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Abstract The number of children requiring long-term
ventilation support is increasing in many countries around
the world. Children benefit from being mechanically ven-
tilated at home rather than staying in the hospital for a
longer period of time. Here, we have reviewed the related
literatures and guidelines on pediatric home mechanical
ventilation and shared our experience in Thailand, where
there is no federal or insurance coverage for home care. An
economic approach has been taken that includes using less
expensive ventilators, training non-professional family
caregivers, and seeking funding resources. We also report
on the favorable outcome of a program we started in 1995.
Of 148 children, 95 (64.2 %) have used noninvasive ven-
tilators, 128 (86.5 %) survive, 20 (13.5 %) were weaned
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off, only four (2.7 %) died unexpectedly. We hope that this
model approach may be useful in some areas with similar
difficulties.
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Introduction

Long-term ventilatory support is an essential treatment for
children with chronic respiratory failure. Advances in
mechanical ventilator technology and respiratory care have
resulted in increased survival and prolonged life expec-
tancy in these children [1e, 2, 3]. In the past, patients who
still required ventilatory support had to be hospitalized for
prolonged periods of time, until they passed away or were
able to be weaned from mechanical ventilators and return
home. This resulted in lengthy and costly hospital stays,
and use of beds that could be available for other needy
patients with acute illnesses. Being away from a home
environment for a long time can also have a negative
impact on a child’s growth and development [4]. Some
children acquire nosocomial infections with multiple-drug-
resistant organisms during their hospital stays, requiring
more expensive, stronger antibiotics to treat ongoing,
serious episodes of infection [5].

Children Prefer to Go Home

Sending children with chronic respiratory failure to live
with their families at their own homes has been shown to
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be the most cost effective measure [6¢, 7, 8]. Home-based
care is less expensive than in-hospital care if home nursing
service is not taken into account [7, 9]. It is generally
accepted that a home environment is preferable to hospital
or intensive care for a child who needs chronic ventilator
support [10¢]. Home environments enhance quality of liv-
ing, unite or reunite children with their communities, and
thus, allow them to reach their full potential as family and
community members [11]. The benefits of home care are
more obvious in children with neuromuscular weakness
[1ee, 12, 13]. It has been shown that children with spinal
cord injury and neuromuscular conditions show improve-
ment in their qualities of life and lower morbidities and
mortalities after initiating home mechanical ventilation
[13, 14].

Increasing Incidence of Chronic Ventilator Support
in Children

Although the exact number of children who are dependent
on home mechanical ventilation worldwide is not avail-
able, many centers have reported exponentially growing
numbers of patients being discharged to their homes with
chronic ventilatory support [1ee, 6, 15, 16]. In Canada,
there was more than a two-fold and five-fold increase in the
number of invasive and noninvasive initiations of home
ventilation in children during 2001-2010, as compared to
during 1991-2000, respectively [1+¢]. A survey done in the
United Kingdom in 1990 identified only nine children on
home mechanical ventilation. The number then increased
to 93 in 1991 and 859 in 1998 [17¢¢]. Another survey report
from Massachusetts in the USA documented 14 children
with long-term ventilator dependence in 1980 [18]. Sub-
sequently, the number increased significantly, to 70 and 77
in 1987 and 1990 [19], and further to 197 in 2005 [20].
Similar findings have been reported around the world, such
as Australia [21], Ttaly [22], Japan [23], New Zealand [24],
and the USA [25].

The increasing trend of pediatric home mechanical ven-
tilation can be explained by a variety of reasons. Equipment
technology has improved, especially in the intensive care
unit. More patients that would have died in the past can
survive and live longer, but still depend on long-term ven-
tilator support. The development in respiratory support
technology has broadened the composition of home-care
equipment modalities, which are more suitable, more por-
table and more user friendly with appropriate alarm features.
The advancement in noninvasive ventilation was a major
contribution to the expansion of home support, especially for
children with congenital and acquired neuromuscular
weakness [1°¢, 10, 20]. Technological progression to detect
nocturnal hypoventilation by either overnight polysomnog-
raphy or end-tidal CO, monitoring during sleep leads to
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early initiation of home ventilation in children with neuro-
logical problems, and chronic and restrictive lung disorders.

