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ABSTRACI': The spectrum of breathing events during sleep In patients 
with obstructive sleep apnoea syndrome (OSAS) after the abolition or 
obstructive apnoeas has been extensively studied in trac:heostomized patients, 
but has received much less attention In patients submitted to continuous 
positive airway pressure (CP AP). 

We analysed the breathing pattern during sleep In forty patients while 
CPAP was administered. A regular breathing pattern throughout the 
sleep study was observed in 15 patients. In the remaining l5 subjects, one 
or more of the following events was observed: central apnoeas, hypopnoeas, 
periodic: breathing, prolonged oxyhaemoglobin desaturations. Central 
apnoeas during non·rapld eye movement (NREM) sleep appeared almost 
exc:lusively after arousals or wakefulness periods; their prevalence did not 
significantly differ between subjects who showed and who did not show 
similar events before CPAP. Central apnoeas in rapid eye movement 
(REM) sleep had a random occurrence. Hypopnoeas were round only in 
REM sleep, and, like central apnoeas, occurred randomly; In one patient 
they had a prolonged duration (up to 110 s). Periodic breathing was 
observed in only two subjects, one or whom bad congestive heart failure: 
it was limited to NREM sleep and was not associated with arousals or 
shirts In sleep stage. Prolonged oxyhaemoglobin desaturatlons were found 
mainly In REM sleep; most subjects with such abnormalities had daytime 
blood gas alterations. 

In conclusion, abnormalities or the breathing pattern of patients with 
OSAS can be observed during CPAP and after tracheostomy, but periodic: 
breathing Is less common than is reported after tracheostomy, and is 
probably caused by different mechanisms. 
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Continuous positive airway pressure (CPAP) applied 
through the nares is the treatment of choice for obstructive 
sleep apnoea syndrome (OSAS), since it is equally 
effective, but much less invasive than tracheostomy 
[1-9]. 

Therefore, the aim of the present study was to evaluate 
the spectrum of ventilatory disorders that may appear 
during sleep in patients with OSAS during CPAP 
administration, after the abolition of obstructive 
apnoeas. 

It is well known that some disorders of ventilation 
other than obstructive apnoeas (namely central apnoeas 
[10-12], hypopnoeas [10, 11], periodic breathing [10, 
12], prolonged hypoventilation periods with consequent 
desaturations [13]) may still be detected in tracheo
stomized patients; conversely, little is known as concerns 
the possible occurrence of alterations of ventilation during 
sleep in patients submitted to CP AP administration: in 
particular previous reports concern the possible persist
ence of central apnoeas already detectable before the 
treatment [14 J and the occurrence of prolonged 
desaturation episodes [5, 15, 16]. 

Patients and methods 

We studied 40 patients affected by OSAS, diagnosed 
by a polysomnographic study . One patient was 
studied on two different occasions: the first time while 
he showed cardiac decompensation, severe hypoxaemia 
and hypercapnia during wakefulness and the second 
time after his cardiorespiratory condition had 
improved. Therefore, the total number of observations 
was 41. 
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Table 1. - Characteristics of the patients 

Age Sex Weight Pao
2 

Paco
2 FEV[VC AI 

yrs M/F %ideal kPa (mmHg) kPa (mmHg) n•h'1 

Mean 49 28/12 176 9.7 (73) 6 (45) 78 70 
so 11 39 1.8 (14) 0.7 (5) 9 18 

Pao
2 

and Paco
2

: arterial oxygen and carbon dioxide tension, respectively; FEV
1
NC: forced expiratory volume 

as percentage of vital capacity; AI: apnoea index. 

The characteristics of the patients are shown in table 1. 
Thirteen subjects had an arterial oxygen tension (Pao,) 
<65 mmHg; among them 11 had an arterial carbon dioxicfe 
tension (PacoJ <45 mmHg. Only five of these subjects 
were affected by chronic obstructive pulmonary disease 
(COPD): in other subjects blood gas alterations could be 
attributed to obesity and to the effects of OSAS itself 
[17, 18]; two subjects had COPD but no daytime 
hypoxaemia. All of the patients had a high apnoea index 
(AI), due to the frequent recurrence of obstructive and 
mixed events; among them only 19 showed some central 
apnoeas, but the number of these events was always very 
small, ranging from 1- 30 per night. 

