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Abstract

Background: Automatic CPAP devices have demonstrated good results in obtaining 

optimal fi xed CPAP pressure to eliminate respiratory events in patients with sleep 

apnea-hypopnea syndrome (SAHS). However, automatic CPAP has not been fully 

studied in patients with COPD plus SAHS. Objectives: To analyse the performance 

of an automatic CPAP in severe COPD patients compared with SAHS patients with 

no associated co-morbidity. Methods: We compared 10 consecutive patients with 

SAHS and no associated co-morbidity and 10 patients with SAHS plus severe COPD 

who required CPAP titration. Automatic CPAP performance was studied during full-

night PSG. Inadequate pressure increase periods, absence of pressure increases in 

reaction to respiratory events, air leak periods, and pressure behaviour in the face 

of erratic breathing periods were analysed. Results: The SAHS patients without 

co-morbidities vs. SAHS plus COPD patients presented: mean sleep effi ciency, 

80.2 (11.5) % vs. 76.5 (12.1) %; residual AHI, 6.3 (5.2) vs. 5.1 (7.7); residual CT90, 

1 (3) % vs. 14 (1) %. The device´s performance demonstrates a mean of 1.2 (1.5) 

vs. 1.3 (1.2) periods of inadequate pressure increases; absence of pressure 

increases in reaction to respiratory events, 4.1 (5.4) vs. 0.6 (0.7) times; periods of 

air leaks, 1.3 (3.8) vs. 13.9 (11.7); mean optimal pressure, 9.1 (1.4) vs. 9.0 (1.9) cm 

H
2
O. Conclusion: Titration with automatic CPAP could be as effective in patients 

with SAHS plus severe COPD as in patients with SAHS without COPD. However, the 

presence of more leakages must be taken into account.
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Introduction

Sleep apnea-hypopnea syndrome (SAHS) is characterized by sleepiness, 
neuropsychiatric, cardio-respiratory, infl ammatory and metabolic disorders, 
secondary to periods of breathing cessation (apnea) and reduced breathing 
(hypopnea) during sleep. In Spain and the USA, the population of 30 to 70 
years old, the prevalence of sleep-disorder breathing at apnea-hypopnea 
index (AHI) of ≥10 is 25–32% and the SAHS (AHI ≥10 plus excessive day-
time sleepiness) prevalence is estimated in 3% to 3.4% (1). Overnight full 
polysomnography (PSG) is the gold standard for diagnosis and treatment, 
although simplifi ed alternative methods are very useful in a large percentage 
of patients and studies (2–7). 

Chronic obstructive pulmonary disease (COPD) is characterized by 
chronic and partially reversible airfl ow obstruction, associated with tobacco 
smoke. COPD is a progressive, preventable and treatable disease with sys-
temic impact. Diagnosis is suspected when a patient has a history of smok-
ing, cough, sputum production and dyspnea. It is confi rmed by spirometry. 
Its prevalence, at 6–9%, is considered to be underestimated (8). 
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COPD and sleep apnea are known to have harmful 
eff ects on the respiratory physiology of patients. Th e 
prevalence of sleep disorder breathing among patients 
with COPD is similar to that of the general population 
(22% and 25–29%, respectively), yet the prevalence of 
obstructive airway disease among patients with obstruc-
tive sleep apnea is even higher (29–40%) (9,10). On 
their own, these diseases individually compromise gas 
exchange, oxygenation, and overall mortality and morbid-
ity in aff ected patients. Th e combination has been shown 
to have an even more profound negative eff ect on patient’s 
oxygenation, gas exchange, and breathing patterns (11). 
Th erefore, early recognition and prompt treatment of 
coexistent SAHS in patients with COPD is essential for 
reducing their morbidity and mortality (12). 

In a large multicentre study, the effi  cacy of an auto-
matic CPAP device has been demonstrated as obtaining 
optimal fi xed CPAP pressure to eliminate all respiratory 
events and normalize sleep architecture (13). However, 
in this study almost 20% of patients were excluded 
because of notable associated co-morbidities, such as 
cancer, chronic pain, renal failure, and moderate or 
severe chronic obstructive pulmonary disease. Th ere-
fore, adequate selection of patients is very important 
to use the automatic CPAP for titration eff ectively and 
avoid a second titration by full PSG that would not be 
cost-eff ective. 

