Efficacy of Automatic Continuous Positive Airway Pressure
Therapy That Uses an Estimated Required Pressure in the
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Background: Continuous positive airway pressure (CPAP)
is effective therapy for the obstructive sleep apnea syn-
drome (OSAS). Automatic CPAP devices continuously ad-
just the positive pressure to the required levels.

Objective: To determine the efficacy of an automatic
CPAP machine used with an estimated reference pressure
value,

Design: A before-and-after, single-blind trial in which
patients were randomly allocated to one of three modes of
CPAP administration,

Setting: Referral-based sleep center in a public health
care institution.

Patients: 36 outpatients with OSAS.

intervention: Continuous positive airway pressure was
given at a conventional fixed pressure {group 1), auto-
matic CPAP was given at a measured reference pressure
(group 2), and automatic CPAP was given at an estimated
reference pressure {group 3). In group 1, the effective
pressure was determined during a titration sleep study. In
groups 2 and 3, the pressure interval was allowed to vary
from 4 cm H,0 below reference pressure to 3 cm H,0
above reference pressure. In group 3, the estimated value
of the reference pressure was determined according to
individual anthropometric characteristics.

Measurements: Sleep studies were performed and mea-
surements of diurnal sleepiness were obtained at each
visit.

Results: Sleep and breathing disorders and hypersomno-
lence were alleviated similarly in the three groups. The
apnea + hypopnea index remained abnormal in one pa-
tient in group 3 for whom the reference pressure had been
underestimated. A strong negative correlation was found
between the percentage of time spent below reference
pressure during CPAP and the difference between the
effective and estimated pressures.

Conclusion: Automatic CPAP can be used with an esti-
mated reference pressure without doing a titration sleep
study. The positive pressure trend can be used to deter-
mine whether treatment failure is caused by an inade-
guate pressure setting and to determine the amount of
pressure to apply.
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he obstructive sleep apnea syndrome (OSAS) is
highly prevalent; it is found in 4% of middle-
aged men and 2% of middle-aged women (1). The
increase in the rate of illness and death associated
with this disease emphasizes the nced for cffective
treatment (2-5). Approaches to therapy include
weight loss (6), upper airway surgery (7). oral ap-
pliances (8), and nasal continuous positive airw:
pressure (CPAP) (9). Therapy with CPAP decreas
the rate of illness and death associated with sle.
apnea (5, 10-11). Before CPAP therapy is started 1
home, a polysomnographic study must be done to
determine the pressure needed to resolve apnea,
hypopnea, snoring, and respiratory-related arousals
in all sleep stages and body positions. The CPAP
device is then set to this level. Effective pressure
can also be estimated by using a regression model
that takes into account anthropometric characteris-
tics, neck circumference. and the frequency of noc-
turnal breathing abnormalities (12). However, the
regression model often underestimates the positive
pressure requirements. A recent report (13) sug-
gested that effective pressure can be reliably es
mated during unattended sleep studies by using u
tomatic adjustments of the posilive pressure mad
on the basis of a record of respiratory variables.
Because the optimal CPAP comprises several
factors, the effective pressure can change within one
night and from one night to another depending on
changes in body position (14, 15), sleep stage (14),
neck and mandibular position. (16, 17), nasal pa-
tency, upper airway ¢dema (18), and other factors.
This variability has led to the development of auto-
matic CPAP devices that continuously adapt the
positive pressure in response to varying nceds. We
compared the cfficacy of conventional CPAP ther-
apy with that of automatic CPAP therapy adminis-
tered by an automatic CPAP machine (Morphc
Plus, Pierre Médical. Verrieres-Le-Buisson, France
for OSAS (19). With this machine, the user musi
establish a reference pressure that usually corre-
sponds to the effective pressure determined by a
conventional titration sleep study. However, the ef-
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" fective pressure can be estimated by the user’s char-
. acteristics; we hypothesized that the ability of the
. automatic CPAP machine to automatically adjust
the positive pressure should compensate for the un-
certainty in effective pressure determination ob-
tained by the regression model. This procedure may
¢ provide effective treatment of OSAS without doing
~a CPAP titration sleep study.
We compared the efficacy of automatic CPAP
_given at an estimated reference pressure, automatic
CPAP given at a measured reference pressure, and
- conventional CPAP therapy.

