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ard, Waltham, Massachusetts) with the sensor consideration. Mean and minimum Sao, and
placed on the forearm. All signals were stored extent of desaturation from baseline were
on a Neuroscience Neuromapper (Neuro- determined during REM and non-REM sleep
science, Harold Hill, Essex). Studies started at and wakefulness. The mean Ptcco, overnight
2300 and continued for eight hours or until the and the maximum increment in Ptcco, from
patient awoke and wanted to get up. The baseline values during wakefulness were also
studies performed during nasal intermittent determined.
positive pressure ventilation were exactly the Daytime arterial blood gas tensions were
same as those during spontaneous ventilation measured in the mid afternoon when the
except that measurement of oronasal airflow patient had been sitting quietly for at least 15
was replaced by that of mask pressure, with a minutes breathing room air. Samples were
catheter taken from an integral port in the nasal  processed by a Corning 178 blood gas analyser
mask and connected to a pressure transducer. (Ciba-Corning, Halstead, Essex).

Sleep was staged manually in 30 second Quality of life was assessed with a standard
epochs according to the criteria of Rechtschaf- questionnaire developed for use in patients
fen and Kales.” The following variables were  with chronic obstructive lung disease.® At the
analysed: second visit patients were not allowed to see
@ Time in bed—the time from lights out to the  their previous responses.
last awakening
® Wakefulness (stages wake and I) and rapid STATISTICAL ANALYSIS
eye movement (REM) and non-REM sleep Statistical analysis of all data was performed
(stages II, III, and IV) with the Minitab statistical package (Minitab
@ Total sleep time—the time in bed minus Inc, State College, Pennsylvania) and the Wil-
periods of wakefulness coxon signed rank test, with the level of sig-
@ Sleep efficiency—total sleep time as a per- nificance set at p < 0-05. Data are expressed as
centage of the time in bed medians and ranges, unless otherwise stated.

@ Sleep latency and the number of arousals (an
arousal was defined as a return to stage wake).

A rolling mean oxygen saturation and Ptcco, Results
was determined by the computer, time as well Eight patients completed six months’
as magnitude of change thus being taken into  domiciliary nasal intermittent positive pressure

ventilation. One patient (case 9) died after six

weeks of worsening respiratory failure. She had

A very severe airflow obstruction and limited
Pao, (kPa) Paco, (kPa) exercise tolerance and, although enthusiastic to

10 10 join the trial, never totally mastered the tech-
nique and was not able to use it satisfactorily at

9 9 home. Three patients voluntarily discontinued

home ventilation, two within three months
(cases 2 and 3) and one after five months (case
10). All three had had relatively undisturbed
sleep before starting nasal intermittent positive
pressure ventilation—two of them while using
oxygen at home (cases 2 and 3)—but were
unable to sleep so well with the ventilator.
They had less airflow obstruction (table 1) and
less hypercapnia (fig 1) than the patients who
continued domiciliary nasal intermittent
positive pressure ventilation. The ventilator
was withdrawn from one patient (case 4),
whose compliance was poor, after nine months
because of worsening cor pulmonale; he was
transferred to domiciliary oxygen therapy but
continued to deteriorate and required several
admissions to hospital. Seven patients were still
using the equipment at one year. The patients
who were treated successfully used the
machine for between six and 10 hours each
night.

Sao, during sleep and the quality of sleep
during spontaneous ventilation before and
after six months of nasal intermittent positive
pressure ventilation are shown in tables 2 and 3.
An example of overnight oxygen saturation and
Ptcco, during spontaneous ventilation and
nasal intermittent positive pressure ventilation
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Figure 1 Arterial blood gas tensions during spontaneous breathing in the mid afternoon
before starting nasal intermittent positive pressure ventilation and after six months and
one year. A: Seven patients still using ventilation at home at one year (solid lines) and
one patient (case 4) who discontinued ventilation after nine months (broken line).

