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Home mechanical ventilation (HMV) is a
method for treating stable chronic respiratory failure
in the home, rather than in the hospital. Tradition-
ally. it has been conducted through tracheostomy and
intermittent positive pressure ventilation (IPPV). but
the development of new non-invasive methods has
widened the application. Although many of these
latter ideas are in the developmental stage. it is ap-
propriate to review the present state of the art. This
document will review the goals of HMV., and will
describe the new techniques in relation to traditional
tracheostomy and IPPV. the selection of patients. and
the outcome and support systems necessary.

SPECIAL REPORT

Home mechanical ventilation will only be suc-
cessful if the patient is in a stable clinical and
psychological state. All acute disturbances must
have been effectively treated, and should they worsen
will usually demand re-admission to hospital.

The horizons of HMV were widened when it
was realized that most patients with chronic respira-
tory failure require only nocturnal ventilation. Af-
ter overnight correction of blood gases. clinical
improvements are sufficiently sustained during the
day to dispense with daytime ventilatory support. For
those patients requiring more than nocturnal venti-
lation, the duration of daily ventilation is proportional
to the severity of the disease. The greater the du-
ration of HMV assistance, the greater the demand on
the financial resources and family and/or caregiver
support. For the more severe cases (ventilation >20
h-day), patient stay in hospital or in a specialized
institution might be preferable. or unavoidable.

The goals of home mechanical ventilation

The major objectives of HMV can be summa-
rized as: 1) improvement of survival: 2) improve-
ment of quality of life; 3) decrease in days of
hospitalization, and 4) improvement in the cost-

" benefit ratio of patient care and social relationships.

The outcome indicators are an improvement
of blood gases. better exercise tolerance. less fatigue.
improved sleep quality, longevity and quality of life.
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Methods of ventilation

Chronic respiratory failure is a terminal event .
a number of respiratory disorders (table 1). \L
chanical ventilation is used in attempting to relicey.
the consequences of disordered blood gases. Tr.
tionally. HMV has been conducted mainly throu:
tracheostomy and IPPV. and in a few cases
negative pressure ventilation. However. nc.
non-invasive methods have been introduced (tublc -
The efficacy of such methods remains to be den
onstrated. and will inevitably find better applicution
o some disorders than others.
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Table 1. — Causes of chronic respiratory failure

Disorders of breathing control

1. Idiopathic disorders of respiratory centres (i.e. Ondine's course, idiopathic alveolar hypoventilation)
2. Disorders of respiratory centres secondary to other diseases (i.e. encephalitis, circulatory disorders,

trauma)

3. Disorders of chemosensitivity or feed-back control (i.e. carotid body dysfunction, neuropathies,

severe impairment of cardiac output)
Disorders ot the chest wall

1. Muscular disorders (i.e. myopathies, dystrophies. amyotrophic lateral sclerosis, Guillain-Barré

syndrome, poliomyelitis)

2. Skeletal disorders (i.e. kyphoscoliosis, ankylosing spondylitis, thoracoplasty)
3. Pleural diseases (i.e. fibrothorax, malignancy. asbestosis)

4. Obesity and other structural abnormalities
Parenchymal disorders

Upper airway diseases (i.e. laryngeal and tracheal stenosis, obstructive sleep apnoea syndrome)

1.
2. Chronic obstructive pulmonary disease, cystic fibrosis and bronchiectasis
3. Interstitial lung diseases (i.e. sarcoidosis. extrinsic alveolitis, occupational lung diseases)
4. Vascular disorders (i.e. thromboembolism, pulmonary hypertension)
haemorrhage, aspiration, surgical emphysema. and

Table 2. — Non-invasive methods of ventilation

Negative intermittent pressure ventilation

1. Iron lung
2. Cuirass
3. Poncho

4. Jacket suit
Positive pressure ventilation
1. IPPV administered via

. facial mask

mouthpiece
nasal mask
2. CPAP
3. BiPAP

[PPV: intermittent positive pressure ventilation: CPAP:
continuous positive airway pressure; BiPAP: bilevel
positive airway pressure.

