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ABSTRACT: We evaluated the efficiency of two different treatment procedures with
continuous positive airway pressure (CPAP) on sleep, nocturnal breathing character-
istics and daytime vigilance in 18 newly diagnosed patients with untreated sleep
apnoea/hypopnoea syndrome (SAHS) randomly allocated to two different groups. In
group I, the positive pressure (PP) level was set to suppress flow limitation (PFL),
while in group II the PP was set at a level that eliminated only apnoea/hypopnoea and
snoring (PAHS). At the end of a 3 week period of home CPAP therapy, a follow-up
sleep study, vigilance and cognitive tests were made.

Overall, PFL was significantly higher than PAHS values (PFL: 10.4+2.6 cmH,0;
PAnS: 8.9+2.6 cmH,0; p<0.01, mean+sp). We found no difference in sleep quality,
nocturnal saturation and apnoea/hypopnoea index, or in daytime vigilance tests be-
tween the two groups at the end of the treatment period. However, there was a signifi-
cantly greater scattering in the changes of sleep latency in group II than in group I.
This was associated with a significant difference in the daily duration of nasal CPAP
use between the two groups (group I: 7.29+0.95 h-day-l; group II: 6.01+0.94 h-day-1;
p=0.01) and with a positive correlation between final maintenance of wakefulness test
values and the duration of CPAP use (p<0.05; r=0.55).

These results tend to show that correcting flow limitation is associated with a
higher observance and a more important efficiency in normalizing daytime vigilance
than with conventional nasal continuous positive airway pressure.
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Sleep apnoea/hypopnoea syndrome (SAHS) is an im-
portant public health problem leading to increases in mor-
tality [1], the related morbidity rate of cardiovascular and
cerebrovascular diseases [2], and neuropsychological dys-
functions [3, 4]. These increases in risk factors empha-
size the need for an effective treatment in SAHS. The first
description of the beneficial effects of nasal continuous
positive airway pressure (CPAP) in the treatment of SAHS
was reported by SuLLvan et al. in 1981 [5], and its effective-
ness is demonstrated by dramatic improvements in mor-
bidity and mortality with CPAP therapy [6-9].

The level of the effective positive pressure (Peff) has
been determined according to several different methods.
Usually, Peff level is identified during a titration sleep stu-
dy and corresponds to the minimal pressure level that pre-
vents apnoea, hypopnoea and snoring in all sleep stages
and body positions. In the absence of CPAP-related side
effects, such as nasal obstruction, and poor CPAP obser-
vance, the persistence of excessive daytime sleepiness du-
ring the course of CPAP therapy has led to the hypothesis
that sleep could be disturbed by persisting upper airway
abnormalities inducing increased respiratory efforts asso-
ciated with persisting sleep fragmentation due to recurrent
arousals. This pointed out the need to increase Peff to the

level that minimizes respiratory efforts in order to restore
upper airway patency [10]. Such a pressure level should,
therefore, suppress inspiratory flow limitation as assessed
by the disappearance of inspiratory plateauing of the flow
signal recorded with a pneumotachograph [11]. However,
the clinical benefits of correcting flow limitation compa-
red to the suppression of apnoea, hypopnoea and snoring
during CPAP therapy in SAHS have never been evaluated.
Therefore, the aim of the present study was to make a
prospective comparison of the efficiency of two different
settings of CPAP therapy in the treatment of SAHS: the
first mode corresponding to the pressure level that sup-
pressed snoring, apnoea and hypopnoea, while the second
mode corresponded to the positive pressure level that nor-
malized these events and abolished flow limitation.

Materials and methods
Patients
Twenty three untreated male SAHS patients initially

accepted the invitation to participate in this study. How-
ever, we failed to obtain complete results in five patients.
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Two of these patients could not be retained for analysis
because it was impossible to adequately detect flow limi-
tation during the titration night (see below). Two other
patients later refused to carry on with the investigations
following inability to tolerate the oesophageal catheter
during the first titration night. The fifth patient who was
allocated to the flow-limitation abolition group (see be-
low) spontaneously interrupted CPAP treatment during
the home study period due to intolerance of the mask and
CPAP machine. The 18 remaining male SAHS patients
who completed this study had a mean (+sp) age of 55+ 9
yrs and a body mass index (BMI) of 32.9+4.5 kg-m<2.
Twelve of them were still in active employment. Half of
the 18 patients who completed the study were treated for
hypertension (90%) and diabetes (30%). None of the
patients were treated with sedative drugs and all subjects
were asked to avoid alcohol during the study. The clini-
cal diagnosis of SAHS was confirmed by an initial stand-
ard polysomnography (apnoea/hypopnoea index (A/HI) =
58.7+£21.7 events-h-!). Daytime vigilance was quantified
at baseline by maintenance of wakefulness test (MWT)
[12] and psychometric tests (Trail making test) [13]. Sub-
jective evaluation of daytime vigilance was obtained by
a clinical score from the Epworth Sleep Questionnaire
(ESQ) [14]. Written informed consent was obtained from
each subject and the protocol was authorized by the Insti-
tutional Research Board.

