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Domiciliary ventilatory support: an analysis of
outcome
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ABSTRACT Prolonged ventilatory support has been used to treat 51 patients with respiratory failure
secondary to skeletal (22) or neuromuscular (29) disease. Symptomatic relief was achieved in five
patients with rapidly progressive neurological disease who died within 27 months. The remaining 46
patients, aged 11-69 years at presentation, have been followed for more than two and a half years. All
but 10 were treated with negative pressure ventilation from the outset, intermittent positive pressure

ventilation being used initially in the others and continued at home in three. Nocturnal negative
pressure ventilation has been used at home by 39 patients. A permanent tracheostomy has been
maintained in 14, to facilitate positive pressure ventilation in three and to circumvent upper airway
obstruction during sleep in 11. Sustained improvement in symptoms and arterial blood gas tensions
has been maintained, independence and the capacity for gainful employment have been regained in
those of an appropriate age, and the incidence of subsequent hospital admissions has been low.
Neither the mode of presentation nor the aetiology of the restrictive ventilatory defect influenced
outcome in patients with stable or only slowly progressive primary disease.

Severe restrictive defects of the chest wall caused by
muscle weakness or skeletal deformity lead to car-
diorespiratory failure.'2 Abnormalities of respiration
during sleep resulting in nocturnal hypoventilation
contribute to the development of respiratory
insufficiency and cor pulmonale,34 and domiciliary
ventilatory support, primarily at night, can prolong
life.5 Several reports describe the value of this treat-
ment in patients with neuromuscular disease,`5 but
there is some contrary evidence for those with skeletal
disease.9 In an attempt to identify more precisely
which patients will benefit and whether the presence of
cor pulmonale complicating chronic respiratory
failure influences outcome, we have explored the
results obtained in a large series of 51 patients suffering
from respiratory insufficiency caused by either
neuromuscular disease or skeletal deformity who have
been treated with assisted ventilation for up to 30
years.

Methods

The group consists of 51 patients (26 of them male)
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aged 11-67 years at presentation in whom respiratory
support was initiated before Septetnber 1984. The
primary cause of respiratory failure was neuromus-
cular disease in 27, central ventilatory failure in two,
and skeletal deformity in the remaining 22. Six
patients with kyphoscoliosis secondary to
poliomyelitis in childhood are included in the group
with skeletal deformity, as are four with a past history
ofpulmonary tuberculosis treated by thoracoplasty. A
subgroup of five patients with rapidly progressive
neurological disease (motor neurone disease in four,
sarcoid neuropathy in one) are considered separately
because their limited prognosis was apparent at the
outset. They had been offered ventilatory support to
control symptoms at a time when respiratory disability
far outweighed any other weakness.
Measurements of arterial blood gas tensions were

made in most instances with the subjects seated,
breathing air, during the day. The initial
measurements in six patients were made with the
subject breathing oxygen in low concentration because
intolerable hypoxaemia resulted if it was withdrawn.
Values recorded after treatment had been established
were obtained during a scheduled follow up atten-
dance. Forced expiratory volume in one second
(FEV,) and forced vital capacity (FVC) were recorded
in patients able to complete the manoeuvre, a dry
bellows or rolling seal spirometer being used. The
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32
measurements were performed with the subject both
seated and lying, and the lower of the two values was
noted. Clinical details and initial values for vital
capacity and arterial blood gas tensions are given in
the table.
Changes in arterial blood gas tensions and vital

capacity with treatment were compared by means of
the Wilcoxon matched pairs signed rank test. Blood
gas tensions were examined with the Mann-Witney U
test (two tailed) to compare patients with and without
cor pulmonale, and patients with muscular weakness
and with chest wall deformity. Patients breathing
oxygen at presentation were excluded from the statis-
tical analysis ofchanges in arterial blood gas tensions.