Our hospital, which is a teaching university hospital in a
middle-income country, started a program for home
mechanical ventilation in children in 1995 [26]. We were
honored to receive the Governors Community Service
Award from the American College of Chest Physicians in
2003. Up until now, 148 children have received home
mechanical ventilation under our long-term care. Fifty three
children (35.8 %) were invasively ventilated via a trache-
ostomy and 95 (64.2 %) received noninvasive mechanical
ventilation. The number of children on home ventilation was
considerably increased over the last decade (see Fig. 1). The
mean age at the time of initiation of invasive ventilation was
4.6 £ 5.0 years (range 0.3—19 years) and noninvasive ven-
tilation was 9.1 £ 4.4 years (range 0.4-17.8 years). The
longest duration of home mechanical ventilation was
18 years. As the mortality rate of our program is 20 out of a
total 148 (13.5 %), and 20 (13.5 %) other children were able
to be weaned off, the number of our population is cumula-
tively growing. There have also been positive changes in the
attitudes of Thai families toward home care for technology-
dependent children. After we were able to show the benefits
and good outcomes of the first few patients we sent home, we
gained more cooperation and willingness from families of
the succeeding children with chronic respiratory failure. We
are able to convince the families that home ventilation is
feasible and that most children can go home safely. Another
reason that the number has grown is the shortage of beds
available in our hospital. The patients may come with acute
illnesses from other organ systems, but end up with chronic
respiratory failure. Our pulmonary team is mainly respon-
sible for assisting such patients to be discharged from the
hospital as soon as possible. With recognition on the
accomplishment of our program, more children requiring
long-term ventilation support have been referred to us, thus
resulting in an increasing number of our home ventilation
patients.

Underlying Conditions

The causes of chronic respiratory failure requiring long-
term mechanical ventilation are classified according to
pathophysiological approach, such as: neuromuscular
weakness, failure of breathing control, airway disorders,
restrictive disorders due to kyphoscoliosis or diaphragmatic
problems, chronic lungs, obstructive sleep apnea, and
obesity hypoventilation syndrome.

A national survey done in Italy in 2011 identified 362
children receiving home mechanical ventilation, among
whom the most frequent diagnostic categories reported were
neuromuscular disorder (49 %), lung and upper respiratory
tract diseases (18 %), hypoxic ischemic encephalopathy
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(13 %), and abnormal ventilation control (12 %) [22].
Another report from Taiwan similarly found that neurologic/
neuromuscular diseases were the most common underlying
disorders in children requiring long-term mechanical venti-
lation, followed by airway/lung dysfunction [27]. Neuro-
muscular disorders were again found to be the principal
diagnostic categories leading to the requirement of long-
term mechanical ventilation in Canadian children [28]. In the
UK, the two common underlying disorders were airway
pathology (tracheobronchomalacia and obstructive sleep
apnea) and neuromuscular disease [29].

Table 1 lists the main causes of chronic respiratory
failure in our population. Apart from obstructive sleep
apnea (n = 71, 48 %), the main reason for ventilation was
neuromuscular weakness (n = 22, 15 %). The diagnoses in
the group of neuromuscular weakness included spinal
muscular atrophy (n = 8), myopathy (n = 3), myasthenia
gravis (n = 3), etc. For airway disorders, there were cases
of airway malacia (n = 14), bronchiectasis (n = 2), etc.
Our findings do not significantly differ from other reports
[Tee, 10e, 22, 27, 28, 30], except that obstructive sleep
apnea was found to be the majority cause in our population.
This can be explained by the fact that we are the first
hospital and referral center in Thailand providing stan-
dardized, full polysomnography for children. It should be
noted that many of our child patients have multiple other
conditions affecting their well-being, such as cardiac dis-
ease, seizure disorders, endocrine disorders, and so on.
These comorbidities make their care even more complex.

Ventilation Strategy

The goal of home mechanical ventilation is to correct
chronic respiratory failure, to allow children to reach their
developmental potential [31]. The strategy of home
mechanical ventilation is classified into invasive and non-
invasive methods. Choosing either method depends upon
diagnosis, disease severity, daily hours of mechanical

Table 1 The etiology of the need for home mechanical ventilation
and type of support

Etiology Total Noninvasive Invasive
(n = 148) ventilation ventilation
Obstructive sleep apnea 71 71
(48 %)
Neuromuscular weakness 22 11 11
(15 %)
Failure of breathing control 18 3 15
(12 %)
Airway problems 18 3 15
(12 %)
Chronic lungs 7 3 4
(5 %)
Kyphoscoliosis 5 5
(3 %)
Diaphragm problems 3 3
(2 %)
Heart failure 2 2
(1 %)

ventilation needed, patients’ cooperation, amount of secre-
tion, experience of physicians and nurses, and the avail-
ability of ventilators along with their accessories.
Noninvasive ventilation has a lot more advantages over
invasive ventilation. In patients who need only nighttime
home ventilation, it is more convenient to use noninvasive
ventilation at night and avoid tracheostomy during the day,
keeping their daily lives similar to those of healthy indi-
viduals. Without tracheostomy, there are far fewer related
complications such as tracheitis and bleeding. The presence
of a tracheostomy tube on the neck also impacts negatively
on patients’ daily living and social life. Caregivers need to
have more essential skills to take care of a tracheostomy
than they do with just a mask and interface. Recent
widespread distribution of mask interfaces designed for
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pediatric patients has made noninvasive ventilation more
practical in children.

