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Autoadjusting CPAP devices (APAP) are designed to continuously
adjust the positive pressure to the required levels, and thus increase
treatment quality and patient compliance. The results of APAP treat-
ment strongly depend on the control mechanism of the respective
APAP device. In agreement with other working groups, we have re-
cently shown that the forced oscillation technique (FOT) is capable
of detecting inciplent upper airway obstruction prior to physiological
reactions such as the onset of increasing esophageal pressure
swings or microarousals. Therefore we studied efficacy and accep-
tance of a novel APAP device controlled exclusively by FOT. )

100 consecutive patients with OSAS confirmed by polysomnogra-

phy (mean AHI 47.9 £ 22.6) and daytime sleepiness (Epworth.

sleepiness scale, ESS 12.6 + 3.9) were randomized to either APAP
treatment (n = 50) or conventional CPAP treatment (n = 50). Poly-
somnographies were performed at the second treatment night and
subjective sleepiness (modified ESS) was established in the mor-
ning. The respiratory disturbance was largely normalized in both tre-
atment groups in the second treatment night (AHI 4.7 £ 5.3 vs.
3.7 £ 3.4; n.s.). Both groups showed largely improved sleep profi-
les and had markedly reduced ESS-scores (6.6 + 3.6 vs, 7.0 = 3.4;
n.8.). The mean treatment pressure during APAP was significantly
lower than during CPAP treatment (6.0 + 2.0 vs, 9.0 + 1.8 mbar;
p < 0.001). There were no significant differences between APAP
and CPAP treatment in any parameter of efficacy or acceptance.
APAP treatment with this device controlled exclusively by FOT is
well accepted by the patients and permits an adequate treatment of
OSAS without the need for individual CPAP titration.

Schliisselworter:  Schlafapnoe-Syndrom,  Oszilloresistometrie,

CPAP-Therapie, Auto-CFPAP

Auto-CPAP-Gerate werden entwickelt, um wéhrend der nasalen
CPAP-Therapie beim obstruktiven Schlafapnoe-Syndrom (OSAS)
den Behandlungsdruck zu jedem Zeitpunkt an die aktuellen Erfor-
dernisse anzupassen. In Ubereinstimmung mit anderen Untersu-
chern konnten wir zeigen, daB die Oszilloresistometrie eine hoch-
sensitive Methode darstellt, um eine beginnende obere Atemwegs-
obstruktion beim OSAS frihzeitig zu erkennen, bevor physiclogi-
sche Reaktionen, z. B. eine vermehrte Negativierung des inspirato-
rischen Oesophagusdruckes oder gar Arousals auftreten. Vor die-
sem Hintergrund untersuchten wir die Therapiequalitét und Akzep-
tanz eines Auto-CPAP-Gerates auf der Basis der Oszilloresistome-
trie (Somnosmart),

100 Patienten mit einem OSAS (mittlerer AHI 47,9 £ 22,6) und
deutlicher Tagesmidigkeit (Epworth sleepiness scale, ESS
12,6 + 3,9) wurden fortlaufend randomisiert, entweder einer Auto-
CPAP-Therapie (n = 50) oder einer konventionellen CPAP-Therapie
(n = 50) zugefihrt. In der jeweils zweiten Therapienacht wurden Po-
lysomnographien durchgefiihrt, und die subjektive Schléfrigkeit
wurde mit einer modifizierten ESS ermittelt. Die Atmungsstérung
war in beiden Gruppen in der zweiten Untersuchungsnacht (AHI
4,7 + 5,3 vs. 3,7 x 3,4) weitestgehend normalisiert. Beide Gruppen
zeigten weitestgehend normale Schlafprofile und deutlich reduzierte
ESS-Scores (6,6 + 3,6 vs. 7,0 + 3,4). Der mittlere Behandlungs-
druck unter Auto-CPAP war signifikant geringer als wahrend der
konventionellen CPAP-Therapie (6,0 +2,0 vs. 9,0+ 1,8 mbar;
p < 0,001). In keinem Parameter der Effektivitat oder der Akzeptanz
fanden sich signifikante Unterschiede zwischen den beiden Thera-
pieformen.

