
S u m m a r y

B a c k g r o u n d Nasal continuous positive airway pressure
(NCPAP) is widely used as a treatment for obstructive sleep
apnoea. However, to date there are no randomised controlled
trials of this therapy against a well-matched control. We
undertook a randomised prospective parallel trial of
therapeutic NCPAP for obstructive sleep apnoea compared
with a control group on subtherapeutic NCPAP.

M e t h o d s Men with obstructive sleep apnoea, defined as an
Epworth sleepiness score of 10 or more and ten or more dips
per h of more than 4% SaO2 caused by obstructive sleep
apnoea on overnight sleep study, were randomly assigned
therapeutic NCPAP or subtherapeutic NCPAP (about 1 cm H2O )
for 1 month. Primary outcomes were subjective sleepiness
(Epworth sleepiness score), objective sleepiness
(maintenance of wakefulness test), and SF-36 questionnaire
measurements of self-reported functioning and well-being.

F i n d i n g s 107 men entered the study: 53 received
subtherapeutic NCPAP and 54 therapeutic NCPAP. Use of
NCPAP by the two treatment groups was similar: 5·4 h
(therapeutic) and 4·6 h (subtherapeutic) per night.
Subtherapeutic NCPAP did not alter the overnight number of
S a O2 dips per h compared with baseline, and thus acted as a
control. Therapeutic NCPAP was superior to subtherapeutic
NCPAP in all primary outcome measures. The Epworth score
was decreased from a median of 15·5 to 7·0 on therapeutic
NCPAP, and from 15·0 to 13·0 on subtherapeutic NCPAP
(between treatments, p<0·0001). Mean maintenance-of-
wakefulness time increased from 22·5 to 32·9 min on
therapeutic NCPAP and, not significantly, from 20·0 to 23·5
min on subtherapeutic NCPAP (between treatments p<0·005).
Effect sizes for SF-36 measures of energy and vitality were
1·68 (therapeutic) and 0·97 (subtherapeutic) NCPAP (between
treatments p<0·0001). For mental summary score, the
corresponding values were 1·02 and 0·4 (between treatments
p = 0 · 0 0 2 ) .

I n t e r p r e t a t i o n Therapeutic NCPAP reduces excessive daytime
sleepiness and improves self-reported health status
compared with a subtherapeutic control. Compared with
controls, the effects of therapeutic NCPAP are large and
confirm previous uncontrolled clinical observations and the
results of controlled trials that used an oral placebo.
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I n t r o d u c t i o n
Obstructive sleep apnoea is caused by airway occlusion
during sleep, secondary to pharyngeal collapse. Each
episode of collapse is usually stopped by transient arousal
from sleep, which is necessary to restore pharyngeal muscle
tone and thus reopen the airway. Severely affected patients
have hundreds of obstructive episodes, and thus hundreds
of episodes of brief arousal and sleep disturbance, which
lead to excessive daytime sleepiness. Obstructive sleep
apnoea is about 15 times more common in men than in
women, and was first described accurately in 1966.1 A t
first, the only effective treatment was tracheostomy,
although weight loss in obese patients is sometimes
beneficial. Sullivan and colleagues2 showed that splinting
open the upper airway during sleep with nasal continuous
positive airway pressure (NCPAP, about 10 cm  H2O) via a
nasal mask prevented recurrent pharyngeal collapse,
decreased sleep fragmentation, and improved sleep
q u a l i t y .3 Uncontrolled case series have suggested benefit of
NCPAP, although none was a robust randomised
controlled trial.4 Nonetheless, the number of patients with
obstructive sleep apnoea treated with NCPAP has
increased rapidly. An evidence-based review of NCPAP
t h e r a p y4 concluded, in the absence of adequate trial data,
that there was no good evidence to support the use of
NCPAP for obstructive sleep apnoea. As a consequence of
this review, and despite other more favourable reviews,5 – 7

funding in the UK was withdrawn or severely limited for
the investigation and treatment of obstructive sleep
a p n o e a .

