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Why excessive sleepiness may persist in OSA patients

receiving adequate CPAP treatment
To the Editors:

We read with interest the paper by VERNET et al. [1], which
describes the characteristics of residual excessive sleepiness
(RES) in obstructive sleep apnoea (OSA) patients treated with
continuous positive airway pressure (CPAP). The authors
studied two groups of OSA patients, with and without RES.
The apnoea/hypopnoea index dramatically decreased in both
groups, testifying that CPAP was applied properly. Patients
underwent cognitive, psychological, biological and clinical
tests, and 24-h sleep analyses. Surprisingly, very few differ-
ences were found between patients with and without RES,
despite the large disparity in the Epworth Sleepiness Score. In
his editorial comment, RODENSTEIN [2] notes that after such a
‘‘breathtaking effort... very little comes out’’ about what may
cause RES. In this scenario, even decidedly unorthodox
hypotheses may appear as possible mechanisms for explaining
RES, worthy of future investigations. For instance, RODENSTEIN

[2] suggested considering the effects of ‘‘catastrophising’’ in
perceiving and reporting subjective sleepiness, or the hypoth-
esis that diabetes plays a protective role in RES [2].

We would like to suggest, however, two more orthodox
explanations for RES in OSA patients properly treated by
CPAP. The first explanation regards the presence of the obesity
hypoventilation syndrome (OHS), or of a comorbidity with
chronic obstructive pulmonary disease, the so-called overlap
syndrome (OS), in the OSA group with RES. In fact, both OHS
and OS contribute to daytime sleepiness [3, 4] through
hypercapnia. Proper CPAP treatment in OSA patients with
OHS may make the sleep architecture, the arousal index and
the apnoea/hypopnoea index similar to those of CPAP-treated
OSA patients without OHS, but nevertheless, hypercapnia may
remain significant [5]. Moreover, CPAP treatment does not
reduce the high Epworth Sleepiness Score of OS patients [4].
Since arterial carbon dioxide tension was not measured, OHS
or OS cannot be excluded in the obese OSA patients with RES
studied by VERNET et al. [1]. Therefore, RES could be in part
explained by the ineffectiveness of CPAP to reduce hypercap-
nia in OHS or OS patients.

Another explanation for RES could be linked to the possible
presence of cardiovascular autonomic dysregulations induced
by autonomic or ‘‘subcortical’’ arousals. Autonomic arousals
involve brainstem neurons controlling both sleep/vigilance
and cardiovascular regulation. They are not necessarily
associated with detectable electroencephalographic changes,
but are responsible for changes in cardiac autonomic regula-
tion. We have found an association between excessive
sleepiness during the day and impaired autonomic cardiac
modulation at night when comparing two groups of sleep-
disordered breathing patients, with and without excessive
daytime sleepiness [6]. Both groups had a wide spectrum of
disease severity, from simple snoring to OSA, had similar
sleep architecture, and similar apnoea/hypopnoea index and
arousal index; but patients with excessive daytime somno-
lence showed lower baroreflex sensitivity and a greater ratio
of low- to high-frequency heart rate powers at night, both
indexes of increased sympathetic/vagal balance [7]. The
results were confirmed after having removed obese patients
to exclude OHS [8]. Thus, cardiovascular autonomic altera-
tions during sleep may be associated with excessive daytime
sleepiness, probably because of brainstem dysfunctions invol-
ving both alertness and cardiovascular control. Standard
polysomnographic studies (like those conducted by VERNET

et al. [1]) cannot detect these alterations. If such alterations
were found, they would support the speculation of VERNET

et al. [1] that intermittent hypoxia causes a post-hypoxic injury
determining ‘‘central hypersomnia’’. In fact, this is what can
be expected if the injury affects specific neuronal groups in the
brainstem.

In conclusion, we think that testing for the presence of
hypercapnia or of autonomic alterations during sleep could
importantly improve understanding of the mechanisms re-
sponsible for RES in CPAP-treated OSA patients.
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From the authors:

P. Castiglioni and co-workers suggest that residual excessive
sleepiness (RES) in patients with obstructive sleep apnoea
(OSA) who are adequately treated with nasal positive airway

pressure may be caused by a concomitant, untreated hypercap-
nia (if OSA overlaps with obesity hypoventilation syndrome or
with chronic obstructive pulmonary disease) or by persistent
autonomic subcortical arousals. We examined with interest both
hypotheses, but neither fits our series [1]. Concomitant chronic
obstructive pulmonary disease was a criterion for exclusion (as
was any medical disease that could cause sleepiness per se), after
reviewing the clinical history and respiratory function tests. As
for obesity hypoventilation syndrome, all patients with a body
mass index ,30 kg?m-2 (which represents only half of the
sample in the RES group) had arterial blood gases and
functional respiratory tests, and none had any hypercapnia
(arterial carbon dioxide tension .45 mmHg) (table 1). In
addition, we noted that the patients with RES were thinner, as
a mean, than those without sleepiness.

As for autonomic activity, we performed a spectral analysis of
the R–R cardiac interval (low and high frequencies) in the three
groups of the sample, as suggested. Heart rate spectrograms
were obtained by computing R–R interval power spectra over a
running data window of 110 s. Spectral powers were calculated
in the low- (LF; 0.04–0.14 Hz) and high-frequency (HF; 0.15–
0.40 Hz) bands. The ratio between the LF and HF powers of the
R–R interval (LF/HF) was taken as an indirect measure of
cardiac sympathetic/vagal balance [2]. The LF and HF powers
and LF/HF power ratio were averaged over the whole recording.
None of these measurements were different between treated
OSA patients with and without RES or between patients and
controls (table 1). In addition, the autonomic activation index
(LF/HF ratio) did not significantly correlate with the residual
Epworth sleepiness score (Pearson correlation r50.25, p50.17),
residual mean sleep latency in the multiple sleep latency test
(r5 -0.16, p50.37) or fatigue score (r5 -0.07, p50.69) in the
apnoeic groups. Therefore, the association between high LF/HF
ratios (indicating high sympathetic activity during the night) and
sleepiness (measured by the multiple sleep latency test)
previously found in untreated OSA patients [3] was probably
related to untreated respiratory events. When respiratory events
are efficaciously treated, as in our sample, the LF/HF ratios are
similar to those of controls and do not correlate with any measure
of sleepiness or fatigue. This new result provides additional
evidence to support the concept that residual sleepiness (and in
our study, the feeling of nonrestorative sleep) is not the

TABLE 1 Measurements of arterial carbon dioxide tension (Pa,CO2) and spectral analysis of the R–R cardiac interval in patients
with obstructive sleep apnoea (OSA) with and without residual excessive sleepiness (RES) despite adequate positive
airway pressure, and healthy controls

Patients OSA with RES OSA without RES Healthy controls p-value

Subjects n 20 20 20

BMI kg?m-2 31.3¡5.4* 35.4¡9.2" 25.2¡3.5 ,0.001

Pa,CO2 mmHg (range) 39.7¡4.9 (34–43) 40.3¡2.5 (36.6–45) ND 0.86

LF ms2 369¡291 458¡577 379¡277 0.80

HF ms2 366¡687 504¡774 290¡260 0.62

LF/HF 2.47¡2.13 1.5¡1.18 2.38¡1.85 0.21

Data are presented as mean¡SD, unless otherwise stated. BMI: body mass index; LF: low-frequency power for R–R interval; HF: high-frequency power for R-R interval;

ND: not determined. *: p,0.05 for OSA patients with versus without RES; ": p50.05 for OSA patients without RES versus healthy controls. c
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