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Abstract
Background—Auto-CPAP machines have
been developed to adapt automatically the
positive pressure level to the required
needs. The auto-CPAP response to tran-
sient nasal obstruction was tested during
sleep in patients with sleep apnoea/
hypopnoea syndrome (SAHS).
Methods—Nasal obstruction was induced
by local instillation of histamine. Fourteen
nasal challenges were performed on eight
patients, seven while the patients were on
the “Morphée plus” apparatus and the
other seven with the patients on the
“Horizon” machine.
Results—Nasal resistance increased ini-
tially by a mean (SD) of 166 (66)% during
the trials with the “Morphée plus” and by
118 (44)% with the “Horizon” machine.
The increase in nasal resistance was
always accompanied by flow limitation
with one exception. Mask pressure ini-
tially decreased to the minimal permitted
value as nasal resistance increased with
the “Morphée plus” device. A late in-
crease of the positive pressure level oc-
curred sometimes. Mask pressure did not
change with increasing nasal resistance
when the “Horizon” device was used.
Conclusion—Neither the “Morphée plus”
nor the “Horizon” device abolished flow
limited breaths and resulting sleep frag-
mentation. We conclude that, despite the
diVerent algorithm of pressure changes,
these auto-CPAP machines do not ade-
quately respond to an acute increase in
nasal resistance.
(Thorax 1998;53:780–783)
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The treatment of sleep apnoea/hypopnoea syn-
drome (SAHS) requires relief of upper airway
obstruction which normalises sleep and respi-
ration throughout the night. Nasal continuous
positive airway pressure (CPAP) is still consid-
ered to be one of the most eVective treatments.1

However, nasal obstruction, whether induced
by CPAP treatment itself or by other mecha-
nisms, physiologically compromises the eY-
cacy of CPAP by increasing the fall in pressure
from the nose to the pharynx.
Auto-CPAP machines have been developed

to adapt the positive pressure level automati-
cally to the required needs. We therefore ques-
tioned whether these machines would respond

adequately to nasal obstruction. The aim of
this study was to evaluate the behaviour of two
diVerent auto-CPAP machines during a hista-
mine induced increase in nasal resistance in
sleeping patients with SAHS.

Methods
Eight male patients of mean (SD) age 53 (9)
years and body mass index 34 (6) kg/m2 using
nasal CPAP at home (eVective positive pres-
sure (PeV) 9 (1) cm H2O) for SAHS were
recruited. The clinical diagnosis of SAHS had
been previously confirmed by standard poly-
somnography (baseline apnoea/hypopnoea
index 53 (26)/h). The protocol was accepted by
our institution review board and written
informed consent was obtained from all
subjects.
Surface electroencephalographic electrodes

(C3-A2 and C3-O1), electro-oculograms and
submental electrodes were used to stage sleep.
Following local anaesthesia ( 0.5 ml of 2% vis-
cous lidocaine in both nostrils) an oesophageal
balloon and a plastic nasal catheter were intro-
duced into each nostril. The nasal low bias flow
catheter was placed 7–8 cm from the nares.2

Two thin plastic tubes of internal diameter
0.38 mm were introduced into each nostril 1.5
cm from the nares for histamine instillation
(see below). The nasal mask was connected to
a pneumotachograph (0.343 l/s/mm H2O,
Statham Type 18518) connected to a non-
rebreathing valve and to the hose of the
auto-CPAP machine. The auto-CPAP devices
used were the “Morphée Plus” and the “Hori-
zon”. These machines were selected because of
their diVerent operating systems and their
availability for home use. The pressure adapta-
tion of the “Morphée Plus” apparatus is regu-
lated by a constant feedback analysis of the
breath by breath changes in the compressor’s
speed.3 The pressure adaptation of the “Hori-
zon” is regulated by analysis of the inspiratory
flow with an integrated pneumotachograph.4

Both machines were allowed the same intervals
of pressure changes (PeV +3 and –4 cm H2O).
Each patient was randomly allocated to one

of the two auto-CPAP machines, which was
settled at PeV on a constant delivery mode.
Premedication with oral diazepam 0.15 mg/kg
was given to two patients. All measurements
were made in stage 2 sleep. Following nasal
challenge with histamine (0.05–0.1 ml hista-
mine 2 mg/ml gently pushed through the cath-
eter in each nostril) the CPAP machine was
switched to the automatic mode. In the
absence of change in nasal resistance subse-
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quent nasal challenges were repeated by
doubling histamine concentrations up to
16 mg/ml.
For at least two minutes before and up to 20

minutes after nasal challenge we analysed: (1)
nasal resistance at isoflow (200 ml/s), (2) mask
pressure (Pm), (3) oesophageal pressure
(Poes), (4) minute ventilation, (5) flow pattern
(presence or absence of flow limitation), and
(6) EEG pattern (to detect arousals5 and/or
awakenings6). Arousals provoked by nasal
stimulation were excluded.
The nasal challenge was considered effective

when nasal resistance increased by at least
100% from the baseline value before any
change in positive pressure level. Many nasal
challenges could not be retained for analysis for
diVerent reasons including: (1) sustained
awakenings following nasal challenge, (2) reflex
behaviours such as sneezing, (3) dramatic
increases in nasal resistance resulting in mouth
breathing, and (4) sudden changes in body
position.
The Mann-Whitney U test was used to com-

pare the characteristics of the patients studied
with each auto-CPAP machine and the physi-
ological responses observed with them.

