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Abstract We examine the incidence and prevalence of
domiciliary ventilation in the South West region of the UK,
assess trends over 15 years, and describe patient outcome.
We conducted a retrospective review of all patients below
18 years receiving domiciliary ventilation in the South West
region of the UK between January 1994 and August 2009.
Children who received long-term ventilation solely in
hospital were excluded from the study. Information was
obtained from a locally held database, medical notes, and
hospital administration systems. One hundred-six patients
were identified. Prevalence has increased since 1994 from
0.2 to 6.7 per 100,000 children. The incidence of both
invasive and non-invasive ventilations has increased with a
trend towards more non-invasive therapy. The commonest
underlying disorders were airway pathology (37 patients),
neuromuscular disease (34 patients), and central congenital
hypoventilation disorder (17 patients). Sixty-seven patients
had significant co-morbidities. Of 38 non-current patients,
19 were transferred to adult ventilation services, 11 died,
and 6 were successfully weaned from ventilatory support.

In conclusion, there has been a 30-fold increase in the
prevalence of paediatric domiciliary ventilation, in the
South West region of the UK, since 1994. Co-morbidities
are common. Very few children discontinue long-term
ventilation, and increasing numbers of ventilated children
are transferred to adult services.
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Introduction

Children requiring long-term ventilation (LTV) are defined
as those “who when medically stable, continue to require a
mechanical aid for breathing, after an acknowledged failure
to wean, or are slow to wean, three months after the
institution of ventilation” [8]. The number of children
receiving long-term ventilation in the UK has increased
over the past 20 years. This can be ascribed to a number of
factors including technological advances in diagnosis,
suitable medical equipment for use at home, and improved
outcomes from critical illnesses [6, 8].

In 1990, a survey in the UK identified 24 children
undergoing LTV, of whom nine were cared for at home
[11]. In 1997, a questionnaire survey of UK clinicians
identified 141 children requiring LTV, with 93 cared for at
home [7]. Five of these children were resident in the South
West region of the UK. In 2003, a survey undertaken by the
South West Regional Paediatric Intensive Care Commis-
sioning group identified 18 children requiring LTV of
which 15 were cared for at home (J. Fraser, personal
communication). Caring for a child on domiciliary LTV is
extremely costly. In 2006, a support package for a child
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ventilated at home with 24 h care was estimated to cost
£239,855 per year [10]. Despite this obvious cost to society
and to the wider health care economy, little has been
published on the long-term outcome of such patients once
home ventilation has been started.

In the South West region of the UK, the management of
children on LTV has been centralised for many years, with
tertiary respiratory care provided by the Bristol Royal
Hospital for Children (BRHC). Children requiring domicil-
iary LTV are seen in a dedicated multi-professional LTV
clinic. The South West has a stable geographical population
with a consistent referral pattern. This provides a unique
opportunity for prospective evaluation of this group of
patients. Since 1981, data have been recorded for all
patients receiving invasive and non-invasive LTV, and in
2006, a formal database of all children managed by the
team at the BRHC LTV service was established. Evaluation
of a well-defined, geographically discrete population can
complement data from national surveys; for example, an
enhanced ability to track individual patients that allows
more precise estimates of changing prevalence over time.

This study examines the increased prevalence of domi-
ciliary LTV in the childhood population of the South West
region over a 15-year period and describes underlying
disease categories, co-morbidities and the long-term out-
come of this group of patients.

Patients and methods

A retrospective review was undertaken of all children who
received mechanical ventilation at home in the South West
region of the UK, between January 1994 and August 2009.
Every child attending LTV clinic has data entered by the
LTV nurse specialist. Information from all LTV clinic
letters prior to 2006 was used retrospectively to complete
the database. Information was collected from the LTV
database, medical notes, and the hospital administration
system.

Our inclusion criteria were:

& Children under the age of 18 years at initiation of LTV
& Managed by the Bristol LTV service
& Domiciliary LTV electively commenced in hospital,

clinic or home.
& Domiciliary LTV urgently commenced following a

failure to wean off acute ventilation instituted during
intensive care admission

Children who died in hospital or had ventilatory support
discontinued prior to discharge from hospital were excluded
from the study.