The present position of tracheostomy + IPPV

For many years the usual method of treating
chronic respiratory failure was tracheostomy and
IPPV (TIPPV). It was introduced before the days
of modem oxygen therapy, so that many patients
with hypoxaemia alone, as well as with hypoxaemia
and hypercapnia, were treated. TIPPV is effective
in treating respiratory failure and is the gold stand-
ard against which other techniques must be judged.
The invasiveness of the method inevitably gave rise
to complications and posed problems of maintaining
effective support care systems in the home.

Tracheostomy is helpful in achieving mucus
clearance. reducing respiratory dead space and pro-
viding effective oxygenation. Tracheostomies are
frequently undertaken for treatment of acute exa-
cerbations, but are used thereafter for chronic care.
Elective tracheostomy for long-term IPPV was
performed for some cases of chronic respiratory
failure. with or without alveolar hypoventilation. A
number of complications could theoretically limit
long-term use. particularly for chronic obstructive
pulmonary disease (COPD), but their real incidence
is probably low. Immediate complications are

local tissue damage. Longer term complications are
tracheomalacia, severe haemorrhage, tracheal steno-
sis, recurrent bronchial sepsis with an increase of
Gram-negative septicaemia, tracheal obstruction and
tracheal disconnection, particularly at night. The size
of tracheostomy cannula is quite critical and must be
close-fitting. It may be cuffed or preferably cuffless.
Cuffless ventilation demands higher minute volumes
of 1-3 / to compensate for the leaks. Special
attention must be given to choosing a cannula, to al-
low good speech quality when disconnected. Fenes-
trated cannulas have to be avoided where possible.
Ventilatory appliances such as a humidifier or mois-
ture exchanger are often required when nose humidi-
fieation is bypassed.
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Non-invasive methods

Non-invasive methods have been introduced in
an attempt to avoid tracheostomy and to simplify
correction of disordered blood gases | for long periods
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in the home. They are more demanding of patient
cooperation, and doubts remain as to the consistency
of blood gas correction over long periods.

a) Negative intermittent pressure ventilation

In this form of respiratory assistance the whole
body, not just the thoracic cage, is enclosed in a
rigid container, where the pressure is cyclically
changed from atmospheric to negative by a piston
pump. A negative alveolar pressure is thus created,
sucking air into the lungs.

The effectiveness is proportional to the amount
of the trunk enclosed in the device. This is maxi-
mum for the iron lung, which encloses the whole
body up to the neck, but is uncomfortable. Less
cumbersome, but somewhat less efficient devices, are
the cuirass, or a plastic shell enclosing thorax and
abdomen, and the jacket suit or poncho, a nylon gar-
ment worn over a rigid shell and closed by a strap
around the neck, wrists and legs.

The method demands complete relaxation by the
patient. Leaks are frequent, especially around the
neck, and chronic use can induce severe skin irrita-
tions and thoracic deformities. During sleep, obstruc-
tive sleep apnoeas may be induced, especially in
COPD, but also in myopathies.

Since the development of non-invasive positive
pressure techniques, negative intermittent pressure
ventilation is likely to be considered a treatment of
second choice.
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b) Nasal access for IPPV (NIPPV)

Easy non-invasive nasal access is possible. but
requires the mask to be close-fitting and strapped to
the face, as air leaks are the principal problem. In-
dividual silicone-moulded masks, or special commer-
cial nasal masks in selected sizes, are available.
Comfort is essential. Ventilation is less effective
when leaks occur through the mouth during sleep.
and checks should always be made. The problem
can usually be solved using chin straps. the refer-
ences further discuss the issues when this fails.

During exacerbations. reinforcements of the
ventilation by NIPPV can often delay or avoid in-
tubation.