All of the subjects were submitted to a second 
polysomnographic study on the first night of application 
of CPAP. The polysomnographic studies included the 
recording of the following signals: electroencephalogram 
(EEG), electro-oculogram and submental electromyogram 
(EM G) for sleep staging; arterial oxygen saturation (Sao

2
) 

measured by an Ohmeda Biox Ill or Hewlell-Packard 
47201A ear oximeter; thoracoabdominal movement by 
an inductive plethysmograph (Respitrace, Amb. Monit., 
Ardsley, NY); pressure at the nose, by a Validyne MP45-
26-871 pressure transducer calibrated with a water 
manometer referred to atmospheric pressure. 

Sleep was staged in 30 s epochs, according to standard 
criteria [19]; we considered as arousal any sudden increase 
in EMG amplitude associated with the appearance of 
alpha or EMG activity on the EEG; we staged as 
wakefulness the occurrence of wakefulness EEG activity 
lasting at least one epoch. 

The breathing pattern was evaluated after CP AP had 
been set at a level associated with the abolition of 
obstructive apnoeas and snoring, and with the highest 
possible values of Sao

2
• As central apnoea we consid

ered a Oattening in the nasal pressure signal, without any 
thoracoabdominal movement; as hypopnoea a reduction 
of at least two thirds in the nasal pressure signal 
oscillations, with respect to the oscillations observed in 
the preceding two minutes of sleep, associated with a 
reduction in the amplitude of the thoracoabdominal 
movement signal; as periodic breathing a regular 
alternation of increases and decreases in the amplitude of 
breaths; as prolonged oxyhaemoglobin desaturation a fall 
in Sao

2 
>4% lasting for at least two minutes, independent 

of the recurrence of the previously defined respiratory 
events. 

Chi-squared test was used to evaluate whether the 
presence of central apnoeas before CP AP was associated 

Table 2. - Type and number of events in NREM and REM 
sleep 

Patient NREM REM 
no. 

1 
2 H (1) 
3 CA(1) 
4 CA(2) 
5 CA(2) 
6 
7 CA (27) 
8 CA(3) 
9 CA(1) 

10 CA(1) 
11 
12 CA(1) CA (1) H (1) POD (2) 
13 
14 CA(13) H (1) CA (2) 
15 CA(8) H (3) 
16 
17 
18 CA (25) 
19 H(2) 
20 
21 
22 
23 
24 CA(5) CA(3) 
25 H (19) 
26 CA (12) 
27 CA(1) 
28 
29 
30 
31 CA(2) PB 
32 
33 CA (19) 
34 CA(1) 
35 CA(1) H (4) CA(4) 
36 CA(1) POD (5) 
37 POD (1) POD (1) 
38 
39 POD (1) 
40 PB POD (3) 
41 CA(l) H (3) CA (5) 

CA: central apnoeas; H: hypopnoeas; PB: periodic breathing; 
POD: prolonged oxyhaemoglobin desaturations; NREM: 
non-rapid eye movement; REM: rapid eye movement. 

with the appearance of similar events in a significantly 
higher number of subjects during CPAP. 
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Fig. 1. - Example of a central apneoa in NREM sleep. From top to bottom: electroencephalogram (ECG), electro-oculogram (BOG), submental 
electromyogram (EMG), oxyhaemoglobin saturation (Saoz), nasal pressure, abdominal movement, time scale in seconds, rib cage movement. The 
apnoea follows an arousal and is associated with a 2% oxyhaemoglobin saturation fall. NREM: non-rapid eye movement; CPAP: continuous positive 
airway pressure. 

Results 

The prevalence of the different respiratory events in 
non-rapid eye movement (NREM) and rapid eye move
ment (REM) sleep in our patients is shown in table 2. 

Central apnoeas occurred with different characteristics 
in the two sleep states: as concerns NREM sleep, in all 
but two cases they followed a wakefulness period or an 
arousal that was often associated with a short 
hyperventilation period (fig. 1). Conversely, in REM 
sleep they were never preceded by any arousal or hyper
ventilation. In five subjects NREM central apnoeas could 
be followed by an arousal, that, in turn, could be 
followed by a new central apnoea, so that prolonged 
sequences of central apnoeas (lasting up to 18 min) were 
observed. In the remaining 13 subjects NREM central 
apnoeas were only sporadic events, recurring 1-8 times 
in the whole sleep study. The duration of NREM central 
apnoeas never exceeded 20 s in all but one subject, who 
also showed an apnoea which lasted 40 s. REM central 
apnoeas, that occurred in seven subjects, never appeared 
in regular sequences, and could be observed 1-5 times 
per night; they lasted up to 14 s. The number of subjects, 
respectively, showing and not showing central apnoeas 
before and during CP AP in REM sleep is reported in 
table 3. The prevalence of central apnoeas in NREM 
sleep during CP AP administration was not significantly 