B: Three patients who discontinued home ventilation before six months.

is shown in figure 2. There was no evidence that
any of the patients had obstructive sleep
apnoea. In the patients continuing treatment at
six months mean oxygen saturation was 11%
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Table2 Mean (SD) average and minimum oxygen saturation ( Sao,) and average and maximum oxygen
desatur.atzon from waking values during wakefulness, REM and non-REM (NREM ) sleep during spontaneous
breathing (SV') at the study onset and during nasal intermittent positive pressure ventilation (NIPPV ) six months

later

Average Sao, (%) Minimum Sao, (%)

N P NIPPV N4 ? NIPPV
WAKE 81 (6-0) <0-05 91 (29) 70 (9-0) NS 77 (8:7)
NREM 77 (8-9) <0-05 89 (4-6) 62 (11-4) NS 75 (15-3)
REM 69 (11-4) <0-05 85 (9-3) 55 (10-7) <0-05 78 (12-0)

Average desaturation (%) Maximum desaturation (% )
WAKE - 2(28) <0-05 + 5(3-4) —14(6°6) NS - 9(92)
NREM — 6(6'5) <0-05 + 242 —-21(9-8) NS —11(15-3)
REM -15(9-2) <0-05 - 1092 —29(81) <0-05 — 9(12:3)
(2% to 23%) higher at six months than during intermittent positive pressure ventilation

spontaneous ventilation at the onset of the
study (p < 0-05). This increase in Sao, was
seen during wakefulness and REM and non-
REM sleep (table 2). The minimum Sao,
during sleep also increased during nasal inter-
mittent positive pressure ventilation but this
was significant only during REM sleep. A
similar pattern was seen in the degree of
desaturation from baseline (table 2). The mean
Ptcco, during sleep fell by —2-7 kPa (—1-3 to
—5-1); p < 0-05) and the mean increment in
Ptcco, during sleep was reduced by —1-7
(=03 to —3-1 kPa; p < 0-05) during nasal
intermittent positive pressure ventilation at six
months compared with during spontaneous
ventilation at the start of the study.

During spontaneous breathing patients had
disturbed sleep with several arousals and long
periods of wakefulness. During nasal intermit-
tent positive pressure ventilation total sleep
time increased by 72-5 (21-5 to 204-5) minutes
and sleep efficiency by 5% (—3% to +30%),
but there was no significant change in the
number of arousals or in sleep latency (table 3).
The increase in total sleep time was due to an
increase in both REM and non-REM sleep;
there was no clinically significant change in the
proportion of REM to non-REM sleep.

Arterial blood gas tensions in the mid after-
noon during spontaneous ventilation before the
start of nasal intermittent positive pressure
ventilation at six months and at one year are
shown in figure 1. The six month values in
patients continuing to use the ventilator have
been reported previously.! At one year Pao,
was unchanged in the seven patients (median
change compared with values before nasal

Table 3 Sleep quality during spontaneous breathing
(SV) at start of and during nasal intermittent positive
pressure ventilation (NIPPV ) six months later. Values
are means (SD)

SV NIPPV ?

Sleep latency (min) 24(16) 23(21) NS
Total sleep time (min) 269 (66) 349 (74) 0-02
NREM total (min) 207 (44) 273 (47) 0-04

total (%) 78 (9) 79 (11) NS

stage I1 162 (44) 211(51) NS

stage IIl and IV 44(42) 62(27) NS

REM (min) 62 (31) 75 (47) NS
(%) 2209 20(11) 0-02
TST/TIB (%) 65 (17) 74 (11) 0-05

Arousals (No) 55(2:1) 46(31) NS

+0-6 kPa (—0-5 to +1-6), NS) but all seven
showed a further reduction in Paco, (by —1-7
kPa (—2-1to —0-6), p < 0-5) and bicarbonate
(=6:3 mmol/l (—11 to —4), p < 0-05).

Quality of life was scored for breathlessness,
mastery, mood, and fatigue (fig 3). Results were
expressed as a percentage of maximum possible
score, with an increase indicating an improve-
ment. There was a trend towards improvement
but no significant differences.

Discussion

This study shows that patients with severe
chronic obstructive lung disease can be ven-
tilated at home overnight for a prolonged
period by nasal intermittent positive pressure
ventilation. At the end of the one year study the
seven patients continuing to have such ventila-
tion all wanted to continue with it at home. Five
of the seven patients had previously used
domiciliary oxygen but they preferred nasal
intermittent positive pressure ventilation, the
main reasons being an enhanced sense of well
being and improved quality of sleep.