Methods

Patients

The study was conducted between 30 May 1995
and 16 May 1996. Thirty-nine patients were asked
to participate, but 3 refused to participate because
of their work schedules. Therefore, 36 patients (age
range, 36 to 65 years; mean body mass index + 8D,
364 + 7.6 kg/m?) with previously untreated OSAS
were included.

All patients were seen at the sleep clinic at
- Hopital Laval. A diagnosis was made on the basis of
~ clinical features and was confirmed by a polysom-
nographic study (mean apnea + hypopnea index
[events per hour] * SD, 43.6 = 19.8). After this
diagnostic study, all patients who chose to be
treated with nasal CPAP and had no exclusion cri-
teria were asked to participate in the study. Patients
were excluded if they had life-threatening forms of
OSAS (such as severe hypersomnolence) that re-
quired immediate treatment, OSAS associated with
nonobstructive  sleep-related breathing disorders
(such as periodic breathing and hypoventilation) or
with nonrespiratory sleep disorders (such as narco-
lepsy and periodic leg movements), or an estimated
pressure above 15 cm H,0.

Treatment with Continuous Positive Airway
Pressure

A titration sleep study was conducted within 1
week after the diagnostic sleep study to determine
the effective pressure in all patients. Patients were

then randomly assigned to one of three treatment
- groups in a single-blind fashion.

The Morphée Plus automatic CPAP device will
soon be distributed in North America by Nellcor
Puritan-Bennett (Eden Prairie, Minneapolis, Minne-
sota) under the name of Cloudnine. The device has
not yet been approved by the U.S. Food and Drug
Administration. Because the Morphée Plus device
can be set to a constant or an automatic CPAP
mode, we used this machine to treat the three

groups. In the automatic CPAP mode, the positive
pressure is allowed to change within a determined
range around the reference pressure. The reference
pressure and the upper and lower pressure thresh-
olds are chosen separately by the physician. Group
1 was treated with conventional CPAP; that is, a
constant pressure was set at the effective pressure.
For groups 2 and 3, the machine was used in the
automatic CPAP mode; the reference pressure was
set at the measured effective pressure for group 2
and at the estimated effective pressure for group 3.
The estimated effective pressure was calculated by
using the following formula (12):

Estimated pressure = —5.12 + (.13 X
body mass index + 0.16 X neck circumference +
0.04 X apnea + hypopnea index

We set the range of pressure at 3 cm H,O above
the reference pressure to 4 cm H,O below the
reference pressure in accordance with our previous
experience with this machine (19) and the level of
underestimation reported with the estimated pres-
sure formula (12).

Patients were blinded to treatment assignment.
For each block of three patients, the treatment reg-
imen was determined by using a randomization ta-
ble. To compare patients with similar severity of
disease, patients were paired for the estimated pres-
sure value. In each block of three patients, the
estimated pressure could not differ by more than 1
cm H,O from the value of the first patient included
in that block. If a candidate did not meet this
criterion, he or she was assigned to the first ran-
domized position in the next block of three paticnts,

Characteristics of Automatic Continuous Positive
Airway Pressure

In the automatic CPAP mode, the positive pres-
sure is maintained as long as ventilation remains
stable; however, any respiratory disorder results in a
progressive increase in the pressure. If a breathing
disturbance has not occurred for more than 4 min-
utes, the positive pressure decreases again. Changes
in pressure are regulated by a constant feedback
analysis of the patient’s ventilation by the nasal
CPAP device. The breath-by-breath difference be-
tween maximal inspiratory and expiratory flow is
estimated by the changes in compressor speed re-
quired to maintain a constant positive pressure
throughout the respiratory cycle. Apneic and hypop-
neic events are associated with a decrease in the
difference between the inspiratory and expiratory
flow; this leads to an increase in the pressure until
the flow regimen of the compressor has become
stable or the fixed upper limit of pressure has been
reached.
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Qutcome Measures

Sleep and breathing characteristics were mea-
sured during polysomnographic studies that consist-
ed of continuous electroencephalography (C /A,
Cy/As. O5/A,. and O /A,), submental electromyogra-
phy, electrooculography, and electrocardiography and
measurement of 1) nasobuccal airflow by thermistors,
2) thoracoabdominal movements by inductive plethys-
mography (Respitrace, Ambulatory Monitoring, Inc.,
Arsdley, New York), 3) arterial oxyhemoglobin satu-
ration (Sa0,) level with an ear oximeter (504 Pulse
oximeter, Criticare Systems, Inc., Waukesha, Wiscon-
sin), and 4) breathing noises by two microphones
placed at the bedside. All variables were recorded
onacomputer (Sandman, Melleville Diagnostics, Otta-
wa, Ontario, Canada). Polysomnographic recordings
were manually interpreted in 30-second periods ac-
cording to established criteria (20). Arousals were
scored according to the definition established by the
American Sleep Disorders Association (21). Apnea
was defined as the cessation of nasal-oral airflow
for at least 10 seconds. Hypopnea was defined as a
decrease of more than 50% in total thoracoabdom-
inal movements for at least 10 seconds and was
associated with a 2% decrease in Sa0, level or an
arousal.

