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Organisation and delivery of 
home mechanical ventilation

Educational aims
 To analyse home mechanical ventilation (HMV) from a community perspective.
 To analyse healthcare delivery alternatives.
 To consider different sources of variability in clinical practice.
 To emphasise the role of patients in the decision-making process.

Summary
The number of patients using HMV is increasing in all Western countries. There has been 
a significant increase in the number of obese patients and – despite the restrictive recom-
mendations of the guidelines – of patients with chronic obstructive pulmonary disease 
(COPD). In most countries, there are no systematic registers of patients, outcomes are not 
followed regularly and support at home is very variable.
It is very important to think about how to organise the care of patients on HMV: it must 
seek a balance between the role of reference centres and accesibility to local hospitals. 
Networking should be a reasonable alternative.

The European study on HMV (the Eurovent 
survey) is a point of reference for analysing 

the patterns of use of this therapy [1]. The study 
had some methodological limitations, particu-
larly related to the identifi cation of centres and 
the accuracy of the estimated prevalence.

However, the large number of patients 
(more than 23,000 patients studied) and the 
detailed analysis of each country of the Euro-
pean Union (as it stood in 2002) allowed the 
identifi cation of some factors that should be 
considered when analysing HMV: patterns of 
care for patients requiring HMV were highly 
variable; current registers of patients exist only 
in Sweden and Denmark; and the indication 
criteria were highly variable (the proportion of 
patients with COPD differs greatly between 
countries) and offered little data concerning the 
results of HMV (survival, hospitalisation, etc.). 
Aside from the differences between countries, 
differences within each individual country were 
also observed [2]. 

Comparative studies on HMV are diffi cult to 
assess in view of differences between the health 
systems of each country, problems in the reg-
istration of cases, and variability in experience 
in this type of treatment: there are countries 
that have treated patients at home for more 
than 40 years (and they are equipped with a 
well-organised and mature system of expert-
assisted support), while other countries have 
only started with this treatment in the past 5–10 
years. Above all, the sharing of information is an 
opportunity to improve this form of treatment.

In the JIVD meeting (International Confer-
ence on Home Mechanical Ventilation) held 
in Barcelona in March 2009, a “round table” 
discussion took place concerning HMV in 
Europe and America, with the participation 
of  B. Fauroux (Paris, France), N.S. Hill (Boston, 
MA, USA), M.J. Kampelmacher (Utrecht, the 
Netherlands), B. Midgren (Lund, Sweden), J.F. 
Muir (Rouen, France), B. Schönhofer (Hano-
ver, Germany), A.K. Simonds (London, UK), 
Z. Szkulmowski (Bydgoszcz, Poland) and A. 
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Vianello (Padua, Italy). In the present article, we 
identify various points which describe in detail 
the problems related to HMV, via a survey of the 
members of the round table prior to the meeting, 
the opinions of experts and comments from par-
ticipants in the debate.

Table 1 is a summary of the elements that 
enable the description of HMV. Comparison 
between countries is very challenging in view of 
the heterogeneity in the nature of health services 
and the levels of HMV development. However, 
the analysis of the elements that defi ne HMV 
could suggest possible changes in both the deliv-
ery of services and their quality.

Prevalence 
The estimated prevalence of HMV in the areas 
studied is twice the average prevalence identifi ed 
in the Eurovent survey. There is a wide variation 
between countries and the appropriate preva-
lence is diffi cult to identify. Sweden, with its very 

precise register, has a rate of cases double that of 
the Netherlands, which also has a strict system of 
control. The elevated number of cases in France 
does not necessarily indicate an ideal point.  It 
is diffi cult to explain the differences in the preva-
lence when considering only the absolute fi g-
ures. Differences in prevalence of neuromuscular 
diseases or COPD are not so wide as to justify 
signifi cant differences in the case rate. To explain 
this variability, different elements must be consid-
ered: experience in ventilation (years of use of the 
technique in a country), the healthcare system 
(accessibility to specialists, community resources 
and hospital documentation) and the beliefs/
confi dence of the professionals in the effi cacy of 
the treatment, among others.

HMV has risen in all countries studied, inde-
pendent of the initial prevalence (fi gure 1).

Prescription
In most countries, prescription is done in a refer-
ral centre or in a general hospital, but in 25% of 
cases the location where the prescription occurs 
is heterogeneous and, in practice, any doctor can 
do it (particularly in France and the USA).

