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ABSTRACT

Introduction: Continuous Positive Airway Pressure (CPAP)
is required for obstructive sleep apnoea (OSA). Thisstudy
compares the efficacy between Fixed Pressure CPAP (Fixed
CPAP) and Auto-adjusting Pressure (APAP) based on
Apnoea Hypopnoea Index (AHI), Epworth Sleepiness Score
(ESS) among patients with symptomatic OSA and to
ascertain their CPAP preference.

Methods: This is a prospective, randomised, crossover,
single-blinded study conducted from February 2018 to
February 2019 among adult subjects attending respiratory
clinic Universiti Kebangsaan Malaysia Medical Centre
(UKMMC).

Results: Forty-six subjects were recruited with 27 males
(58.7%). The mean age was 54 (+11) year old. The baseline
median Body Mass Index (BMI) was 34.2 kg/m? (Interquartile
Range IQR: 30.8 kg/m?*-41.7 kg/m?); baseline median AHI 28.8
/hour (IQR 21.2/hour-54.0/hour); andbaseline median ESS 15
(IQR 13-16).

After intervention, the median AHI was 5.0 / hour (IQR
4.2/hour-6.0/hour) at fixed CPAP arm; APAP arm was 5.5/
hour (IQR 4.2/hour-6.3/hour); p<0.01. The median ESS at
fixed CPAP arm was 2 (IQR 0-3); APAP arm was 2 (IQR 1-3);
p < 0.01. Those who preferred APAP were 22 subjects
(47.8%) and had median optimal CPAP pressure 13.0 cmHz20
(IQR 12.0 cmH20 -13.5 cmH20); 24 subjects (52.2%) who
preferred Fixed CPAP had median optimal CPAP pressure
8.0 cmH20 (IQR 6.3 cmH20 -8.7 cmH20); p<0.01. Median
baseline BMI was 37.6 kg/m? (IQR 30.8 kg/m? -43.0 kg/m?) for
those who preferred APAP and 32.3 kg/m? (IQR 30.8 kg/m? -
38.4 kg/m?) for subjects preferred Fixed CPAP; p=0.03.

Discussion: Fixed CPAP maybe considered as first line
therapy for symptomatic moderate and severe OSA with
titrated optimal CPAP pressure less than 8 cmH20 and BMI
less than 32.3 kg/m? based on subjects’ preference.
Baseline AHI and average daily CPAP usage was not
statisticallysignificant in affecting patient preference
between fixed and auto adjusting CPAP. This is the first
study of its kind conducted in Malaysia.
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INTRODUCTION

Obstructive Sleep Apnoea (OSA) is a major health burden. In
Malaysia, the prevalence of OSA was estimated at 8.8% for
male and 5.1% for female population." Moderate to severe
sleep apnoea is independently associated with increased risk
of all-cause mortality.** Continuous Positive Airway Pressure
(CPAP) machine therapy is the mainstay of treatment for
OSA.* There are two modes of CPAP namely Fixed Pressure
CPAP (Fixed CPAP) and Auto-Adjusting Pressure CPAP
(APAP). Fixed CPAP delivers relative constant positive airway
pressure throughout the respiration cycle” On the other
hand, the APAP delivers positive airway pressure that is
dependent on respiratory event during sleep.” CPAP therapy
improves the quality of life of sufferers and reduced all-cause
mortality in symptomatic moderate to severe OSA.**

The cost of OSA treatment is substantial in Malaysia. The
APAP costs Ringgit Malaysia (RM)6500-RM7500. The Fixed
CPAP is relatively cheaper, costing RM4000-RM5000. CPAP
machine for OSA is not covered by private medical insurance
in Malaysia. Expensive treatment cost may influence
patients' decisions to accept CPAP therapy in OSA.