The only trial data with adequate blinding on the use of
NCPAP for obstructive sleep apnoea at the time of the
review used a tablet as placebo in the control group.8 T h a t
study was judged unsatisfactory since a tablet does not
control adequately for the placebo effect of a physical
therapy that involves wearing of a mask over the nose at
night. We undertook a controlled trial to compare
conventional NCPAP (therapeutic) with NCPAP at low
pressure (subtherapeutic). We aimed to assess whether
NCPAP reduces excessive daytime sleepiness and
improves self-reported functioning and well-being,
compared with an appropriate control identical to
therapeutic NCPAP but with no clinically significant effect
on nocturnal obstructive events.

M e t h o d s
P a t i e n t s
The Oxford Sleep Unit takes patients referred with possible
obstructive sleep apnoea from the South Midlands, UK: a third of
patients are from the Oxford area. Referrals are made by general
practitioners (36%), ear, nose, and throat surgeons (41%), or
other hospital consultants (23%). Patients were eligible for our
trial if they had excessive daytime sleepiness, sleep apnoea, and
were men aged between 30 and 75 years. Excessive daytime
sleepiness was defined as an Epworth sleepiness score of 10 or
m o r e .9 Obstructive sleep apnoea was defined as more than ten
episodes per h of a greater than 4% fall in arterial oxygen
saturation (SaO2) during a sleep study, with confirmatory evidence
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that these episodes were caused by pharyngeal collapse. All eligible
patients entered the study unless they chose an alternative therapy
(eg, weight loss, tonsillectomy), needed urgent NCPAP because of
associated respiratory failure or because they were about to lose
their job due to sleepiness, declined to participate, or had a mental
disability that made informed consent impossible to obtain.

Eligibility for trial
Excessive subjective daytime sleepiness is the main indication for
treatment of obstructive sleep apnoea in the UK. The Epworth
sleepiness score,9 which is the most widely used index to measure
sleep apnoea subjectively, uses eight questions about the tendency
to fall asleep in situations of differing stimulation (eg, watching
television, talking to someone). Each question is scored from 0 to
3, to show increased tendency to fall asleep in each situation; the
total score ranges from 0 (no sleepiness) to 24 (extremely sleepy):
a score of 9 is the upper limit of normal.1 0 Uncontrolled studies
have shown that scores improve significantly after NCPAP
t r e a t m e n t .1 1

We measured excessive daytime sleepiness objectively by use of
a modified maintenance-of-wakefulness test.1 2 During this test,
patients are asked to resist sleep while semi-recumbent in
a darkened room for up to 40 min, on four occasions in 1 day
(0900 h, 1100 h, 1300 h, 1500 h). Patients are asked to stay
awake but not to use active methods of keeping awake such as
singing, shouting, or pinching themselves. Patients repeatedly tap
a detector in response to a dim red light that flashes every
3 s. A computer controls the light and logs responses. Sleep is
defined as failure to respond for 21 s (seven responses). After sleep
onset the patient is awakened immediately. Mean ability to resist
sleep onset is defined as mean time to sleep onset over the four
periods, and was one of our primary endpoints. This test gives
results similar to those of the conventional maintenance-of-
wakefulness test, in which sleep onset is verified by
encephalography rather than behavioural criteria.1 3

We assessed self-reported health status by use of the SF-36
q u e s t i o n n a i r e .1 4 In a preparatory longitudinal cohort study of
several health-status measures1 5 the SF-36 had the best reliability,
validity, and responsiveness for patients with obstructive sleep
apnoea. SF-36 is a 36-item questionnaire that measures physical
functioning, physical problems, emotional problems, social
functioning, mental health, energy and vitality, pain, and general
perception of health. For each variable, scores are coded,
summed, and transformed onto a scale from 0 (worst possible
health) to 100 (best possible health). Two summary scores are
calculated—physical (physical component summary), and
emotional well-being (mental component summary). These
summary scores replicate the results from the original eight
variables of the SF-36,1 6 and are standardised such that a mean
score of 50 (SD 10) reflects the mean score of the relevant
population (our source was the Oxford Healthy Lifestyle Survey).1 7

The SF-36 questionnaire has been used to measure decreased
quality of life in several disorders including obstructive sleep
a p n o e a .1 5 On the basis of an earlier study,1 5 we used the energy and
vitality score and mental component summary as two further
primary outcome measures in our study. Changes in each variable
and the two component summaries were calculated by use of the
effect size.1 8 An effect size of 0·2 is considered small, 0·5 medium,
and 0·8 large.1 9 Since the SF-36 is a generic tool to assess self-

reported health status, health gain from therapeutic interventions
can be compared in different disorders.