The prescription of HMV presents a dilemma 
concerning the convenience of identifying spe-
cifi c referral centres (with the experience to care 
for a large number of patients) or accepting 
prescription in hospitals closest to the patient 
(increasing accessibility, but also increasing the 
risk of not having a critical mass of patients suf-
fi cient to maintain the clinical skills necessary to 
correctly perform the procedure and respond to 
incidents). Therefore, the dilemma is of expertise 
versus accessibility; however, it is in fact a false 
dilemma. From the perspective of patient the 
choice between expert centres and nearby hos-
pitals is clear: both options are ideal. Therefore, 
from the perspective of the patient both the 
technical competence of the focal point and the 
accessibility are important issues.

The diffusion of technology raises the issue of 
the impact of a learning curve in centres [3, 4]. 
This learning curve can be minimised by means 
of formal training courses, supervised practice 
or direct support from experts in the fi rst stages 
of learning. Simulation could play an important 
role in minimising the learning curve. As with all 
technology that is applied to a growing number 
of patients, it is improbable that a treatment pro-
cedure can maintain itself exclusively in “referral 
centres”. The growing number of patients, espe-

Number of cases Number of patients per 100,000 inhabitants (cross section)
Number of new cases per 100,000 inhabitants per year

Prescription Referral centre versus community hospitals
Prescription restricted to certain specialists versus access to   
   prescription to any doctor
Financing

Register of cases Offi cial global registration
Registration in each centre
Publication of data

Follow-up of patients Systematic organisation of clinical follow-up of patients
Centres that initiate ventilation without follow-up
Risk management

Home care Directly through the prescribing centre
Role of private suppliers
Coordination with community resources
Telemedicine and/or telemonitoring

Equipment Access to a diverse range of equipment
Importance of support to perform activities of daily living

Outcomes Measurement of results:
   Survival
   Admissions
   Health professionals’ visits (outpatient clinics and emergency 
      departments)
   Quality of life

Organisation Centralisation
Networks

Table 1 Elements that enable the description of home mechanical 
ventilation
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Some non-profi t organisations, such as 
ANTADIR (Association Nationale pour les Traite-
ments à Domicile, les Innovations et la Recher-
che [National Association for Home Treatments, 
Innovation and Research]), have had a register in 
place for many years, but the ANTADIR register 
does not include the private sector.

Follow-up
According to the JIVD round table members, 
long-term follow-up is mainly carried out by the 
prescribing centre. However, in 27% of cases this 
following up is variable. Only in 30% of cases is 
the connection between the prescribing centre 
and community resources systematic and well-
organised (fi gure 2).

Organised and systematic monitoring of 
patients with HMV is essential. The indication 
of HMV without an explicit plan for follow-up 
is not good practice. Monitoring can be done 
through the centre itself or through other health-
care resources. Monitoring is essential because 
of the severity of the respiratory failure itself. But, 
besides this, it can highlight problems with home 
delivery, if there is no immediate improvement. 

centres”. The growing number of patients, espe-
cially those who suffer from obesity, will make 
HMV unsustainable in referral centres alone. The 
solution is to create networks. Centres can be con-
nected in non-hierarchical networks, within which 
are designed care plans for patients.

The prescription of noninvasive ventilation 
does not necessarily require hospital admission 

[5, 6].  However, if patients are clearly not in a 
stable situation or live far from the hospital, an 
admission of 4–5 days can be more useful than 
starting the ventilation in an outpatient clinic; 
without this there could be a signifi cant impact 
on hospital resources.

The most frequently used form of airway 
access is through noninvasive interface, mainly 
via nasal ventilation. Access through a tracheo-
stomy is seen in a minority of cases in most coun-
tries (probably less than 5% of cases). However, 
in northern Italy, 40% of neuromuscular patients 
were ventilated via tracheostomy (which repre-
sents 30% of all ventilated patients).

Register of cases
The registration of cases has been in place in 
Sweden since 1996, through the Swedish Soci-
ety of Chest Medicine and the health authori-
ties [7]. Thus, the Swedish register can monitor 
HMV: from an initial prevalence of 6.2 patients 
per 100,000 inhabitants, there was a prevalence 
10.5 per 100,000 in 2002, and more than 21 
patients per 100,000 inhabitants in 2008.

This increase of patients (tripling in case num-
bers in only 8 years) is mainly due to the increase 
in patients who suffer from obesity–hypo-
ventilation syndrome. Other interesting data from 
the register is the identifi cation of the number 
of new cases per year. Based on the Swedish 
register, there is an estimated 3–4 new cases 
annually per 100,000 inhabitants.  Catalonia 
also produces 4–5 new indications of HMV per 
year per 100,000 inhabitants. This number is an 
approximation that must be related to the more 
mature prescription system. When the number 
of prescriptions increases, so does the number of 
indicated cases.