Die durch Oszilloresistometrie gesteuerte Auto-CPAP-Therapie wird
von den Patienten gut akzeptiert und stellt auch ohne individuglle
Anpassungen eine adéquate Therapie des OSAS dar.

This study was supported by a grant from Wilhelm-Sander-Stif-
tung, Neustadt a. d. Donau to J.H.F. (Nr. 90.009.3), by a grant
from the ELAN-fonds Erlangen to J.FLF. (Nr. 99.02.10.1) and
by a grant from Weinmann Inc. (Hamburg, Germany).

Introduction

Since its first description by Sullivan in 1981 nasal conti-
nuous positive airway pressure therapy (CPAP) has be-
come accepted as the standard treatment for the ob-
structive sleep apnea syndrome (OSAS). During nasal
CPAP therapy air is applied via a nasal mask at a con-
stant elevated pressure. This pressure is propagated
through the nose into the pharynx where, acting as a
»pneumatic splint”, it prevents the upper airway from
collapsing when it is set high enough to exceed the ac-
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tual critical closing pressure of the upper airways (P, ).
Not only can CPAP treatment prevent nocturnal respi-
ratory disturbances, but it also appreciably improves vi-
gilance and the daytime performance of persons with
OSAS [3]. Conventional CPAP therapy is usually initia-
ted by CPAP titration, mostly under polysomnographic
control, where the minimum pressure capable of pre-
venting all obstructive events during sleep (minimum
cffective pressure, P) is determined. Subsequently,
CPAP treatment is applied at home over lengthy peri-
ods of time at this unchanging P P, and thus P is
dependent on many factors such as body position [8],
sleep stage, nasal obstruction and upper airway edema,
all of which may vary during the night. Furthermore, va-
riations in patient weight, sleep deprivation or the use
of alcohol, hypnotics or sedatives may contribute to
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changes in P, over time [19, 14]. As a consequence va-
rious anto-adjusting CPAP devices (APAP) have been
developed that continuously adjust the positive pressure
in response to varying needs. During APAP therapy the
treatment pressure is varied continuously such that, any
point in time, the pressure applied is high enough to
prevent even partial collapse of the upper airways (,up-
per airway resistance”) and at the same time, this pressu-
re is kept as low as possible to prevent pressure-depen-
dent side effects as for instance leakage of air at the na-
sal mask and to spare the patient the sensation of
uncomfortably high treatment pressure. The merit of
APAP treatment in comparison with conventional CPAP
treatment has, to date, not been definitively clarified
[10, 18]. The results achieved with APAP treatment ob-
viously strongly depend on the control mechanism of
the respective APAP device. Currently available APAP
devices employ, for example vibrations in the CPAP
mask, reductions in airflow or flattening of the inspira-
tory flow contour as control parameters [1, 12, 7]. In ag-
reement with other working groups, we have recently
shown that the forced oscillation technique (FOT) is a
highly suitable method to continuously record the im-
pedance of the upper airways during CPAP treatment
[6, 4, 18]. In particular we have demonstrated that even
a simplified version of FOT is capable of detecting inci-
pient upper airway obstruction prior to physiological re-
actions such as the onset of increasing esophageal pres-
sure swings or microarousals [6]. Subsequently, it was
shown that it is possible to control an APAP device
exclusively via this simplified FOT [15, 5, 16].

In the present study, we now compare the outcome of
FOT-controlled APAP treatment with that achieved with
conventional CPAP therapy during the initiation of tre-
atment in a larger population of patients with OSAS.

Methods
Subjects

Subjects from among the patients referred to our sleep
laboratory for the initiation of nasal CPAP therapy, we
consecutively recruited 100 adult patients who met the
following inclusion criteria: diurnal somnolence defi-
ned by a score of no less than 8 on the Epworth Sleepin-
ess Scale (ESS) [9], an apnea-hypopnea index (AHI)
>10/h on standard polysomnography (sec below) and
written informed consent to participate in the study. Pa-
tients who had already undergone CPAP treatment, or
had central sleep apnea syndrome or Cheyne-Stokes re-
spiration, those with severe nasal obstruction, or other
conditions contraindicating CPAP treatment, were
excluded. Also excluded were patients with obstructive
pulmonary disease (FEV1 <70 % predicted) or conge-
stive heart failure (NYHA class IIT or IV),