We established obstructive sleep apnoea by a one-night sleep
study that recorded patients’ body movement and heart rate as
markers of sleep disturbance, with arterial oxygen saturation
measurements (SaO2) and snoring as markers of respiratory
impairment (Visi-Lab monitoring system, Stowood Scientific
Systems, Oxford, UK).2 0 Resting SaO2 was measured after the
patient had been sitting for 20 min—the time taken to answer the
study questionnaire. A video recording of the whole night was
made to confirm that abnormalities on the tracings were
associated with obstructive sleep apnoea. Severity of obstructive
sleep apnoea was measured by the number of falls in SaO2 of more
than 4% in each h of study. This measurement predicts the
severity of obstructive sleep apnoea and its response to treatment
as well as any other index.2 0

NCPAP trial
After the above tests, and after consent was obtained, eligible
patients were admitted to hospital for a second night. All were
shown a video about NCPAP. A specialist nurse taught each
patient how to use the nasal masks, after which patients were
randomly assigned either therapeutic or subtherapeutic NCPAP
by use of a series of opaque sealed envelopes prepared in advance
of the trial.

NCPAP was computer-controlled by use of a DeVilbiss
Horizon autotitrating NCPAP machine (Sunrise Medical,
Somerset, PA, USA), which uses algorithms based on snoring and
reductions in breathing and which is as accurate as a skilled
t e c h n i c i a n .2 1 Subtherapeutic (control) NCPAP was identical to
therapeutic NCPAP, except that pressure at the mask was unlikely
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Subtherapeutic NCPAP (n=49) Therapeutic NCPAP (n=52) p

Age (years) 48 (36–68) 50 (33–71) 0·84
Weight (kg) 109 (80·5–160) 105 (80·2–144) 0·32
Body-mass index (kg/m2) 35·0 (26·9–51·4) 35·1 (25·8–44·3) 0·23
Neck circumference (cm) 45·7 (41·4–52·1) 44·5 (38·9–51·3) 0·18
>4% SaO2 (dips/h) 28·5 (10·7–68·7) 32·9 (15·5–63·4) 0·30
Epworth sleepiness score 17·0 (10·0–23·0) 16·0 (10·7–21·7) 0·81
Maintenance of wakefulness test (min) 20·0 (3·5–40·0) 22·5 (7·6–40·0) 0·49
SF-36 mental component summary* 43·5 (10·7) 44·8 (10·4) 0·48
SF-36 physical component summary* 42·6 (10·1) 43·7 (11·6) 0·43
Daytime SaO2 (%) 95·0 (91·5–96·5) 95·0 (91·7–97·0) 0·49
Final CPAP pressure (cm H2O) 9·3 (6·0–15·0) 9·0 (6·8–13·4) 0·59

Date are median (5th–95th centiles) except * mean (SD).

Table 1: Characteristics of patients

Trial profile



to be enough to splint open the pharynx. Subtherapeutic pressure
(about 1 cm H2O) was achieved by use of a NCPAP machine set
to the lowest pressure possible, and by partly restricting airflow
within the machine. Six extra 4 mm holes were cut in the rubber
collar of the connecting tube at the mask end, to allow more air to
escape and keep the nasal pressure low while ensuring no CO2

r e i n h a l a t i o n .
The morning after the NCPAP trial, patients were sent home with

a therapeutic or subtherapeutic NCPAP machine, according to the
randomisation schedule. All patients had telephone access to
specialist nurses for advice if required. At 4 weeks, the patients were
readmitted for a repeat of the daytime assessments of sleepiness and
self-reported health status. The time clocks on the NCPAP machines
were read to calculate mean nightly use over the month.