MANAGEMENT
Mechanical ventilation was initiated, sometimes as a
matter of urgency, at or shortly after presentation.
Intermittent positive pressure ventilation through an
endotracheal tube was used at the outset for 10
patients, whereas negative pressure ventilation was
chosen initially for the rest. Only three patients were
maintained on intermittent positive pressure ventila-
tion indefinitely at home. These three, and 11 with
neuromuscular disease who developed upper airway
obstruction during sleep, were the only patients in
whom a permanent tracheostomy was created. All but
four patients used domiciliary ventilatory support at
night indefinitely. Apparatus included a cuirass,"
Pneumosuit or Tunnicliffe jacket," a "sleeping bag"
consisting of an air tight bag sealing around the trunk
below the axillae and enclosing a rigid frame over the
chest and, in one case, a purpose built tank ventilator
of private design. The four patients who were dischar-
ged home without domiciliary ventilatory support
were admitted to hospital for overnight treatment on a
regular schedule, such as two nights each week or
fortnight, or were readmitted for more intensive
treatment with a tank ventilator for 16 hours each day
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over 7-14 days once or twice each year. Two patients
used protriptyline (10-20 mg at night) to facilitate
treatment with negative pressure ventilation.'2 Oxygen
treatment, used by six patients at the outset, was
discontinued during the initial period in hospital.

Results

The five patients with rapidly progressive neurological
disease were aged from 16 to 67 (median 56) years. All
suffered dyspnoea on exertion, orthopnoea, or distur-
bed sleep, and four were in established respiratory
failure. Vital capacity varied from 0-6 to 1-95 litres
(table). Nocturnal negative pressure ventilation con-
trolled dyspnoea in all five, but they continued to
deteriorate and all died from cardiorespiratory failure
from three to 27 (median 13) months later.
Twenty four of the remaining 46 patients had either

static or only slowly progressive neuromuscular dis-
ease. Skeletal deformity with normal musculature or
only moderately impaired, non-progressive muscle
weakness was present in 22, 18 of whom had severe
kyphoscoliosis with the apex of the curve in the
thoracic spine and a Cobb angle of 900 or more. Age at
recruitment was similar in the two groups, but a higher
proportion of those with neuromuscular disease
(38%) presented with an acute respiratory illness
without coincident heart failure, whereas 77% of
patients with skeletal deformity suffered from chronic
respiratory failure with cor pulmonale resistant to
conventional treatment. Exercise tolerance was less
than 50 yards (46 m) on the flat in all the patients with
skeletal deformity, and in those with muscle weakness
who could walk at all (10 patients). Vital capacity was
substantially reduced in both groups, particularly in
those with skeletal deformity. Only three patients had
a vital capacity greater than 3 litres. Two of these had
disturbed central control of ventilation and the third,
with neurological disease and chronic airflow limita-

Details ofpatients at presentation (medians and ranges)

Cause of respiratory failure No Age at presentation VC PaO2* PacO2*

Without skeletal deformitY
Rapidly progressive 5 56 750 8-5 74

neurological disease (16-67) (600-1950) (36-10-2) (6-1-13-3)
Slowly progressive 22 50 850 8-1 8-4

neurological disease (29-67) (350-3050) (55-11-9) (40-16 9)
Abnormalities of central

control of breathing 2 (56-58) (3100-4400) (62- 7-9) (80- 97)
With severe skeletal deformity
Non-paralytic 12 48 670 6-0 7-4

kyphoscoliosis (11-57) (300-1030) (40- 8-1) (5-7-11-7)
Paralytic 6 36 750 6 7 74

kyphoscoliosis (33-37) (375-1010) (43- 92) (7-1- 84)
Thoracoplasty 4 66 800 62 79