Sleep studies

The polysomnographic recordings consisted of contin-
uous acquisition of electroencephalograms (with surface
electrodes placed at F,/C;, Cy/A,, C;/O,), submental elec-
tromyograms, electro-oculograms, electrocardiograms,
thoracoabdominal movements recorded by inductive ple-
thysmography, and arterial oxyhaemoglobin saturation
(8a,0,) with a finger oximeter (N 200; Nellcor, Harward,
USA). Nasal airflow was recorded with a pneumotacho-
graph (Fleisch No. 2) fixed to a tightly fitting nasal mask
and placed between the mask and the whisper swivel
valve, while mouth leakage was detected with a thermis-
tor. The oesophageal pressure was recorded using a thin
catheter with a piezoelectric sensor at the distal end (Gal-
tec, Premium Medical, France) introduced into one nostril
following local anaesthesia and positioned in the lower
third of the oesophagus. The tip was positioned 34-36
cm from the nares to obtain a tracing with the smallest
amount of cardiac artifact. The occurrence of snoring was
identified on the presence of fluttering of the nasal flow
signal [15]. All variables were recorded on a computer
(Morphée; Medatec, Belgium).

Maintenance of wakefulness tests

MWT were carried out according to previously publis-
hed recommendations [12]. The patients were seated in an
armchair and were asked to remain awake for as long as
possible during four consecutive 40 min trials after the
light had been turned off, every 2 h. Each MWT was ter-
minated as soon as the patient was clearly asleep, defined

as three continuous 30 s epochs of stage 1 sleep or any
epoch of stage 2—4 or rapid eye movement (REM) sleep.
In stage 1, MWT were calculated from the third epoch in a
similar manner in all patients. The mean sleep latency
upon the four tests was measured.

Trail making test

This test has previously been used to evaluate brain
damage [13] and requires alertness and concentration. It
consists of two parts, each with 25 circles distributed over
a white sheet of paper. In part A the circles are numbered
from 1 to 25. The patient was asked to draw a line con-
necting the circles in numerical sequence as quickly as
possible. Part B includes numbers from 1 to 13 and letters
from A to L. The patient was asked to alternate between
numbers and letters in an ascending sequence. The score
corresponded to the time needed to complete each part,
including the additional correction time during each test.

Study design

Initial study. Following the acceptance to participate in
the study, daytime sleepiness and cognitive function were
quantified with the ESQ, MWT and trail making test. Dur-
ing a second polysomnographic night we determined the
positive pressure levels that suppressed: 1) obstructive ap-
noea, hypopnoea and snoring (PAHS); and 2) flow limita-
tion (PFL). During the titration night, the positive pressure
level was increased in steps of 1 cmH,0. The regression of
snoring was assessed according to the disappearance of
the fluttering on the inspiratory flow signal and was sys-
tematically confirmed by the technician who was in at-
tendance. Respiratory cycles were classified as flow-lim-
ited according to a breath-by-breath analysis when the
nasal inspiratory flow signal became maximal and platea-
ued while the oesophageal pressure still increased [16].
Both levels were determined during the first sleep cycle
that included REM sleep, by one of the authors, while the
patients were in supine position. During the rest of the
titration night, the pressure level was increased until not
more than three consecutive respiratory cycles with snor-
ing or flow limitation were observed.

Patients were then randomly allocated to two different
groups that were paired for age, apnoea/hypopnoea index
and MWT sleep latency. The two groups differed in Peff
level that was used during the study period: in group I, Peff
was fixed at PFL level; and in group II Peff was fixed at
PAHS level. The patients were unaware of the group that
they were allocated to.