Patients were told that we were comparing two NCPAP
pressures to find out which was the more effective in controlling
their symptoms, and that one might be more effective than the
other. Since they had never experienced NCPAP before, there was
no reason for patients to realise that the lower pressure might be
subtherapeutic. Therefore, combined with the parallel design, it
was extremely unlikely that the patients would behave differently
towards the two therapies in a way that would invalidate the
masking. The research nurse (RM) who did the maintenance-of-
wakefulness tests, the quality-of-life assessments, and the Epworth
score was unaware of which NCPAP pressure each patient had
received, and was not involved in provision of NCPAP
management of patients, telephone support, or equipment
maintenance. Our study was therefore effectively double-blinded,
despite the physical nature of the therapy.

The Central Oxford Research Ethics Committee (number
96.127) approved the study protocol.

Statistical analysis
Our four primary outcomes were objective (maintenance-of-
wakefulness) and subjective (Epworth) sleepiness, energy and
vitality, and the mental component summary of the SF-36
questionnaire. Secondary endpoints included the seven other
variables in the SF-36, the physical component summary, and
awake resting arterial oxygen saturation. Previous uncontrolled
studies that used the SF-36 to assess response to NCPAP1 5

allowed a preliminary power calculation, which suggested that
about 150 patients would need to be randomly assigned

treatment. A planned interim analysis when 40 patients had been
r a n d o m i s e d2 2 suggested that a sample size of 100 should show a
difference between subtherapeutic and therapeutic NCPAP in all
four primary outcome measures at significance of at least p=0·01.
The interim analysis was done primarily to ensure that symptoms
of control patients were not being made worse by subtherapeutic
NCPAP pressure.

All data were computer-analysed with SPSS (version 7.5.1).
Data are expressed as median (5th to 95th centiles) because all
measures have upper and lower limits to their values and are not
normally distributed, except for SF-36 data, which are given as
mean (SD). Changes with treatment were assessed in three ways.
Differences between before and after therapy were compared in
each group by Wilcoxon matched-pairs signed-ranks tests. The
change in outcome measures after treatment were compared
between the groups by Wilcoxon rank-sum test. Actual outcome
measures in the two groups after treatment were compared by
Wilcoxon rank-sum test, this being the most rigorous test of any
differences. Significance for the four primary endpoints was set at
0·01. The relation between changes in Epworth sleepiness score
after treatment and actual nightly use of NCPAP was assessed by
Pearson’s correlation coefficient.

R e s u l t s
During the recruitment period (January, 1997, to August,
1998) 172 patients were eligible for the study (figure 1).
6 5 people were excluded: 34 refused, mostly because of the
longer study time or long-distance travel. Seven were
judged too mentally impaired to give informed consent
(three with major psychoses, two with severe learning
difficulties, two with alcohol dependence), 14 chose
alternative therapies or believed that their symptoms did
not warrant such an intrusive therapy; eight needed urgent
therapy (respiratory failure, imminent job loss due to
sleepiness and inability to drive); and two entered a
different study. Six patients who refused to return for the
1-month follow up (four subtherapeutic, two therapeutic)
were not analysed.

Baseline characteristics of the two groups were similar
(table 1). In a sample of 26 trial patients on subtherapeutic
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Subtherapeutic NCPAP Therapeutic NCPAP p for difference Difference p for

Before After p before/ Before After p before/
between endpoints

Subtherapeutic Therapeutic
difference

after after
after therapy between

differences

Epworth 15·0 13·0 <0·0001 15·5 7·0 <0·0001 <0·0001 22·0 29·0 <0·0001
sleepiness score (9·0–22·5) (4·0–19·0) (10·0–23·0) (0·7–17·0) (212·0 to 4·0) (–19·0 to 1·4)
Maintenance of 20·0 23·5 ns 22·5 32·9 <0·0001 0·002 0 6·75 0·005
wakefulness test (3·5–40·0) (7·0–40·0) (7·6–40·0) (11·6–40·0) (214·3 to 23·6) (216·4 to 25·6)
Daytime % SaO2* 95·0 95·0 ns 95·0 96·0 <0·0001 0·001 0 1·0 0·020

(91·5–96·5) (92·0–96·5) (91·7–97·0) (93·7–97·4) (22·0 to 2·0) (21·0 to 3·4)
NCPAP use (h) ·· 4·6 ·· ·· 5·4 ·· ·· ·· ·· 0·035

(0·7–8·5) (2·2–7·4)

Data are median (5th–95th centiles). *% arterial oxygen saturation by oximetry. ns=not significant.