Studies outside Malaysia have shown no difference in the
efficacy between fixed CPAP and APAP for OSA.*" However,
there are no published data in Malaysia on the efficacy of
fixed CPAP and APAP. Therefore, the objectives of our study
were to evaluate the efficacy of fixed CPAP and APAP among
Malaysian symptomatic OSA subjects based on Apnoea
Hypopnoea Index (AHI) and Epworth Sleepiness Score (ESS)
and ascertain their CPAP preference. We also looked at the
key determining factors for CPAP mode device preference
among recruited subjects.

MATERIALS AND METHODS

Study design

This is a prospective, randomised, crossover, single-blinded
study conducted from February 2018 to February 2019
among adult subjects attending respiratory clinic Universiti
Kebangsaan Malaysia Medical Centre (UKMMC), Malaysia.
This study was approved by the UKM Research Ethics
Committee, Ethic code: FF-2018-207. A flow chart of the
study design is shown in Figure 1.

Study subjects
We included newly diagnosed symptomatic OSA subjects
aged 18 years old to 70 years old, with ESS of more than
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10/hour and sleep study AHI more than 5/hour. Subjects had
no previous CPAP usage and willing to initiate long term
CPAP therapy. We excluded subjects with the following
comorbidities: congestive cardiac failure (CCF), severe
chronic obstructive pulmonary disease with Forced
Expiratory Volume in 1 second (FEV1) less than 50%,
ischemic or haemorrhagic stroke, parkinsonism,
neuromuscular diseases, psychiatry disorder, central sleep
apnoea, craniofacial abnormalities and Pickwickian
syndrome.

Sample Size

Sample size was calculated using Power and Sample Size
Program (PS) version 2.1.31. Based on the reference journal
Vennelle et al. with adjusted power of 80% and alpha error of
5% (p=0.05) the sample size calculated was 31.° To cover for
25 % drop out rate, a total sample size of 40 subjects was
decided during the ethics committee meeting at UKMMC.

Procedure

A total of 50 subjects provided written consent for CPAP trial
and data collection prior to enrolment into the study. Subjects
were required to self-administer the wvalidated ESS
questionnaire according to their preferred language.
Permission to use the validated ESS questionnaire from Mapi
Research Trust France was granted. Subjects with ESS of more
than 10 proceeded with sleep study. Those with high pre-test
probability of moderate to severe OSA; Body Mass Index
(BMI) more than 25 kg/m? and ESS more than 10 underwent
type 3 limited sleep study at respiratory ward UKMMC.
However, subjects needed to exclude other sleep breathing
disorders underwent type 1 polysomnography at sleep
laboratory UKMMC. Only subjects with AHI more than
5/hour were recruited.

The basic function of CPAP machine operation was
explained to subjects who met the inclusion criteria and
appropriate mask interface selected. Helpline provided to all
subjects. They were given 3 to 5 days trial of CPAP under A-
Flex mode at home to obtain the appropriate CPAP setting.
Optimal pressure was taken as 95 percentiles of average
CPAP pressure under A-Flex mode derived from CPAP
machine memory card. Subjects were then randomised by
using computer generated block of 4 randomisation by first
author to either APAP (Labelled as CPAP A) or Fixed CPAP
(Label as CPAP B) for 2 weeks respectively. Both groups
received similar CPAP machine (Philips Respironics). Subjects
were blinded to the mode of CPAP, as the CPAP screens were
concealed. This was followed by 1 week of washout period.
They were then crossed over to the next mode of CPAP for
another 2 weeks. APAP was kept at between 4 cmH20 to 20
cmH:20. The optimal pressure for fixed CPAP was derived from
the 95 percentile of CPAP pressure under A-Flex mode.
Subjects were followed up again at the end of respective mode
of CPAP trial. Home visit was done for subjects who sought
assistance via the helpline provided.