Diurnal somnolence was assessed by using the
Epworth Sleepiness Scale (22) and maintenance-of-
wakefulness tests (23). For the latter, patients were
seated in a comfortable armchair every 2 hours and
asked to remain awake as long as possible during
four consecutive 40-minute periods in darkness,
Each maintenance-of-wakefulness test was stopped
after 10 minutes of sleep or after 40 minutes if no
sleep was recorded; sleep onset was defined as three
continuous periods of stage [ sleep, any period of
stage Il to IV or rapid eye movement slecp. Sleep
latency was defined as the mean value of the four
tests.

The mean positive pressure, the proportion of
time spent at different pressures, and the time at
which positive pressure was applied were automati-

Table 1.

cally recorded each night by the CPAP device 1 3
weeks. Changes in positive pressure were anal
during the control slecp study by continuous rec

ing of mask pressure. Compliance with CPAP 1,
apy was assessed by measuring the amount of CPAp
used during the study period and was quantified by
measuring the percentage of time during which the
machine was turned on and positive pressure was
applied (effective pressure-time index) and the
number of nights during which positive pressure was
applied for more than 4 hours and more than 7
hours (24).

After 3 weeks of treatment with CPAP, a control
sleep study was done by using the CPAP device on
the setting that patients had used for the past 3
weeks. The Epworth Sleepiness Scale and maint
nance-of-wakefulness tests were completed at bu
line and on the day after the third polysom:n
graphic recording. Time and pressure readings we:.
printed from the machine at the end of the study
period. Changes in the apnea + hypopnea index
and diurnal hypersomnolence after CPAP therapy
and differences in compliance with CPAP therapy
among the three treatment groups were the main
study end points,

The authors designed the study, and Pierre Méd-
ical approved the design. Completion of the study
and the collection, interpretation, and presentation
of data were not subject to further approval by
Pierre Médical. The protocol was authorized by the
institutional research board of Hopital Laval, ar
written informed consent was obtained from cu
patient.

Statistical Analysis

To compare the results obtained in the automatic
CPAP and constant CPAP groups and the effects of
treatment, varables were compared by analysis of co-
variance of the changes from baseline, with baseline
data as covariates. Comparisons between groups
were performed by using a Tukey test; the « level
was set at (.05, independent of the results of an F

Anthropometric, Sleep, and Breathing Characteristics in the Three Treatment Groups at Baseline* :

Charactenstic

Body mass index, kg/m?

3B8+83
Total sleep tme, h 58 = 1.0
Apnea + hypopnea index {events per hour) 50.1 = 145
Arousal index (arousals per hour) RB4 = 215
Time spent below 90% San,, % total sleep time 93+122
Eftective pressure, cm H,0 107 £ 28
Estimated pressure, cm H.0O §7+24
Baseline score on the Epworth Sleepiness Scale 16,1 =45
Contral scare on the Epworth Sleepiness Scale 7E 458

Patients Recelving
Conventional CPAP Given at a
Meaasured Effective Prassure
(Group 1) in = 12

Patients Recewing
Automatic CPAP Given at a
Measured EHective Pressure

(Graup 2}t = 123

Fatients Receiving Automa

CPAP Gven at an Estimate
Effective Pressure
tGroup 31 {n = 12}

6 &-78 3585 +72
BSi=l 58 x08
468 L 213 617279
49 k=251 660+ 232
6L 68 1TB 125
109+ 7.8 s
Qa=*23 9722
135%4 ¢ 170 «4a1

=37 79+40

" All values are given as tha mean = 50 CPAP — (ontinuous positive @iway pressure
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Table 2. Confidence Intervals for Group Differences for Measurements Obtained at the Baseline and Control Visits*

Wanahle

Groups 1.and 2 Groups 1 and 3

Hudy mass index, kg/m’

