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ABSTRACT: Autotitrating continuous positive airway pressure (CPAP) devices
automatically adjust the pressure according to upper airway obstructions. The aim of
this study was to compare the treatment effects of different automatic CPAP devices
(AutoSet, Horizon and Virtuoso) with conventional CPAP in patients with obstructive
sleep apnoea independently of financial manufacturer support.

Twelve male patients with obstructive sleep apnoea were submitted to a crossover
study protocol with overnight polysomnography for 6 consecutive nights. After
diagnostic polysomnography, the CPAP pressure was manually titrated. Over the
next 4 nights, the patients were treated with any one of the three automatic CPAP
devices or fixed CPAP in random order.

The apnoea/hypopnoea index on the diagnostic night was 67.3¡21.7 events?h-1, and
was significantly reduced to 0.7¡1.2, 3.0¡2.9, 2.3¡2.5 and 12.0¡13.6 events?h-1 with
the fixed CPAP, AutoSet, Horizon and Virtuoso devices respectively. An apnoea/
hypopnoea index ofv5 events?h-1, an indicator of optimal treatment, was achieved in all
patients with fixed CPAP and in 10 patients using the Autoset and Horizon devices, but
in only six of the 12 using the Virtuoso. The mean pressure was significantly lower with
the AutoSet and Virtuoso devices, but not with the Horizon as compared to fixed
CPAP. The maximum pressure was significantly higher with the Horizon.

It is concluded that automatic continuous positive airway pressure devices produce a
significant reduction in apnoea/hypopnoea index; however, there is considerable
difference in the efficacy of the various devices.
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Nasal continuous positive airway pressure (nCPAP) is the
therapy of choice for patients with moderate-to-severe
symptomatic sleep apnoea [1, 2] as it has been shown to
improve quality of life [3] and cardiovascular risk factors such
as arterial hypertension [4, 5] in controlled trials. The pressure
applied during long-term treatment is generally determined by
a technician in the sleep laboratory on the basis of a
continuous polysomnographic recording. The treatment
pressure is increased until apnoeas, hypopnoeas and snoring
are prevented during all sleep stages and in the supine
position. This fixed pressure is then used for home therapy.
During the course of the night, the pressure that is needed to
prevent upper airway obstruction varies according to the
severity of upper airway obstruction, body position, sleep
stage and other factors, such as nasal congestion and alcohol
consumption [6–9]. Automatic CPAP devices were designed
to increase the applied pressure when airway obstruction or
snoring occurs and lower the pressure when the patient is
awake or no obstruction occurs. The process of pressure
titration might be simplified by these devices, thus saving time
and costs.

The performance of automatic nCPAP devices can be
evaluated by means of both bench studies and clinical studies.
Bench studies testing the response of the device to numerous
well-defined events under controlled conditions are essential
during the developmental process before patients are treated.
Clinical studies are then necessary to demonstrate that the

device functions appropriately in clinical practice, where a
variety factors may disturb the algorithm of the device.

The clinical studies published to date have tested the
performance of a single device of the manufacturer sponsor-
ing the study against no treatment [10–12], the pressure
determination night [12–14] or fixed nCPAP [12, 15]. The aim
of the present study, therefore, was to compare the effective-
ness of the three most frequently used automatic nCPAP
devices in Germany (AutoSetTM; ResMed, San Diego, CA,
USA; Horizon; DeVilbiss Sunrise Medical, Inc., Carlsbad,
CA, USA; and Virtuoso; Respironics, Inc., Murrysville, PA,
USA) with fixed nCPAP using a crossover protocol indepen-
dently of financial manufacturer support.

Methods

Patients and protocol

Over a period of 6 months, one patient per week could be
studied. Each Tuesday, one patient with documented
obstructive or mixed sleep apnoea (apnoea/hypopnoea index
(AHI) of w10 events?h-1) in the diagnostic sleep study of the
preceding night was asked to participate. If there was more
than one eligible patient, patients were asked in alphabetical
order. Thus, a group of consecutive unselected patients with
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moderate-to-severe obstructive and mixed sleep apnoea who
commenced nCPAP treatment were studied. Exclusion
criteria were predominantly central apnoeas, allergic rhinitis,
upper airway infection, hypercapnic respiratory failure
(arterial carbon dioxide tension of w6.7 kPa (w50 mmHg)),
heart failure (New York Heart Association Functional Class
III–IV), claustrophobia or malignancy. Sixteen of the eligible
patients consented to participate (one female and 15 males,
aged 52¡7.9 yrs (mean¡SD), with a body mass index of
32.3¡4.0 kg?m-2).