Data obtained for each patient included dates at which
LTV was commenced and ended (where appropriate),

diagnoses, outcome, type of ventilation (i.e. invasive or
non-invasive), admissions to hospital and intensive care,
and hours/day of ventilator dependency. Post code data
were used to verify location of residence of patients. Office
of National Statistics 2001 census data (most recently
published) were used to give a point estimate of the
population of young persons under the age of 18 years in
the South West. We used a two-tailed Fisher"s exact test to
compare the outcome between different groups of patients.

Results

Ninety-two patients were referred into the service between
1994 and 2008. The number of new referrals increased
between 1994 and 2000 and has fluctuated between four
and 20 patients each year since then (Fig. 1). Using 2001
census data for the population under 18 years of age in the
South West gives an estimated incidence of 0.6 new
patients requiring long-term ventilation per 100,000 child
population.

In total, 106 patients were managed by the BRHC LTV
service during the period of study. In August 2009, 68
children are still currently managed by the paediatric
service, 19 have been transferred to the adult LTV service
(transfer arrangements beginning at 16 years of age), 11
have died, 6 no longer require LTV, and 2 have moved
away from the region.

Between 1994 and 2007, there was an increase each year
in the total number of children receiving home ventilation
(Fig. 2). In 2008, the total number of home-ventilated
children slightly decreased, partly as a result of older
patients transitioning into the adult service between the
ages of 16 and 20 years. There are six patients, currently
managed by the paediatric LTV service, who are resident
outside the South West region in South Wales and Wessex.
Excluding patients who are resident outside the South West
gives an estimated prevalence in 2009 of 6.7 per 100,000
children, compared to 0.2 per 100,000 in 1994.
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The use of both invasive (via a tracheostomy) and non-
invasive (via a mask) ventilations has changed during the
period of study. In recent years, there has been a tendency
to commence non-invasive rather than invasive ventilation,
with 38 out of the 68 current patients having non-invasive
ventilation.

The diagnostic categories for the whole group of 106
patients are shown in Table 1. Airway pathology was the

commonest diagnostic category (37 patients), predominantly
tracheobronchomalacia (TBM) and obstructive sleep apnoea
(OSA). In patients with TBM, 10 out of 15 had associated
cardiac disease. Examples of the cardiac conditions encoun-
tered include coarctation of the aorta, total anomalous
pulmonary venous drainage, double outlet right ventricle with
pulmonary stenosis, ventricular septal defect, truncus arterio-
sus, and pulmonary atresia with multiple aorto-pulmonary
collateral arteries. Of the 16 patients with OSA, 11 had
neurocognitive disorders including trisomy 21 (3 chil-
dren) and Prader–Willi syndrome (2 of these children,
who were also classified as obese). One patient had OSA
solely due to obesity and was transferred to adult
services while undergoing a weight management
programme. Three children had upper airway obstruction
due to skeletal disorders, namely osteogenesis imper-
fecta, achondroplasia and juvenile arthritis. One child
with OSA had no specific diagnosis. The remaining six
children with airway pathology were a heterogeneous
group that included patients with subglottic stenosis,
cranial stenosis, and severe cerebral palsy.

Neuromuscular disease was identified in 34 patients–this
included 13 children with Duchenne muscular dystrophy,
8 with spinal muscular atrophy, and 5 with nemaline rod
myopathy. The remaining 8 children with degenerative
neuromuscular conditions include 1 with hereditary motor
sensory neuropathy, 1 with myasthenia gravis, 1 with sensory

Table 1 Diagnostic categories

Primary diagnosis Number Outcome
(NIV) Mean age of

onset (months)
Current No longer

require LTV
Transfer to
adult service

Died Moved out
of region

Neuromuscular DMD 13 (13) 170 6 0 5 2 0

SMA (I) 3 (3) 12 0 0 0 3 0

SMA (II) 5 (4) 107 3 0 2 0 0

Nemaline 5 (5) 118 3 0 2 0 0

Other 8 (6) 59 6 0 2 0 0

Total 34 (31) 105 18 0 11 5 0

Airway TBM 15 (4) 8 11 3 0 1 0

OSA 16 (15) 81 10 2 2 1 1

Other 6 (2) 25 4 0 1 1 0

Total 37 (21) 41 25 5 3 3 1

Central CCHS 17 (2) 2 16 0 1 0 0

Spinal 2 (0) 91 1 0 0 1 0

Other 14 (7) 70 6 1 4 2 1

Total 33 (9) 34 23 1 5 3 1

Parenchymal lung
disease

Total 2 (2) 92 2 0 0 0 0

Total 106 (63) 68 6 19 11 2

DMD Duchenne muscular dystrophy, SMA spinal muscular atrophy, TBM tracheobronchomalacia, OSA obstructive sleep apnoea, CCHS central
congenital hypoventilation disorder
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motor polyneuropathy, 1 with congenital fibre-type dispro-
portion, and 4 with as yet undiagnosed conditions.

