal hypoventilation by overnight
polysomnography, pulse oximetry and capnometry leads to
early initiation of ventilator support in children, which bene-
ficially can prevent complications from overt respiratory fail-
ure. In children with static or progressive nervous system dis-
orders, ventilator support has been considered as a standard
life-long therapy [7]. In addition, the development of nonin-
vasive ventilation has simplified ventilator strategy and broad-
ened choices of ventilators used for chronic respiratory failure.
Innovations in respiratory home care equipment with remote
alarm features make patients to live at home with more confi-
dence and comfort. Economically, home-based care is far less
expensive than in-hospital care when home nursing service is
omitted [8, 9]. Socially, home environment has been found to
enhance quality of living, unite children with their families and
community [10]. Psychologically, most children prefer living at
home to staying in the hospital for prolonged periods of time.

Special Considerations in Children

To initiate home mechanical ventilation in children is much
more difficult than in adults. Children have smaller airway
diameters. Collateral ventilation such as Pore of Khon or Ca-
nal of Lambert has not been fully developed in young chil-
dren. Therefore, airway clearance procedures are essential.
The danger of airway blockage with secretions increases with
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a decreasing inner diameter of the tracheostomy cannula [11].
Children are at increased risks of accidental removal of cannula
and aspirations. Fewer choices of mechanical ventilators are
available for children. Small children with poor effort may not
be able to trigger the ventilator. So, home ventilators designed for
children must be able to provide more sensitive trigger, lower
tidal volume and lower flow rate. Commercial masks have a
relatively high amount of dead space and often do not fit children
well, especially infants [11]. The risk of developing mid-facial
hypoplasia is increased in children when using masks with high
contact pressure [12]. Some children are too young to help them-
selves in emergency situations such as ventilator malfunction,
electrical power failure etc. [11]. So they require well trained care
givers who can observe them closely and help them immediately.

Even though there are a lot of difficulties as described
above, many studies have shown that properly selected infants
and children could be safely ventilated at home [1–3, 5, 6]. As
compared to adults with chronic obstructive pulmonary dis-
ease (COPD), better outcomes have been reported in children
especially those with reversible underlying diseases such as
bronchopulmonary dysplasia and tracheobronchomalacia [2,
13]. More than half of the children suffering from severe
bronchopulmonary dysplasia were liberated from positive
pressure ventilation and decannulated before their sixth birth-
day [13]. A good quality of life has been also demonstrated in
ventilator-dependent children with congenital central
hypoventilation syndrome (CCHS), who were able to attend
school and function normally in society [14, 15]. Figure 1
shows one of the author’s patients with CCHS who has nor-
mal growth and development. She can go to primary school
like other normal children in the day and has been on mechan-
ical ventilator at night for 6 y. Some patients with spinal cord
injury and neuromuscular conditions, who became ventilator-
dependent before 6 y of age, could graduate from universities,
earned degree and run their own business [16]. Similarly,
Fig. 2 shows author’s patient with spinal muscular atrophy
who has been on non-invasive ventilator for 17 y. At present
she supports herself and raises the family by writing novels.

Candidates for Home Mechanical Ventilation

Pediatric diseases and conditions causing respiratory failure
may be classified according to physiologic abnormalities into
three groups as shown in Table 1 [17, 18]. Neuromuscular
disorders have been listed in the majority of reports as the first
or second most common diagnostic categories in pediatric
population [2, 19–22]. It should be noted that a number of
children have had multiple problems and disabilities such as
cardiac diseases, seizure disorders, endocrine disorders and so
on. These co-morbidities make their care even more complex.

Long-term mechanical ventilation is indicated either
when the patients are not be able to wean from mechanical

ventilation or demonstrate evidence of progressive respiratory
failure with or without pulmonary hypertension. Since minute
ventilation is relatively diminished during sleep as compared
to awake state, detection of hypoventilation and hypoxemia
during sleep, established by either polysomnography or over-
night pulse oximetry plus capnometry, is considered as the
earliest signs of respiratory failure in these candidates [23].
Nocturnal ventilatory support should be initiated. Waiting
until the patients become hypercapnic during the day may
result in uncontrolled decompensation [24].

Children who are suitable to be sent home with mechanical
ventilation must fulfill the following criteria:

1. Medical stability without frequent monitoring, test or
treatment changes [25]. Unchanged ventilator settings.

Fig. 1 AThai girl with congenital central hypoventilation syndrome who
has been on a mechanical ventilator via tracheostomy during sleep for 6 y
(a) She can enjoy outdoor activities as normal children (b)
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2. Positive trend in weight gain and growth curve [26].
3. Freedom from frequent infection and fever [26].
4. Motivated family with willingness and commitment to

provide support and care at home [25].
5. Adequate and adaptable home setting [25].
6. Accessible financial resources and health care support in

the community [25].