For the above reasons, noninvasive ventilation should be
considered first for children with chronic respiratory
insufficiencies secondary to a variety of diseases, including
neuromuscular disease, chest wall restriction (bony
abnormalities, etc.), chronic lung disease, upper airway
obstruction, obstructive sleep apnea not improved after
adenotonsillectomy, and obesity hypoventilation [32].
Invasive ventilation is used only when the patients show
evidence of either failure to adequately ventilate with
noninvasive ventilation, failure to tolerate mask ventila-
tion, bulbar dysfunction with a high risk of ongoing aspi-
ration, or a high level of dependence on assisted ventilation
(>16 h/day) [31-33].

A report on 40 children with neuromusculoskeletal
disease aged 9 months to 16 years who used noninvasive
ventilation only at night showed a significant improvement
in nocturnal and diurnal arterial blood gas tensions [34].
Nocturnal noninvasive ventilation can correct nocturnal
hypoventilation, reduce nocturnal hypercapnia, improve
respiratory muscle function, and reduce the workload of the
respiratory system, therefor leading to an improvement in
daytime arterial blood gas tension during awake sponta-
neous breathing [35].

Ventilator Choices
Noninvasive Mechanical Ventilator Through Masks

There are two types of ventilators: continuous positive
airway pressure (CPAP) and bi-level positive pressure
(BPAP). They generate high air-flow to compensate for
leaks around the masks in order to reach the pre-set pres-
sure [35]. They usually have a single-tube circuit with a
passive exhalation port incorporated into the circuit near
the patient, or into the interface [35, 36]. Mask fit is the
most important factor for success. The mask should ensure
comfort and fit while minimizing leak [17¢*]. A poorly
fitting mask interface will decrease the clinical effective-
ness of treatment through leaking, and may impact on
adherence. Excessive leaking can impact on sleep quality,
patient—ventilator synchrony, and the amount of effective
ventilation delivered to the patient [37, 38]. Chinstraps
have been shown to reduce mouth leak in some patients
during nasal mask ventilation [39]. A full-face mask can
also be chosen to minimize leak in some patients [33, 39].

A CPAP machine is used to distend the upper airway in
obstructive sleep apnea patients. The BPAP machine is
used to provide ventilator support for patients with alveolar
hypoventilation. The levels of inspiratory and expiratory
positive airway pressure are adjusted to provide effective
ventilation. The BPAP ventilator can be set in the
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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 respira-
tory rate are fixed) [40ee]

Invasive Mechanical Ventilator Via Tracheostomy

A number of modern home ventilators are available that
offer different settings including volume-targeted and
pressure-targeted, in assisted-controlled or controlled
modes, as well as with pressure support. The choice of
mode should be individualized depending on patient
comfort and underlying conditions. The standard home
ventilators must be portable, have internal batteries, and
alarms to detect disconnection and tracheostomy tube
blockage [17¢°]. It should be noted that the price of an
invasive home ventilator is approximately 2—5-fold that of
noninvasive BPAP ventilators.

Formal titration of settings using either polysomnogra-
phy or cardiopulmonary monitoring (including pulse
oximeter, capnometry, patient flow, chest wall movement
and machine output) can identify optimum settings and
possible problems with ventilator support during sleep [37,
40e+]. By monitoring patients first under polysomnography,
we can adjust inspiratory and expiratory pressure, back-up
rate, inspiratory time, and trigger sensitivity, and detect
leaks. The goal is to achieve adequate ventilation and
oxygenation, the utmost comfort for the patient, and good
quality of sleep with minimal arousals [40¢¢]. In order to be
eligible for discharge, the child’s medical conditions
(either respiratory or other organ systems) and ventilator
support requirements should be stable without any changes
for approximately a month or so [32, 41].