6789 -77 078
Estimated pressure, cm H.0 —1Btn24 -201t022
Eectve pressure, cm H 0 21w i 238

Time counter, hours of CRAPnight - -
Pre: sure counter, hours of CPAPnight
vi pressure to time index, % -

95% Clior Differences between Groups
at Baseline Wisn

95% Cl tor Differences between Groups
at Centrel Visn

Groups 1 and 2

Groups 2 .and 3 Groups 1 and 3 Groups 2 and 3

-B8wb./ - -

23019 - = -
2Bty o4 - -~ -
-091e 172 1.0t0 1.2 -121c10
> DAHto14 -0.9w 1.1 12w08
= 0510125 -511w069 -11.7100.4

Lonhnuaus potibie dinddy pressure

test. Differences in CPAP use between the different
groups were assessed by using one-way analysis of
variance. For observance characteristics, a Fisher
exact test was used. All data were analyzed by using
the SAS statistical package (SAS Institute, Inc.,
Cary, North Carolina).

Results

Anthropometric characteristics, sleep architecture
iel fragmentation, severity of nocturnal breathing

«culty, and diurnal sleepiness did not differ sub-

atially at baseline in the three patient groups
{‘1able 1). The 95% Cls for pairwise group compar-
wons of change in values measured at the baseline
visit only and the control visit only and values mea-
sured both before and after treatment are shown in
Tables 2 and 3. The groups did not differ greatly in
the effective and estimated pressures. In group 3.
estimated pressure was significantly lower than the
effective pressure (9.7 = 2.2 cm H,O compared with
11.2 = 20 em H,O; P = 0.001). In this group, the
largest overestimation was 0.6 cm H,O and the
largest underestimation was 4.6 cm H,O.

Nasal obstruction was reported during the course

CPAP therapy in four patients (one in group I,

v in group 2, and one in group 3). This side effect
wuas corrected by installing a hot humidifier in the

breathing circuit and simultancously adjusting the
reference pressure.

The three groups had similar improvement in the
apnea + hypopnea index in the control sleep study
(Figure 1, Tables 3 and 4). Borderline abnormal
index values persisted in two patients in group |
(14.2 and 13.3) and two patients in group 3 (11.0
and 13.5). The apnea + hypopnea index remained
abnormal in one patient in group 3 (19.3). In all
three groups, sleep architecture improved substan-
tially after 3 weeks of CPAP therapy, with decreases
in stage I and stage 11 sleep and increases in stage
I1 and stage IV sleep. Sleep fragmentation, mea-
sured by the arousal index. improved greatly with
CPAP (Figure 2). This index remained abnormal in
10 patients (4 in group 1, 4 in group 2, and 2 in
group 3). In | patient in each group. abnormal
scores on the arousal index were explained by fre-
quent periodic leg movements (periodic leg move-
ments index [movements per hour], 38.8, 18.6, and
32.2 for patients in groups 1. 2, and 3, respectively).
Sleep fragmentation was not associated with breath-
ing abnormalities or leg movements in the 6 other
patients in group 1 and group 2. In group 3, resid-
ual obstructive breathing abnormalities persisted in
one patient (apnea + hypopnea index, 19.3). This
patient had the largest underestimation of estimated
pressure.

Diurnal sleepiness was similarly alleviated in the

Table 3. Confidence Intervals for Differences between Changes from Pretreatment to Post-Treatment Values for the Three

Treatment Groups

Wanable

95% C) for Difference between

95% Cl tor Difierence betwesn 95% Cl for Difference betwesn

Change from Pre- 1o
Post-Treatment Values in
Group 1 and Change from Pre-
1 Post-Treatment Values

Zhange fram Pre- 1a
Post-Treatrman Values
mn Group 1 and Change from
Pre- 1o Post-Treatment Values