Table 2: Sleepiness, awake % SaO 2, and NCPAP use before and after therapeutic and subtherapeutic NCPAP

Subtherapeutic NCPAP Therapeutic NCPAP p for Effect size p

Before After p before/ Before After p before/
difference

Subtherapeutic Therapeutic
comparing

after after
between effect 
endpoints sizes
after therapy

General health perception 59·5 (20·4) 62·2 (22·8) ns 59·2 (18·4) 70·5 (22·5) <0·0001 ns 0·13 0·61 <0·002
Physical functioning 78·6 (22·1) 80·1 (21·7) ns 80·9 (22·7) 85·9 (23·1) <0·005 ns 0·07 0·22 ns
Social functioning 73·0 (26·1) 82·3 (23·6) ns 73·5 (26·1) 91·2 (18·3) <0·0001 ns 0·36 0·68 ns
Physical role 58·7 (37·0) 70·9 (38·0) ns 62·0 (37·2) 90·9 (23·2) <0·0001 0·002 0·33 0·78 ns
Mental role 68·7 (36·3) 73·5 (35·3) ns 73·7 (33·2) 93·6 (19·9) <0·0004 0·0002 0·13 0·60 ns
Bodily pain 76·2 (25·5) 83·9 (23·4) ns 82·1 (23·8) 91·2 (13·4) <0·008 ns 0·30 0·39 ns
Mental health 68·7 (18·2) 75·8 (18·0) <0·01 73·2 (16·8) 85·5 (12·7) <0·0001 0·002 0·39 0·73 ns
Energy and vitality 33·9 (17·5) 50·9 (20·5) <0·0001 35·4 (22·4) 73·0 (17·0) <0·0001 <0·0001 0·97 1·68 <0·0001
Mental component summary 43·5 (10·7) 47·8 (10·1) <0·01 44·8 (10·4) 55·4 (7·0) <0·0001 531025 0·40 1·02 <0·002
Physical component summary 42·6 (10·1) 45·5 (10·4) <0·007 43·7 (11·6) 49·4 (10·1) <0·0001 0·009 0·29 0·49 <0·080

Data are mean (SD). ns=not significant.

Table 3: SF-36 scores before and after therapeutic and subtherapeutic NCPAP



NCPAP, mean number of falls of more than 4% SaO2

p e r h was 33 (5–95% CI 6–72) compared with 29 (11–69)
on the diagnostic night (difference not significant, and not
different from the group as a whole, table 1). In addition,
the Epworth score and number of 4% falls below SaO2

p e r h of the 65 people not randomised were no different
from the 101 patients. We included the final NCPAP
pressures required to control obstructive sleep apnoea on
the second titration study, after the trial had finished, as an
alternative index of severity of obstructive sleep apnoea, to
give a quantitative measure of the tendency for the pharynx
to collapse.

Table 2 shows the data for objective and subjective
sleepiness before and after subtherapeutic and therapeutic
NCPAP. There was a small but significant effect of
subtherapeutic NCPAP on the subjective measure of
sleepiness (Epworth) only. Therapeutic NCPAP gave large
improvements in both measures of sleepiness that were
significantly greater than subtherapeutic NCPAP,
whichever of the analyses was used. The use of NCPAP by
the subtherapeutic group was 48 min per night less than
that of the therapeutic group (p=0·035). The small
improvement in daytime SaO2 after therapeutic NCPAP
was significant compared with subtherapeutic NCPAP
( p = 0 · 0 2 ) .

Table 3 shows data for the eight SF-36 variables and the
two component summaries (mental, physical). The energy
and vitality variable showed the largest difference between
therapeutic and subtherapeutic NCPAP. General health
perception showed the second-largest difference. As with
the Epworth score, there were small but significant effects
on the energy and vitality variable within the control group
on subtherapeutic NCPAP.