Our Experience with Home Mechanical Ventilators

Because obstructive sleep apnea was the predominant
cause in our group, noninvasive ventilation was found to be
the most common ventilation strategy used (n = 95,
64.2 %). Even when obstructive sleep apnea is excluded,
noninvasive ventilators were initially selected more often
than invasive ventilators, especially over the last 5 years.
The youngest age of our patients successfully using
noninvasive ventilator was 4 months old, at a body weight of
6 kg. The patient had developed cyanosis since birth, and
polysomnographic findings were compatible with congeni-
tal central hypoventilation syndrome, which showed mark-
edly more hypoventilation in non-rapid-eye-movement
(non-REM) sleep. We recommended that he have a trache-
ostomy, but his family disagreed; the parents insisted on
using a noninvasive strategy. They hired a lay person to
manually keep a full-face mask on the baby’s face all
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through the night while he was asleep. They have been using
this technique to ensure adequate ventilation. At present he is
8 years old, thriving, and developing appropriately for age.

In Thailand, there is neither government funding nor any
insurance coverage for home mechanical ventilation. All
expenses are directly borne by the family. This, standard
invasive ventilators were too expensive for most of our
patients. The choice of ventilator is determined firstly by
the price, and secondly by level of safety [26]. To cut down
on expense, BPAP and CPAP machines have been found to
be more suitable for this difficult situation. Among 53
children using invasive ventilators, 25 (47 %) have used
BPAP via tracheostomy, and 15 (28 %) have used CPAP
via tracheostomy. Only the families of 13 (25 %) could
afford to buy standard invasive ventilators. As a result,
BPAP and CPAP machines are the most common types of
equipment that we have been using. In our experience,
these devices are effective in both noninvasive and inva-
sive mechanical ventilation. They are durable, lasting
10 years at maximum and, more importantly, less expen-
sive. No complications have occurred so far.

Most of our patients underwent polysomnography to
ensure the most appropriate setting and safety. Once a good
tolerance to bedside titration is reached, a polysomno-
graphic titration is performed. This requires a tremendous
amount of overnight work by experienced sleep technolo-
gists, supervised by pediatric pulmonologists.

Funding

The levels of financial support for at-home care for chil-
dren on long-term ventilator support are highly variable
across the world. In the USA, home healthcare is generally
paid for by Medicaid, Medicare, long-term insurance, or
occasionally with the patient’s own resources [42]. In
addition to the ventilators and accessories, home healthcare
professionals are also provided. Professionals include
licensed practical nurses, registered nurses, physical and
occupational therapists, etc [42]. In the UK, a wide range
of home healthcare services are funded by the NHS, private
medical insurance or through self-funding for “top up”
treatment [43]. In Australia and New Zealand, there
remains a discrepancy in resource provision for children on
home ventilator support throughout the country [6°].
Thailand is considered to be one of the lower-middle-
income countries. Healthcare services in our country have
been delivered mainly by the government. Universal cov-
erage reform was introduced in 2001. Since then, healthcare
is provided through three programs: the civil service welfare
system for civil servants and their families, social security
for private employees, and the Universal Coverage scheme
that is theoretically available to all other Thai nationals.
People joining the scheme receive a gold card, which allows

them to access services in their health district, and, if nec-
essary, be referred for specialist treatment elsewhere [44].

Unfortunately, home ventilation is not included in the
lists of any programs described above. Patients have the
right to stay in the government hospital if they still need
ventilator support, but none of the private health insurance
providers offer coverage for home care. If patients want to
go home, their family is responsible for all expenses that
may occur. The cost of equipment, supplies, and caregivers
must be met by the family themselves. A number of
patients whose conditions are suitable for home care still
have to undergo unnecessary long-term hospitalization due
to this lack of family resources. The feasibility of home
care depends very much on the family’s resources and their
ability to cope with ensuing problems [26]. This is the main
reason why BPAP and CPAP machines have been used
most often among the children in our study. Fortunately, 33
(22.3 %) of our patients received ventilators donated by the
Thai royal family, charitable organizations in Thailand and
the USA, and by well-to-do individuals in the Thai society.
Our team and the patients are always most grateful to all
who have supported our program. Without this support, it
would be nearly impossible to send these ventilator-
dependent children back home.

Caregivers and Training

The clinical practice guideline of the American Association
of Respiratory Care for long-term, invasive home ventilation
indicates that the caregivers must be credentialed healthcare
professionals (RRT, CRT, RN) and/or licensed practitioners
with documented knowledge. However, lay caregivers
(family members, personal care attendants, non-credentialed
healthcare personnel such as nurse’s aides) can be taught
tasks and techniques of care for a specific ventilator-assisted
individual [45]. The Canadian Thoracic Society’s clinical
practice guideline on home mechanical ventilation indicates
that caregivers should be educated and trained according to
the specific needs of each patient [46¢¢]. In an evaluation of a
respiratory therapist-driven family education program for
caregivers of children on home mechanical ventilation, a
comprehensive program demonstrated a positive impact in
the performance and satisfaction of the caregivers [47].
Caregivers need to be trained in using, cleaning, and
caring for the ventilators and accessories, basic trouble
shooting skills, emergency problem solving, understanding
alarms and corrective measures, and tracheostomy care, as
well as basic life support [37, 48]. In addition, they need to
be trained to competently manage airway secretions, either
by suctioning through a tracheostomy or by using manual
and/or mechanical cough assist techniques, in patients with
neuromuscular weakness who are on noninvasive ventila-
tion. Their skills need to be reassessed periodically [37].
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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 in some studies to be highly stressful and
sometimes overwhelming [49-51].