Final study. After a 3 week period of home treatment with
the CPAP apparatus, at a Peff level that depended on the
group they were randomly allocated to, all patients had a
follow-up polysomnographic recording while wearing the
CPAP apparatus as used during the last 3 week period
without any modification in the pressure characteristics.
The ESQ, MWT and trail making tests were performed
during the day following this last polysomnographic re-
cording.
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Data collection and statistical analysis

Polysomnographic recordings were visually interpreted
in 30 s epoch by the same neurophysiologist, who was
blind to the Peff level used by the patients. Sleep parame-
ters were determined according to the criteria of RecH-
scuArEN and Kates [17] with stages I and II combined in
light sleep (LS), and stages III and IV combined in slow
wave sleep (SWS). The number of arousals per hour [18]
was obtained. Apnoea was defined as the cessation of
nasal-oral airflow for at least 10 s. Hypopnoea was defin-
ed as more than a 50% decrease in the nasal-oral airflow
for at least 10 s associated with a 4% drop in Sa,0, and/or
an arousal. Type of apnoea and hypopnoea (obstructive,
mixed or central) was defined according to the pattern of
oesophageal pressure swings throughout the event. Three
Sa,0, variables were studied: 1) awake (Sa,0,,w) that corre-
sponded to the average value of the first 10 min recording
during wakefulness; 2) mean (Sa,0,m) was the average
value during all night recording; and 3) minimal (Sa,0,,min)
was the lowest value obtained during the night. For each
polysomnographic study the number of flow limited
cycles per hour was determined. During the final polys-
omno-graphy, we studied the effect of flow limitation on
sleep fragmentation and respiratory effort. We simultane-
ously analysed arousals [18], micro-arousals (defined as
an in-trusion of alpha rhythm for 1-3 s) in order to explore
micro-architecture, and the oesophageal pressure value
(maximal and mean values) during 30 periods of 1 min
selected at random from total sleep time.

The observance was estimated by time-counter data and
the report of night-by-night evaluation by the patients dur-
ing the 3 week study period.

Clinical, polysomnographic and MWT results obtained
at baseline and after the 3 week period of CPAP treatment
were compared using a multivariate analysis of variance
and Student's t-test, as homogeneity of variance and nor-
mality were encountered. In order to compare the results
obtained in group I and group II and the effects of treat-
ment, the different variables were compared by analysis of
covariance of the changes from baseline, with baseline
data as covariates. Sleep parameters were analysed using a
multivariate analysis for repetitive measurements, since
sleep stages represented dependant variables. The relative
scattering of final MWT values in group II compared to
group I was studied with an F-test for comparison of vari-
ance. Relationships between duration of CPAP use, clini-
cal and polysomnographic variables, and final MWT were

evaluated by Spearman rank correlations. Statistical signi-
ficance was inferred for comparisons in which the p-value
was <0.05. All values are presented as mean=sp.

Results

Baseline sleep study

The two groups were identical with respect to age
(group I: 56£10 yrs; group II: 53+8 yrs) and BMI (group
I: 34.8+4.1 kg-m*2; group II: 31.0+4.4 kg-m-2). Mean (+sp)
values for polysomnographic results in both groups are
presented in table 1. We did not find any significant dif-
ferences in the sleep-related breathing disorders index
between the two groups, with the same proportion of
obstructive events in both groups (group I: 84.1+£25.1%;
group II: 89.7+11.1%). There was no difference in awake
and nocturnal oxygen saturation characteristics between
the two groups. The arousal index was similarly increased
in both groups. The baseline sleep architecture is illustra-
ted in figure 1. There was a high percentage in light sleep
associated with a low proportion of slow wave sleep in
both groups, while REM sleep was close to the normal
range.

The individual MWT values in both groups are illustra-
ted in figure 2. Mean MWT values were similarly im-
paired without any significant difference between groups.
Mean values for the ESQ and trail making tests A and B
are presented in table 2. There was no significant differ-
ence between groups.

CPAP titration study

For the whole study population, there was a significant
difference between mean PFL and PAHS values (PFL: 10.4+
2.6 cmH,0; PAHS 8.9+2.6 cmH,0O; pressure difference
(AP) = 1.55£1.04 cmH,0, p<0.01). On an individual basis,
the difference between these two pressure levels reached
3 ¢mH,0 in four patients, 2 cmH,O in five patients, and
1 cmH,0 in six patients. Three patients showed no diffe-
rence between these two pressure levels. Mean Peff value,
defined as the level of pressure used during the study pe-
riod in each group, was 9.3x1.4 cmH,O in group I and
9.9+2.8 cmH,0 in group II (p>0.05).