A register is a good tool to aid knowledge 
of the situation concerning HMV and the results 
obtained [8], but it requires time and resources. 
The absence of a register of patients does not 
imply that HMV is out of control. However, pre-
scribers should have data on the type of patients 
on HMV and the outcomes; their own data and 
comparisons are good regulatory mechanisms. 
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Figure 1
The prevalence of HMV is increasing 
in all countries, according to data 
from the Eurovent survey. : JIVD 
2009; : Eurovent 2002. #: not 
including paediatric patients.

Figure 2
The relationship of the prescrib-
ing centres with resources in the 
community is not always smooth 
and systematic. Population: 
291,500,000.
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For example, it may be necessary to adjust the 
ventilator settings. Moreover, HMV does not guar-
antee the stability of the disease causing respira-
tory failure. Thus, weight changes or changes in 
neuromuscular disease may require changes in 
ventilator parameters, increasing the duration of 
ventilation, complementary techniques, such as 
mouth ventilation [9], or making decisions con-
cerning the switch to invasive ventilation through 
tracheostomy [10].

The training of the team [11], well-designed 
discharge plans [12] and the education of the 
patient and the caregiver is crucial to minimising 
the risk [13]. Accessibility to the healthcare team, 
clinical data and the guarantee of technical sup-
port services at home are also essential from the 
point of view of risk management.

Home care
In 70% of cases, home care is implemented 
through a referral centre, but in nearly a quar-
ter of cases, the responsibility is left with private 
providers. Home care is composed of two very 
different aspects: technical support (24 hours a 
day, 7 days a week, and 365 days a year) and 
clinical care.  It is unlikely that a single healthcare 
organisation fulfi ls all the needs of patients. Care 
based on a prescriber centre ensures the skills 
and expertise, but at times may limit accessibility 
(especially with regard to distance). Cooperation 
between different healthcare services is not easy, 
but in many cases is the only way to respond to 
the needs of the patient.

Telemedicine or telemonitoring is a good tool 
in order to follow up patients with HMV [14]. It 
is important to have a clear objective in the use 
of communication technology: continued auto-
mation without an immediate solution is useless.  
However, these tools can be useful for assessing 
the patient over several days in order to identify 
slow and progressive worsening, to adjust the 
ventilation or to avoid unnecessary movements 
without any need of care.

With HMV, as with many chronic processes, 
the plan of care cannot be clearly defi ned with-
out the active participation of the patient (and 
the carer) in their own treatment [15].

The round table participants stressed that 
whether the service is based on private insurance 
(USA) or on public health systems, in any case 
gives a total coverage of needs, so it is essential to 
involve the family. Ancillary care, such that given 
by a hospice, may be a great help, especially for 
the respite of the caregiver.

In the majority of countries home care is 
implemented by nurses; however, in some cases, 
for example in Poland, a doctor visits the patient’s 
home once a week.

Equipment and 
technical services
There is now a wide variety of equipment and 
interfaces for performing HMV. Perhaps the only 
exception is the limited availability of a non-
invasive interface for children (especially for very 
young children).

From a practical point of view, to provide HMV 
in adults it is not necessary to know all the equip-
ment models available. In most cases, a range of 
four or fi ve ventilators is suffi cient to meet the 
needs of patients. It is very important to know 
the devices that are frequently used, in order to 
obtain maximum performance from them.

Sometimes, healthcare professionals dis-
cuss in depth the technical needs for improve-
ment in HMV. In March 2008, the “Working 
for patients on home mechanical ventilation” 
workshop took place in Barcelona, organised by 
the Fundació Josep Laporte (Barcelona, Spain). 
The workshop highlighted the need for research 
on issues related to the organisation of care of 
patients with HMV rather than introducing new 
technologies. This hypothesis was summarised 
in an adaptation of the dissociation curve of 
haemoglobin.

Technical improvements are helpful but, in 
most countries, access to technology is already 
in the fl at part of a sigmoid curve: investment in 
technology will produce little benefi t (fi gure 3). In 
contrast, in most countries, small improvements 
in the organisation of care may have a major 
impact on patients. In the Barcelona workshop, 
attendees identifi ed some of these improvements: 
information provision avoiding paternalism on 
the part of health professionals, promotion of 
self-care, more effective caregiver support (par-
ticularly through the promotion of social support 
networks) or removing architectural barriers and 
facilitating mobility of patients in suitable and 
adapted public transport.

In addition to the technical devices directly 
related to ventilation, the care needed by patients 
can be very complex. In northern Italy, the percent-
age of patients with amyotrophic lateral sclerosis 
ventilated via tracheostomy is very high. Burdens 
for families caring for these patients are very 
important, both in cost and time commitment.
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burden of care falls on the family. HMV is very 
diffi cult without this family support, and so is not 
easy in independently living patients. In the USA, 
“Carers for Independent Living” try to facilitate 
this independent living.