Central disorders affecting the respiratory drive were
present in 33 patients. The most common group was central
congenital hypoventilation syndrome (CCHS). Two patients
were ventilator dependent following traumatic spinal injury
resulting in quadriplegia. The 14 patients with other
disorders of central drive are a heterogeneous group of
children with severe neurodevelopmental disorders, includ-
ing trisomy 13, Rett syndrome, cerebral palsy, and
mitochondrial disease. Two patients had underlying severe
parenchymal lung disease, namely bronchiectasis, and
chronic lung disease of unknown aetiology.

There was no significant difference between these broad
diagnostic groups in terms of survival or ability to
discontinue LTV (Fisher"s exact test of discontinuing
ventilation, airway versus NMD, p=0.056). Five of 34
patients with airway disease discontinued LTV versus no
patients with neuromuscular disease. The details of patients
that no longer require LTV support are shown in Table 2.
The mean duration of home ventilation, in these patients,
prior to discontinuation of LTV was 32 months (range,
3–59 months). All but one of those discharged had airway
pathology as their primary diagnosis. However, these
weaned patients are not representative of this diagnostic
group, as the remaining 11 patients with TBM have been
ventilated for a mean of 47 months and maximum of
12 years. Two children no longer required mechanical
ventilation following formation of a tracheostomy.

In total, 11 patients died while receiving LTV, 1 due to
complications of ventilation and 10 as a result of conditions
associated with their primary diagnosis. Thirty patients are
no longer managed by the paediatric LTV service. Nineteen
of these have been transferred to the adult home ventilation
service. The number of patients transferred to the adult
service has steadily increased: 1 per year between 2000 and
2002, 3 per year in 2005 and 2006, 4 in 2007, and 6 in
2008.

Co-morbidity was frequent affecting 69 patients; the
most frequent associations were the need for gastrostomy or
gastric tube feeds (36 children), mobility problems (35),
severe developmental delay (23), epilepsy (11), and cardiac
disease (10). All children of school age on LTVare attending

school, and children without severe co-morbidities are
included in mainstream education, usually with additional
support. The number of hours per day dependent on
ventilation ranged from 6 to 24. Sixteen patients were
ventilated continuously, and all of these children had a
tracheostomy. The remainder required respiratory support
only when asleep, i.e. overnight plus daytime rest periods in
younger children. Hours of paid care vary from 0 to 168 hours
per week, with invasively ventilated children and those with
the most co-morbidities having greater levels of support. Of
the current patients, 29 children, who are all having NIV, have
no paid care at home and are solely managed by their parents.

Discussion

Our experience of providing LTV in a single, well-
coordinated, geographically defined region of the UK
demonstrates that, over the past 15 years, there has been a
30-fold increase in the prevalence of children receiving
domiciliary long-term ventilation at home. Similar findings
have been reported elsewhere in the UK and New Zealand
[3, 15]. More children with neuromuscular disease are
being offered domiciliary LTV in recognition of its
technical feasibility and proven record in sustaining long-
term respiratory function and reducing acute hospital
admissions [9, 12]. The number of patients recognised to
have CCHS has increased since the 1980s, due to increased
awareness of the condition, the availability of a genetic test
(PHOX2B), offered by the Bristol Molecular Genetics
laboratory for the whole of the National Health Service,
and recognition of the potentially excellent outcome for this
group of patients [14]. As the number of children offered
domiciliary LTV continues to rise, so will the corresponding
impact on adult services. Most patients with DMD now
survive into adulthood, and this number is expected to
increase with improved management of respiratory failure
and other complications in earlier life [2]. The trend towards
non-invasive ventilation reflects increased screening with
polysomnography and capnography in neuromuscular
patients, greater confidence in this mode of ventilation, and
technological advancements permitting its use in small
infants.