Table 1. — Baseline and final mean (+sp) values for polysomnographic parameters in group | and in group Il

TST Arousal index  A/H index Sa,0,,w Sa,0,,min S2a,0,,m
h n-h n-h % % %
Group I (n=9)
Baseline 6.62+1.32 49.6+28.7 56.9+21.7 96.2+2.4 68.3+12.1 91.2+1.3
Final 6.68+0.75 7.9+3.8 2.8+2.0 96.7+1.7 86.1+8.3 95.2+1.8
Between visits comparison NS p<0.01 p<0.01 NS p<0.05 p<0.05
Group II (n=9)
Baseline 6.62+1.24 50.4+24.3 60.4+22.8 95.6+3.1 67.0+13.6 91.8+4.0
Final 6.58+0.67 7.5+£3.9 2.7+1.6 96.2+1.7 87.6+5.6 95.3+1.6
Between visits comparison NS p<0.01 p<0.01 NS p<0.05 p<0.05
Between groups comparison NS NS NS NS NS NS

TST: total sleep time; Arousal index: number of arousals per hour; A/H index: number of apnoeas and hypopnoeas per hour; Sa,0,:
arterial oxyhaemoglobin saturation; Sa,0,w: awake Sa,0,; Sa,0,,min: minimal Sa,0, during the night; Sa,0,,m: mean Sa,0, during the

night; Ns: nonsignificant. For definitions of Groups I and II, see text.
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Fig. 1. — Sleep architecture during the initial and final polysomnographic studies in a) group I and b) group II. TST: total sleep time; Stage I-II: light
sleep (stages I and II); Stage I1I-IV: deep sleep (stages III and IV); REM: rapid eye movement sleep. The values are expressed as a percentage of TST

(meanzsp). [=1: initial value; []: final value.
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Fig. 2. — Individual (0 ) and mean (+sp) (@) values of the sleep latency during the maintenance of wakefulness tests (MWT) at baseline (initial) and at
the end of the study period (final) in a) group I and b) group II. The values are expressed in minutes.

Home study period

The duration of the treatment period was the same in
both groups (group I: 19.9+1.8 days; group II: 19.4+2.7
days). We found a significant difference in the daily dura-
tion of nasal CPAP use between the two groups (group I:
7.29+0.95 h-day-; group II: 6.01+0.94 h-day-!; p=0.01)
despite identical initial recommendations for CPAP use
being given to patients.

Table 2. — Baseline and final mean (+sp) values for trail
making tests and Epworth Sleep Questionnaire (ESQ),
score in groups | and Il

TMA TMB ESQ
] s

Group I (n=9)

Baseline 57+18 128+39 12+4

Final 41£13 122+72 4+4
Between visits comparison p=0.02 NS p<0.01
Group II (n=9)

Baseline 4720  112+42 13+4

Final 32+9 88+24 4+3
Between visits comparison p=0.02  p=0.02 p<0.01
Between groups comparison NS NS NS

The results of the trail making test A (TMA) and test B (TMB)
are expressed in seconds, corresponding to the time needed to
perform the tests. A normal value for ESQ would be below 9.
For definitions of Groups I and II, see text.

Final sleep study

Final polysomnographic results in both groups are pre-
sented in table 1 and the evolution of sleep architecture is
illustrated in figure 1. There was a significant improve-
ment in all parameters between the initial and final recor-
dings, for both groups. Sleep stages returned to normal
values, while arousal and apnoea/hypopnoea indices were
in the normal range, associated with a normalization of
nocturnal oxygen saturation. Interestingly, there was no
significant difference in these improvements between the
two groups. The proportion of obstructive and nonobst-
ructive events was similar between the two groups, with
a lower percentage of obstructive events than at initial
visit (group I: 56.2+45.4%; group II: 65.8+44.1%) at the
benefit of central events (group I: 35.8+41.2%; group II:
31.4+ 39.2%). Interestingly, there was no significant dif-
ference in these improvements between the two groups.
The final flow limitation index remained significantly hig-
her in group II than in group I (group I: 24+11 events-h-;
group II: 74+42 events-h-1; p<0.05).