Sleep studies

The polysomnographic studies were performed in our
sleep laboratory by trained sleep lab technicians. All va-
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riables were recorded on a computer (SleepLab, Jaeger
and Toennies, Warzburg, Germany), and included EEG
(C4/A1, C3/A2), bilateral EOG, submental EMG, sno-
ring detected by microphone, ECG, thoracic and abdo-
minal movements measured by inductive plethysmogra-
phy and oxyhaemoglobin saturation using a finger oxi-
meter (Microspan 3040G, Jaeger and Toennies, Wurz-
burg, Germany). During the diagnostic studies, oral and
nasal airflow was measured by thermistors, during
CPAP-Therapy a pneumotachograph (Weinmann,
Hamburg, Germany) was used. The CPAP pressure was
measured continuously at the nasal mask,

Obstructive apneas were defined as the absence of
oronasal airflow for at least 10 seconds. During diagno-
stic polysomnographies hypopneas were defined as a re-
duction in thoracoabdominal movement amplitude to
50 % or less of the preceding stable baseline for 10 se-
conds or longer [7]. During nasal CPAP therapy hypop-
neas were defined as a reduction of nasal airflow ampli-
tude (measured by a pneumotachograph) to 60 % or
less of the preceding stable baseline for 10 seconds or
longer. The mean number of apneas and hypopneas per
hour of sleep was calculated as the apnea-hypopnea in-
dex (AHI). Sleep parameters were determined using
the criteria of Rechtschaffen and Kales [17], and arou-
sals were defined in accordance with the ASDA definiti-
ons [2].

APAP and CPAP devices

The APAP machine investigated was the Somnosmart®
(Weinmann, Hamburg, Germany). It employs a servo-
controlled turbine, and provides a CPAP of 4 — 18 mbar.
The treatment pressure is controlled by an algorithm
based exclusively on a simplified FOT [6]. Details of this
device and its algorithm have recently been described in
details elsewhere [4, 5,7, 15, 16]. The treatment pressu-
re is controlled by an algorithm based exclusively on a
simplified FOT: A membrane pump generates a sinusoi-
dal signal at a constant frequency of 20 Hz. This mem-
brane pump is connected to the CPAP system at the na-
sal mask via a rubber tube. The pressure inside the nasal
mask is measured via another rubber tube connected to
a piezoresistive transducer inside the CPAP device, and
the pressure signal is filtered by a 20 Hz band-pass to iso-
Iate the forced oscillation components. Changes in the
amplitude of this FOTsignal are considered to repre-
sent changes in upper airway impedance | Z1. Increasing
values of this FOT=signal are considered to represent dy-
namic upper airway obstruction. Thus when the actual
FOT value for is higher than 160 % of the ,baseline va-
lue“ the CPAP pressure starts increasing by
0.2 mbar/sec. until the FOTsignal has ,normalised”
again. When the FOT signal remains lower than 160 %
of the baseline normal value for some time, the CPAP
pressure is gradually reduced. The time delay to initiati-
on of pressure reduction, and the rate of pressure re-
duction depend on the ,pattern” of the FOT signal
which had initiated the pressure increase. If for exam-
ple the pressure increase has been initiated by a single
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Table 1; Patient characteristics

prassure

All patients APAP

{n'=100) {n = 50)
Age [years) 54.311.0(18-78) 54.0 £ 11,7 (30-78)
“BMI kg/m?) 31,850 (23,8-47.8) 31,9+ 4.7 (23.8-41,7)
AHI 47.9+ 22,6 (11.0-103.0) 48,0 £23.7 (11.0~103.,0)
Al .. 33.3x22.6(1.8-96.0) 37,5+ 24.1 (2.0-86.0)
oDl 51.4 +21.7 (8.0-106.0} 49,6 % 23.4 (9,.0-103.0)
Arqusal | 48,8+ 18.0 (8,7-87.1) 498+ 16.5(0.6-77.3)
FST (min.) . 387.7 £51.7 (182.0-456.0) 369.9 +38.3 (264.0-450.0)
Stage 1 (%TST) - 15,7+ 12,9 (0,9-73.2) 15.0.£11.7(1,3-52.9)
Stage 2 (%TST) 61.9x 14.4 (18.7-95.3) 62,6 £ 12,7 (37.1-88.1)
Stage 3 (%TST) 87 7.6(0.0-35.0) 8.1£6.8(0.0-21.1)
Stage 4 (%TST) - 0.7 £2.3(0.0-17.7) 0,3%1.2(0.0-7.4)
REM (%TST) - 1811 £7.0(0.0-34.7) 14.046.8 (1,4~29,3)
ESS sqore 12,6 + 3.9 (8.0-23.0) 12,7%4,0 (5.0—23.0)