The principal side-effects are patient rejection,
disturbance of sleep, air leakage around the mask
and gastrointestinal distension. The main risk is
insufficient ventilation.
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- ¢) Mouthpiece and IPPV

Positive pressure ventilation through a mouth-
piece (non-sealed during the day, sealed at night) has
been successfully employed particularly in post-
poliomyelitis patients. i
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Different positive pressure modes

Control (totally ventilator-determined) and assist
control (patient-triggered) modes are traditional meth-
ods of ventilation management. Continuous positixc
airway pressure (CPAP) and bilevel positive airway
pressure (BiPAP) are more recent additions.

a) Continuous positive airway pressure

Continuous positive airway pressure is applicd
through a nasal mask. and is mainly used for the
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treatment of obstructive sleep apnoea, the major
disorder of sleep pathology. Positive pressure in the
upper airways prevents pharyngeal collapse and in-
creases functional residual capacity (FRC). The aim
is to completely abolish apnoea and/or snoring in
every sleep stage and body position. The treatment
has proved effective in a large number of patients,
relieving symptoms, reducing mortality and reducing
the cardiovascular complications associated with the
disease.

About 8% of patients complain of rhinitis or mu-
cosal dryness, which are usually reversed by the ad-
dition of a humidifier. Other frequent side-effects
are skin irritation or abrasions from the facial mask.
conjuctivitis due to mask leakage, and aerophagia.
Many of these problems can be avoided by special-
ised units.

b) Bilevel positive airway pressure

This new device is very similar to a pressure
support ventilator. It permits differentiation of
the pressure administered during the inspiratory
(IPAP) and expiratory (EPAP) phases; the latter be-
ing effectively a positive end-expiratory pressure
(PEEP).

~ Initiation of the cycle is through a flow trigger
to a pre-set pressure, able to increase the spontan-
eous tidal volume (VT) of the patient commensurate
with his effort. Termination of inspiration is trig-
gered by low inspiratory flow (approximately 30%
of the maximum flow) or by timed sequence.

Leaks around the mask and through the open
mouth are compensated by the system. The ventila-
tion can be set in control mode, in assist mode, or
in an intermittent mandatory position, and applied to
both tracheotomy and nasal mask.

The disadvantages are the absence of alarms, and
uncomfortable mucosal dryness if substantial flows
are delivered through the nose when the mouth is
opened. Efficacy in cases with very poor compli-
ance of the thoracic cage remains to be demon-
strated. Battery versions are not available at present.
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Clinical indications

Specific diseases of childhood and infancy

Non-invasive IPPV is not generally suitable for
young children <2 yrs, and tracheostomy remains the
usual method of ventilation. In older children, ex-
periences with rion-invasive [PPV is encouraging, but
incomplete. Intermittent positive pressure breathing
(IPPB) can be used to stretch the thoracic cage.

Congenital bronchodysplasia is a disorder of pre-
mature infants, causing respiratory failure. Intuba-
tion or tracheostomy are mandatory. Specialist units.
probably no more than two or three per 50 million
of the population are needed. Good improvements
in ventilation can be achieved in selected patients.
so that by the middle years of childhood a limited
number can be progressively weaned to intermittent
ventilation, supplemental oxygen therapy and finally
decannulation. Home management, after the acute
phase of treatment in the Intensive Care Unit (ICU),
involves a number of prerequisites: no bronchos-
pasm. constant oxygen supply. supervised nutritional
care (permitting a normal development), a support-
ive family, and a positive educational programme.

All equipment used in the home should be
duplicated. PEEP must not be used: high ventilatory
pressures are required to increase FRC. Enormous
effort and resources are required for a successful out-
come.

Myopathies developing <2 yrs of age often pose
difficulties of precise diagnosis. Bio-ethical problems
occur when patients, once started on ventilation. do
not progress to a stable state. Some myopathies are
progressive and lead to a tragic outcome for both the
patient and his family. Nevertheless, a number of
patients have been successfully introduced to me-
chanical ventilation and have progressed to require
only part time ventilation during the 24 h period.
The major difficulty at the present time is to iden-
tify those likely to have a poor outcome before sup-
portive ventilation is applied.

The requisites for home treatment are the same
as those described for congenital bronchodysplasia.
Common symptoms and signs of impending respi-
ratory difficulties are a weak cough, poor chest cleuar-
ance. difficulty in swallowing. indrawn thoracic cage
during inspiration. blood gas abnormalities and poor
vital capacity.