Ventilators Designed for Home Use

The goal of home mechanical ventilation is to correct respira-
tory failure and maximize oxygenation and ventilation in or-
der to allow children to reach their developmental potential
[27]. Long-term ventilators designed for home use must be
small, lightweight, portable and durable. It must have an in-
ternal air compressor, which can be run on electricity. It should
also be powered by the internal battery in case of inaccessible
electricity. Home ventilators must offer adequate audible
alarms to alert caregivers in time to check the child and the
ventilator.

Home mechanical ventilators are classified into invasive
and non-invasive mechanical ventilators. Advantages of
non-invasive ventilation relate to the fact that no tracheostomy
is required, which reduces complications and discomfort re-
lated to tracheostomy. Caregivers do not need to take care of
tracheostomy, which is a heavy burden. In general, a require-
ment for only nocturnal support warrants non-invasive venti-
lation, while a requirement for 24 h support often warrants
invasive ventilation [18]. The decision to choose whether

Fig. 2 One of the patients with spinal muscular atrophy who has been on
a non-invasive ventilators for 17 y (a) She supports herself and raises the
family by writing novels (b)

Table 1 Candidates for pediatric home mechanical ventilation as
classified by physiologic abnormalities

Increased respiratory load

Obstructive disorders

Obstructive sleep apnea

Tracheobronchomalacia

Bronchiectasis

Bronchiolitis obliterans

Restrictive disorders

Kyphoscoliosis

Chest wall deformities

Lung hypoplasia

Interstitial lung diseases

Combined obstructive and restrictive disorders

Bronchopulmonary dysplasia

Heart failure

Ventilatory muscle weakness or pumping failure

Spinal muscular atrophy

Myasthenia gravis

Spinal cord injury

Diaphragmatic dysfunction

Motor neuron disease

Congenital muscular dystrophy

Failure of neurologic control of ventilation

Congenital central hypoventilation syndrome (CCHS)

Post encephalitis

Brain stem tumor

Brain infarct, trauma or degeneration

Adapted from references [17, 18]

854 Indian J Pediatr (September 2015) 82(9):852–859



invasive or non-invasive ventilation for children needing more
than nocturnal but less than 24 h support must be individual-
ized [18]. Due to a lot of advantages, non-invasive ventilation
should be considered first for children with chronic respiratory
insufficiencies [28]. Invasive ventilation is used only when the
children show evidence of either failure to adequately venti-
late with non-invasive ventilation, failure to tolerate masks,
bulbar dysfunction with a high risk of ongoing aspiration
and ineffective non-invasive management of secretions or
high level of dependence on assisted ventilation (>16 h/d)
[27–29].

Modes of Mechanical Ventilation

Non-invasive Mechanical Ventilation

Non-invasive ventilators generate high flow to compensate
leak around masks in order to reach the pre-set pressure
[30]. There is a single-tube circuit with passive exhalation port
incorporated in the circuit near the patient or into the interface
[30, 31]. Patient’s acceptance of the mask is the most impor-
tant indicator of success. It should ensure comfort and fit while
minimizing leak [31]. A poorly fitting mask interface will
decrease the clinical effectiveness of treatment through leak,
and may impact on adherence. Excessive leak can impact on
sleep quality, patient-ventilator synchrony and the amount of
effective ventilation delivered to the patient [32].

Basically, there are two modes; continuous positive airway
pressure (CPAP) and bi-level positive pressure (BPAP). CPAP
is commonly used in children with obstructive sleep apnea
to distend upper airway and relieve airway obstruction.
BPAP provides tidal breaths for patients with alveolar
hypoventilation. The pressure difference between inspiratory
and expiratory positive airway pressure in pressure support
mode determines the amount of tidal volume delivered to
the patient. BPAP can be set in the spontaneous mode
(the patient cycles the device), the spontaneous timed
mode (a back-up rate and inspiratory time can be set in
case the patient does not trigger the device) and the timed
mode (inspiratory time and respiratory rate are fixed) [33].

