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Abstract

Background - Nasal intermittent positive
pressure ventilation (NIPPV) is a new
technique which has rapidly supplanted
other non-invasive methods of ventilation
over the last 5-10 years. Data on its effect-
iveness are limited.

Methods - The outcome of long term dom-
iciliary NIPPV has been analysed in 180
patients with hypercapnic respiratory fail-
ure predominantly due to chest wall
restriction, neuromuscular disorders, or
chronic obstructive lung disease. One hun-
dred and thirty eight patients were started
on NIPPV electively, and 42 following an
acute hypercapnic exacerbation. Outcome
measures were survival (five year prob-
ability of continuing NIPPV), pulmonary
function, and health status. A crossover
study from negative pressure ventilation
to NIPPV was carried out in a subgroup
of patients.

Results - Five year actuarial probability
of continuing NIPPV for individuals with
early onset scoliosis (n = 47), previous
poliomyelitis (n = 30), following tuber-
culous lung disease (n = 20), general
neuromuscular disorders (n = 29), and
chronic obstructive pulmonary disease
(n = 33) was 79% (95% CI 66 to 92), 100%,
94% (95% CI 83 to 100), 81% (95% CI 61
to 100), 43% (95% CI 6 to 80), respectively.
Most of the patients with bronchiectasis
died within two years. One year after start-
ing NIPPYV electively the mean (SD) Pao,
compared with the pretreatment value was
+1-8 (1-9) kPa, mean Paco, —1-4 (1-3)
kPa in patients with extrapulmonary re-
strictive disorders, and Pao, +0-8 (1-0)
kPa, Paco, —0-9 (0-8) kPa in patients with
obstructive lung disease. Arterial blood
gas tensions improved in patients trans-
ferred from negative pressure ventilation
to NIPPV. Health status was ranked high-
est in patients with early onset scoliosis,
previous poliomyelitis, and following
tuberculous lung disease. In the group as
a whole health perception was comparable
to outpatients with other chronic dis-
orders.

Conclusions — The long term outcome of
domiciliary NIPPV in patients with
chronic respiratory failure due to scoliosis,
previous poliomyelitis, and chest wall and
pulmonary disease secondary to tuber-
culosis is encouraging. The results of
NIPPV in patients with COPD and pro-
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benefit in some subgroups. The outcome »
in end stage bronchiectasis is poor.
(Thorax 1995;50:604—609)

Keywords: NIPPV, domiciliary ventilation, chronic
respiratory failure.
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Home ventilation is one of the earliest forms o
of technological support to be applied in the &
community. The methods of providing ventil- S
atory assistance for individuals with respiratory -
msuﬂiaency have changed over the last 50
years.' Neganve pressure systems (cu1rass,

pneumojacket, iron lung) were introduced at ©
the time of the poliomyelitis epidemics in the @
1940s and the delivery of ventilation via a o
tracheostomy has been used since the 1950s. 2
Nasal intermittent positive pressure ventilation =-
(NIPPV) is the most recent advance in the field
of non-invasive ventilatory support, entering &
clinical practice in the mid 1980s. As a new
form of therapy, NIPPV has been assessed3
in respect of its short term effects in acute 3
hypercapnic exacerbations of chronic lung dlS-

ease” and in patients unable to wean from = =3
conventional ventilation.® However, there isS
little information on the impact of NIPPV on X
survival,” the quality of life,®> and functional S 3

level in individuals with chronic ventilatory s’

insufficiency. g
=3
o
=]
Methods 1
SUBJECTS =

Patients were classified by primary diagnosis. &)
Of 180 patients who were started on NIPPVN
at the Royal Brompton Hospital over the period 3
1987-92, 47 had early onset idiopathic sco- & -
liosis, 30 had previous poliomyelitis, 20 oldé
tuberculous lung disease with associated chest 5
wall lesions (thoracoplasty, artificial pneumo- 2
thorax, phrenic nerve crush), 29 had neuro-
muscular disorders (eight muscular dystrophy, &
eight central hypoventilation, five myopathies, g
four spina bifida, two polyneuropathies, one 3
spinal muscular atrophy, one motor neuroneJ
disease), 33 had chronic obstructive pulmonary o
disease (COPD), and 13 bronchiectasis. A re-§
maining group comprised eight patients with =
miscellaneous disorders (three obesity/hypo-=
ventilation, two scleroderma, one Proteus syn-
drome, one osteogenesis imperfecta, one chylo-
thorax). Patient characteristics are given in
table 1.