Results
Fourteen studies were successfully performed,
seven with the “Morphée Plus” apparatus and
seven with the “Horizon”. The patient charac-

teristics, baseline nasal resistance, and poly-
somnographic data did not diVer between the
two groups. Three patients were studied with
both machines and had two nasal challenges
with the same machine during the same night
(figs 1a, 1b, 2a; 1e, 2c, 2e; 1f, 2f, 2g). The
increase in nasal resistance generally occurred
1–4 minutes after nasal challenge.
In the seven studies performed with the

“Morphée Plus” machine nasal resistance
initially increased by 166 (66)% compared
with the values before nasal challenge (95%
confidence interval (CI) 205 to 297). Indi-
vidual values for the seven studies are pre-
sented in fig 1a–g. In each case Pm decreased
following nasal challenge (95% CI change in
pressure from baseline –3.8 to –2.7 cm H2O).
Except in two studies (fig 1b, c) Pm decreased
to the minimum permitted pressure (PeV –4
cm H2O or 3 cm H2O). The decrease in Pm
usually resulted in a further increase in nasal
resistance with a maximal value for nasal
resistance of 346 (97)% from baseline (95%CI
255 to 392). Episodes of flow limitation were
observed in each study with a decrease in ven-
tilation of 14 (10)% (95% CI 76.1 to 90.4).
Arousals were noted during each study. In
three patients Pm re-increased following the
initial pressure decrease (fig 1a–c). This
re-increase in Pm exceeded the initial Pm value
by only 0.3 (0.1) cm H2O. One study (fig 1b)

Figure 1 Individual values of simultaneous changes in mask pressure and nasal resistance over time following nasal challenge with the “Morphée plus”
machine. The stippled zone represents baseline values recorded within the two minute period preceding nasal challenge. The horizontal dashed line
corresponds to the reference pressure level.
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was terminated by the awakening of the patient
because of a 500% increase in nasal resistance.
During the studies performed with the

“Horizon” machine nasal resistance initially
increased by 118 (44)% (95% CI 176 to 239).
Individual nasal resistance and Pm responses
are presented in fig 2a–g. In all but one study
Pm did not change following nasal challenge;
in the one exception (fig 2f) an increase of 2 cm
H2O occurred. Episodes of flow limitation were
observed in six of the seven studies. The maxi-
mal value of nasal resistance after challenge was
260 (58)%, (95% CI 206 to 287). Ventilation
increased slightly by a mean value of 6 (17)%
(95% CI 90 to 113). Recurrent arousals were
noted in six out of seven trials. The subject who
had no arousal had no flow limitation (fig 2b).
One study (fig 2c) was terminated by awaken-
ing the patient because of a 550% increase in
nasal resistance.
There was no significant diVerence in

changes in nasal resistance after challenge
between the “Morphée plus” and “Horizon”
studies.

Discussion
Following histamine induced increase in nasal
resistance the “Morphée plus” machine invari-
ably allowed an initial paradoxical decrease in
Pm before being followed on occasion by a late
re-increase in Pm. This was not suYcient to
abolish episodes of flow limitation. The “Mor-

phée plus” machine did not take into account
episodes of stable flow limitation before chang-
ing the Pm level. In the same circumstances the
“Horizon” kept the Pm at a constant level even
if recurrent episodes of flow limitation oc-
curred for a long time, suggesting that, with the
built-in thresholds, the “Horizon” is slowly
adaptive and not designed to prevent flow limi-
tation.
The increase in nasal resistance produced in

our experiment was acute and might not be
totally similar to nasal obstruction reported by
patients using CPAP on a regular basis.
However, we believe that this model is useful
for evaluating the capacity of these machines to
abolish episodes of flow limitation and the
resulting sleep fragmentation.
In conclusion, despite their diVerent algo-

rithms, neither the “Morphée Plus” nor the
“Horizon” machines appear to respond ad-
equately to an acute increase in nasal resist-
ance. Further studies are required to determine
whether auto-CPAP machines which respond
to flow limitation have a better adapted
pressure response.

This study was supported by the “Association Pulmonaire du
Québec”.
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