Patient Category Diagnosis Period (months) of LTV Reason for discharge

1 Airway OSA 3 Tracheostomy

2 Airway TBM 34 Improvement

3 Airway TBM 12 Improvement

4 Airway OSA 58 Improvement

5 Airway TBM 59 Improvement

6 Central Cerebral palsy 29 Tracheostomy

Table 2 Details of patients dis-
charged from LTV

TBM tracheobronchomalacia,
OSA obstructive sleep apnoea
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The majority of LTV patients in our study had
co-morbidities. It is likely that these data underestimate
the true situation in our patient population, since data entry
was not standardised. For example, obesity is frequently
recorded in adolescents with DMD, with rates of over 50%
[1], and yet, it was only recorded in two patients in this
study. It might be anticipated that the frequency of
wheelchair use will increase with time, as many patients
are currently in infancy, and therefore their relative
immobility does not yet warrant supplementary aids.

There are several important differences in our reporting
compared with other studies. Firstly, the experience described
relates to the case-mix of patients and model of care seen in
the Bristol paediatric LTV service. No children in our study
had chronic lung disease of prematurity, whereas other centres
have reported an incidence of 3–5% [13, 15]. Additionally,
Bristol has a national genetic reference laboratory and a
long-standing interest in congenital central hypoventilation
syndrome, which attracts a small number of children for
management and diagnosis from outside the region. It is our
current practice in CCHS to continue invasive ventilation
until the age of 8–10 years and then, according to the child"s
wishes, switching to non-invasive ventilation. We have in
one child delivered phrenic nerve stimulation delivered by
implantable cervical bipolar electrodes during daytime hours,
with standard respiratory support via tracheostomy continued
overnight. Nearly all patients in our study remain on LTV
until either death or transfer to adult services. In contrast, a
higher rate of discontinuation of LTV has been reported in
children, with up to 39% of patients able to wean from
ventilation after a period of between 3 and 52 months in a
New Zealand study [3]. However, there were differences in
case-mix between this population and ours, with a higher
proportion of airway and respiratory diagnoses in the New
Zealand survey. Therefore, on the basis of our findings, we
would expect a higher rate of discontinuation of LTV in this
group of patients.

We describe patients on domiciliary ventilation whilst
other authors have used a definition of LTV that captures
any child on ventilation for longer than 3 months, which
includes children in hospital who have not yet entered a
domiciliary LTV programme [4, 5]. We chose this
definition on the basis that knowledge of the number of
children receiving domiciliary ventilation is important for
planning of community resources, where the care burden is
high but currently not systematically captured. This
difference in reporting limits comparison with other studies,
and it is likely that case-mix of patients and rates of
discontinuation of LTV will differ between hospital and
community-based populations. For example, a number of
patients in our study were excluded due to weaning of their
ventilation prior to discharge from hospital. This would
particularly affect the apparent rate of LTV discontinuation.

There are some limitations to our study. Although we are
confident that we have achieved high data capture of
patients managed in Bristol, we are aware of a small
number of patients on LTV in the South West region that
are not managed by the Bristol paediatric LTV service. This
would result in a small underestimation of incidence and
prevalence. A national survey in September 2008 by the
UK LTV group identified 69 children under 17 years in the
South West region receiving LTV (E. Jardine, personal
communication), although this included some patients not
yet discharged from hospital. Concurrently, our database
recorded 59 patients in the same age range, resident in the
same postcodes and managed at home. This discrepancy
will have the most impact on data from more recent years,
following the appointment within the region of more
paediatricians with a respiratory interest.

We do not have formal guidelines governing the
commencement of LTV in a child, but our agreed approach
has been not to offer invasive ventilation to children with
diagnosed progressive neuromuscular conditions. In this
group of children, we offer non-invasive ventilation as a
bridge to palliative care. In recent years, the much wider
array of detailed genetic and metabolic investigations has
resulted in neurological conditions of uncertain aetiology
being much more precisely diagnosed. However, many of
these tests take many weeks or months to reach a
conclusion, and the consequence of this is children may
remain ventilated for prolonged periods of time on
intensive care whilst a diagnosis is sought. Some of the
patients have tracheostomies fashioned to facilitate ventila-
tion, and in our experience, this makes later withdrawal of
support more challenging.