Table 3. - Number of patients with central apnoeas 

++ 
+
-+ 

NREM 

12 
9 
6 

14 

REM 

2 
0 
4 

27 

++: before and during CPAP; +-: only before CPAP; -+: only 
during CP AP;- -:never; NREM: non-rapid eye movement; REM: 
rapid eye movement; CP AP: continuous positive airway pressure. 
Eight patients did not show REM sleep either before or during 
CPAP. 

different between patients who showed this kind of event 
before CPAP and those who did not. As regards REM 
sleep, the small number of patients undergoing central 
apnoeas prevented any statistical evaluation. 

Hypopnoeas occurred in REM sleep in eight subjects 
and, like REM central apnoeas, did not follow arousals 
or hyperventilations and had short durations (up to 17 s); 
they were detectable throughout most REM sleep time in 
a single patient (no. 25), and occasionally reached very 
long durations (up to 110 s). 

Periodic breathing was detected in only two subjects 
(nos 31 and 40), during NREM sleep (stages 1-4). The 
periods with increasing ventilation did not appear to be 
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Fig. 2. - Example of periodic breathing during NREM sleep. Signals and abbreviations as in figure 1. Neither sleep stage shift nor arousal is evident 
during the increasing ventilation period. 

Cl) 
c::n 
ea 
'tn 
Q. 

t 
c;; 

100 

80 

60 

w 
1 

2 

3 

4 

REM 
1 2 3 4 5 6 7 8 

Time h 
Fig. 3. - Oxyhaemoglobin saturation (upper panel) and sleep stages (lower panel) during one night with CP AP administration in a patient with prolonged 
oxyhaemoglobin desaturations in REM sleep. CPAP: continuous positive airway pressure; REM: rapid eye movement. 
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coincident with arousals (fig. 2). In subject no. 40 
periodic breathing was detectable throughout all of the 
NREM sleep time, and disappeared only with the onset 
of REM sleep. In subject no. 31 it only partially occu
pied NREM sleep (26 non-consecutive min) but, again, 
was absent during REM. In patient no. 40 the breathing 
pattern during NREM sleep while CP AP was applied 
was very similar to the one observed during wakefulness. 
The same patient, studied again after his clinical condition 
had improved (reported in table 2 as patient no. 41), still 
had OSAS with a substantially unchanged AI, but he no 
longer showed periodic breathing in NREM sleep with 
CP AP administration and during wakefulness. In patient 
no. 31 breathing pattern during wakefulness was non
periodic. 

Prolonged oxyhaemoglobin desaturations appeared 
mostly in REM sleep (fig. 3) in five subjects and were 
inconstantly associated with a small reduction in the 
oscillations of the nasal pressure signal and in respiratory 
movements amplitude; however, this reduction was not 
as marked as to feature hypopnoeas as previously defined. 
Four of these patients were hypercapnic; however, other 
patients with hypoxaemia and hypercapnia did not 
undergo such breathing disorders. The small number of 
subjects with these episodes did not allow any statistical 
evaluation of differences in prevalence with respect 
to daytime blood gas tensions, or to associated lung 
diseases. 

Discussion 

The results of the present study point out that respiratory 
irregularities occur in many subjects affected by OSAS 
during CP AP administration: the most common irregu
larities are central apnoeas, both in NREM and REM 
sleep, although such events occur only few times per 
patient. More rarely hypopnoeas in REM sleep, periodic 
breathing in NREM sleep and prolonged oxyhaemoglobin 
desaturations in REM sleep can be detected. The same 
kind of events have been reported to recur in 
tracheostomized patients [10-13]. 

Central apnoeas and hypopnoeas 

Central apnoeas during CP AP administration had been 
observed before this study (14], but their occurrence had 
only been looked for in patients who showed similar 
events, in addition to the obstructive and mixed ones, 
before CP AP. That investigation dem.onstrated that the 
occurrence of central apnoeas during CP AP administra
tion is not related to the presence of mixed apnoeas before 
CPAP, and that central apnoea rate during CPAP may 
increase or decrease with respect to that observed before 
CP AP application, probably as a consequence of the 
variable pathogenesis of the central events. Central 
apnoeas have been described also in tracheostomized 
patients (10-12]. In one study [11] one of the patients 
has been reported to show central apnoeas after 

tracheostomy despite the absence of such events before 
surgery. In another study (12] this possibility was 
denied. We have demonstrated that during CPAP 
administration central apnoeas may occur in patients who 
do not show such events while spontaneously breathing 
and that, conversely, some patients with central apnoeas 
before CPAP may not show similar events while on 
CPAP. At least in NREM sleep, the prevalence of 
central apnoeas during CP AP does not differ between 
patients showing and not showing these events when 
CP AP is not applied. 