Values.are mean = SD, range In parentheses; 95 % Cl = 958% confidence interval; BMI = body-mass-index {kg/m,); AHI = apnea/nypopnea index (number of apneas and hypapneas
per hotr); Al = apnea indax (number of apnieas per hour); ODI = oxygen desaturation index (number of desaturations 2 4 %); Arousal | = arousal Index (number of microarousals per
hour) TST = total sleep time; %TST = percentage'af total sleep time; ESS = Epworth Slespiness Scale; CPAP = gontinuous positive alrway pressure; APAP = automatic positive alrway

CPAP Mean 95 % Cl for P
{n =50) difference differences value
84,7+ 10.3 (18~74) 0.7 -3.8t05.2 NS
31,753 (24.3-47.8) -0.2 ~2.2101.9 NS
478 £21,7 (14.0~100.0)-0.2 -8.4109.1 NS
200+£203(1.8-780) -85 ~17.6100.6 NS
63,2 +19.9(12.0-108.0) 8.7 -5.21012.5 NS
48.0+19.5(8.7-87.1) -1.6 ~8.91t06.8 NS
365.5 + 62.8 (132.0-456.01-4.5 -~26.610.16,7 NS
164+ 14.2{09-73.2) 1.4 -3.8106.7 NS
81.1+16.0(13,7-95.3) 1.4 731043 NS
93%86(0.0-350) 1.2 -1.9104.3 NS
1.1 £3.0(0.0-17.7) 0.7 ~0.2101.7 NS
12147200347  -1.9 ~4,7101,0 NS
12,4 £3.8(8.0-21.0) - -0.3 -1.8t01.8 NS

short rise in the FOT signal, pressure reduction starts at
a rate of 0.1 mbar/sec. without any delay as soon as the
FOT value has ,normalised*, If, for example, the pressu-
re increase has been initiated by more than one incre-
ment of the FOT value of more than 160 % of the baseli-
ne value within 50 sec., the pressure reduction starts af-
ter a delay of 120 sec. at a rate of 0.05 mbar/sec. Such a
»cluster of obstructive events occurs, for example,
when the sleeper changes position from lateral to supi-
ne, In this situation the treatment pressure should not
be reduced too quickly. When the FOT value falls below
90 % of the individual normal value, a central apnoea or
a major leakage are assumed, and the pressure remains
unchanged until the FOT value has ,normalised” again,
During this study the lower pressure limit was set to
4 mbar, the upper limit to 18 mbar. The device was set to
increase the CPAP-pressure by a maximum of
0.2 mbars/sec. No individual adjustments were made.

For constant-pressure CPAP therapy we used an iden-
tical device operating in constant pressure mode with-
out FOT measurements (Somnotron 4%, Weinmann,
Hamburg, Germany).

Study design

The initiation of either conventional CPAP or APAP was
performed during three consecutive nights in the sleep
laboratory. In the first night a diagnostic polysomnogra-
phy was performed and subjective sleepiness was deter-
mined with the aid of the ESS. All patients who met the
inclusion criteria, and gave their informed consent to
participate, were randomized either to APAP treatment
or conventional CPAP (reatment. After the second treat-
ment night in the sleep laboratory sleepiness was again
determined using a modified ESS with identical items,
but referring to the patients condition on the actual day.