The indication for domiciliary NIPPV was
symptomatic, chronic hypercapnic respiratory
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Table I Mean (SD) age, baseline arterial blood gas tensions and spirometric values of 180 patients in study

Age (years) Pao, (kPa) Paco, (kPa) FVC () FEV, ()
Early onset scoliosis (n=47) 49.2 (12-2) 6:6 (1-6) 8:1 (1-4) 0-83 (0-4) 0-64 (0-2)
Previous polio (n=30) 51 (10-6) 7-1 (1-4) 79 (1-0) 111 (0:4) 0-80 (0-2)
Previous tuberculosis (n=20) 61 ( 84) 6-0 (1-2) 8:4 (1-5) 1-2 (0-6) 0-80 (0-3)
Neuromuscular disorders (n=29) 36 (14-4) 7-5 (1-8) 84 (1'7) 1-3 (0:7) 0-98 (0-7)
COPD (n=33) 57-4 ( 8-4) 6-1 (0-8) 8:3 (1-8) 1-6 (0-7) 0-58 (0-3)
Bronchiectasis (n=13) 41 (14-4) 56 (1-7) 91 (1:7) 1-:0 (0-5) 0-48 (0-16)
Miscellaneous (n=8) 36 (99 7-1 (2-0) 86 (1-0) 17 (1-5) 16 (1-3)

Pao,, Paco,, and spirometric measurements available in 170 patients (arterial blood gas data are not included where measurements were made with the patient

breathing supplemental oxygen).

% Continuing NIPPV
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failure which was unresponsive to standard
measures, including controlled oxygen therapy.
Nocturnal hypoventilation was demonstrated
by overnight monitoring of arterial oxygen sat-
uration and transcutaneous carbon dioxide ten-
sion. One hundred and thirty eight patients
were treated electively with NIPPV after a pro-
gressive deterioration in symptoms and arterial
blood gas tensions, and 42 received treatment
following an acute hypercapnic exacerbation
or were weaned from conventional ventilation
using NIPPV. Among the group treated
electively 15 patients were transferred from neg-
ative pressure ventilation (10 cuirass, three
pneumojacket, two portable iron lung) when
NIPPV became available at this institution in
1987. NIPPV was used as a “bridge” to trans-
plantation® in six subjects in the acute group.
At the start of NIPPV all patients had normal
or near normal bulbar function, and those re-
ceiving NIPPV electively were able to breathe
spontaneously for at least 12 hours/day.
Patients were recruited over a five year period
from 1987-92.

VENTILATORY EQUIPMENT AND MONITORING

One hundred and seventy patients used volume
preset ventilators (BromptonPAC, Pneupac
Ltd; PLV 100, Lifecare; Monnal D, Deva Med-
ical), and 10 used pressure preset equipment
(BiPAP, Respironics Inc). All ventilators were
operated in assist/control mode. Patients used
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Figure 1  Probability of continuing nasal intermittent positive pressure ventilation
(NIPPYV) in different diagnostic groups. KS = kyphoscoliosis; polio = poliomyelitis;
COPD = chronic obstructive pulmonary disease; TB = tuberculosts.

commercial silicone nasal masks (Respironics
Inc or Rescare Ltd).

Initial ventilator settings were determined by
overnight monitoring of arterial oxygen sat-
uration and transcutaneous carbon dioxide ten-
sion, and subsequently modified as necessary
according to clinical course. Supplemental
oxygen was entrained into the nasal mask at
1-2 /min in individuals in whom arterial Sao,
remained below 90% for most of the night
when they were ventilated with air. Each patient
was instructed to use NIPPV during sleep.
Humidification using a heat and moisture
exchanger (Portex Thermovent) was added
intermittently in 10 patients, predominantly
those with bronchiectasis.