Central apnoeas during CP AP administration do not 
develop randomly during NREM sleep, but their onset is 
nearly always preceded by an arousal or by a wakeful
ness period, often concomitant with a short hyperventi
lation. This suggests that these apnoeas result from a 
decreased ventilatory drive related to the withdrawal of 
the wakefulness drive to breathing (20]. Ventilatory drive 
could be even more depressed when sleep onset was 
preceded by hyperventilation, since the latter may result 
in a change in blood gas tensions, responsible for a 
decrease in chemical stimulation. A similar mechanism 
could account for the pathogenesis of obstructive apnoeas: 
in fact, it has been proposed that these events may result 
from a waning ventilatory drive in subjects predisposed 
to upper airway occlusion because of structural or 
functional upper airway abnormality [21]: in such patients, 
when upper airway occlusion is prevented by CP AP this 
causes central apnoea. 

Unlike NREM sleep, central apnoeas and hypopnoeas 
in REM sleep occur randomly and are not preceded by 
any peculiar phenomenon. These events could be part of 
the irregular breathing pattern typical of this sleep stage 
during which a small number of central apnoeas is often 
observed even in normal people (22]. This hypothesis 
cannot be defined for the patient with the longer 
hypopnoeic episodes in REM sleep, that were probably 
the consequence of a marked decrease in ventilatory drive 
in that sleep state. The pathogenesis of these events 
could be more similar to the one proposed for the 
prolonged oxyhaemoglobin desaturations (see below). 

Periodic breathing 

To our knowledge, periodic breathing has never been 
described in patients with OSAS during CPAP 
administration. In our sample it was an uncommon event, 
since it was observed only in two patients. Periodic 
breathing during sleep commonly occurs in premature 
infants [23], in normal elderly people [24], at high 
altitude (25, 26], where hypoxia plays a great role in 
promoting it, and during oscillations between wakefulness 
and sleep [20]; an increased controller gain is one of the 
factors that enhances the possibility of its occurrence 
[27, 28]. It has been reported to commonly occur in 
patients with OSAS breathing through a tracheostomy 
during both NREM and REM sleep (12], while in our 
patients it never occurred in REM sleep. In tracheo
stomized patients it has been considered as an index of 
respiratory instability of neural drive to respiration 
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during sleep typical of patients with OSAS, that could 
promote the development of obstructive apnoeas in 
conditions of spontaneous breathing through their upper 
airway [21, 29]. An oscillating neural drive related to the 
pathogenesis of OSAS could also underlie the onset of 
periodic breathing in our patients: however, this simple 
mechanism seems unlikely since only two of our patients 
showed that breathing pattern. In addition, the patient 
who was studied a second time after an improvement in 
cardiorespiratory status, no longer showed periodic 
breathing, although his AI had nol decreased. Since 
sleep was stable during periodic breathing, oscillations 
between wakefulness and sleep were not responsible for 
its appearance. Hypoxia, which was present in both of 
our patients, could play some role in promoting periodic 
breathing. Congestive heart failure, which affected one 
of the two patients, could also play an important role in 
the appearance of periodic breathing during his NREM 
sleep, since periodic breathing is a common finding in 
patients with congestive heart failure both during wake
fulness and sleep [30-32]: in fact, this patient also showed 
a periodic breathing pattern during wakefulness; there
fore, it is possible that periodic breathing did not depend 
on mechanisms triggered by sleep, but that during NREM 
sleep the same breathing pattern present during quiet 
wakefulness simply persisted. This hypothesis is supported 
by the finding that when the patient was studied again 
in conditions of daytime cardiorespiratory compensa
tion, the periodic breathing pattern disappeared both 
during wakefulness and sleep. The reason for its disap
pearance during REM sleep could be that in this sleep 
state ventilatory responsiveness to chemical stimuli is 
profoundly depressed [20) so that the gain of the control
ler system was insufficient to maintain the periodic 
breathing pattern. 