Change from Pre- to
Post-Treatment Walues in
Group 2 and Change from Pre-
10 Post-Treatment Walles

in Group 2

Tatal sleep time, h 08113

“lage | and |l sleep, % total sleep time 1461051

lage it and V sleep, % total sleep time -961w4y

el eye movernent sleep, % total sleep time 1241w 34
Cira + hypopnes index (events per hour —1dd4 1330
=al index {arousals per hour -8516391

i spent < 90% Sac,, % toral sleep time 1001063
vep latency, min -681w011.0

ware an Epwonh Sleepiness Scale 221074

n Group 3 in Group 3
CBto13 -1.11010
-138to 47 92310104
—B83m80 -6.01085
951063 -5 01w 108
-186t027 8 28910185
18610290 —3381p 137
-1001wE3 Blwa?2
Jdo10? -83to86
-30toGS -5 61w39
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three groups (Figure 3, Table 3). Sleep latency did
not improve in one patient in group | and one
patient in group 2. The control apnea + hypopnea
index was normal in these two patients, but one had
unexplained residual sleep fragmentation. Sleep la-
tency remained unchanged in the two patients in
group 3 who had persistent sleep fragmentation at
the control visit (Figure 3). This finding was con-
sistent with the high scores on the Epworth Sleep-
iness Scale (12 and 17) that were found in these
two patients.

During the control CPAP study, we examined the
relation among sleep stage, body position, and pos-
itive pressure in the two groups that received ther-
apy with automatic CPAP. The mean positive pres-
sure was much higher when patients slept supine
(9.3 = 25 em H,0) than when they slept on their
sides (8.2 2.1 ecm H,0). Compared with sleep
stages 1 and 11, the pressurc decreased substantially
during sleep stages Il and IV (8.8 = 2.8 em H,0
and 7.4 * 25 cm H,0, respectively) and increased
during rapid eve movement sleep (9.6 = 2.9 em H,O).

Important information was obtained from analy-
ses of the night-by-night variability of the positive
pressure. In the 24 patients who received treat-
ment with automatic CPAP, the mcan pressure

Baseline

Figure 1. Apnea + hypopnea indey
values for individual patients oh.
served at baseline and after 3 we ol
of continuous positive airway
sure (CPAP) therapy in the
treatment groups. Fach solid line

sents one patent Similar improye:
ncourred in each group The blark o
indicates one patient 0 group 3 who g
persistent obstructive  breathing  abing
mahties, the black square ndicates anp
patient 1n group 3 who had residual sleep
fragmentation caused by penodic leg
movements  Dashed line represents the
narmal value,

Aulomatic CPAP Given at
Estimated Effectiva
Pressure (Group 3)

Treatment

during the 3 weeks of treatment was significantly
lower than the effective pressure measured during
the baseline titration sleep study (9.5 £ 2.4 ecm H.O
and 111 =24 cm H,O, respectively; P = 0.001),
the two automatic CPAP groups, 51.0% + 7.9%
the CPAP time was spent at a pressure that wy
lower than the reference pressure. To evaluate the
ability of the machine to compensate for the uncer-
tain accuracy of the estimated reference pressure
for patients in group 3, we cxamined the relation
between the percentage of CPAP time spent below
reference pressure during the treatment period and
the difference between effective and estimated pres-
sure. A strong negative correlation between these
variables was found (r = —0.80; P = 0.002) (Figure
4). Therefore, the machine was able to decrease the
positive pressure to compensate for an underestima-
tion of pressure of less than 4 cm H,O.

Table 4 shows the mightly duration of hom
CPAP use by analysis of the time counter and the
pressure counter for each group. The cffective pres-
sure—time index was significantly higher in groups 2
and 3 than in group 1 (P = 0.02) (Table 2). One
patient with an index of 67% caused the higher
index variance in group 1. Without this patient, the
difference between the three groups had borderline

Table 4. Characteristics of Sleep and Compliance with Continuous Positive Airway Pressure in the Three Treatment

Groups*

Charactenshic

Fatients Receiving
Conventional CRAP Given at a
Measured Effective Pressure

Patients Recening Aulg‘ﬁﬁﬂTu
CPAP Giver at an Estimated
Effactive Pressure {Group 3)

Fatients Recenving
Automatc CPAP Given at a
easured Effective Pressure

{Group 11 {n = 12) (Group 2} in = 12) {n—=12)

Change in the apnea + hypopnea index {events

per hour) -452 2+ 116 493+ 265 545 £ 290
Change in the arousal index (arousals per hour) —41.4 =~ 208 -36.1 ~ 256 —514 =247
Change in the percentage of total sleep time

spent below 90% Sao, 91 =021 589 +66 6.2 6
Change n Epwaorth Sleepiness Scale score —B & L83 -85+ 4.2 %1 =49
Time counter, hinight 71 %08 70+ 11 69+ 12
Pressure counter, hinght 5.2 00 65 £ 09 8 S
Effectve pressure-time index, %1t 368 - BB 933 =43 925 1+ 40
Fatients with CPAP appled =4 hid for 5 diwk, n g 11 12
Patients with CPAP applied =7 h/d for 5 diwk, n 3 f 6
* Walues are qivers a5 the mean = 50 un'ess atherwrse noted CPAP — contmuous positive dinway Dressyre
t Signifcant ditferences were observed (P < 0.05) between group 1 and group J and betweon group 1 and arnup 3. but nat Detween aroop 2 anid aroup 3