After the diagnostic sleep study, the patients received
detailed information concerning nCPAP treatment, an
appropriate nasal mask was chosen and the patients then
tested fixed nCPAP at different pressure levels for y1 h
during wakefulness until they felt comfortable breathing with
the device.

All patients underwent manual CPAP titration during the
second night. Over the following 4 polysomnographic study
nights, the patients were treated in random order with one of
three different self-adjusting CPAP devices or with fixed
CPAP using the effective pressure that had been manually
titrated. Four patients did not complete the study: three
patients did not want to continue as they could not tolerate
the unnecessarily high mask pressure during automatic CPAP
(one patient each on the Virtuoso, Horizon and AutoSet
devices) and one patient did not want to continue because he
could not exhale with fixed nCPAP. The results of the 12
patients that completed the study are presented here.

The study protocol was approved by the ethics committee
of Philipps University Marburg (Marburg an der Lahn,
Germany), and all patients gave their written informed
consent before inclusion in the study.

Sleep studies

The following parameters were recorded continuously
using chart recorders (ED-16 and UD-8; Madaus Schwarzer,
Munich, Germany): electroencephalography (2 leads (C3/A2
and C4/A1)), electro-oculography (2 leads), electromyography
(chin), thoracic and abdominal movements by means of
inductive plethysmography (Respitrace; Ambulatory Mon-
itoring, Ardsley, NY, USA), oronasal airflow by means of
thermistors, arterial oxygen saturation (Sa,O2) by means of
finger oximetry (Nellcor, Hayward, CA, USA), and 1-channel
electrocardiography. Snoring was detected with a surface
microphone placed over the trachea.

CPAP therapy was introduced the night after the diagnostic
study. All patients received CPAP via a nasal mask. The nasal
mask was selected individually, and all patients used the same
interface for all treatment nights. Instead of oronasal airflow,
the pressure at the nasal mask was recorded using a
piezoelectric pressure sensor (Sensortechnics, Puchheim,
Germany) during the treatment nights.

Continuous positive airway pressure titration

Manual titration. The CPAP titration was started with the
pressure set at 4 cmH2O. During sleep, the pressure was
increased in steps of 1 cmH2O, until apnoeas, hypopnoeas and
snoring were prevented during all sleep stages and in the supine
position. This pressure was used for fixed nCPAP.

Automatic titration. Automatic titration was performed with
the AutoSet, Horizon and Virtuoso devices. The AutoSet and
Horizon utilise a pneumotachograph to detect flow limitation,
snoring and apnoeas.

The Virtuoso device uses a pressure transducer to detect
vibrations that occur together with apnoeas, hypopnoeas and
snoring. In the present study, no upper or lower pressure
limits were set.

Data analysis

The diagnostic night and the treatment nights were
evaluated. Sleep stages were scored in 30-s epochs according
to the criteria of RECHTSCHAFFEN and KALES [16]. An apnoea
was defined as the cessation of oronasal airflow for o10 s. A
hypopnoea was defined as a reduction in oronasal airflow by
o50% lasting for o10 s, accompanied by a decrease in Sa,O2

of o4% of the preceding stable Sa,O2. The number of apnoeas
plus hypopnoeas per hour of sleep was calculated and
reported as the AHI.

Arousal was defined according to American Sleep Disorders
Association criteria [17]. The number of all electroencephalo-
graphic arousals per hour of sleep was defined as the total
arousal index. The respiratory arousal index was defined as the
number of respiratory disturbances (apnoeas, hypopnoeas and
snoring episodes) accompanied by electroencephalographic
arousal per hour of sleep. Nonrespiratory arousals were
calculated as the difference between the total arousal index
and the respiratory arousal index. The arousal-after-pressure-
elevation index was defined as the number of electroencephalo-
graphic arousals that occurred after a pressure elevation of the
automatic CPAP devices per hour of sleep.

Sa,O2 was recorded continuously and minimal, maximal
and mean Sa,O2, as well as the percentage of total sleep time
(TST) spent at an Sa,O2 of v90%, were calculated.

Mask pressure was continuously recorded and minimal,
maximal and mean mask pressure, as well as the percentage of
TST spent with a mask pressure greater than that of fixed
CPAP, were calculated.

The evaluation was performed by an experienced technician
otherwise not involved in the study.

Statistical analysis

Data were computed as mean¡SD for descriptive purposes.
The different treatment modalities were compared using
Friedman9s test. Pairwise comparisons were carried out by
means of the Wilcoxon test. Significance was assumed at a
p-value of v0.05.