After starting NIPPV as inpatients, patients
were initially reviewed as outpatients every 2—3
months and subsequently at 6-12 month in-
tervals. Arterial blood gas tensions and spiro-
metric parameters were assessed at each
outpatient attendance. All measurements of
arterial blood gas tensions were made with the
patient breathing air spontaneously during the
day.

QUALITY OF LIFE

Health status was assessed on one occasion in
a cross section of all patients currently using
NIPPV in 1993. The SF-36 postal ques-
tionnaire was sent to 116 patients. Each re-
ceived one follow up telephone call. The SF-
36 measure of health status assesses physical
function, role limitation caused by physical
or mental problems, social function, mental
health, energy and vitality, pain and health
perception.’® Additional questions were in-
cluded on sleep quality and the side effects
of NIPPV. The questionnaire was completed
anonymously and coded by diagnostic group.
Data from the SF-36 questionnaire were com-
pared with UK population norms of similar
age derived from general practice,'' and with a
US study of outpatients with chronic medical
conditions (diabetes, hypertension, recent
myocardial infarction, cardiac failure).'2

COMPLIANCE

Compliance with NIPPV was monitored in 43
randomly selected patients using volume preset
ventilators by means of a hidden clock. The
timing mechanism was activated only when
the ventilator compressor was operating, and
therefore measured hours of ventilator function.
rather than electrical run time.
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Table 2 Duration of nasal intermittent positive pressure ventilation (NIPPV) and reasons for withdrawal

Median (range) duration

Reasons for withdrawal

of NIPPV (years)
Early onset scoliosis 3-2 (0-1-6-9) Seven died (5 respiratory failure, 1 carcinoma breast,
) ) 1 carcinoma ovary). One discontinued — improved
Previous polio 4-3 (0-6-6-4) No withdrawals
Previous tuberculosis 2-1 (0-1-7) One died (leukaemia)
Neuromuscular disorders 2-8 (0-3-5-9) Fourddied (respiratory failure due to progression of underlying
disorder)

COPD 1-6 (0-1-6-3) lS\IiIxPcll)i%c)l (respiratory failure). Five withdrawn (poor tolerance
Bronchiectasis 0-7 (0-1-2-3) Seven died (respiratory failure). Two withdrawn (heart/lung

. transplantation)
Miscellaneous 1-6 (0-2-4-8) One died (respiratory failure)

STATISTICAL ANALYSIS

The Kaplan-Meir technique was used to plot
actuarial curves for the probability of con-
tinuing NIPPV. Arterial blood gas tensions and
spirometric values before and after initiation of
elective NIPPV in the groups with restrictive
disorders and COPD were compared using
Student’s ¢ test. Patients beginning NIPPV as
an acute measure, during weaning, or when
bridging to transplantation were excluded from
this analysis as blood gas tensions were unstable
at the start of treatment. Responses to the SF-
36 questionnaire were examined by diagnostic
group using ANOVA (Minitab Inc).

Results

CONTINUATION OF NIPPV (fig 1)

The five year actuarial probability of continuing
NIPPV (mean, 95% confidence interval) for
early onset scoliosis was 79% (66 to 92), after
poliomyelitis was 100%, for previous tuber-
culosis 94% (83 to 100), neuromuscular dis-
ease 81% (61 to 100), COPD 43% (6 to 80%).
In the bronchiectasis group seven patients died
after less than two years of treatment. Overall
26 of 180 patients died (23 respiratory failure,
three unrelated disease), NIPPV was with-
drawn in six (five poor tolerance, one im-
proved), and two bronchiectatic patients
received heart-lung transplants. Median dur-
ation of NIPPV and the reasons for withdrawal
from therapy in each diagnostic group are given

[Paco,]