AHI and ESS changes were assessed at the end of the
respective CPAP mode study. Upon completion of the study,
subjects were asked for their preference between APAP and
fixed CPAP machine therapy.
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Statistical analysis

Statistical analysis was performed by using IBM SPSS, version
25. Demographic and baseline characteristic variables were
analysed using descriptive analysis. Upon performing
Shapiro Wilk normality test, baseline AHI and ESS were not
normally distributed. Thus, AHI and ESS changes from
baseline were analysed using Wilcoxon signed rank test, p-
value less than 0.05 was considered statistically significant.
Mann-Whitney test was used to compare the AHI and ESS
changes between Fixed CPAP and APAP, p-value less than
0.05 was considered statistically significant. The subjects’
optimal CPAP pressure, average duration of CPAP usage,
baseline BMI and baseline AHI were not normally
distributed. Thus, Mann-Whitney test was performed for
patient CPAP mode preference in comparison with optimal
CPAP pressure, average duration of CPAP usage, baseline
BMI and baseline AHI. A p-value of less than 0.05 was
considered statistically significant.

RESULTS

Of the 50 subjects recruited, 46 successfully completed the
study. There were no complications reported during the
washout period. Four subjects withdrew from the study due to
shift work and frequent traveling which contributed to 8%
dropout rate. Finally,34 subjects with high pre study
probability of OSA without major comorbidities underwent
limited sleep study (Type 3 sleep study) at respiratory ward of
UKMMC. The remaining 12 subjects who needed to exclude
other sleep breathing disorders had full polysomnography
(Type 1 sleep study) Among the 46 subjects who completed
the study, 27 (58.7%) were males and 19 (41.3%) were
females. The study population consisted of 36 (78.3%)
Malays, seven (15.2%) Chinese, two (4.3%) Indians and one
(2.2%) Punjabi. The mean age was 54 (+11) years, baseline
median BMI 34.2 kg/m?* (IQR: 30.8 kg/m* -41.7 kg/m?),
baseline median AHI of 28.8 /hour (IQR 21.2/hour-
54.0/hour), baseline median ESS of 15 (IQR 13-16) (Table I).

Efficacy Between Fixed CPAP and APAP

Both fixed CPAP and APAP showed significant clinical
improvement of AHI and ESS from baseline by Wilcoxon
signed rank test (Table II). However, Mann-Whitney test
demonstrated the efficacy between fixed CPAP and APAP
were statistically not significant (Table III).

Determining factors for CPAP mode device preference

Of the 46 subjects in this study, 22 (47.8%) preferred APAP
and 24 (52.2%) subjects preferred fixed CPAP. Mann-Whitney
test shown that baseline BMI and optimal CPAP pressure
were the determining factors for CPAP mode device
preference among symptomatic OSA subjects in this study.
However, baseline AHI and average CPAP usage per day were
statistically not significant to affect the CPAP mode device
preference among the subjects (Table IV).

DISCUSSION

The subjects in this study were mostly in their middle ages
with grade 2 obesity and moderate excessive daytime
sleepiness.’””® They had moderate to severe symptomatic
OSA.™ The ethnic composition in this study represented
Malaysian demography ratio.”
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Table I: Baseline descriptive characteristics of subjects

A randomised controlled trial

Characteristic

Data

Mean age + (Standard deviation)
Gender
Male
Female
Ethnicity
Malay
Chinese
Indian
Punjabi
Median BMI
Median AHI
Median Epworth Sleepiness Score

54 (+11) year old

27 subjects (58.7%)
19 subjects (41.3%)

36 subjects (78.3%)
7 subjects (15.2%)
2 subjects (4.3% )
1 subject (2.2%)

15 (IQR 13-16)

34.2 kg/m? (IQR: 30.8 kg/m? - 41.7 kg/m?)
28.8 /hour (IQR 21.2/hour-54.0/hour)

*BMI: Body mass index.
*AHI: Apnoea hypopnoea index
*IQR: Interquartile range

Table II: AHI and ESS improvement from baseline between fixed CPAP and APAP

Main parameter

Baseline Median (IQR)

Fixed CPAP Median (IQR)

n=46 n=46

APAP Median (IQR)
n=46

p value?®

AHI [Events/hour]
ESS 1

28.8 (21.2-54.0)