(41-69) (400- 925) (46- 73) (72- 96)
*Measured while patients were breathing air except for six who were breathing 24% oxygen.
VC-vital capacity; Pao,-aterial oxygen tension; Paco,-arterial carbon dioxide tension.
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tion, had a vital capacity of 3-09 1 but a greatly reduced
FEV, (0-9 1).
Two patients lost to follow up after 2-6 and 5 years

remained well while under review. The remaining 44
patients (24 with neuromuscular disease and 20 with
skeletal deformity) have all been followed for more
than two and a half years. The median interval for
these 44 patients is 4-3 years, the longest survivor
having been followed for 30 years. Twelve patients
died 0-2-12-7 (median 3-8) years after presentation,
seven deaths being in patients with neuromuscular
disease. Two of five deaths in the group with skeletal
deformity occurred less than a year after a voluntary
decision to discontinue treatment. A further patient
suffered from coincident cardiac disease; and in one
patient the added disability ofpulmonary resection for
bronchiectasis, advised and undertaken at another
centre, was followed by death. One patient who had
remained well for more than 10 years using
domiciliary ventilatory support developed an acute
respiratory tract infection and died while on the way to
hospital.

There was a significant improvement in the arterial
oxygen and carbon dioxide tensions of the 33 patients
in whom measurements were made while they were
breathing air both at presentation and during follow
up (figs I and 2). Patients with skeletal deformity were
more hypoxaemic (median arterial oxygen tension
ZV X e% " I- ^- _ A 1% I % .' .(Pa02) 5 7, range 4i2-8 1 kPa) betore
those with neuromuscular disease (m
range 5-5-9-8 kPa; p < 0.02), but
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Fig 2 Changes in arterial oxygen tension (PaO2) and
carbon dioxide tension (PaCO2) for 17 patients with skeletal
deformity. Only patients breathing air at presentation and
duringfollow up are included. Open circles represent patients
with paralytic kyphoscoliosis secondary to poliomyelitis. The
horizontal bars indicate the median.

treatment than difference between them at follow up (median values
iedian PaO2 8-3, for PaO2 92 and 9-6 kPa). Similarly, patients with cor
there was no pulmonale were more hypoxaemic initially (median

PaO2 5 7, range 4-2-9-6 kPa) than were those present-
ing with acute respiratory failure (median PaO2 8- 1,

P<005 range 6-09-8 kPa; p < 0005), but they achieved
similar figures for arterial oxygenation during treat-
ment (median values for PaO2 9-2 and 9-7 kPa). Similar
but statistically insignificant findings were observed
for changes in arterial carbon dioxide tension. There
was a small but significant (p < 0.005) increase in vital
capacity for the group of 14 patients with skeletal
deformity who could carry out the manoeuvre both
before and after treatment (fig 3), although a fall was
recorded in three individuals. Vital capacity was not
recorded at follow up in patients with neuromuscular
disease.
Improvement in breathlessness and exercise

tolerance has been reported by all subjects. Although
no formal assessment of either variable has been

Before With attempted, 11 of 24 patients (46%) with stable or only
B slowly progressive neuromuscular disease have been

Treatment able to return to full time employment, even though
(PaO,) and

two were already nearing retirement at the time of
aents with presentation. A higher proportion (71 %) ofthose with

iing air at skeletal deformity returned to work, even though most
led. The had been unable to work for at least some months

before referral and several had been bed bound and in
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Fig 3 Changes in vital capacity for 14 patients w
deformity. A Non-paralytic kyphoscoliosis; A pa,
kyphoscoliosis; * thoracoplasty.

hospital for many weeks. A further 14% of
with skeletal deformity had already retired t
they presented.

Details of the incidence of hospital re

after initiating treatment are complete fo
patients, followed for up to four years. A
figure of 0A44 admissions a patient a yea
culated, the usual indication being a respir,
infection. Data on the precise number and
respiratory tract infections before treatn
incomplete, as was information on the nu
duration of antecedent hospital admissior
patients have commented, however, on the
in incidence and severity of intercurrent r
tract infections.