Results

Respiratory disturbances

Mean AHI was significantly decreased with fixed CPAP
and all of the automatic CPAP devices (fig. 1). The AHI with
fixed CPAP was significantly lower than with all of the
automatic nCPAP devices. The AHI with the AutoSet and
Horizon devices was significantly lower than with the Virtuoso.
An AHI of v5 events?h-1, an indicator of optimal treatment,
was seen in all patients using fixed CPAP and in 10 of the 12
patients with the Horizon and AutoSet devices, but in only six
of the 12 patients with the Virtuoso.

Sleep structure

Table 1 shows the TST and sleep stage distribution of
the diagnostic and treatment nights. The TST was not
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significantly different on any of the 5 study nights. The stage
3–4 nonrapid eye movement and rapid eye movement sleep
stages increased on all 4 treatment nights compared to the
diagnostic night. No significant differences concerning sleep
stages were found between fixed CPAP and the automatic
CPAP devices.

Arousal

Figure 2 shows the individual results for total arousal
index. No significant differences were found between the
automatic CPAP devices compared to fixed CPAP. Figure 3
gives an overview of the arousals separated into respiratory
and nonrespiratory arousals, as well as arousal after pressure
elevation. The number of respiratory arousals with fixed
CPAP was significantly lower than with the AutoSet and
Virtuoso devices. No significant difference was seen between
the AutoSet and the Horizon. With the Virtuoso, the number
of respiratory arousals was significantly higher than with the
Horizon and fixed CPAP.

The arousals seen after an increase in pressure by automatic
CPAP devices ranged 0.8–1.3 events?h-1 and were not
significantly different between the automatic CPAP devices.
In addition, no significant difference was found in the
number of nonrespiratory arousals between the 4 treatment
nights.

Oxygen saturation

The minimal and mean Sa,O2 during the treatment nights
are shown in table 2. The differences found in minimal and
mean Sa,O2 and the percentage of TST spent with an Sa,O2

ofv90% did not differ significantly between automatic CPAP
devices compared to fixed CPAP.

Mask pressure

Figure 4 shows the mean mask pressure with fixed CPAP,
as well as the mean and maximal pressures with the automatic
CPAP devices. The mean pressure with fixed CPAP
was 9.9¡1.8 cmH2O, and was significantly lower with the
AutoSet (7.3¡1.6 cmH2O) and Virtuoso (6.5¡2.3 cmH2O)
devices. No significant difference was found for the Horizon
(8.5¡2.8 cmH2O) compared to fixed CPAP. The mean
pressures did not differ significantly between the three
automatic CPAP devices.

Figure 4 also shows that, with automatic CPAP devices,
higher maximal pressures were applied compared to fixed
CPAP (11.4¡1.9, 13.3¡3.5 and 10.5¡3.3 cmH2O for the
AutoSet, Horizon and Virtuoso devices, respectively). Com-
pared to fixed CPAP, this difference was not significant for
the AutoSet and Virtuoso, but maximum pressure with the
Horizon was significantly higher than with fixed CPAP and
the AutoSet and Virtuoso. The percentage of TST spent with
a pressure higher than with fixed CPAP did not differ
significantly between the automatic CPAP devices (table 3).
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Fig. 1. – Apnoea/hypopnoea index (AHI) during the diagnostic (D)
and treatment nights using various continuous positive airway
pressure (CPAP) devices. Data are presented as mean¡SD. *: pv0.05
versus all other groups; #: pv0.05 versus diagnostic night, fixed CPAP
and Virtuoso.

Table 1. – Total sleep time (TST) and sleep stages of the diagnostic and treatment nights

Diagnostic night Fixed CPAP Automatic CPAP

AutoSet Horizon Virtuoso

TST min 363.7¡61.4 374.6¡86.5 339.2¡66.7 356.5¡52.6 339.5¡51.3
NREM %

Stage 1 14.9¡12.0 8.0¡5.5* 9.7¡6.2* 9.1¡6.6* 11.2¡5.4
Stage 2 70.2¡11.8 52.3¡7.9* 51.9¡10.0* 54.2¡7.2* 50.2¡9.8*
Stage 3–4 5.8¡6.5 18.3¡5.7* 16.8¡6.1* 16.3¡6.6* 15.8¡6.6*

REM % 9.0¡3.8 21.4¡6.1* 21.6¡9.0* 20.4¡6.3* 22.7¡6.6*

Data are presented as mean¡SD. CPAP: continuous positive airway pressure; NREM: nonrapid eye movement; REM: rapid eye movement.
*: pv0.05 versus diagnostic night.