Thus, for all primary outcome measures there was
significant physiological and clinical benefit from
therapeutic NCPAP compared with subtherapeutic
NCPAP. There was also a correlation in the therapeutic
NCPAP group between mean nightly use of NCPAP
machines and improvement in Epworth score (r= 0 · 6 0 ,
p<0·0001), but not in the subtherapeutic group (r= 0 · 1 5 ,
p = 0 · 3 ) .

D i s c u s s i o n
Therapeutic NCPAP has a clear advantage over
subtherapeutic NCPAP. Compared with a control, the
main symptom of obstructive sleep apnoea (sleepiness) was
significantly improved by therapeutic NCPAP, both
objectively and subjectively. Therapeutic NCPAP
improved Epworth scores by 7 points (95% CI 5–9),
a n d for 73% of the therapeutic NCPAP group Epworth
scores returned to within the normal range (number
needed to treat=1·4), compared with only 29% of the
subtherapeutic control group. These improvements
correlated significantly with the amount of time that
patients actually used their NCPAP machines, but only in
the therapeutic group.

The improvement in median maintenance-of-
wakefulness test time with therapeutic NCPAP was about
7 min greater than that with subtherapeutic NCPAP (95%
CI 3–11). Before therapeutic NCPAP, only 8% could stay
awake for the full 40 min of the test on all four occasions,
whereas 37% could do so after treatment (subtherapeutic
NCPAP 18% and 10%, respectively). The mean test time
after therapeutic NCPAP was 30 min, which is similar to
the mean in healthy people of about 35 min.1 2 Thus, these
patients approached normal scores for objectively

measured sleep resistance after only 4 weeks’ treatment.
The 26 (50%) therapeutic NCPAP users with the best
compliance (>5·4 h/night) had a median maintenance-of-
wakefulness score after treatment of 38·3 min (mean
3 3 · 0 min), which is similar to that for healthy people and
12 min longer (95% CI 7·5–6·5) than that after
subtherapeutic controlled NCPAP. A randomised
controlled trial2 3 to assess the use of modafinil, recently
licensed in the UK for the treatment of hypersomnolence
due to narcolepsy, showed that modafinil improved
maintenance-of-wakefulness scores from 6 min to 9 min.
Thus the therapeutic effect of NCPAP on objective
sleepiness caused by obstructive sleep apnoea is
substantially greater than the effect of modafinil on
sleepiness caused by narcolepsy. Two randomised
controlled trials of NCPAP for obstructive sleep apnoea of
a similar severity to our study2 4 used an oral placebo, and
both those studies showed a similar improvement in
Epworth scores to our study. However, improvement in
the objective measure of sleepiness compared with the
placebo was smaller, which may have been due to less use
of NCPAP by the patients (3·3 h/night). 

Our previous uncontrolled work on the use of health-
status questionnaires in assessment of NCPAP therapy
suggested that in a controlled study large gains in self-
reported functioning and well-being were likely when
assessed with the SF-36.1 5 Our study confirmed these
predictions: the mental component summary of the SF-36
improved with an effect size of 1·02, and the value for
energy and vitality was 1·68, where 0·8 is judged a large
c h a n g e .1 9 The actual post-treatment figure for the mental
component summary of 55·4 rose to more than the mean
(50) for a matched population.1 7 The SF-36 has been used
to measure health gain in other disorders, such as
Parkinson’s disease and heart failure, and the effect sizes
have been substantially smaller.2 5 , 2 6

In the subtherapeutic NCPAP group, we expected
improvement (placebo effect) at 1 month in SF-36 energy
and vitality scores, and a small improvement in Epworth
scores. Symptoms of the study population are chronic and
can be disabling and depressing. In the clinic, patients are
told that the diagnosis is now known and treatment
available. They are admitted for a training session and
shown a video that includes interviews with patients
already on treatment. Thus, patients are likely to have high
expectations of their treatment, which gives rise to a
powerful placebo effect. Alternatively subtherapeutic
pressure (1 cm H2O) may have improved some aspect of
obstructive sleep apnoea, although this explanation was not
supported by unchanged results of home monitoring of
overnight SaO2 whilst on subtherapeutic NCPAP. If this
latter explanation were true, then it would have lessened
the experimental differences between therapeutic and
subtherapeutic NCPAP and led to an underestimation of
the benefit of NCPAP.