Years

Figure 2 Mean (SE) arterial blood gas tensions over five years in patients with )
restrictive disorders who started nasal intermittent positive pressure ventilation for elective

reasons.

in table 2. All patients transferred from negative
pressure ventilation to NIPPV expressed a pref-
erence to continue with NIPPV long term.
Mean (SD) NIPPV use per 24 hours was
7-88 (2:1) hours with 16 of 43 patients using
it for short periods in the day as well as during

sleep at night. Supplemental oxygen therapy

was used in 8:5% of patients with idiopathic
scoliosis, 3:3% of post poliomyelitis patients,
30% of the previous tuberculosis group, 48%
of patients with COPD, and in all patients with
bronchiectasis.

ARTERIAL BLOOD GAS TENSIONS AND
SPIROMETRIC VALUES
Arterial blood gas tensions improved in all
patient groups. One hundred and eight patients
with extrapulmonary restrictive disorders and
30 patients with COPD received NIPPV elect-
ively. Arterial blood gas data at the start of
NIPPV were available in 99 of the 108 patients
with restrictive disorders and in all 30 patients
with COPD. After one year of elective NIPPV
mean (SD) Pao, compared with initial values
increased by 1-8 (1-9) kPa (p<0-0001) and
Paco, fell by 14 (1-3) kPa (p<0-0001) in
patients with extrapulmonary restrictive dis-
orders (idiopathic scoliosis, neuromuscular
disease including poliomyelitis, and post
tuberculous disease). Mean (SD) Pao, rose by
0-8 (1-0) kPa (p<0-01) and Paco, decreased
by 0-9 (0-8) kPa (p<0-001) in the group with
COPD. The trends in arterial blood gas ten-
sions over five years of NIPPV in the group
with extrapulmonary restriction are shown in
fig 2. In the subgroup of patients transferred
from negative pressure ventilation to NIPPV
the best levels of arterial blood gas tensions
achieved during the period of negative pressure
ventilation were Pao, 7-5 (1-2) kPa, Paco,
7-1 (1-2) kPa. Values for this group improved
significantly after using NIPPV for an average
of 38 (17-7) months to Pao, 96 (1:4) kPa
(p<0-001), Paco, 6-3 (0-7) kPa (p<0.005).
FVC and FEV, did not change significantly
over time in any patient group.

HEALTH STATUS

The response rate to the SF-36 questionnaire
was 90:5% (105 of 116). The mean (SD)
age of the respondents was 54-2 (13-5) years;
duration of NIPPV use in these patients ranged
from six months to seven years. Results are
given in fig 3 (where a score of 100% represents
normal function or no pain, and 0% indicates
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Figure 3 Health status measured by SF-36 questionnaire in patients receiving nasal intermittent positive pressure
ventilation (NIPPV) in a USA group with chronic diseases and in UK normal subjects (Healthy Life Survey (HLS),
Oxford). HP=general health perceptions; PF = physical functioning; RLP=role limitations due to physical problems;
RLM =role limitations due to emotional problems; SF=social functioning; MH = general mental health; EV = energy/

vitality.

lowest possible value or maximal pain). Phys-
ical function was significantly higher in groups
with idiopathic scoliosis, after poliomyelitis,
and previous tuberculosis compared with the
COPD group. Patients with neuromuscular
disorders and COPD had a similar level of
physical function, but role limitation due to
physical factors was greater in the COPD group
(65% versus 18:7%, p<0-01). Health status
outcome in the patients receiving NIPPV was
comparable to the group with chronic disorders
reported from the USA. Although physical
function was reduced compared with the UK
population norms, mental health and energy
and vitality were similar.

Sleep quality was rated poor in 5% of
patients, average in 67%, and very good in
21%. There was no correlation between hours
of ventilator use and sleep quality. The com-
monest reported disadvantages of NIPPV were
inconvenience (20 patients), nasal/mask prob-
lems (10), gastric distension (three), and noise
(three).