As COPD and SAHS are very common diseases and 
as severe COPD patients may have intrinsic problems 
with respect to automatic titration we have analysed the 
performance of automatic CPAP in this group of patients. 
Our aim in this study was to analyse the performance of 
an automatic CPAP in severe COPD patients compared 
with SAHS patients with no associated co-morbidity. 
Specifi cally, we have analysed 1) whether inadequate 
pressure increase periods; 2) whether absence of pressure 
increases in reaction to respiratory events (apnea, hypo-
pnea, snoring, periods of airfl ow limitation); 3) whether 
leaks occur 4) the behaviour of the device during erratic 
breathing periods when the patient is awake or during 
the arousals periods and, fi nally 5) the optimal pressure 
required to abolish the greater part of respiratory events.

Material and Methods

Patients
Th e study population consisted of 10 consecutive patients 
with SAHS without clinical evidence of pulmonary or 
cardiovascular co-morbidity associated and 10 patients 
with SAHS and severe COPD without clinical evidence 
of other disease who required CPAP titration, both 
groups paired in terms of demographic characteristics 
and in severity of SAHS and nocturnal desaturation. 

Sleep study
Automatic CPAP performance was studied during 
full-night PSG in each patient. PSG was performed in 
the usual manner (14). Briefl y, the registered variables 

(Jaeger Sleep Lab 1000P, Jaeger, Warwick, UK) were 
electroencephalogram, chin electromyogram, elec-
trooculogram and tibial electromyogram. Breathing 
variables were scored based on the fl ow tracing provided 
by a pneumotachograph connected to the nasal mask. 
Th oracic and abdominal bands measured thoracoab-
dominal motion. Oxygen saturation was recorded by a 
fi nger-pulse oximeter. 

Sleep staging was performed manually, using the crite-
ria of the American Academy of Sleep Medicine scoring 
rules (14). Apnea was defi ned as the absence of airfl ow 
(≥90% reduction) for ≥10 s. Hypopnea was defi ned as a 
reduction in the amplitude of the airfl ow signal ≥50% of 
the basal of at least 10 s duration ending in an arousal 
and/or association with a ≥3% desaturation (14). 

Sleep architecture was considered normal when the 
stages N1 of non-rapid eye movement sleep (NREM 1 
sleep) accounted for 5–10%, stages N2 (NREM 2 sleep) 
accounted for 40–50%, stages N3 (NREM 3 sleep) 
accounted for 20–25% and Stage R of rapid eye move-
ment (REM) sleep accounted for 20–25%, along with 
more than 80% of sleep effi  ciency and 4 to 6 cycles 
(90–110 minutes each cycle) of sequence NREM and 
REM sleep.

Study design
Before the sleep study, patients were trained to use masks 
and the device during a 60-minute daytime period. Th e 
device used was Autoset-T, ResMed, Sydney, Australia. 
Th e pressure was set to start automatically after a 
20-minute standby period (from 4 cm H

2
O up to a 

maximum of 16 cm H
2
O). Th e same model of nasal mask 

(Ultra Mirage; ResMed) was used for all the patients. 
As mentioned, two groups were analysed. Group 1 

comprised SAHS patients without clinical evidence of 
pulmonary or cardiovascular co-morbidity associated, 
were considered as SAHS patients with no co-morbid-
ities and group 2, SAHS patients with severe COPD 
with no clinical evidence of other disease. Analyses of 
the results were performed in two diff erent phases. 1) 
Classical PSG analysis for scoring the neurological vari-
ables and the respiratory variables followed the AASM 
criteria (14). 2) Th e examination of the behaviour of the 
autoadjusted CPAP device was performed blind in both 
groups of patients, according to the following steps and 
criteria.

a) Analysis was performed on a 3-minute (6-epoch) 
screen for all the variables measured, as can be seen 
in Figure 1, and every “period” mentioned below 
was considered as a event in a 3-minute screen over 
the entire night.

b) A period of pressure change was considered when 
the pressure changes ≥2 cm H

2
O. (Figure 2).

c) Inadequate pressure increases periods (increases in 
pressure without respiratory events). (Figure 3).

d) Absence of pressure increases against respiratory 
events. (Figure 4)
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Figure 1. Normal breathing during CPAP titration.