Therefore, although periodic breathing may appear in 
patients with OSAS both after tracheostomy and during 
CP AP administration, it shows a much lower prevalence 
during CPAP. This finding is not unexpected since 
breathing through a tracheostomy and during CPAP 
administration are quite different conditions: in the former 
the upper airway is bypassed, while in the latter 
airflow through the upper airway is preserved with the 
consequent stimulation of upper airflow receptors, the 
activity of which can contribute to maintain a regular 
breathing pattern [33, 34]. 

Prolonged oxyhaemoglobin desaturation 

Prolonged oxyhaemoglobin desaturations had already 
been described during CPAP administration [5, 15, 16]. 
In agreement with a previous paper (16], we found that 
most subjects with this breathing pattern during CP AP 
were hypoxaemic and hypercapnic during wakefulness, 
and some of them had an associated COPD; however, 
other subjects in our sample with similar alterations in 
daytime blood gas tensions or with COPD did not show 
such desaturation episodes. Similar desaturation episodes 
are common during REM sleep in patients with COPD 
and other respiratory diseases, particularly when they 

are hypoxaemic during the daytime [35]. We believe 
that such episodes were masked during spontaneous 
breathing by the superimposed obstructive apnoeas; once 
the latter were abolished by CP AP they could become 
evident. A similar phenomenon has been described 
in tracheostomized patients with both OSAS and COPD 
[13]. 

In conclusion central apnoeas, periodic breathing and 
prolonged oxyhaemoglobin desaturations may occur 
during CP AP administration in patients with OSAS. 
These kinds of events do not differ from the ones observed 
after tracheostomy, although their pathogenesis could be 
different, at least as concerns periodic breathing. Central 
apnoeas may be observed independently of the 
occurrence of similar events during spontaneous breath
ing; they appear almost exclusively after arousals or 
wakefulness in NREM sleep, and randomly during REM 
sleep. Hypopnoeas may recur randomly in REM sleep. 
Periodic breathing may rarely recur in NREM sleep. 
Prolonged oxyhaemoglobin desaturations, that may 
appear mainly in REM sleep, show a trend to a higher 
prevalence in patients with daytime hypoxaemia and 
hypercapnia. 
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Apparition de troubles respiratoires au cours du traitement par 
CPAP dans le syndrome d'apnee obstructive du sommeil. 0 . 
Marrone, A. Stallone, A. Salvaggio, F. Milone, V. Bellia, G. 
Bonsignore. 
REsUME: L'ensemble des 6v~nements respiratoires survenant 
au cours du sommeil chez les patients atteints du syndrome 
d'apn6e obstructive du sommeil (OSAS) apr~ abolition des 
apn6es obstructives, a 6t6 ~tudi~ fa~n approfondie chez les 
sujets tracbeotomises, mais a fait l'objet de beaucoup moins 
d'attention chez ceux soumis a une pression positive continue 
des voies a6riennes (CPAP). Nous avons analyse le type 
respiratoire au cours du sommeil chez 40 patients pendant 
!'administration de CPAP. Une respiration reguli~re pendant 
!'ensemble du sommeil a ete observ~e chez 15 patients. Chez 
les 25 autres, un ou plusieurs des ev6nements suivants ont ete 
remarques: apnees centrales, hypopnees, respirations 
p6riodiques, desaturations prolongees de l'oxy-h6moglobine. Les 
apn~es centrales pendant le sommeil NREM apparaissent 
presque exclusivement apr~s les p6riodes de reveil ou de veille. 
Leur prevalence ne diff~re pas significativement entre les sujets 
qui ont montr6 ou non des 6venements similaires avant la CPAP. 
Les apnees centrales au cours du somrneil REM apparaissent 
au hasard. Les hypopnees n'ont ete trouvees que dans le sommeil 
REM, et, comme les apnees centrales, se soot developpees au 
hasard; chez 1 patient, elles ont eu une duree prolonge (jusqu'a 
110 secondes). La respiration periodique n'a ete observee que 
chez 2 sujets, dont 1 souffrait de decompensation cardiaque: 
elle se limite au sommeil NREM et ~tait sans relation avec le 
reveil ou des glissements de stade du sommeil. Des desaturations 
oxy-bemoglobinees prolongees ont ete observ~es principalement 
dans le sommeil REM; la plupart des sujets presentant ces 
anomalies avaient des alterations des gaz sanguins pendant le 
jour. 

En conclusion, les anomalies du type respiratoire de patients 
atteints d'OSAS peuvent atre observees au cours de la CP AP et 
apr~s la tracheotomie, mais la respiration periodique est moins 
commune dans la CP AP qu'apr~s tracheostomie, et est 
probablement provoquee par des mecanismes differents. 
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