application for this use of dipsticks is bacterial-mycobacterial
effusion discrimination, particularly in the setting of resource-
limited healthcare systems. However, where access to standard
biochemical pleural fluid analysis, including adenosine deaminase
[5], is available, dipstick tests add little value to current practice.
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Response of automatic continuous positive airway
pressure devices in a normal subject

To the Editors:

Obstructive sleep apnoea (OSA) is a prevalent disease whereby
people become unable to breathe when asleep. During sleep
the pharyngeal walls are sucked in and collapse completely,
causing full (termed apnoea) or incomplete (termed hypo-
pnoea) abolition of airflow. OSA can lead to daytime fatigue
and sleepiness, impairment in cognitive functions, motor
vehicle crashes, hypertension, cardiovascular disease, stroke
and premature deaths [1].

OSA is easily treated with continuous positive pressure
applied throughout sleep [2]. The right amount of pressure
is determined individually during a titration night, when
pressure is gradually increased to keep the airway open to
allow for normal sleep and breathing [2]. In 1993 it was
postulated that this process of titration could be performed
with a stand alone blower equipped with a microprocessor
guiding the positive pressure [3]. The idea was to use the
blower as a monitoring device identifying abnormal breathing
events and react by increasing pressure until disappearance of
the abnormal events. The device would then slowly decrease
pressure until events reappeared and the pressure would then
be increased again [3]. These machines, termed automatic
continuous positive airway pressure devices (autoCPAP), were
proposed as monitoring or even diagnostic machines [4], as
devices used for one night to determine the fixed CPAP level to
be used thereafter [5] or even as therapeutic machines to be
used every night and to adapt the pressure necessary to keep
the pharynx open at all times [6].

When autoCPAP devices were tested in a bench study it was
shown that no two devices reacted alike, that many devices did

This article has supplementary material available from www.erj.ersjournals.com
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not even recognise the events they were supposed to act upon
and that even when recognising the events, many were not
able to correct them [7].

Contrary to pharmaceutical treatments, autoCPAP devices
have never been submitted to phase I studies. In other words,
they have never been applied to normal subjects [8]. If the
assumptions behind these devices are correct, an autoCPAP
applied to a normal subject should detect no abnormality in
breathing and therefore its positive pressure should remain at
the minimum level (4 cmH,O in general) necessary to wash
out the expired CO, from the mask. We decided to test
this scenario in a double-blind experiment in one normal
volunteer.

The volunteer subject was a 29-yr-old never-smoker male with
an unremarkable medical history. On medical examination
weight was 90.5 kg and height was 186 cm. Blood pressure
was 115/75 mmHg, heart rate was 63 beats'min? and the
transcutaneous O, saturation was 98%. The rest of the physical
examination was unremarkable. The Mallampati score was 1.

The subject signed an informed consent form and received a
payment of €100 for each polysomnography (PSG). On two
successive nights PSG was recorded. After verifying the
normality of sleep and breathing he was given a CPAP
machine (Good-Knight 420G devices; Covidien, Mansfield,
MA, USA) with mask (Flexy Fit407#; Fisher and Paykel,
Auckland, New Zealand) and gears to use at home at a
pressure of 4 cmH,0. After a few nights habituation, a new
PSG was performed. After verifying that the patient could
sleep normally with the minimum pressure CPAP the ex-
perimental study was started.
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It consisted of pairs of successive nights with full PSG. On one
night the subject slept connected to the 4 cmH,0O CPAP device
and on the other night to one of the tested autoCPAP devices.
The order of the nights was randomised and double-blind.
Only one of the authors (P. Delguste) randomised the nights by
flipping a coin and connected the volunteer to the CPAP or
autoCPAP devices. For all nights the same mask, headgear and
tubing were used. During the CPAP nights the same device
was used throughout the study.

Full night PSG was recorded and analysed as previously described
[9]. Apnoeas, hypopnoeas and flow limitation periods were
defined according to the American Academy of Sleep Medicine.

We tested five main brands of autoCPAP devices using their
proprietary algorithms. All machines were used according to
the manufacturers’ instructions with a minimum pressure
fixed at 4 cmH,O and maximal pressure at 15 cmH,O. The
devices produced an automatic report the following morning.

The protocol of the study had been approved by the Uni-
versity Hospital Ethics Committee (Belgian Record Number
B40320072016).

Table 1 presents the sleep data for the 13 PSGs. The subject was
a rather long sleeper, with sleep times >9 h, sleep efficiencies
>80%, very little wake time after sleep onset and normal
proportions of sleep stages. For the first PSG, we observed
eight hypopnoeas, one central and one obstructive apnoea, all
in stage two non-rapid eye movement (NREM) sleep and seven
episodes of flow limitation (two in stage two NREM sleep and
the other five in rapid eye movement (REM) sleep) with
a length between 20 and 60 s. The second diagnostic PSG
showed 11 hypopnoeas, three obstructive and two central
apnoeas, all in REM sleep. There were three episodes of flow
limitation with lengths from 30 to 120 s in REM sleep. There
was no snoring observed. The first PSG under 4 cmH,O CPAP
did not show major modifications in sleep parameters, except a
slight reduction in stage three to four NREM sleep and a slight
increase in stage two NREM sleep (table 1).

The following recordings on CPAP or autoCPAP showed
similar patterns of sleep without any major change in sleep
length, efficiency, latency, fragmentation, stage proportions or
any other characteristic.