Discussion

The survey was carried out retrospective

some information is not available, the duration of
follow up is variable, and the timing of outpatient
visits for reassessment is inconstant. Nevertheless,
these findings add the weight of a large series to
previous reports that respiratory failure caused by an

p extrapulmonary restrictive ventilatory defect can be
controlled, dyspnoea relieved and active wellbeing

, maintained for many years by the use of domiciliary
ventilation. No control group without treatment was
followed up, but the two patients who voluntarily
discontinued domiciliary ventilatory support died
within a year of doing so.
The outcome was independent of severity or chron-

icity of the presenting respiratory or cardiorespiratory
failure, although the initial arterial oxygen tension was
lower in the group with cor pulmonale than in those

2 presenting with an acute condition, perhaps because
t deterioration had occurred more slowly. In the

..sU absence of rapidly progressive disease as the primary
-' cause, the benefit was similar in patients with skeletal

deformity and in those with muscle weakness. This is
particularly worth emphasising because the distorted,
non-compliant chest wall of those with skeletal defor-
mity might be expected to preclude success with the
relatively inefficient technique of negative pressure
ventilation. Patients with rapidly progressive disease
continued to deteriorate but, because negative pres-
sure ventilation is less efficient than intermittent
positive pressure ventilation and provides no protec-
tion of the airway, it permitted relief of distressing

With symptoms without undue prolongation of a life of
treatment intolerable disability.
4th skeletal Facilities for non-invasive ventilatory support areavailable at present in only a few centres and current
ralytic indications for treatment are restricted to uncommon

disorders. Suitable patients present sporadically,
the group sometimes in need of urgent resuscitation. They can, if
by the time necessary, be intubated and treated initially with

positive pressure ventilation and then transferred for
admission non-invasive support. Avoidance of tracheostomy
)r only 28 facilitates the transition from intermittent positiveironlave e pressure ventilation to negative pressure ventilation.'3
r average Patients presenting with chronic cardiorespiratory
r was cal- failure can be treated non-invasively from the outset.story tract A regimen of about 16 hours daily for up to two weeksseverity of is usually necessary to secure maximum improvement
nmber and arterial blood gas tensions and resolution of the
is. Several manifestations of cor pulmonale.'
reduction The efficacy of negative pressure ventilation wasredutirory compromised in II patients by the development of*espiratory upper airway obstruction during sleep.'2 Initially this

was treated by tracheostomy, but protriptyline'5 has
since proved successful in two patients, and nasal
continuous positive airway pressure'6 or intermittent
positive pressure ventilation delivered non-invasively

ly and so through a well fitting nasal mask'7 can now be
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considered instead.
Lung function deteriorates with age in patients with

severe skeletal deformity'8 and the increase in vital
capacity in most of our patients may reflect control of
heart failure or, in the longer term, improvement in
lung compliance"t or respiratory muscle power.20
Functional ability as judged by a return to indepen-
dence, full time employment, or domestic respon-
sibilities improved in more than half of the group
overall and, although hospital readmission was
required from time to time, usually during an acute
respiratory infection, the rate was on average well
below one admission a year.
Two patients who did not comply with treatment

died in less than a year. The other 10 patients who died
had a median survival of 3-8 years from first presenta-
tion, and seven of these 10 deaths were caused by
cardiorespiratory failure in patients with neuromus-
cular disease that had progressed, albeit only slowly.
The present cost of equipment for domiciliary

nocturnal ventilatory support is about £3000 per
patient. Many of those who can benefit from it present
before the age of 50 years with an apparently life
threatening illness. Treatment results in survival, a
return to independence and employment where
appropriate, and above all resolution of distressing
symptoms. The findings reported here emphasise that
respiratory failure in patients with stable or only
slowly progressive restrictive chest wall disorders can
be treated successfully irrespective of severity, dura-
tion, or cause. Domiciliary ventilation is organised on
a national basis in France,2' and a comparable service
has been advocated in the United States.22 Considera-
tion should be given to similar provision within the
United Kingdom.

We are indebted to Dr GT Spencer, consultant
anaesthetist and director of Phipps Respiratory Unit,
St Thomas's Hospital, London, who was responsible
for the domiciliary care of seven patients.
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