In our country, where the cost of home care is directly
charged to the family, it is impossible to have healthcare
professionals (RRT, CRT, RN) and/or licensed practitio-
ners as caregivers at home. We strongly believe 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 the 53 children that we
sent home with invasive home mechanical ventilation, 35
(66 %) of the primary caregivers were parents, nine (17 %)
were relatives, and nine (17 %) were home nurse aids. All
of them are non-medical professionals.

One advantage of Thai culture in this situation is the
extended family setting, in which two or three generations
live together in the same house. Either parent or other
family members have all been selected and trained to be
caregivers [26]. Experience for more than 15 years has
taught us that the level of the caregiver’s education is not
as important as dedication. Commitment, motivation, and
preparation from patients’ families and caregivers are
crucial for a successful transition to home [46°°].

We are lucky to have devoted respiratory nurses and
home visiting nurses working together with pediatric pul-
monologists [26]. As respiratory therapist professionals do
not exist in Thailand, respiratory nurses take on their role
to train lay people to be able to take care of their
mechanically-ventilated children at home. They also work
as nurse coordinators, discharge planners, social workers,
and so on. Teaching and training on the care of ventilated
children is a gradual 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 subse-
quently reduce the involved stress. Once competence is
gained, the parents are able to advocate for their child to
get appropriate treatment [52]. They are also trained to
know their limits, so that they seek help when necessary
[17¢]. The family can call respiratory nurses for help 24 h
a day whenever any problems occur. When the children go
home, our home visiting nurses go to see their home, in the
beginning usually once a week, to supervise the caregivers
and coordinate with the hospital team [26].

Outcome
Compared to adults, children with chronic respiratory
failure have better prognosis. It was shown that some of the

children outgrew their need for home ventilator support
when they were older [15, 53]. The long-term survival rates

@ Springer

for children are influenced primarily by the clinical course
of the underlying disease. As a general principle, a better
outcome is usually observed in cases where the underlying
disease is reversible, such as BPD, compared to the out-
come of cases with progressive disorders, such as pro-
gressive neurologic disorders [31]. In the UK, the 5-year
survival rate of noninvasive and invasive home ventilation
was reported to be 94 %, and 21 % were able to discon-
tinue respiratory support at 5 years [28]. Patients with
neuromuscular disease were less likely to discontinue
support than other patients [28]. In the USA, the 5-year
survival rate of only invasive home ventilation was
reported to be 80 %, with 24 % discontinuing home ven-
tilation. Thirty-four percent of the associated deaths was
due to progression of underlying conditions, whereas 49 %
were from unexpected causes [7].

From 1995 to 2013, our team has cared for 148 children
and young adults receiving full- or part-time home ventilator
support. Of these, 114 patients (77 %) remain alive and are
still on home mechanical ventilation. Twenty patients
(13.5 %) were liberated from home mechanical ventilation,
and 15 of the 20 liberated patients (75 %) were weaned
within 2 years of initiation. One patient with poliomyelitis
was weaned to noninvasive ventilator support. Twenty
patients (13.5 %) died. Progression of underlying conditions
accounted for 16 (80 %) of the deaths; four (20 %) of the
deaths were unexpected. The causes of the unexpected
deaths were obesity-hypoventilation syndrome with severe
pulmonary hypertension (n = 2), massive bleeding through
tracheostomy (n = 1), and diarrhea and sepsis (n = 1). No
deaths were caused by ventilator malfunction or were rela-
ted to caregiver errors. Nineteen patients (95 %) died in
hospital. Only one patient (5 %) died at home.

Conclusion

The prevalence of children with chronic ventilator support
being cared for at home is increasing worldwide. We have
shared our practice and experience in caring for such chil-
dren with invasive and noninvasive home mechanical ven-
tilation. The noninvasive method is becoming more popular
among children with chronic respiratory insufficiency. With
limitation in financial support, simple and inexpensive
ventilators are used and parents are serving as caregivers.
We do hope that our model approach may be useful for other
countries having the same difficult situation.
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