���

��

��

��

��

��

��

	�


�

��

�

��
��
�%
&��
��
��
��
��
�

� ����� ������� �������  �������
"#�#�����$�

�

�
�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

��

�

�

�

�

��

�

�

�
�

�

�

�

����

�

���
�

�

Fig. 2. – Individual results for total arousal index during the diagnos-
tic (D) and treatment nights using various continuous positive airway
pressure (CPAP) devices.
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Discussion

The automatic CPAP devices tested in the present study
significantly reduced the AHI of patients with moderate-to-
severe obstructive sleep apnoea. Compared to fixed CPAP,
the AHI was significantly higher with all automatic nCPAP
devices. Optimal treatment, with an AHI of v5 events?h-1,
generally accepted as normal [18], was seen in all patients by
use of fixed CPAP and in 10 of the 12 patients with the
AutoSet and Horizon devices, but in only six of the 12
patients with the Virtuoso. With the automatic CPAP devices,
Sa,O2, arousal index and sleep structure were substantially
improved in a way that was similar to that with fixed CPAP.
The mean CPAP pressure of the automatic CPAP devices was
1.4–3.5 cmH2O lower than with fixed CPAP, which was
significant for the AutoSet and Virtuoso. However, with all
autotitrating CPAP devices, the maximum pressure applied
throughout the night was 0.6–3.4 cmH2O higher than with
fixed CPAP.

A prospective controlled randomised crossover design was
chosen for the present study. All patients were studied
polysomnographically over six consecutive nights. Although
all of the patients underwent a diagnostic study on the first
night and manual titration of fixed CPAP on the following
night, the order in which the three automatic CPAP devices
and fixed CPAP were applied over the subsequent 4 nights
was randomised and balanced. Thus any sequence effect was
avoided. In contrast to many previous studies, the effect of
automatic CPAP devices was compared with effective fixed
CPAP, whereas several previous studies compared automatic
CPAP treatment alone with the diagnostic night [19] or with

the results of the pressure determination night for fixed
nCPAP [13, 20].

The present study confirms the significant reduction in AHI
obtained with individual automatic CPAP devices [11, 14, 15,
21–26]. In addition and for the first time, it provides
comparative data demonstrating substantial differences in
the effectiveness of different automatic CPAP devices and
fixed nCPAP.

The greatest AHI reduction of w98% was achieved with
fixed CPAP. In two previous studies, the results with
automatic CPAP were better than those with fixed CPAP
[12, 13], most probably due to the fact that, unlike in the
present study, no attempt was made by these authors to
eliminate snoring as a symptom of persisting partial upper
airway obstruction. A further cause of the relatively poor
results with fixed CPAP in these studies may be that the AHI
of the manual titration night, with longer periods of
ineffective fixed nCPAP, was compared with the results of
automatic CPAP. SCHARF et al. [27], using a study design
similar to that in the present study, also found a lower AHI
with fixed CPAP compared to automatic CPAP (the
Horizon), although the results of the two treatment modalities
did not differ significantly.

Although all three automatic devices studied significantly
reduced the AHI, substantial differences in effectiveness were
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Fig. 3. – Arousal caused by respiratory events (h; apnoeas, hypop-
noeas and snoring), as well as nonrespiratory events (u) or pressure
elevation (p), during the diagnostic (D) and treatment nights using
various continuous positive airway pressure (CPAP) devices. Data are
presented as mean¡SD. *: pv0.05 versus diagnostic night; #: pv0.05
versus fixed CPAP; }: pv0.05 versus AutoSet; z: pv0.05 versus
Horizon; §: pv0.05 versus Virtuoso.
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Fig. 4. – Mean (h) and maximum (u) pressure with the various
continuous positive airway pressure (CPAP) devices. Data are
presented as mean¡SD. *: pv0.05 versus fixed CPAP; #: pv0.05 versus
AutoSet; }: pv0.05 versus Horizon; z: pv0.05 versus Virtuoso.

Table 3. – Time spent with a pressure (P) higher than with
fixed continuous positive airway pressure (CPAP)

AutoSet Horizon Virtuoso

TST at P wfixed CPAP % 22.8¡33.8 38.6¡32.9 6.1¡12.3

Data are presented as mean¡SD. TST: total sleep time.