Spinal Muscular Amyotrophy (Werdnig Hotft-
mann disease) is a condition with extremely variable
survival. If the onset of the disease is after 6 months
of age. 40 yrs of survival may be achieved. Respi-
ratory function during the natural history is extremels
variable. but vital capacity. in the absence of airway
disease. is a reasonable indicator of the severity ol
the restrictive disorder. Sudden death is not unusual.

Ventilation in all childhood conditions is most
efticient when performed through tracheostomy and
intermittent positive pressure ventilation, but the
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complications, particularly when a life span of over
40 yrs is possible, have to be borne in mind.
In cystic fibrosis respiratory failure occurs in
early childhood or in adolescence. The treatment of
* acute respiratory failure (ARF) by mechanical ven-
tilation through tracheostomy or intubation has
proved extremely difficult. NIPPV seems effective
in a proportion of cases but is best used to extend
survival up to the date of lung transplantation.
Long-term mechanical ventilation is not a success-
ful alternative.
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Dystrophy - Duchenne

In this disease. respiratory failure develops during
childhood and is the usual cause of death after |5
yrs of age, often in association with terminal respi-
ratory infection.

Ventilation is imperative for those in respiraton
failure. ~After recovery. or in the case of chroni
hypoventilation, HMV is possible. There can then
be an assessment of the disturbed mechanical prop-
erties of the lungs and chest wall. the extent of
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ventilation/perfusion imbalance, and of sleep-related
problems. The terminal stages are often complicated
by gross discomfort from deformities, cardiac prob-
lems, particularly arrhythmias from unrelieved hy-
poxaemia and gastrointestinal and swallowing
disorders. This progressive deterioration must be
expected from the onset of HMV.

Negative pressure ventilation has been applied
successfully as well as NIPPV, but there is doubt as
to whether the longer term results are as good as im-
mediate application of tracheostomy and IPPV. It
may prove satisfactory to start HMV with NIPPV
and to reserve tracheostomy for a later stage. but this
sequence is not assured.

Trials of preventive ventilation have been
conducted but, surprisingly, have had to be aban-
doned as the treated group showed an adverse sur-
vival profile. The reasons are quite unclear, but
cautions against application of mechanical ventilation
to such patients. Further research is important to
better define patients selection for HMV.
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Amyotrophic lateral sclerosis (ALS)

This is a progressive disorder with an average
survival of 3—4 yrs from the onset of symptoms.
Respiratory failure can occur at any time and sud-
den death during the night is not uncommon. Some
times ARF is consequent to inhalation of gustric
content, or after an overwhelming infection. c\ven
when muscular ability is still reasonable.

Long-term mechanical ventilation can provide
vears of extended life for selected people with AlLS
Mechanical ventilation poses great ethical difticultics
Usually respiratory support for ALS is non-clectin .
nstituted as an emergency measure: few people clect
to it in advance. but many who cannot be wecuncd
after intensive care prefer to continue ventilatory sup
port. The role of the doctor should probably be
secondary. explaining to the patient and/or relatives
the risks and benefits of HMV. and the paticnt
should have the final choice. Maximum voluntar
ventilation (MVV). maximal inspiratory pressui.
(MIP). maximal expiratory pressure (MEP) and v
tal capacity (VC) are the best indicators of respira
tory muscle strength.
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Preliminary results with NIPPV are encouraging,
particularly when there is little bulbar involvement.
PP\ via tracheostomy should be used when there
i~ wignificant bulbar involvement (clearance of se-
cretions, swallowing, aspiration) or when NIPPV is
unsatisfactory. It is considered when hypercapnia is
progressive, VC is <30% predicted, MVV <30% pre-
dicted. MIP <30 cmH,O. Financial resources and
tamily caregivers are important prerequisites.
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High level quadriplegia: C1-C4

High level quadriplegia. usually a consequence
of an accident to a young adult. or during an adult's
life. can now be managed at home.