Figure 2. Changes in pressure ≥2 cm H2O in reaction to apnea and hypopnea.

e) Air leaks periods were counted as episodes in 
which the pneumotachograph airfl ow signal was 
displaced out of the airfl ow channel on ≥1/3 of the 
3-minute screen (at least 1 minute of continue air 
leakage). (Figure 5)

f ) Pressure behaviour in the face of erratic breathing 
periods when the patient is awake. (Figure 6)

g) The optimal pressure was determined visu-
ally on the raw data of the automatic CPAP 
device.(13)
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Figure 3. Period of inadequate pressure increases. Increases in pressure from 8 cm H2O to 10 cmH2O.

Figure 4. Absence of pressure increases in reaction to respiratory events. 

Data analysis
Parametric data were described as mean and stan-
dard deviation (SD) and were analysed with t-test 
and no parametric data were described as median 
and range and were analysed with the Wilcoxon 

signed-rank test. A p-value of <0.05 was consid-
ered to be statistically significance. All analyses 
were developed with the “Statistical Package for 
Social Sciences” (SPSS, 18. for Windows; SPSS Inc., 
Chicago, IL).
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Figure 5. Air leaks. The arrow shows the beginning of the leak period.

Results

Th e baseline data are shown in Table 1. Two groups were 
paired in terms of demographic and sleep characteristics: 
(1) Ten patients with SAHS with no co-morbidity associ-
ated. Age, 60 (12) years; male/female, 7/3; BMI 32.3 (4.3); 
AHI, 62.1 (34.4); CT90 (percentage of the night spent 
with a saturation less than 90%), 31.2 (18.6) and 2) 10 
patients with SAHS and severe COPD without reported 
cardiovascular disease, age, 64 (8) years; male/female, 
10/0; BMI 32.1 (6.2); AHI 50.9 (37.5); CT90 28.5 (21.6); 
all with FEV1/FVC < 70 % with a FEV1 38.4 % (7.7). 

In the group of SAHS patients with no associated 
co-morbidity (Table 2), the mean sleep effi  ciency was 
80.2 (11.5) (N1, 9.2%; N2, 44.4%; N3, 18.0%; and REM, 

28.1%). Th e arousal index was 12.4 (6.1). Residual AHI 
was a mean of 6.3 (5.2), and the CT90 of 1.3 (3.5)%. Th e 
performance of the device showed: 1) A mean of 1.2 (1.5) 
periods of inadequate pressure increases; 2) Absence of 
pressure increases in reaction to respiratory events was 
observed in a mean of 4.1 (5.4) times. 3) A mean of 1.3 
(3.8) periods of air leaks. In this group of patients, 8 did 
not have any leak periods, 1 had 30 minutes of leaks and 
another 3 minutes. Th e device did not show any changes 
in pressure in the face of irregular breathing during peri-
ods of wakefulness. Th e mean optimal pressure required 
to abolish the greater part of a respiratory event was 9.1 
(1.4) cm H

2
O. 

In the group of patients with SAHS plus COPD, the 
mean sleep effi  ciency was 76.5 (12.1)% (N1, 12.2%; N2, 