Modern non-invasive ventilators additionally offer more
modalities including average volume-assured pressure sup-
port (AVAPS) that automatically adjusts the pressure support
level in order to provide a consistent desired tidal volume;
auto-adjusting positive airway pressure (APAP) that automat-
ically adjusts the levels of continuous positive airway pressure
in order to relieve airway obstruction in obstructive sleep ap-
nea; and C-flex or Bi-flex that soften airflow at only upon
exhalation or both exhalation and inhalation respectively to
make breathing more comfortable. Each device has data stor-
age in a sim card so that usage information can be downloaded

such as hours of usage patterns and leakage which is helpful to
assess adherence of the patient and adjust mask fitting.

Invasive Mechanical Ventilation

There have been a number of modern home ventilators avail-
able in markets, which offer different modes of setting includ-
ing volume-targeted, pressure-targeted, in assisted controlled
or controlled mode as well as pressure support. The choice of
mode should be individualized depending on patient’s com-
fort and underlying conditions. Alarms should be set up ap-
propriately for patients’ safety.

The settings of both non-invasive and invasive ventilators
are first established by bedside titration and monitoring. Pa-
tients are allowed to try to use each ventilator for a short time
and select the ventilator according to their preference. It is
most helpful to adjust the settings under polysomnography,
by which leakage can be detected and inspiratory and expira-
tory pressure, back-up rate, inspiratory time, trigger
sensentivity can be precisely adjusted. The goal is to achieve
adequate ventilation and oxygenation, good quality of sleep
with minimal arousals [33]. The leakage around masks can be
fixed by selecting the right size together with the right type of
mask and headgear. If a child mouth-breathes a lot, a chin
strap may be needed to keep the mouth closed. Full facemasks
may be used to minimize leak in some patients [34]. The
leakage around the tracheostomy tube can be corrected by
using cuffed tracheostomy tube and inflating cuff with appro-
priate volume.

If the child is optimally ventilated either by a non-invasive
or invasive ventilator and normal PaCO2 is achieved, but there
is still hypoxemia, then long-term oxygen therapy should be
given in addition to ventilatory support. The oxygen require-
ment should be assessed by pulse oximetry monitoring for at
least 6–12 h during all levels of activity, including sleep and
feeding [35]. The goal is to maintain oxygen saturation
above 92–93 % [35, 36]. When oxygen gas is adminis-
tered through the ventilator circuit, CO2 level and respi-
ratory rate should be monitored closely to ensure that
any hypercapnia or hypopnea is not exacerbated by the
removal of the hypoxic drive [35]. Oxygen alone should
not be used to correct hypoxemia caused by alveolar
hypoventilation in patients with neuromuscular weak-
ness since it will mask cyanosis, worsen hypercapnia
and delay initiation of ventilatory support [29].

Various airway clearance techniques are routinely recom-
mended to improve mucociliary clearance, prevent or treat
atelectasis, minimize chances of acquired respiratory infec-
tion. For tenacious airway secretions, in addition to increasing
fluid intake, author uses heated humidification system,
nebulised normal saline or 3 % hypertonic saline [29]. Aero-
solized bronchodilators, either by nebulization or metered
dose inhaler via spacer, are given for those patients who have
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bronchial hyperresponsiveness. Standard chest physiotherapy
consisting of postural drainage, manual chest percussion and
vibrations is carried out to mobilize secretions into the central
airways. For a tracheostomized patient who has weak cough,
author recommends the caregiver to give a positive pressure
ventilation by a resuscitation bag and deep suctioning through
a tracheostomy tube. For a patient who uses a non-invasive
ventilator, author recommends to support deep breathing by
using his or her own non-invasive ventilator intermittently
during airway clearance. Several manual augmented coughing
options and respiratory muscle training are tailored and ad-
vised to each child depending on his or her age, cooperation
and underlying diseases. Although sophisticated devices such
as mechanical insufflation/exsufflation [37] and high frequen-
cy chest wall oscillation [38] have been shown to have a lot of
advantages over conventional airway clearance techniques,
they rarely are administered in our home setting due to the
lack of funding resources.

If the underlying diseases are getting better, there is no need
to change the ventilator setting. The patient can be weaned
from the ventilator by increasing free time so that they can
independently participate in more daily activities. Free time
can be increased gradually in daytime first. If the patient
improves, the ventilator can be weaned to only nighttime.
Overnight monitoring with pulse oximetry and capnometry
or polysomnography are performed to confirm whether or
not the patient can be taken off nighttime mechanical
ventilation.