TIPPV is the usual method of ventilation. Non-
invasive methods have recently been introduced and
are theoretically preferable as the patients have nor-
mal lungs. low resistances, but poor ability to man-
age their own bronchial toilette through an artificial
airway. There are few studies to support this sug-
gestion. Prevention of atelectasis and assisted clear-
ance of secretions should be performed by periodic
hyperinflation up to 80% of theoretical vital capac-
ity. Pulmonary complications are often insidious and
blood gas monitoring is useful.
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Poliomyelitis, kyphoscoliosis, sequelae of tubercu-
losis and other restrictive disorders

In this group of adult patients. some of the best
results of HMYV are obtained. particularly in patients

with normal lungs who are ventilatory-restricted by
thoracic cage distortion or impaired neuromuscular
control. Survival may be extended up to 30 yrs.
Mild hypoxaemia is treated first with oxygen
supplementation. TIPPV was formerly recommended
when hypercapnia reaches 50-55 mmHg (6.7-7.3
kPa). Non-invasive methods are replacing tracheos-
tomy. Negative intermittent pressure ventilation is
difficult to apply to kyphoscoliosis patients because
of the distorted thoracic anatomy. Specially shaped
plastic ponchos have produced the best results.
NIPPV through a nasal mask seems more
effective and acceptable, and recent studies have
shown equal blood gas correction to tracheostomy.
Studies of longer term use (>4 yrs) are not available.

Parenchymal restrictive disease

Parenchymal restrictive disease, such as occupa-
tional and non-occupational lung fibrosis. cystic and
vascular disease, compose a mixed group of condi-
tions of generally adverse prognosis. but having the
potential for a useful outcome of NIPPV. Serious
reduction of lung compliance makes for difficulties
in effective ventilation. Few studies are available.
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COPD

Long-term domiciliary oxygen fails to arrest the
decline of arterial oxygen tension (Pao,) in COPD
patients. In advanced hypercapnic respiratory failure.
mechanical ventilatory assistance, either mandatory
or elective. has been investigated. The outlook for
trucheostomy and IPPV is little better than using
supplemental oxygen alone. Ten year survivals are
extremely rare. but disease severity in these retro-
spective studies are very different. making for
ditticult comparisons.  Generally speaking. experi-
cnced centres see few patients who gain real benefit
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from long-term tracheostomy. Quality of life im-
proves little.

The aims of treatment are to improve blood
gases, achieve muscle rest, reduce nocturnal hypox-
aemia, reduce breathlessness and perhaps improve
the oxygen and CO, sensitivity in the control of
ventilation. )

Tracheostomy, with or without IPPV, frequently
induces complications. Tolerability and acceptabil-
ity of NIPV seems poor at best. NIPPV offers the
best hope of benefit, even if the increased dead space
ventilation requires high tidal volumes to be deliv-
ered in a short time. The risk of an air leakage. is
thereby increased, reducing the blood gas response.

The usefulness of mechanical ventilation in ARF
patients with chronic bronchitis, is not matched by
an improvement in the long-term. Research should
try to identify special groups likely to show a worth-
while response.

Bronchiectasis

Progressive bronchial infection is associated with
the decline of pulmonary function and respiratory
failure. In end-stage disease, tracheostomy facilitates
bronchial toilette, but survival at 2 yrs is inevitably
Very rare.

Surprisingly, NIPPV performed at night-time has
shown benefits both in sputum clearance and sur-
vival. After 22 months, half of the patients in one
study survived considerably better than controls (P.
Leger et al., Unpublished data). Further studies are
clearly required.
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Sleep-disordered breathing

Abnormalities occur as a result of primary sleep
pathology and as a consequence of neuromuscular
disorders or COPD.
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Definitions of respiratory sleep disorders are con-
tentious, but five groups can be identified: 1) obstruc-
tive sleep apnoea; 2) central sleep apnoea (often
overestimated); 3) primary alveolar hypoventilation (a
very rare disease); 4) secondary alveolar hypoven-
tilation (a contentious group); and 5) primary snoring.

The most common disorder is obstructive sleep
apnoed, a condition of recurrent pharyngeal obstruc-
tion which disrupts normal sleep rhythms. An ob-
struction leading to cessation of respiration for 10s
or more is considered significant.