The number of arousals and microarousals was identical
in both groups. No correlation was found between any of
these parameters and the number of flow-limited respira-
tory cycles (table 3). The mean and maximal oesophageal
pressure values were higher for the 30 min of discontinu-
ous sleep analysed in group II than in group I, but this dif-
ference did not reach significance when analysed between



CORRECTION OF FLOW LIMITATION AND CPAP TREATMENT 1125

Table 3. — Spontaneous and flow limitation-related (pro-
voked) arousals and micro-arousals in groups | and Il
during the final polysomnography

Spon. Prov. Spon. Prov.
arousals arousals  micro- micro-
arousals  arousals
Group I (n=9) 42+1.9 2421 29+39 0.2+04
Group II (n=9) 3.0£2.2  3.8+44 1.2x1.1 2.1£2.5
Between groups
comparison NS NS NS NS

The values are expressed as mean+sp from the total number of
events, calculated in each patient throughout the 30 randomly
selected 1 min epochs. Spon.: spontaneous; Prov.: provoked. Ns:
nonsignificant.

Table 4. — Total number of flow limited respiratory cycles
and mean (+sp) oesophageal pressure values (mean and
maximal values) in groups | and Il during the final poly-
somnography, calculated throughout the 30 randomly se-
lected 1 min epochs in each sleep stage

Groupl  Group II Between
(n=6) (n=6) group
comparison

REM sleep

Flow-limited cycles 51 119 p<0.001

Pmean ¢cmH,O 6.9+2.1 6.6+2.4 NS

Pmax cmH,0 9.1+2.7  9.1£3.9 NS
Stages I-11

Flow-limited cycles 143 513 p<0.0001

Pmean cmH,0 8.3+2.1 9.8+4.8 NS

Pmax cmHzO 10.4+2.6 12.4+5.8 NS
Stages III-IV

Flow-limited cycles 83 222 p<0.001

Pmean CIIlHZO 8.0+2.7 9.6+4.8 NS

Pmax cmH,O 9.8+£3.1 11.7£5.8 NS

Ns: nonsignificant.

the different sleep stages (table 4). However, there was a
positive correlation between both oesophageal pressure va-
lues and the number of flow limited cycles in each selected
epoch (p<0.0001; r=0.49) without any significant correla-
tion between oesophageal pressure characteristics and
final MWT values.

The changes in individual MWT values associated with
CPAP therapy between initial and final studies are illus-
trated in figure 2. Although a significant improvement of
mean MWT value was observed in both groups, without
any significant difference between groups, the two groups
were different in terms of variance, with a significantly
greater scattering of final MWT values in group II (p<
0.001). Mean values for the ESQ and trail making tests A
and B are presented in table 2. There was no significant
difference between the two groups for these parameters.
However, although there was a similar significant im-
provement in the ESQ and trail making test A in the two
groups, trail making test B significantly decreased only in
group II. The absence of a significant difference between
initial and final TMB values in group I can be explained
by an increase in TMB value between initial and final
studies in one patient of group I (from 130 s to 278 s)
while other patients in both groups presented a decrease in
TMB value. This was responsible for the wide standard
deviation in TMB values in group I at the final visit. If this
patient was discarded from statistical analysis, the mean

45
40
351
30

251

Final MWT min

20+

15-

3 4 5 6 7 8 9
Duration of CPAP use h
Fig. 3. — Individual values of the relationship between the sleep latency
during the final maintenance of wakefulness tests (MWT) and the dura-

tion of continuous positive airway pressure (CPAP) use during the home
study period in group I (@) and in group II (O).

TMB value in group I decreased significantly (initial stu-
dy: 127442 s; final study: 99+38 s; p=0.04) and these val-
ues were similar to those in group IIL.

In group II, where patients were treated at PAHS, there
was no correlation between final MWT values and the
am-plitude of the difference between PAHS and PFL.
More-over, there was no correlation between MWT values
and polysomnographic parameters, arousal, and apnoea/
hypo-pnoea indices, and the index of flow limited respira-
tory cycles at baseline or at the end of the treatment period
for the entire study group. A positive correlation was
found between final MWT values and the duration of
CPAP use for all patients (p<0.05; r=0.55) (fig. 3).

Discussion

Our study demonstrated that determining the effective
pressure level for the suppression of flow limitation did
not improve the efficiency of nasal CPAP with regard to
sleep quality and sleep-related breathing disorders com-
pared to conventional Peff determination based on the dis-
appearance of apnoea, hypopnoea and snoring. However,
although a significant subjective improvement in daytime
vigilance occurred in both groups, the analysis of MWT
changes demonstrated a significantly greater scattering of
final values when flow limitation was not suppressed by
nasal CPAP, corresponding to a less homogeneous im-
provement of objective daytime performances in this case.