592
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Figure 2. Arousal index values for
individual patients obtained at each
visit. Sleep fragmentation was similarly
alleviated in the three rreatment groupy
Fach ling represents one patient The
black cocle indicates pne patient in group
3 whi had persistent obstructive breath-
ing dbnormalities. the black square ind
cates one patient in agroup 3 who had
residual sleep fragmentation caused by
petiedic leg movernenty Dashed line rep
resents the normal value CRAP — contin
NS POSITIvE @invvay pressure

75

50+

254

Arousal Index (arousals per hour)

Baseline Treatment

significance (P = 0.07). Compliance with CPAP
therapy was estimated as the number of paticnts
who received eflective treatment for more than 4 or
7 hours per night for at least 5 nights per week.
Treatment lasted longer in the two groups that
received automatic CPAP therapy than in the
group that received conventional CPAP. but this
difference was not significant (Table 4).

Discussion

We evaluated the feasibility of using the Mor-
viice Plus automatic CPAP machine without doing
o titration sleep study in patients with untreated
OSAS, Our results suggest that this device can be
used effectively with an estimated reference pres-
sure, as shown by the device’s ability to compensate
for the uncertainty of the estimation and by its
cffectiveness in normalizing sleep and breathing dis-
orders in most patients.

Estimating the reference pressure can potentially
reduce the benefits of automatic CPAP therapy: in
our study, however, estimation was accurate enough
1o allow large pressure decreases i most patients,

«pite the tendency of the estimation formula to

tlerestimate the reference pressure. Furthermore,

Conventional CPAP Given at
Measured Effactive
Pressure {Group 1)

40 -
354
& ; 304
igure 3. Results of the mainte- =
nance-of-wakefulness test for indi- E 25
vidual patients obtained at each visit. g
Slecp latency increased greatly by the end = 20 -
O Continuous positive ainway  Pressurs At
pAE therapy o1 the three treatment ] 15+
'_I'i'n.lp.t,. Fach line reptesents one patient ;';
ne black circle indiates one patient in 10 -
vip 3 wha had persstent obstructive
ithing abnormalhines, the black sguare 5
1 atEs one patent in group 3 wha had
caal sleep fragmentation caused by 0-
varic leg mevements Dashed ine tep .
wnts the normal value Baseline

Conventional CPAP Given at
Measured EHfective
100+ Pressure (Group 1)

Treatment

Autornatic CPAP Given at
Estmated Effective
Pressure (Group 3)

Autamatic CPAP Given at
Measured Effective
q Pressure (Group 2}

Baseline Treatment Baseline Treatment

estimation did not alter the overall efficacy of the
CPAF machine or the potential benefits of the ma-
chine with respect to adherence to treatment.

Because the formula tends to underestimate the
reference pressure. similar efficiency may be ob-
tained by systematically increasing the interval of
pressure changes. However. nonobstructive apneic
and hypopneic events and periodic breathing can be
seen during CPAP therapy after the obstructive
events have resolved (25); 1t can thus be anticipated
that if the increase in pressure is not limited, the
positive pressure may increase and interfere with
CPAP 1wlerance and sleep quality, It must be noted
that these breathing abnormalities were not ob-
served in our patients with the pressure settings
used. Therefore, automatic CPAP therapy relies on
highly scnsitive detection of breathing disorders and
a sell-limited pressure increase: our results suggest
that these requirements were adequately met with
the pressure settings that we used.