The improvement in daytime SaO2 on therapeutic versus
subtherapeutic NCPAP implies a physiological
improvement in gas exchange, due either to an
improvement in ventilation/perfusion matching in the lung
or to increased ventilation. Without arterial blood gas
estimations neither of these explanations can be
eliminated, although previous uncontrolled work has
shown improvements in PaCO2 concentrations in patients
with pretreatment hypercapnia after NCPAP treatment for
obstructive sleep apnoea.2 7 A change in SaO2 from 95% to
96% represents a rise in PaO2 of about 1 kPa.
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A controlled trial of NCPAP for obstructive sleep
a p n o e a8 has been criticised for use of a tablet placebo,4

since physical NCPAP therapy might have a more
powerful effect than a tablet. For these reasons, our study
used a control treatment as similar to normal NCPAP as
possible, but without any measurable improvement in
severity of obstructive sleep apnoea. Concerns have been
expressed over the safety of subtherapeutic NCPAP,2 8 b u t
our design prevented patients from reinhalation of CO2

and negative inspiratory pressures that would have loaded
respiration further. There is a perceptible difference
between our subtherapeutic pressure (1 cm H2O) and the
therapeutic pressure, so we used patients naïve to NCPAP
and did not employ a crossover strategy. Adaptation to
NCPAP is difficult for many patients, and any suspicion
that they might have been given ineffective treatment
would probably have lessened their enthusiasm to continue
trying and thus have lessened any placebo effect. There
was no reason for patients to suspect that they might have
been on an ineffective pressure, although the slightly lower
NCPAP usage by the subtherapeutic group might suggest
less enthusiasm due to lack of efficacy. Furthermore, we
ensured that the patients and the research nurse were
unaware of treatment allocation, and the positive placebo
response and only minimally lower NCPAP compliance
are reassuring since they suggest that this masking was
effective. We are therefore confident that this trial was as
double-blind as is possible with a physical therapy. 

Entry criteria for our study were inevitably a
compromise. The correlation between conventional sleep-
study measures of severity of obstructive sleep apnoea and
sleepiness (or its subsequent improvement with NCPAP) is
not good, and rarely exceeds 0·5,2 0 , 2 9 probably because
existing sleep-study indices of severity of obstructive sleep
apnoea do not measure all aspects of sleep fragmentation
and therefore cannot entirely predict subsequent effects on
daytime sleepiness. There are many steps between
obstructive respiratory events at night and a feeling of
excessive sleepiness during the day. Events other than
apnoeas can lead to waking (hypopnoeas, obstructive
snoring), the degree of arousal required to clear the airway
v a r i e s ,3 0 obstructive events may cluster or be spread out,
extra sleep may be taken during the day, and differing
lifestyles will alter the effects of sleep fragmentation on
symptoms. Indices used to quantify obstructive sleep
apnoea include decreased airflow at the nose and mouth,
falls in SaO2, and various markers of recurrent arousal from
sleep. Despite theoretical differences between these
indices, they are quite similar in their ability to predict
excessive daytime sleepiness and its response to treatment
with NCPAP2 0 although, in general, measurements of
S a O2 dips per h are a little lower than equivalent
apnoea/hypopnoea indices. So that our trial findings
should be generalisable to UK practice, we identified
patients for our study on the basis of the number of SaO2

dips of more than 4% per h, since oximeters rather than
full polysomnography are used most widely to quantify
obstructive sleep apnoea in the UK. The Epworth
questionnaire to quantify subjective sleepiness has been
thoroughly validated and is extremely easy to use, so we
decided on the simple criteria of subjective sleepiness
above the normal range, and a severity marker for
obstructive sleep apnoea based on oximetry. However,
sleep units see patients with obstructive-sleep apnoea who
have SaO2 dip rates lower than the strict entry criteria for
our study but who nonetheless show response to NCPAP

through objective improvements in sleepiness. Thus, it
would be wrong to use the results of our study to withhold
treatment from patients who do not satisfy our trial entry
criteria, but who do have proven recurrent upper-airway
obstruction during sleep and disabling daytime sleepiness.
More work is needed to define the lower end of the range
of severity that is still likely to respond to treatment with
NCPAP, although this work will be difficult owing to the
complexities of measuring the severity of the disorder.
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Prediction of benefit from carotid endar t e r e c t o m y in individual
patients: a risk-modelling study