All autoCPAP devices increased pressure during the night,
from three to 14 times and remained above baseline for lengths
varying from 87 to 312 min, corresponding to 15-83% of total
sleep time. Maximal pressures varied between 6 and 8 cmH,0.
There was a great difference between the devices for the
number of increases, the elapsed time before returning to
baseline pressure and the maximal pressure attained. Figure 1
shows all the hypnograms and the corresponding pressure
traces throughout the night for the third recording and all the
autoCPAP nights.

We examined each instance of increase in pressure to identify
possible reasons for the pressure increases. Pressure could
increase in wakefulness after a body position change, after a
central apnoea, coincident with expiratory snoring, after a
movement arousal, after a long expiratory pause (<10 s),
during a period of flow limitation or most frequently without
any identifiable reason (see online supplementary figure).
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13
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2.4
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16
12
2.1

100
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33
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23

57

Sleep lat min

82
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39

110 106 119 126
10
13
2.4
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52.4

91

REM latency
WASO min

14

15
16
3.2

15
12
22
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12
22
343
59.4
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3.0
273
49.3

Stage 1 min
Stage 1 %

1.4
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54.1

1.6
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53.8

19
310
54.8
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272
GShl

284

50.2

342
59.6
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64.5
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52.4

Stage 2 min
Stage 2 %

59.3

93
16.0

116 76 115 74 131 91 163 118 93 90 85
20.8 23.7 15.8 28.8 23.0 16.3

20.9

102
17.7

Stage 3-4 min

16.5

16.5

12.7

13.6

Stage 3-4 %

166
28.5

122
233

153
28.0

151

26.7

106
20.7

106
18.8

135
235

119
215

156
26.9

149
26.9

11

19.8

136
245

120
20.8

Stage REM min
Stage REM %

MAI
AHI

9.6 82 7.6
0.1

0.3
0.1

8.8
0.0
0.2

7.6

0.1

7.8

0.1

1.4

10.4

11.5

10.6

7.3
0.0

0.1

9.0

7.6

0.8
0.4

0.3

0.5

0.4
0.1

0.1

0.9
0.0
6.5/6.9

1.8
0.6

0.0

0.0

0.0

0.0

0.0

0.1

Desat |

515

5.8

P90/P95

Excessive leaks”

Diagn: diagnostic nights; CPAP: polysomnography was performed under continuous positive airway pressure; auto: polysomnography performed connected to five different automatic CPAP devices; TST: total sleep time; Sleep eff: sleep efficiency; Sleep lat: sleep latency; REM:

rapid eye movement; WASO: time in wakefulness after sleep onset; MAI: movement arousal index; AHI: apnoea-hypopnoea index; Desat I: desaturation index; P90/P95: pressure level recommended by the devices. *: precluding consideration of parts of the night by the autoCPAP

devices
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FIGURE 1. Hypnograms (upper plot) and pressure tracings (lower plot) for a, b) two diagnostic, ¢) one continuous and d-h) five automatic continuous positive airway
pressures (CPAP) polysomnographies. Dates are as follows: a) 31.07.09; b) 01.08.09; c) 14.08.09; d) 21.08.09; e) 29.08.09; f) 05.09.09; g) 03.10.09; and h) 09.10.09. Sleep
length can be retrieved from table 1. There are no pressure tracings for the two first recordings. A: awake; R: rapid eye movement; M: movement time; U: undetermined.

All autoCPAP devices reports recommended a pressure
>4 cmH,O for long-term treatment (between 5.5 and 6.5
cmH,0). All devices identified some abnormal breathing events.
None of the devices rejected any part of the night due to
excessive leaks.

We have found that the tested autoCPAP devices applied to a
normal subject increased pressure above baseline during
substantial parts of the night; that many of these increases
were initiated either without any identifiable cause or after
normal night events; that the pressure levels attained and the
characteristics of the pressure increases varied greatly from
one device to another; and that most of these increases did not
disturb sleep. The pressure increases we observed were rather
modest with maximal pressure remaining always below
10 ecmH,O. The automatic reports produced by the devices
recommended fixed pressures for long-term treatment 37.5-
62.5% above the baseline value of 4 cmH,0.

It has previously been shown that ~20% of events detected by
an autoCPAP correspond to wakefulness and that 60% of
clinical significant events were not detected [10]. Bench studies
have shown that autoCPAP devices faced with standardised
events react in very different ways. Some devices recognise
apnoeas or hypopnoeas, but not all devices react by increasing
pressure [7]. Our data confirm these previous findings but
tested in a normal subject and show in addition that autoCPAP
devices can increase pressure without reason, or in response to
non-respiratory events (such as body position changes or
spontaneous movement arousals).

We only studied one subject since autoCPAP devices have
never been tried in normal subjects and because we believed it
was not necessary to include more subjects to demonstrate that
these devices overreact in the face of trivial events or even at
random. The therapeutic pressure they recommend is thus
partly unreliable and includes some level of error. Its actual
magnitude and clinical importance remains to be determined
and will require larger studies. Until these studies are per-
formed, a dose of scepticism is necessary when autoCPAPs are
used for titration and before conversion to a fixed therapeutic
pressure. The assumption that all devices perform similarly
should also be abandoned. Finally, our data show that
autoCPAPs should not be used for diagnostic purposes.

In conclusion, we found that autoCPAP machines reacted in
different ways and recommended different therapeutic levels
of fixed pressure when applied to the same normal subject.
These differences could have a clinical impact; a normal subject
using the most sensitive devices could be wrongly diagnosed,
or could be treated with higher pressures than needed.
Detailed studies seem necessary to determine the optimal
settings for each device for clinical use.
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