Initiation of APAP therapy
Initiation of APAP therapy was performed on two conse-
cutive nights in the sleep laboratory. In the night follo-
wing diagnostic polysomnography, each patient in the
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APAP group underwent APAP therapy with the Somnos-
mart®. On that occasion, the device was operated at the
settings preset by the manufacturer, with a maximum
possible treatment pressure range of 4~18 mbar. For all
subsequent treatment nights, an individual upper pres-
sure limit was determined. For this purpose, the 95 %
percentile was calculated from the range of pressures
applied during the first night, and this was taken as the
upper pressure limit. If the 95% percentile was
<8 mbar, the upper pressure limit was set to 8 mbar.

Initiation of conventional CPAP therapy
For conventional CPAP-therapy we used the correspon-
ding constant-pressure CPAP device from the same ma-
nufacturer (Somnotron4®). Following the diagnostic
polysomnographies, manual titration of the CPAP pres-
sure was carried out under polysomnographic control as
previously described [7, 20]. For each patient, the mini-
mal pressure was established at which most of apneas,
hypopneas and snoring were abolished in all body po-
stures and in all stages of sleep. Starting from an initial
4 mbar, the pressure was increased in steps of 1 mbar at
intervals of at least 5 minutes when obstructive events
(apneas, hypopneas or snoring) occurred. If no further
obstructive events occurred during a period of 30 minu-
tes, the pressure was then reduced again every ten minu-
tes in steps of 1 mbar until such events re-occurred, whe-
reupon the pressure was once more increased in the
manner described above. After a second treatment
night, the ESS score was determined again.

Data Collection and Statistical Analysis

The investigators responsible for the evaluation of the
polysomnographic tracings (C.N. and C.C.) were una-
ware whether the patient had been treated with conven-
tional constant-pressure CPAP or APAP. All figures are
expressed as arithmetic means +standard deviation.
Group comparisons were performed using the t-test or
the Mann-Whitney U-test as appropriate. The statistical
calculations were performed with the aid of SPSS (versi-
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%’ Results of treatment on. the second treatment night
APAP (n = 48) CPAP (n=47) Mean 95% Cltor p
difterence differences value
L AR 4.7 £ 5.3 (0.0-27) 3.7:3.4(0.0-14.6) -1.0 BB CM?’ ]
A 2.2 8.4 (0.0-21.0) 2.1 £2.3(0.0-10.0) ~8.8 4810104 N
ob 8.7 £9.4 (0.0-34.0) 7.3+ 6.4 (0.0-29) w4 e i
Aoussl | 20,7 + 12.8 (4.6-87.1) 187 £8.8(4.1-405)  -40 BAWOE Nt |
it grin.) 60,5 + 50.0 (286.0-438.0) 360.3 2 50.0 (204.0-438.0)-0.2 DI2HEEE e !
Stags 1 (67T 104 £7.1 (1.7-31.0) M1£86(07-360 06 260389 Wi
Biige 2 (GATST) 42,8 % 10.4 (10.1-68.2) 4484 11.6(23.3-66.3) 2.0 251064 Mg
SBtage 3 (HTST) 20.3 6.5 (8,8-34.3) 18.5+8.4(1.3-426)  -1.8 A1 ey
Stiige 4 (6TST) 3.7 7.6(0.0-34.4) 37547000182 -84 2808 Ny
REMATST) 22.8+7.7(9.5-41.8) 220484041418 08 it DE g
E8E 7.0 4.1(0.0-19.0) 76x3.5(1.0~18.0) ~8.8 131014 g
%pﬂmw o) 6.0%2.0(3.8-12.8) 9.0+1.8(6.0-130) 8.4 221040 petionm
# percantage of total sleap time; ESS = Epworth Sleepiness Scale; GPAP = continuous posttive alrway pressura; APAP = automatic bosttive alway pressiie i

on 9.0.1). For differences between groups, a two-tailed
value of less than 0.05 was considered significant.

The study protocol was examined and approved by
the ethics committee of the University of Erlangen.

Results

Table 1 shows the characteristics of the 100 patients ran-
domized. At baseline no differences were to be seen bet-
ween the two groups in terms of the biometric data, po-
lysomnographic data, ESS and SF-36.