P M Rothwell, C P Warlow, on behalf of the European Carotid Surgery Trialists’ Collaborative Group

S u m m a r y

B a c k g r o u n d Carotid endarterectomy lowers the risk of carotid
territory ipsilateral ischaemic stroke, and is the treatment of
choice, in patients with recently symptomatic 70–99% carotid
stenosis. However, the 3-year risk of stroke on medical
treatment alone is only about 20%. We investigated whether
the efficacy of endarterectomy would be improved if patients
with a high risk of stroke on medical treatment and a low risk
of operative stroke or death could be identified.

M e t h o d s We developed two prognostic models from data on
patients with 0–69% carotid stenosis in the European Carotid
Surgery Trial (ECST). The medical model predicted risk of
ipsilateral carotid territory major ischaemic stroke (fatal or
lasting longer than 7 days) on medical treatment and the
surgical model predicted risk of major stroke and death within
30 days of endarterectomy. From these models we developed
a prognostic score to identify patients with a high risk of
stroke on medical treatment but a low operative risk. We
validated the models and tested the scoring system on 990
ECST patients with 70–99% carotid stenosis assigned surgery
(594) or medical treatment only (396).

F i n d i n g s When patients with 70–99% stenosis were stratified
by the scoring system, which was based on seven
independent prognostic factors, endarterectomy was
beneficial in only 162 (16%) patients. The 5-year absolute risk
of carotid territory ipsilateral major ischaemic stroke, operative
major stroke, or death was lowered by 33% in the 16% of
patients with a score of 4 or more (odds ratio 0·12 [95% CI
0·05–0·29], p<0·0001), but not in the other 828 (84%)
patients (1·00 [0·65–1·54], p=0·7).
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I n t e r p r e t a t i o n Many patients with recently symptomatic
70–99% carotid stenosis may not benefit from carotid
endarterectomy. Validation of the predictive score is needed
on external datasets, but risk-factor modelling could be useful
to identify those patients in whom endarterectomy will be
b e n e f i c i a l .

L a n c e t 1999; 3 5 3 : 2 1 0 5 – 1 0

I n t r o d u c t i o n
Atherothrombotic stenosis at or around the carotid
bifurcation is associated with an increased risk of ipsilateral
carotid territory ischaemic stroke. This risk is lowered in
some patients by carotid endarterectomy.1 – 5 T w o
randomised controlled trials2 , 3 of carotid endarterectomy
with best medical treatment versus best treatment alone in
patients with recently symptomatic carotid stenosis have
produced clear results. The European Carotid Surgery Trial
(ECST) and the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) showed clear decreases in
the overall risk of stroke in operated patients with recently
symptomatic severe (70–99%) carotid stenosis.2 , 3 ECST also
showed that surgery is harmful in patients with less than
70% stenosis.4 NASCET showed no benefit in patients with
30–49% stenosis, but did show a small benefit in those with
50–69% stenosis.5 However, the trials used different
methods to measure the degree of stenosis on angiograms—
the NASCET method underestimated stenosis compared
with the ECST method.6 The 50–69% stenosis group in
which NASCET reported some benefit from surgery is
equivalent to the 70–80% stenosis group in ECST.7

These trials therefore showed an overall benefit from
endarterectomy in patients with recently symptomatic
stenosis of 70–99% by the ECST method. However, this
finding is of little help to the clinician who has to make
decisions for individual patients. Although endarterectomy
lowers the overall risk of ischaemic stroke by about 50%
over the next 3 years in patients with 70–99% stenosis, only
about 20% of such patients have a major stroke on medical
treatment alone.2 , 3 Therefore, surgery is of no value in 80%