10 o NIPPV in COPD
A NOTT (19 h/day)
- 8ok o MRC (15 h/day)
.g o MRC (control)
2 -
2 60 T
()]
= R N
£ a0 R
3 T
s .
o 20— ~®
0 | | | | |
0 1 2 3 4 5 6

Figure 4 Percentage survival in patients with COPD receiving NIPPV compared with
data from NOTT trial (oxygen 19 hours/day), MRC trial (oxygen 15 hoursiday) and

control group from MRC rtrial.

Discussion

As nocturnal hypoventilation is the common
denominator in patients with chest wall dis-
orders, neuromuscular conditions, and chronic
obstructive lung disease who progress to cor
pulmonale and premature death, it is logical to
examine the effects of long term correction
of nocturnal arterial blood gas tensions with
NIPPV on outcome. There have been no long
term controlled studies of domiciliary NIPPV
in chronic ventilatory failure. In patients with
hypercapnic respiratory failure secondary to
restrictive chest wall disorders such as idio-
pathic scoliosis, previous poliomyelitis and
tuberculosis, premature death*'* is an in-
evitable consequence if chronic hypoxaemia
and hypercapnia are not reversed. The five year
probability of continuing NIPPV is a close
approximation to five year survival in these
groups, as death was the principal cause of
withdrawal from the study. Furthermore,
deaths in these subgroups were largely due to
concurrent disease (malignancy) or progression
of pulmonary hypertension in patients who
presented late for NIPPV. With a five year
survival figure of around 80% or higher, and
evidence that withdrawal of NIPPV results in
a recurrence of nocturnal hypoventilation,'® a
randomised controlled study would appear un-
ethical in patients with idiopathic scoliosis, pre-
vious poliomyelitis, and old tuberculous lung
disease.'® Leger et al” have reported data from
an uncontrolled French multicentre study of
NIPPV in groups with scoliosis, previous tuber-
culosis, Duchenne muscular dystrophy,
COPD, and bronchiectasis. Although similar
ventilatory methods were used, the French
patients differ from the population in the cur-
rent study in that they tended to have a higher
Po, and lower Pco, on initiation of NIPPV, at
least 60% of the French patients with scoliosis
received supplemental oxygen therapy, and the
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follow up period was shorter (36 months). Des-
pite these differences the probability of con-
tinuing NIPPV at 36 months in the French
study is similar to the results presented here.

Control of diurnal arterial blood gas tensions
was maintained over four years following elect-
ive initiation of NIPPV, although there is a
suggestion of some deterioration after this time.
As greater numbers of patients are followed,
these trends should become clearer. Arterial
blood gas values were improved by NIPPV in
the patients who were transferred from negative
pressure ventilation, although it should be
borne in mind that a direct comparison of the
efficacy of these techniques was not made.
Negative pressure systems often provoke upper
airways obstruction during sleep'” and can
cause chest wall discomfort. As a result, NIPPV
appears to be better tolerated by patients and
is usually easier to institute.

Patients with end stage COPD differ from
those with extrapulmonary restrictive disorders
as, in addition to alveolar hypoventilation, gas
exchange is also severely impaired. Long term
oxygen therapy (LTOT) is the mainstay of
treatment of respiratory failure in COPD, and
has been shown to produce improved survival
in those using oxygen for 15 or more hours a
day.'® However, there are problems associated
with LTOT, including the fact that no con-
sistent increase in quality of life has been dem-
onstrated in recipients, compliance with
therapy may be poor, and a small proportion
of patients with COPD are unable to tolerate
controlled oxygen therapy due to progressive
and/or symptomatic hypercapnia. A controlled
trial of domiciliary negative pressure ventilation
used with the aim of “resting” the respiratory
muscles,'® and a crossover study of pressure
support ventilation® in end stage COPD,
both produced no overall benefit in terms of
symptom control or physiological measures.
By contrast, Elliott ez a/*' demonstrated an
improvement in nocturnal and diurnal arterial
blood gas tensions in a pilot study of domiciliary
NIPPV over one year in hypercapnic COPD
patients. This beneficial effect was attributed
to an increase in ventilatory drive and reduction
in ventilatory load. No change in respiratory
muscle function was seen.?? Severely hyper-
capnic patients and those with symptomatic
sleep disturbance showed the most im-
provement in nocturnal and diurnal arterial
blood gas tensions. Individuals with end stage
emphysema were unlikely to derive benefit.
The patients with COPD included in the pres-
ent study represent the most severe end of the
spectrum of respiratory failure in COPD (mean
Pco, on entry 83 kPa) and most were de-
teriorating despite long term oxygen therapy.
Hypercapnic patients have a poor prognosis.'®
Although withdrawal from NIPPV due to in-
tolerance was higher in the patients with COPD
than in the other groups, the probability of
continuing NIPPV at five years of 43% is com-
parable to the survival results of long term
oxygen therapy in previous studies (fig 4).'8%**
Such retrospective comparisons with un-
matched populations are unsatisfactory, but the
results of this study suggest that long term