The present results demonstrate the influence of the
parameters taken into account to determine the efficient
pressure level in the treatment of SAHS. HomstEn and
Mateka [19] proposed an equation to predict the optimal
level of CPAP that prevents sleep apnoea by using para-
meters such as BMI, neck circumference, and apnoea/
hypopnoea index, which induced a reduction in apnoea/
hypopnoea index below 10 events-h-l. However, there was
no information concerning the efficiency with which this
estimated pressure would suppress snoring, and the evolu-
tion of daytime vigilance was not considered. Beneficial
effects of nasal CPAP have been widely described in pa-
tients receiving an efficient pressure level that eliminated
snoring and obstructive sleep respiratory disorders [9, 20].
Moreover, Guiemnaur ef al. [21] reported the frequent
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association of snoring with transient arousals leading to
sleep fragmentation and daytime somnolence. These short
arousals were directly related to an abnormal increase in
respiratory efforts during sleep that occurred within seve-
ral breaths of flow limitation. This has led to the determi-
nation of the efficient pressure based on the normalization
of respiratory efforts [10] or flow limitation [11]. How-
ever, in the latter study flow limitation was visually de-
tected according to the contour of the inspiratory flow
tracing, while the definition of flow limitation usually in-
volved analysis of the oesophageal pressure [16], which is
an invasive method that may be difficult to use in clinical
practice.

In our study, despite the absence of a significant differ-
ence in mean final MWT values between the two groups,
the analysis of variance showed that choosing PAHS as the
effective pressure was associated with a more important
dispersion in individual values than when CPAP was used
at PFL level. This was associated with an absence of im-
provement in three patients from group II whose MWT
remained at a low value. It is debatable to what extent our
results may be the consequence of the spontaneous variabi-
lity of the neuropsychological response to CPAP therapy.
However, it must be emphasized that this inhomogeneity
in the interindividual clinical response differed significan-
tly between the two treatment groups, and that this diffe-
rence was observed even with a small study population.
There is no doubt that such a study design, with a breath-
by-breath analysis of flow limitation, cannot be carried out
in a large SAHS sample. Therefore, although our study
does not have the statistical power of a large clinical trial, it
does have the benefits of a straightforward capacity for
detection analysis and correction of flow-limited breaths.
The differences in clinical response observed between the
two treatment groups could not be explained by the indi-
vidual differences between PAHS and PFL levels since no
correlation was found in group II between final MWT val-
ues and the amplitude of this difference. Therefore, the
absence of improvement in MWT following CPAP therapy
cannot be accounted for by the greatest differences be-
tween PAHS and PFL during the study period.

Moreover, for the study population as a whole, we did
not find any correlation between final MWT and arousal
index, apnoea/hypopnoea index, nocturnal Sa,0, parame-
ters or sleep stages distribution. The only difference ob-
served between the two groups concerned the daily CPAP
use and the remaining index of flow limited respiratory
cycles. According to the positive correlation that we found
between final MWT and the duration of CPAP use, the
lower daily observance in group II could account for the
partial improvement in objective daytime vigilance found
in this group. We can only speculate on the possible fac-
tors that accounted for the better observance of CPAP
therapy in group I. It would be surprising that, despite the
initial randomization, this difference in CPAP observance
could be related simply to hazard and it is more likely that
it could be explained by another factor such as the per-
sistence of an elevated upper airway resistance. This hy-
pothesis may be advocated since we found a significantly
higher number of residual flow-limited respiratory cycles
in group II at the end of the study period. Even if flow
limitation is a normal feature of nocturnal breathing, and
occurs also in nonsnoring patients [22], we found that a
higher number of residual flow-limited respiratory cycles

was associated with higher oesophageal pressure, parti-
cularly in non-REM sleep, with a positive correlation be-
tween both oesophageal pressure values and the number
of flow-limited cycles. It could be hypothesized that this
persistence of increased inspiratory efforts could be as-
sociated with residual arousals leading to sleep fragmen-
tation and diurnal hypovigilance. This hypothesis is not
definitively in opposition to the normalization of the arou-
sal index observed in group II, since it only reflects the
inability to clearly assess sleep fragmentation by the cur-
rent arousal scoring rules [23]. Even if we did not find any
link between micro-arousals and either flow limitation or
MWT, the quantification of sleep microarchitecture with
the aid of spectral analysis would be helpful in confirming
this hypothesis.

In conclusion, these results tend to promote the neces-
sity to detect and correct residual flow limitation in case
of persistent daytime hypovigilance during continuous
positive airway pressure therapy using a classical determi-
nation of efficient pressure fixed on the regression of
apnoea, hypopnoea and snoring, even if the mechanisms
underlying this hypothesis are not clearly demonstrated.
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