Table 2. – Arterial oxygen saturation (Sa,O2) and time spent at an Sa,O2 of v90% during treatment nights

Fixed CPAP Automatic CPAP

AutoSet Horizon Virtuoso

Mean Sa,O2 % 95.2¡1.6 95.8¡1.3 95.5¡1.0 94.7¡3.1
Minimum Sa,O2 % 84.9¡3.6 84.5¡5.1 86.4¡2.6 81.5¡6.5
TST at v90%Sa,O2 % 0.59¡0.74 0.98¡1.70 0.33¡0.36 9.29¡26.63

Data are presented as mean¡SD. CPAP: continuous positive airway pressure; TST: total sleep time.
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shown. The AutoSet as well as the Horizon device reduced the
AHI by w90% and thus came close to the optimal result
achieved with fixed nCPAP. Although the AHI with both
devices was significantly higher than with fixed CPAP, these
differences were small and most probably clinically irrelevant.
With the Virtuoso, mean AHI was significantly reduced
byw80% compared to the diagnostic night; however, the AHI
remained at w10 events?h-1 in six of the 12 patients studied
and mean AHI with the Virtuoso was substantially higher
than with fixed CPAP. Since the Virtuoso does not utilise a
pneumotachograph, it does not reliably detect the obstructive
apnoeas with complete upper airway occlusion that occur
suddenly without previous snoring in some patients. Con-
versely, the system reacts adequately with an increase in
pressure to partial airway obstruction such as obstructive
hypopnoeas and snoring. SHARMA et al. [20] demonstrated a
reduction in AHI from 50.8 to 6.1 events?h-1 with the
Virtuoso, but to y3 events?h-1 with fixed CPAP. As in the
present study, it was observed that the Virtuoso did not
increase pressure despite upper airway obstruction in seven of
20 patients.

Normalisation of sleep stages was observed during the
treatment nights. The longest duration of slow-wave sleep was
found with fixed CPAP, most probably caused by the largest
reduction in AHI and respiratory arousal index with this
device.

Compared to the other three devices, treatment with the
Virtuoso led to a substantially higher total arousal index,
which can be attributed to persisting breathing disturbances.
As expected, the number of nonrespiratory arousals did not
differ significantly between fixed CPAP and any of the three
automatic nCPAP machines in the present study, and they
even occurred less frequently than in a study in healthy
subjects [28]. Arousal after pressure elevation during auto-
matic CPAP accounted forv7% of all arousals. Thus, arousals
caused by pressure increase is not a relevant problem in the
devices tested.

The mean treatment pressure of all of the automatic CPAP
devices was lower than that used for fixed CPAP. With the
Autoset and Horizon, the mean pressure was lower (27% and
14%, respectively) than with fixed CPAP. Treatment with
these two devices was slightly less effective than with fixed
CPAP. The lowest mean mask pressure was applied by the
Virtuoso (34% lower). However, the Virtuoso failed to
increase pressure in reaction to breathing disorders, leading
to the highest AHI and arousals and the lowest Sa,O2 with
treatment.

The maximum pressure applied during automatic CPAP
treatment clearly exceeded the pressure used for fixed CPAP,
and patients spent up to 38% (the Horizon) of TST with a
pressure that was higher than with fixed CPAP; thus,
unnecessarily high mask pressure may be applied by auto-
titrating devices.

Based on the present study, it cannot be concluded that
automatic CPAP is as effective in an unattended situation in
the patient9s home. Several observations were made of the
automatic CPAP machines erroneously increasing pressure
due to mask leaks, and, in three patients, this was the reason
for withdrawal of their consent to continue the study.
Therefore, unattended automatic nCPAP without an upper
pressure limit may deter patients from nCPAP therapy.
Furthermore, the only aspect of the initiation of CPAP
therapy that was dealt with by the automatic device was
pressure determination. All of the other aspects, such as mask
adaptation, prevention or removal of leak, and patient
support, were performed by experienced technicians.

The present study demonstrates substantial differences in
the performance of automatic nCPAP devices in the clinical
setting. In addition to bench testing, clinical testing of the

different devices, as performed here, is essential for the
evaluation of the performance and efficacy of automatic
CPAP in routine use. Devices that do not achieve a reduction
in breathing disorders similar to those obtained with fixed
nCPAP should not be used. From the present study study, the
current authors have come to the conclusion that fixed
nCPAP should be used in the first line of treatment. If
patients report discomfort with fixed nCPAP, automatic
CPAP with devices that lead to a prevention of breathing
disorders comparable to those obtained with fixed nCPAP
may be a valuable additional treatment option.

It is concluded that two of the three automatic continuous
positive airway pressure devices tested effectively treat
patients with uncomplicated obstructive sleep apnoea in the
sleep laboratory and provide treatment results that are
comparable to those obtained with fixed continuous positive
airway pressure, the standard treatment at present. The
present study also demonstrates that not all autotitrating
devices are equally effective. The Virtuoso device did not
work properly in 50% of the patients, and, as a consequence,
is no longer commercially available in Germany.
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