Five patients did not tolerate APAP (2 patients) or
CPAP (3 patients) and broke off participation after the
first treatment night. For the remaining 48 patients in
the APAP group, and the remaining 47 patients in the
CPAP group, treatment was initially carried out as plan-
ned. The mean upper pressure limit for APAP treatment
was 10,1 + 2.6 mbar (8-18 mbar). During the second tre-
atment night in the sleep laboratory in each group noc-
turnal respiration was nearly normalized. The AHI in the
APAP group did not differ significantly from that in the
group receiving conventional CPAP therapy (4.7 + 5.3 vs.
3.7+ 3.4), Nor did the apnea index (AI) and the oxygen
desaturation index (ODI) differ between the two groups
(Table 2). In both groups equally, sleep profile was large-
ly normal, with differences being seen neither in arousal
index nor in the distribution of sleep stages (Table 2). In
the APAP group, sleepiness, as measured with the ESS
was appreciably reduced in comparison with baseline
(7.0 £ 4.1 vs. 12.7 + 4.0; p<0.001), as also in the conven-
tional CPAP group (7.6+3.5 vs. 12.4 + 8.8, $<0.001).
The ESS scores did not differ between the two groups.

The mean treatment pressure during APAP was signi-
ficantly lower than during CPAP treatment (6.0:£2.0 vs.
9.0+ 1.8 mbar; p<0.001),

Discussion
Since initial studies in small groups of patients had indi-

cated that, in principle effective treatment of OSAS is
possible with the aid of an FOT-controlled APAP device
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[15, 5], the present study was designed to compare the
efficacy of the FOT-controlled APAP device in a larger
group of patients with that of conventional CPAP wreat-
ment.

Although the participants in the study were not infor-
med as to which study arm they had been assigned, we
are unable to exclude the possibility that, during wake
periods the patients might have become aware of the au-
tomatic variations in pressure associated with the APAP
device, Since, however, the participants were not infor-
med of the underlying rationale of the study, and at no
time had an opportunity to make a comparison with the
respective other device, it may be assumed that the sub-
jective assessment of the patients was largely unbiased.

In our study we used a ,modified ESS" to evaluate our
patients’ subjective sleepiness, This method has potenti-
al limitations, since it is completely dependent on the
patients subjective impression of his actual sleepiness,
Thus using this ,modified ESS*, we cannot completely
rule out minor differences in daytime performance and
sleepiness between our two treatment groups,

In summary, we have been able to show that treat-
ment with the FOT-regulated APAP device can be just as
successful as with conventional CPAP treatment. As in
earlier studies, it was again found that the mean treat-
ment pressure applied during APAP treatment is appre-
ciably lower than that used during CPAP therapy [5].
This ,pressure saving” effect of auto-CPAP therapy has
also been demonstrated for some other auto-CPAP devi-
ces. Theoretically, this lower mean treatment pressure
might mean that patients find this form of treatment
less inconvenient.

In earlier studies, we ohserved that, during APAP tre-
atment with the device investigated herein, inadequate
pressure increases can, very rarely, occur, e.g. when du-
ring nocturnal wake periods active movements in the
pharynx with a temporary decrease in the cross-sectio-
nal diameter of the upper airways occur. This observati-
on prompted us in the present study to define an upper
pressure limit for long-term APAP treatment. To deter-
mine this upper pressure limit, we employed the 95 %
percentile of the pressure values applied during the first
APAP night. In a small study on 11 patients, Randerath
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et al. were able to show that the FOT-controlled APAP
device was effective even without an individually defined
upper pressure limit [15]. Presumably, the inadequate
pressure increases we initially observed occur in particu-
lar during treatment initiation during which there are
frequent periods of waking [11]. During the course of
home treatment, as patients increasingly become accu-
stomed to the treatment, such events will lose significan-
ce.

Although we initiated APAP treatment in our sleep la-
boratory, we made no use of polysomnographic data to
define any individual settings of the APAP device. Accor-
dingly, initiation of treatment with the device investiga-
ted herein would probably also be possible without con-
comitant polysomnography, e.g. in the patient’s home,
This would have the positive effect of appreciably redu-
cing the staff requirements and costs associated with
conventional sleep lab initiation. This is a further point
that might be investigated in further studies comparing
home with sleep laboratory therapy initiation.

To summarize the present study has confirmed that,
over the short term, equally good therapeutic results
and compliance can be achieved with the FOT-control-
led APAP device as with conventional CPAP therapy.
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