Five patients did not take nasal intermittent
positive pressure ventilation for the whole
study period. Although those who dropped out
initially tended to have fewer symptoms than
the other patients, a further contributory factor
may have been inadequate patient education
and acclimatisation. Three of the patients who
withdrew (cases 2, 3, and 4) were discharged
from hospital after having been taught how to
use the equipment and they used it overnight
for the first time at home without supervision.
Subsequent patients remained in hospital until
they were proficient and confident in the use of
the equipment, which in most cases took two to
three days. During the early phases of the trial
the equipment failed on several occasions and
patients lost confidence; this may have been a
further reason why two patients (cases 2 and 3)
withdrew. Though equipment failed for two
other patients (cases 5 and 7), they had been
alerted to this possibility and sought help when
it occurred. The technical problems were sub-
sequently resolved, but this highlights the
necessity for a comprehensive breakdown and
maintenance service in any programme of
home ventilation. A lower drop out rate might
be expected in future with better patient educa-
tion and reliable equipment.
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Figure 2 Overnight oxygen saturation ( Sa0,% ), and transcutaneous carbon dioxide
tension ( Ptcco,) in case 11 during spontaneous breathing (A) and nasal intermittent
positive pressure ventilation (NIPPV ) (B). The increase in Sa0,% in the middle of
the night in A occurred when the patient awoke to use a nebuliser.

Mean Sao, and Ptcco, overnight noticeably
improved with nasal intermittent positive pres-
sure ventilation in the patients continuing to
take the treatment despite an increase in total
sleep time during nasal intermittent positive
pressure ventilation compared with spontan-
eous ventilation. This improvement was not
simply a consequence of starting the night with
better arterial blood gas tensions, as the in-
crement in Ptcco, and the magnitude of oxygen
desaturation from waking values were reduced
during all sleep stages. Although increased
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Figure 3 Percentagq questionnaire scores in the patients using nasal intermittent
positive pressure ventilation at six months (left) and those who had discontinued
treatment (right). SOB—short of breath.
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alveolar ventilation is probably the predomin-
ant mechanism of the improved gas tensions
during sleep, other factors may be important.
Nasal intermittent positive pressure ventilation
may improve matching of ventilation and per-
fusion by reducing or preventing the fall in
functional residual capacity during sleep and
causing re-expansion of atelectatic areas of
lung.

Leakage around the mask and through the
mouth may reduce ventilation, particularly
during sleep. We used commercially available
masks, which come in various different sizes,
and an adequate seal between the mask and the
patient’s face was obtained in all cases. The
problem of leakage from the mouth was dimin-
ished by using a chin strap, but most patients
did not like this and had discarded it by the time
of the follow up sleep study at six months.
Leakage from the mouth was compensated for
by using large minute volumes (median 23
(10-28) 1/min), which resulted in high inflation
pressures of 3040 cm H,O during wakeful-
ness; with the onset of sleep these fell to
20-30 cm H,0 and blood gas tensions were
successfully controlled. Additionally, patients
were encouraged to have the inspiratory time as
long as possible (median 1-3 s (0-8 to 1-6) and
median inspiratory/expiratory ratio 1:2-0 (1:1-7
to 1:4-0)) to minimise peak inflation pressures
and promote gas exchange in diseased lung
units with long time constants.

Improved quality of sleep was an important
benefit of nasal intermittent positive pressure
ventilation for the patients who continued
treatment, and this was confirmed objectively
by full polysomnography. Despite a night of
acclimatisation, they still experienced
moderate sleep disruption in the laboratory,
but in their own homes most reported sleeping
through the night or having only occasional
arousals. The usual reasons for waking were a
dry throat or painful gastric distension. The
sleep studies were not performed in a random
order as the study during nasal intermittent
positive pressure ventilation always followed
that during spontaneous breathing; the
improvement in sleep duration during nasal
intermittent positive pressure ventilation may
therefore have been a consequence of famil-
iarity with the sleep laboratory. However, a
night of acclimatisation preceded the formal
study on each occasion and the gap between the
two studies was six months. Because of this
long interval the changes seen are probably not
simply the result of better acclimatisation. In
addition, the changes documented in the
laboratory confirm the subjective reports of the
patients about the improved quality of sleep at
home. This improvement may reflect a general
improvement in clinical condition rather than
an effect of nasal intermittent positive pressure
ventilation itself.

Of the seven patients completing the trial,
five had previously used oxygen at home and
reported that sleep was subjectively better
during nasal intermittent positive pressure
ventilation. However, two of the patients who
withdrew did so because they preferred oxygen
therapy. The effect of oxygen on sleep quality is
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contentious, with some investigators showing
an improvement® and others no benefit.'” In
neither of these studies was carbon dioxide
tension measured but, although severe hypox-
aemia (Sao, < 70%) may not cause arousal in
humans,"" acute hypercapnia with an increase
in Paco, of 6 to 15 mm Hg is a reliable and
powerful arousal stimulus.”? Therefore the
improved sleep during nasal intermittent posi-
tive pressure ventilation may reflect the reduced
Ptcco,, but other factors may also be impor-
tant. The three patients who withdrew had
difficulties sleeping with the equipment and had
had relatively undisturbed sleep before starting
positive pressure ventilation. Disturbed sleep
during spontaneous breathing seems to be an
important requirement for a successful out-
come.