Figure 6. Pressure behaviour in to the face of erratic breathing periods when the patient is awake.
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47.3%; N3, 13.8%; and REM, 26.7%). Th e arousal index 
was 12.8 (5.9). Residual AHI presented a mean of 5.1 
(7.7), and CT90 of 13.9 (1)%. Th e device’s performance 
was: 1) Periods of inadequate increases in pressure, 1.3 
(1.2) times in the overall study. 2) Periods of absence of 
pressure increases in reaction to respiratory events, 0.6 
(0.7) times. 3) Air leaks, 13.9 (11.7) periods. In this group 
of patients, 2 did not have any leak period, one had three 
3 of leaks, another had 18 minutes of leaks, another 
had 30 minutes of leaks and, fi nally, 5 had 73 minutes 
of leaks. Th e pressure in the face of irregular breathing 
during wakefulness periods was maintained without any 
changes. Th e mean optimal pressure required to abolish 
the greater part of the respiratory events was 9.0 (1.9) 
cm H

2
O.

When the CPAP performance was compared between 
groups, the device showed more residual CT90 and 
periods of air leaks in the group of SAHS plus COPD 
than in the group of SAHS with no co-morbidity [CT90 
of 13.9 (31.6)% vs. CT90 of 1.3 (3.5)% (p < 0.05) and air 
leaks, 13.9 (11.7) periods vs. air leaks of 1.3 (3.8) peri-
ods (P = 0.005)]. Th e SAHS plus COPD group showed 
fewer periods of absence of pressure increases in reac-
tion to respiratory events than the SAHS with no co-
morbidity group [mean 4.1 (5.4) times vs. 0.6 (0.7) times, 
(p = 0.075)] however was not statistically signifi cant. 
Sleep effi  ciency, arousal index, residual AHI, periods of 
inadequate pressure increases and fi nal mean optimal 
pressure did not show any signifi cant diff erences.

Table 2. CPAP performance in patients with SAHS and no co-morbidity and in patients with SAHS and COPD

 SAHS SAHS plus COPD p*

N 10 10

Sleep effi ciency (SD) 80.2 (11.5) 76.5 (12.1) 0.533

Arousal index (SD) 12.4 (6.1) 12.8 (5.9) 0.880

Residual AHI (SD) 6.3 (5.2) 5.1 (7.7) 0.517

Residual CT90% (SD) 1.3 (3.5) 13.9 (31.6) <0.05

Periods of inadequate pressure increases (SD) 1.2 (1.5) 1.3 (1.2) 0.885

Periods of absence of pressure increases in the face of 
respiratory events (SD)

4.1 (5.4) 0.6 (0.7) 0.075

Periods of air leaks (SD) 1.3 (3.8) 13.9 (11.7) 0.005

Optimal pressure (SD) 9.1 (1.4) 9.0 (1.9) 0.853

*p-value < 0.05 is statistically signifi cant.

Table 1. Baseline data of SAHS and SAHS plus COPD patients

SAHS SAHS plus COPD p*

Male/Female 7/3 10/0

Age (SD) 60 (12) 64 (8) 0.155

BMI (SD) 32.3 (4.3) 32.1 (6.2) 0.574

AHI (SD) 62.1 (34.4) 50.9 (37.5) 0.575

CT90 (SD) 31.2 (18.6) 28.5 (21.6) 0.483

*p-value < 0.05 is statistically signifi cant.

Discussion

In the latest update, the American Academy of Sleep 
Medicine (AASM) established that patients with signifi -
cant lung disease such as chronic obstructive pulmonary 
disease are currently not considered candidates for auto-
matic CPAP titration. Th is recommendation is based on 
the fact that most automatic CPAP studies excluded these 
patients because the sensors and algorithms identifying 
respiratory events may not be sensitive or specifi c in 
these cases. Areas for future research are recommended 
by the AASM at the end of this document, suggesting 
a need to clarify which patients would be suitable for 
automatic CPAP devices, paying particular attention to 
subjects with mild SAHS or co-morbidities (15). 

Consequently, the aim of this study was thus to anal-
yse the performance of an automatic CPAP device in 
severe COPD patients, compared with SAHS patients 
with no cardiovascular or pulmonary co-morbidity 
associated, to evaluate whether the presence of severe 
co-morbidities such as COPD could result in a subopti-
mal titration with an automatic CPAP. 