The important consequences are nocturnal desat-
uration, daytime sleepiness and loss of mental acuity.
Criteria for defining the severity of obstructive sleep
apnoea are not agreed, but generally obstructions
>20-h"! and saturations <80% carry a high risk of
cardiovascular complications. such as systemic hyper-
tension and cardiac disrhv:~mia. Accidents through
daytime sleepiness can oc ~ . in up to 30% of these
individuals. Such patients should move straight
to CPAP therapy. If the apnoea index is <20
episodes-h! and nocturnal desaturation between 80—
90% conservative treatment (weight loss. no evening
alcohol and good sleep hygiene) should be tried first.

A precise diagnosis of sleep pathology and
control of CPAP treatment is possible only after
formal polysomnography. In order to avoid submit-
ting all patients with suspicious symptoms to full

" investigation. questionnaires, nocturnal pulse oxime-

try and recording of tracheal air sounds are being
developed as a means of preselection. These pre-
selection tests should not be used as a means of
making a diagnosis of sleep pathology or prescrib-
ing treatment.

CPAP is the treatment of choice. Tracheostomy
is an alternative treatment but is seldom used nowa-
days. Surgery of the pharynx and soft palate has
no proven long-term benefits. and may have long-
term adverse effects. It should be regarded as a re-
search procedure. Snoring may be corrected for
several years but the natural history of the sleep
pathology is unchanged. Mandibular surgery can be
very effective in selected patients, but here again
long-term evaluation is not yet available.

Nocturnal NIPPV after failure of CPAP. the im-
portance of nocturnal desaturation particularly in the
rapid eye movement (REM) sleep phase. and the
prognostic relevance in COPD and neuromuscular
disorders. remain under investigation.

Primary snoring is a common condition carm -
ing no implication of sleep pathology. If symptoms
suggestive of sleep disorders are recognized then
these are the signals for preselection tests and. if nec-
essary. polysomnography. Snoring itself is not un
indication for full polysomnography.
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Home Care Organization and costs

Home mechanical ventilation cannot be suc-
cessfully deployed without the provision of a home
care service, a supporting family or other care giv-
ers. provision of education and training for patients
and family, psychosocial support and provision of
the necessary finance.

Countries have different organisations for their
national health services. In Europe, health care is
predominantly provided by the State with a variable
amount of private assistance. In the United States,
the system is largely free market with a large
number of interwoven bodies of a charitable, state
or private nature.

Home respiratory care is a specialized technique
and the general practitioner alone cannot manage it
successfully. It will be most successful if co-
ordinated through a national system of home respi-
ratory care responsible for all respiratory procedures
in the domestic environment. These will include
occupational therapy. physiotherapy, supplemental
oxygen. mechanical ventilation, psychosocial care
and nutrition. These modalities are best organized
through a designated home care regional or central
service. responsible for co-ordinating the activities of
consultant., general practitioner, home nurses and
technicians undertaking installation and maintenance
of th equipment. A new grade of respiratory care
therapist could combine the duties of a nurse and a
respiratory physiotherapist, with some technical ex-
pertise. The service should be supported by psy-
chosocial care and a nutritional programme,
particularly for infants and young children. The
psychosocial service will prepare the family for
home care. providing information about the disease

and its natural history and hygiene. prophylaxis and
help with follow-up. The use of all devices (in-
cluding speaking valves for tracheostomized patients),
and supplies must be fully understood by the patient.

Safety aspects

The patients on HMV and their caregivers
should be trained for emergency procedures in the
case of ventilatory malfunction. According to the
specific needs of the single patient (totally ventila-
tor-dependent or requiring only partial ventilatory
support) the caregivers should be able to: 1) use a
manual resuscitator; 2) connect the patient to a back-
up ventilator; 3) contact emergency personnel (am-
bulance service. equipment supplier. physicians, other
health personnel). .

The home care service mu-. provide minimum
service or replacement periods for essential equip-
ment, delay not usually exceeding 12 h. In the few
patients disadvantaged by such periods, equipment
may need to be duplicated. Emergency telephone
systems are helpful for crises and for those patients
with few relatives.
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