The previously reported improvements in

Paco, and bicarbonate ion concentration were
maintained and, in most patients, improved
further at one year. These differences might
have been larger in cases 8 and 11 if the patients
had not had a period of in hospital nasal
intermittent positive pressure ventilation
before being recruited to the study. These data
suggest that the full benefit of domiciliary
treatment develops over a relatively long
period.
" Although objective measurement of quality
of life did not show significant changes, it was
no worse during nasal intermittent positive
pressure ventilation. Five patients thought that
their lives had been transformed, which was
substantiated by changes in lifestyle. Three
patients who had been effectively housebound
or in hospital for at least a year were able to
leave the house to do their own shopping, etc.
One patient, retired on medical grounds for
three years, was seeking part time employment.
In the study of negative pressure ventilation
by Zibrak ez al lack of improvement was an
important reason for withdrawal from the
study.” The desire of seven patients at one year
to continue using nasal intermittent positive
pressure ventilation during sleep suggests
useful symptomatic benefit.

This was an uncontrolled study and patients
received more personal attention than is nor-
mal in busy clinical practice; a large placebo
effect cannot be discounted. Long term oxygen
therapy remains the preferred treatment in
patients with respiratory failure due to chronic
obstructive lung disease, having been shown to
improve survival in two large clinical trials." **
In practice, however, patients are often poorly
compliant,'®!” the main reason being the res-
triction placed on lifestyle by the need for 15
hours of oxygen a day. Compliance with nasal
intermittent positive pressure ventilation,
which needs to be used only during sleep, may
be better. Our study suggests, however, that
acceptability may be greater in patients with
more severe symptoms, as is the case with long
term oxygen therapy.

Hypercapnia seems to be associated with a
higher mortality and diminished response to
long term oxygen therapy. In the trial by the
Medical Research Council survival benefit from
oxygen was not seen until after 500 days of
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treatment had elapsed, the best predictor of
death during this period being a combination of
polycythaemia and hypercapnia.'* In another
study, in which benefit from long term oxygen
therapy was apparent immediately, 29 out of 57
patients who were hypercapnic on entry died
during the study compared with only 3 out of
15 who were normocapnic.'® A reduction in
hypercapnia may therefore improve survival.
However Robert ez al, giving patients with
chronic obstructive lung disease positive pres-
sure ventilation via a tracheostomy, found no
difference in survival compared with the results
in patients given oxygen in other studies.' The
effect of nocturnal ventilation on Paco, was not
recorded and a tracheostomy may be associated
with a significant morbidity and mortality.?
The improvements in oxygenation in our study
during nasal intermittent positive pressure
ventilation and during the day were less than
those seen with long term oxygen therapy. The
lower Pao, may have an adverse effect on
survival; although oxygen could be added
through an integral port in the mask, this would
add to the cost and complexity of home treat-
ment.

Continuous positive airway pressure is
cheaper and easier to administer than nasal
intermittent positive pressure ventilation and
was effective in controlling nocturnal desatura-
tion in a patient with severe obesity hypoven-
tilation syndrome.” However, the effect on
daytime or night time Paco, was not evaluated,
and when continuous positive airway pressure
was used in patients with kyphoscoliosis during
sleep it was ineffective in controlling hyper-
capnia, except in two patients with predomin-
antly upper airway obstruction.? Continuous
positive airway pressure is therefore unlikely to
be effective in patients with chronic obstructive
lung disease unless they have predominantly
upper airway obstruction.

Thus our study shows that nasal intermittent
positive pressure ventilation can be used effec-
tively in some patients with chronic obstructive
lung disease but its further place in the man-
agement of chronic respiratory failure due to
such disease can be determined only by a large
scale randomised comparison with long term
oxygen therapy. The advantage of a treatment
administered only at night that causes symp-
tomatic benefit during the day may prove to be
more important to patients than any effects on
survival. Well motivated patients are most
likely to benefit, and adequate education and
acclimatisation to the technique are essential.
Although it cannot currently be recommended
as first line treatment for hypercapnic patients
with chronic obstructive lung disease, a trial of
nasal intermittent positive pressure ventilation
should be considered in those whose condition
is deteriorating despite oxygen therapy or who
are intolerant of it.
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