In this study, we observed no statistically signifi cant 
diff erences in either the sleep effi  ciency or the arousal 
index of patients with SAHS, compared to SAHS plus 
COPD after titration with automatic CPAP. Th ere were 
no diff erences between the two groups in the residual 
AHI, in the periods of inadequate pressure increases 
and in the optimal pressure. Th ese results confi rm the 
effi  cacy of an automatic CPAP device in the titration of 
SAHS with COPD. 

However, we also found more air leak periods in the 
SAHS plus COPD group. Th is is a fact to keep in mind 
because no known studies in the literature that shows 
acute air leaks in the fi rst night of titration with CPAP 
in patients with respiratory diseases. Th e presence 
of signifi cant leakages in our severe COPD patients 
with SAHS could be related to the pathophysiology of 
COPD. Th e COPD is characterized by a non-reversible 
airway obstruction and hyperinfl ation and accordingly 
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auto-positive end-expiratory pressure (16). Th us, CPAP 
treatment could have an acute eff ect, increasing the 
auto-positive end-expiratory pressure (PEEP) and caus-
ing more leakage through the mouth in titration with 
Automatic CPAP. 

Also, the abnormal pattern of breathing in these 
patients may contribute to the increase in the leak peri-
ods (17). Th is eff ect has been described in noninvasive 
ventilation (18). Th ere is a reduction in the eff ective 
ventilation when a leak occurs that is compensated and 
minimised with most of the pressure preset devices. 
However, the subsequent prolongation of the inspiratory 
time in the presence of air leakage may lead to insuf-
fi cient time for expiration, hyperinfl ation and trigger 
failure. Th ese consequences can be especially harmful 
for COPD patients. 

It has been well described the factors that can con-
tribute to the development of leakages during CPAP 
treatment, and the permeability of the upper airway is 
one of the most important factors. Th us, it has been 
described as a cause of leaks in noninvasive ventilation, 
the presence of patient-ventilator asynchrony because 
of glotic closure and increase in the airway resistance 
(19). Th is same mechanism of leaks could be involved 
in COPD due to the non-reversible obstruction of the 
airway that characterizes the disease. 

In this study, 50% of patients with SAHS and 
COPD had more than 70 minutes of leaks during the 
sleep period, compared to the other group, in which 
only one patient showed 30 minutes of leaks. We can 
divide patients with SAHS and COPD into two groups: 
patients with severe leaks, defi ned as more than 30 
minutes of leaks, and those with mild leaks (less than 
30 minutes). In our study, COPD patients with severe 
leaks had a signifi cantly increased residual CT90 in 
comparison with those who had mild leaks or no leaks 
(p = 0.02) that was not attributed to the severity of 
COPD (Table 3); furthermore, the residual AHI was 
also higher in COPD patients with severe leaks, com-
pared to those with mild leaks, (p = 0.056), however, is 
not statistically signifi cant.

Six months after CPAP titration, two patients in the 
SAHS and COPD group required change of nasal inter-
face to oronasal interface and of these, one patient did 
not use the CPAP for lack of compliance. One patient 
in the SAHS with no co-morbidity group required 

change of nasal interface to oronasal and did not use 
the CPAP for lack of compliance. Th e rest of patients in 
both groups showed good compliance and no required 
another titration neither changes on pressure. For this 
reason, and in the light of our results, we believe that 
the titration with automatic CPAP can be performed in 
SAHS and COPD patients. However, it is necessary to 
pay special attention to the possibility of leaks that can 
require changing the interface. 

Our study has some limitations: fi rst, the small num-
ber of patients analysed and, second, the absence of 
long-term monitoring to confi rm the eff ective pressure 
of automatic CPAP, despite the presence of air leaks in 
the group of SAHS plus COPD. 

In conclusion, titration with an automatic CPAP 
in patients with SAHS and severe COPD could be as 
eff ective as in patients without COPD. However, the 
presence of more leakages must be taken into account 
with respect to titration with automatic CPAP, in order 
to optimize results and improve compliance. Closer 
monitoring should probably be recommended in COPD 
patients, especially at the beginning of the CPAP, on the 
fi rst night of CPAP titration. 
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