Discharge Planning

Because of the shortage of home health care nurses as well as
complexity of children’s conditions and technological sup-
ports, it is imperative that the children’s family and caregivers
must be involved and capable of learning all aspects of home
care [39]. Caregivers need to be trained in using, cleaning and
caring for the ventilators and accessories; basic trouble shoot-
ing skills; emergency problem solving; understanding alarms
and corrective measures to take; tracheostomy care as well as
basic life support [40]. In addition, they need to be trained to
competently manage airway secretions either by suctioning
through a tracheostomy, or by using manual and/or mechani-
cal cough assist techniques in the patients with neuromuscular
weakness being on noninvasive ventilation. Their skills need
to be reassessed periodically [40]. Assuming the responsibility
for the care and management of ventilator dependent patients
is a life-altering event for most families and caregivers. The
parental responsibility was found to be highly stressful and
sometimes overwhelming [41]. However, the success in train-
ing the parents and family members as caregivers has been
reported in many studies [2, 42–44].

In Thailand, where the cost of home care is directly charged
to the family, it is impossible to have health care professionals
as caregivers at home. The author strongly believes that in
order to assist complicated children to live at home, the most
suitable persons to be trained as caregivers are the ones who
really love them. Among 53 children sent home with invasive
homemechanical ventilation, 35 (66 %) of primary caregivers
were parents, 9 (17 %) were relatives, 9 (17 %) were nursery
maids. All of them were non-medical professionals [2]. One
advantage in Thai society is the extended family setting in
which two or three generations live together in the same
house. Either parents or family members have been selected
and trained to be a caregiver [2]. Experience for more than
15 y has taught the author that the level of the caregiver’s
education is not as important as dedication. Commitment, mo-
tivation and preparation from patients’ families and caregivers
are crucial for a successful transition to home [2].

The author’s home care team consists of pediatric
pulmonologists, respiratory nurses, home visiting nurses and
equipment organizers [2]. As professionals of respiratory ther-
apists do not exist in Thailand, respiratory nurses take on their
role to train lay people to be able to take care of their mechan-
ically ventilated children at home. They also work as nurse
coordinators, discharge planners, social workers and so on.
Teaching and training the care of ventilated children is a grad-
ual process that requires practice and repetition. Initially it is
very stressful due to the huge learning curve required to care
for the child and to maintain the equipment safely. More time
and experience subsequently reduces their stress. Once com-
petence is gained, the parents are able to advocate for their
child to get appropriate treatment. They are also trained to
know their limits, so that they seek help when necessary.
The family can call respiratory nurses for help 24 h a day
whenever any problems occur. When the children go home,
the home visiting nurses go to see their home at the beginning,
may be once a week, to supervise the caregivers and
coordinate with the hospital team [2]. The distributors
of home ventilators are responsible to visit patients’
home and check ventilator function periodically. This
model approach may be practical in other countries with
low income and limited resources.

Obstacles to Establish Home Mechanical Ventilation

The levels of financial support for at-home care for children
on long-term ventilator support are highly different across the
world. In high income countries, home health care service are
covered by either the government or medical health insurance,
while in lower income countries, patients and families are
responsible for all expenses that may occur [2]. The cost of
equipment, supplies, and caregivers must be met by the family
themselves. A number of patients whose conditions are
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suitable for home care still have to undergo long-term hospi-
talization unnecessarily because of the lack of family re-
sources. The feasibility of home care depends very much on
the family’s resources and their ability to cope with ensuing
problems [2]. BPAP and CPAP via tracheostomy have been
using instead of standard home ventilator to cut down the
expense [2]. Fortunately some children received ventilators
from donations. In case of mechanical ventilator failure or
electrical power failure or outage, patients need to go to near-
by hospitals as soon as possible since they are provided only
one set of each device.

In order to effectively run home care program in this diffi-
cult situation, the team has to face a lot of barriers including
designating family members as caregivers, seeking for
funding for home care equipment, teaching and training
family members who mostly are lay persons for all as-
pects of sophisticated home care, emotional and social
support to the family, preparing safe home environment,
coordinating with other specialties involved in the care
of the child such as nutritionists, neurologists, speech
therapists, occupational therapists, social workers, phys-
ical therapists and schools. A checklist of caregiver’s
evaluation form should be completely filled-in before
discharge (Appendix). All tasks require a good team
work; dedicated members of the team are the key factor.

Conclusions

Home mechanical ventilation has been well accepted as a
standard treatment of children with chronic respiratory failure.
Although it is more difficult in children than adults, better
outcomes have been reported in children. Children can be
safely ventilated at home if they are selected and managed
properly. Home mechanical ventilation is classified as non-
invasive and invasive ventilation. The ventilator strategy
should be individualized. Parents and family members are
able to take care of their child at home if they were trained
and educated effectively. A good team work with dedicated
members is the key factor of success.
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