Ventilation in children
HMV was initiated in children during the polio 
epidemic and remained at highly specialised cen-
tres. In most countries the development of HMV 
in children is very recent [18]. HMV in children 
raises several problems. First, there is little mate-
rial specifi cally tailored for children and often it 
is necessary to adapt equipment and materials 
designed for adults [19]. 

The role of the caregiver in HMV for children 
is even more important. Caregivers, although 
they have acquired many skills in the handling of 
the ventilator, have doubts and uncertainties, and 
they need support [20]. “Respite” programmes 
for the caregiver are important but, in general, 
the available resources are insuffi cient to meet 
needs. Conversely, the social impact of HMV in 
children is more important than in the case of 
adults. It is very important to do everything pos-
sible to facilitate the educational integration of 
children with HMV. In many cases, the presence 
in the classroom of a child with HMV requires a 
specifi c support for the teacher [21].

There is very little information about HMV 
in children. The French experience through the 
RespiRare© project, created in 2007 in hospitals 
Armand Trousseau and Necker (Paris) and Centre 
Hospitalier Intercommunal (Créteil), is very inter-
esting [22]. The RespiRare© project attempts to 
meet the care needs of paediatric patients with 
rare diseases, grouped into four distinctive types: 
1) pulmonary fi brosis and interstitial lung dis-
eases, 2) ciliary dyskinesias, 3) chronic respiratory 
failure and 4) malformations of the respiratory 
system. The key tool of the project is the online 

Outcomes
45% of the participants in the JIVD round table 
did not perform regular monitoring of outcomes, 
and the other participants made casual analy-
sis, but not in a systematic way. There is no gold 
standard for the comparison of the results of 
ventilation. Therefore, comparing the number of 
patients or types of diseases in which HMV is 
indicated gives partial information and is unhelp-
ful. However, comparing the results obtained by 
different centres in one country (instead of just 
comparing diagnoses) may identify aspects of the 
treatment or the organisation of care that could 
be improved [16]. 

Besides survival, the number of admissions 
and length of stay, the number of visits or the 
quality of life of patients should also be known. 
In spite of everything, detailed comparisons on 
a regional level are more useful than caparisons 
between countries. In the Netherlands, prescrib-
ing centres meet once a year to exchange infor-
mation about HMV. These exchanges of ideas 
and results should serve to identify priorities and 
opportunities for improvement. 

Organisation of care
There is no single model of organisation of care 
that integrates long-term follow-up, home care, 
the role of private providers and support resources 
in the community. Very often the problems are 
more or less solved in metropolitan areas, where 
access to a referral centre is often easier, but dis-
persion increases the problems. As discussed in 
the section on prescription, the balance between 
referral centres and near-by hospitals is crucial.

In the UK the growth of networks has been 
noted. Networking is perhaps best the tool for the 
design of the plan of a patient’s care and distri-
bution of responsibilities among diverse health 
teams [17].

The organisation of care for patients with 
HMV is complex and, in some circumstances, 
there are not suffi cient numbers of patients to 
warrant an organisation of its own. The integra-
tion of care of patients with non-specialists in 
HMV is sometimes inevitable and raises the prob-
lem of transmission of information and response 
to acute problems. As noted in the Netherlands, 
sometimes the team skilled in HMV is not prima-
rily responsible for the care of patients.

In the organisation of care, it is very impor-
tant to take into account the carer. The greatest 
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The impact of technology and 
care organisation. Sigmoid curve 
intended to graphically represent 
the hypothesis that to improve 
the organisation of care has more 
impact on the patient that the mere 
introduction of technical improve-
ments. Technology needs are well 
covered (at the top of the sigmoid 
curve): increasing investment in 
technology will produce very little 
improvement in the coverage of 
needs. Care needs or the organisa-
tion of care in most countries is at 
the bottom of the sigmoid curve: 
small changes can achieve a great 
impact on the patient and their 
environment.
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registration of cases (allowing epidemiological 
studies) and an electronic medical record on the 
network that includes clinical, administrative and 
therapeutic information. This tool will also facili-
tate multicentre trials in order to improve research.

Finally, HMV is a treatment that will be used 
increasingly over the coming years, especially for 

treating patients with obesity–hypoventilation, 
and some patients with COPD. No single recipe 
for responding to the needs of these patients 
exists but, as suggested by experiences in Poland, 
work on a collaborative network can be impera-
tive to sharing knowledge in this fi eld and improv-
ing outcomes.
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