Simonds, Elliott

domiciliary NIPPV is a practical proposition
in carefully selected patients with end stage
COPD who are deteriorating despite long term
oxygen therapy. However, self-reported health
status is less good than in those with restrictive
disorders.

The heterogenous nature of the neuro-
muscular and miscellaneous groups makes it
difficult to draw conclusions on the outcome
in different diseases, including those with pro-
gressive neuromuscular disorders, multiple
handicaps (for example, spina bifida) and rare
conditions (for example, scleroderma, osteo-
genesis imperfecta). However, the outlook
in individuals with stable neuromuscular dis-
ease appears good. Sawicka e al*® showed that
the survival in patients with progressive neuro-
muscular disease receiving domiciliary negative
pressure ventilation was largely related to the
progress of the underlying condition, and this
is likely to remain the case regardless of ventil-
atory technique. Quality of life or health status
is the most appropriate outcome measure in
these patients. In this study no patient elected
to transfer from NIPPV to ventilation via a
tracheostomy, although only one individual
(with motor neurone disease) developed severe
bulbar problems.

In the bronchiectasis group the probability
of continuing NIPPV after two years was less
than 20%, and most patients became in-
creasingly more ventilator-dependent with
time. All were extremely unwell at the start of
NIPPYV, having been referred for consideration
for heart-lung transplantation. Only two re-
ceived transplants — in the remainder either
organs were unavailable or patients were not
eligible for the transplant programme because
of comorbidity. The response to NIPPV in this
group is disappointing and worse than has
been shown in a previous study.” However,
our patients had more severe hypoxaemia and
hypercapnia at the start of NIPPV suggesting
that ventilation was introduced later in the
natural history of the disease.

Several conclusions can be drawn from this
open study. Domiciliary NIPPV is generally
well tolerated and associated with excellent five
year survival in patients with extrapulmonary
restrictive disorders. The SF-36 was ad-
ministered on one occasion after a variable
period of NIPPV and therefore cannot give
an indication of the impact of the treatment,
merely a single view of health status at the time
of measurement. Despite this major limitation
it can be seen that, although physical function
is reduced compared with normal subjects,
levels of social function and self-reported health
status contradict the commonly held belief that
domiciliary ventilator-dependent patients ex-
perience a severely limited lifestyle and poor
quality of life. The outcome in patients with end
stage, hypercapnic COPD who fail to tolerate
LTOT is encouraging, and suggests that con-
trolled studies are warranted. A European trial
comparing LTOT and an LTOT/NIPPV com-
bination is in progress. For groups with pro-
gressive disorders NIPPV can produce
symptom relief and a satisfactory quality of life.
There are important ethical issues involved in
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carrying out controlled trials in these patients.
In the first instance more data are required on
the outcome of NIPPV in progressive neuro-
muscular disease, and in other conditions
which affect relatively small numbers of
patients. This should be facilitated by a national
register of home ventilator patients which has
recently been established by the British Thor-
acic Society.

We are indebted to Dr M A Branthwaite who established the
Respiratory Support Service at the Royal Brompton Hospital,
and to Ms Nikki Potter, Senior Respiratory Support technician,
for data collection and technical skills.
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