We found that the ability of the Morphee Plus
device to adjust the pressure to below the reference
pressure decreases with the degree of underestima-
tuon. Therefore. for a given patient, the difference
between the effective and the estimated pressure
can be reliably esumated by the percentage of
CPAP time spent below reference pressure. This

Automatic CPAP Given at
Estimated Etfective
Pressure (Group 3)

Automatic CPAP Given at
Measured Effective
Pressure [Group 2}

Baseline Treatment Baseline Treatment
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Figure 4. Relation between the values for the percentage of the
time during which continuous positive airway pressure (CPAP) was
applied that was spent below the reference pressure and the dif-
ference between the effective and estimated pressure in patients in
group 3. A highly sigmificant negatve relation was found between these
vanables Each symbol represents ane patient The black arcle indicates one
patient who had persistent obstructive breathing abnormalites, the black
square indicates one panent wha had readugd) sleep fragmentation caused
by perodic leg movemerts

relation can be used to adjust the pressure setting
when the clinical response is unsatisfactory. For ex-
ample, treatment failure was explained by the un-
derestimation of reference pressure in one patient
whose nightly pressure data revealed that no CPAP
ume was spent below the reference pressure (Figure
4). This situation can casily be identified and cor-
rected by increasing the reference pressure. Another
patient in group 3 who remained hypersomnolent
had periodic leg movements, but his breathing ab-
normalities were effectively corrected by the ma-
chine. In this patient, 43.7% of the CPAP tume was
spent below the reference pressure (Figure 4); this
finding suggests that the treatment failure was not
related to the persistence of sleep-related breathing
disorders. If automatic CPAP given without first
doing a CPAP ttration sleep study 18 an important
step in the treatment of OSAS, this strategy will
further justify the nced for early clinical follow-up
in these patients. In patients with unsatisfactory
clinical responses, a control sleep study must be
done to evaluate the persistence of respiratory or
nonrespiratory sleep disorders. We think that the
optimal adaptation of the pressure setting should be
determined during the first weeks of treatment be-
cause the initial response to CPAP may reliably
indicate the need ftor long-term treatment (24). It s
important  to understand that reevaluations  of
CPAP treatment may be indicated not only in pa-
tients receiving treatment with automatic CPAP but
also in those receiving treatment with conventional
CPAP. as suggested by the persistence of diurnal

somnolence and sleep fragmentation In some piy-
ticnts in group 1.

It has been proposed that the diagnostic
nasal CPAP titration sleep studies can be cond,
during a single night (split-night study) (26).
use of an automatic CPAP machine without i
tion could replace split-night studies because auto-
matic CPAP is adaptable to the clinical situations
that can alter the effective pressure. Also, analysiy
of the pressure trend can be used to adjust the
reference pressure without doing a CPAP titration
study. In addition, the effective pressure is underes-
timated during sleep studies in 49% to 58% of
patients with OSAS (26, 27). It is therefore reason-
able to hypothesize that conventional CPAP set at a
pressure determined during a split-night study
may not be as efficient as automatic CPAP initi-
ated without doing a titration study. Because |
pressure scttings, the variables that are analyz
and the algorithms of pressure changes may ditic:
dramatically between automatic CPAP machines,
caution must taken before the results of our study
are extended to other automatic CPAP machines.

Substantial differences in compliance with CPAP
therapy were found between the conventional and
automatic CPAP groups. Even among patients who
received conventional CPAP, compliance was better
in our study sample (75%) than in those in other
reports (46%) (24). This might be because our pa-
tients knew that they were participating in a clinical
study. The better adherence 1o treatment noted with
automatic CPAP may improve the effectiveness o
treatment for diurnal symptoms, as shown by tl
reappearance of neuropsychological abnormalitic
as soon as CPAP therapy is interrupted (28). A
similar number of patients in the three groups re-
quired the use of a humidifier to correct nasal dis-
comfort. Therctore, we believe that the observed
difference in compliance was not related to a reduc-
tion in side effects but to an improvement in com-
tfort with automatic CPAP as a consequence of the
continuous adaptation of the positive pressure
throughout the night. We cannot exclude the possi-
bility that the CPAP titration night might have in-
fluenced CPAP compliance, particularly in groups 2
and 3. Therefore, we cannot speculate what CPAP
compliance would be in patients who received au
tomatic CPAP and had no previous experience with
this treatment. Future studies are required to deter
mine the feasibility and the repercussions of this
procedure in clinical practice.

We conclude that automatic CPAP can be used
with an estimated reference pressure in patients
potentially recciving an initial trial of CPAP therapy
at home. The amount of CPAP time spent below
the reference pressure can be used to estimate the
effective pressure if treatment failure s caused by

594 15 October 1997 = Annaly of Internad Medicine « Volume 127 « Number 8 (Part 1)



inadequate pressure setting and, if so, to deter-
e the correct pressure.
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