In the UK, societal and parental expectations have
changed as the use of home ventilation has become more
widespread. This paper does not attempt to address the
ethical issues surrounding the use of LTV in patients
with life-limiting conditions. There is a significant
financial cost to the wider health care community in
supporting a relatively small number of LTV patients at
home. More importantly, many clinicians have concerns
that the “best interests” of the child are not always met
through life-long tracheotomised ventilation. More
research needs to be done on (a) the quality of life of
the patient and (b) the burden to the family and siblings.
Unfortunately, many of these decisions are currently
decided in the law courts.

Conclusions

& There has been a 30-fold increase in the number of
children in the South West receiving long-term home
ventilation over the past 15 years.
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& Children requiring LTV frequently have co-morbidities,
many of which require specific additional interventions.

& Very few patients discontinue LTV, and there are
increasing numbers now transferring to adult services.
Adult services will need to be developed to meet the
needs of this population.

Ethics approval This study was defined as service evaluation by the
National Research Ethics Service guidance; therefore, formal ethical
approval was not required.

Conflict of interest None.

References

1. Davidson Z, Truby H (2009) A review of nutrition in Duchenne
muscular dystrophy. J Hum Nutr Diet 22:383–93

2. Eagle M, Baudouin S, Chandler C, Giddings D, Bullock R,
Bushby K (2002) Survival in Duchenne muscular dystrophy:
improvements in life expectancy since 1967 and the impact of
home nocturnal ventilation. Neuromusc Dis 12:926–9

3. Edwards EA, Hsiao K, Nixon GM (2005) Paediatric home
ventilatory support: the Auckland experience. J Paediatr Child
Health 41:652–658

4. Edwards EA, O"Toole M, Wallis C (2004) Sending children home
on tracheostomy dependent ventilation: pitfalls and outcomes.
Arch Dis Child 89:251–255

5. Fraser J, Henrichsen T, Mok Q, Tasker R (1998) Prolonged
mechanical ventilation as a consequence of acute illness. Arch Dis
Child 78:253–256

6. Henderson J, Beckley S, England K, Booth W, Fleming P (2000)
Organising ventilation at home. Curr Paediatr 10:18–21

7. Jardine E, O"Toole M, Paton JY, Wallace C (1999) Current status
of long term ventilation of children in the United Kingdom:
questionnaire study. BMJ 318:295–299

8. Jardine E, Wallis C (1998) Core guidelines for the discharge home
of the child on long-term assisted ventilation in the United
Kingdom. Thorax 53:762–767

9. Katz S, Selvadurai H, Keilty K, Mitchell M, MacLusky I (2002)
Outcome of non-invasive positive pressure ventilation in paediatric
neuromuscular disease. Arch Dis Child 89:121–124

10. Noyes J, Godfrey C, Beecham J (2006) Resource use and service
costs for ventilator-dependent children and young people in the
UK. Health Soc Care Community 14:508–522

11. Robinson R (1990) Ventilator dependency in the United Kingdom.
Arch Dis Child 65:1235–1236

12. Simonds A, Ward S, Heather S, Bush A, Muntoni F (2000)
Outcome of paediatric domiciliary mask ventilation in neuromus-
cular and skeletal disease. Eur Respir J 16:476–481

13. Tibballs J, Henning R, Robertson CF, Massie J, Hochmann M,
Carter B, Osborne A, Stephens RA, Scoble M, Jones SE, White J,
Bryan D (2010) A home respiratory support programme for
children by parents and layperson carers. J Paediatr Child Health
46:57–62

14. Trang H, Dehan M, Beaufils F, Zaccaria I, Amiel J, Gaultier C
(2005) The French Congenital Central Hypoventilation Registry.
Chest 127:72–79

15. While AE, Cockett AM, Lewis S (2003) Children and young
people requiring home assisted ventilation in the South of
England: incidence, receipt of care support and components of
the care package. Child Soc 18:207–217

1192 Eur J Pediatr (2011) 170:1187–1192


	Increasing prevalence of domiciliary ventilation: changes in service demand and provision in the South West of the UK
	Abstract
	Introduction
	Patients and methods
	Results
	Discussion
	Conclusions
	References