5.0 (4.2-6.0)
2 (0-3)

5 (13-16)

<0.01
<0.01

5.5 (4.2-6.3)
2(1-3)

*AHI: Apnoea hypopnoea index
*ESS: Epworth sleepiness score

*Fixed CPAP: Fixed pressure CPAP
*APAP: Auto-adjusting pressure CPAP
*IQR: Interquartile range

$Wilcoxon signed rank test

Table lll: Efficacy between fixed CPAP and APAP among symptomatic obstructive sleep apnoea

Main parameter

Fixed CPAP Median (IQR)
n=46

APAP Median (IQR)
n=46

p value®

AHI [Events/hour]
ESS

5.0 (4.2-6.0)
2 (0-3)

5.5 (4.2-6.3)
2(1-3)

0.62
0.78

*AHI: Apnoea hypopnoea index
*ESS: Epworth sleepiness score

*Fixed CPAP: Fixed pressure CPAP
*APAP: Auto-adjusting pressure CPAP
*IQR: Interquartile range
$Mann-Whitney test

Table IV: Confounding factors for CPAP device mode preference among study subjects

Parameter

Preferred Fixed CPAP
Median (IQR)
N 24

Preferred APAP
Median (IQR)

p value®

Baseline BMI [kg/m?]

Optimal CPAP pressure [cmH?0]
Baseline AHI [event/Hour]
Average daily CPAP usage
[Hours: Minutes: Seconds]

32.3 (30.8-38.4)
8.0 (6.3-8.7)
33.4 (21.6-59.0)
5:19:26 (5:10:15-5:38:32)

37.6 (30.8-43.0) 0.03
13.0 (12.0-13.5)
25.6 (20.7-53.1) 0.63
5:20:16 (4:52:51-5:37:56) 0.60

<0.01

*BMI: Body mass index

*AHI: Apnoea hypopnoea index
*Fixed CPAP: Fixed pressure CPAP
*APAP: Auto-adjusting pressure CPAP
*IQR: Interquartile range
$Mann-Whitney test
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Assessment for inclusion/ exclusion criteria.

Weritten consent.

Explanation basic operation of CPAP machine.

Helpline provided.
N =50

y

Auto CPAP titration 3-5 days for optimal CPAP setting.
Choose appropriate interface.

N=50

Dropout from study due ‘

to poor compliant.
N=4

<
<+

A

Y

Randomisation into CPAP A or CPAP B

Patient blinded to CPAP mode.

N=46

CPAP A for 2 weeks.
Assessment of ESS and CPAP
data at the end of 2 weeks.
N=23

One-week washout period.
Then, crossover to the next
CPAP mode.

Subject given 3-5 days trial
of next CPAP mode for
comfort setting.

A 4

CPAP B for 2 weeks.
Assessment of ESS and CPAP
data at the end of 2 weeks.
N=23

CPAP A for 2 weeks.
Assessment of ESS and CPAP
data at the end of 2 weeks.
N=23

CPAP B for 2 weeks.
Assessment of ESS and CPAP
data at the end of 2 weeks.
N=23

End of research
Assessment of CPAP device preference |
Preferred CPAP A: N= 22
Preferred CPAP B: N= 24

*CPAP A= Auto-adjusting pressure CPAP
*CPAP B= Fixed pressure CPAP
*N= Number of subjects.

Fig. 1: Study flow chart.

In our study, 34 subjects with high pre study probability of
OSA proceeded with limited sleep study (Level 3 study) at
respiratory ward. However, 12 subjects who needed to
exclude other sleep breathing disorders had full
polysomnography at UKMMC sleep laboratory (Level 1
study). Following full polysomnography test, all these 12
subjects were diagnosed as OSA.

Our study has shown that both fixed CPAP and APAP had
similar efficacy. In the fixed CPAP arm, the median AHI was
5.0 / hour (IQR 4.2/hour-6.0/hour) p < 0.001. In the APAP
arm, the median AHI was 5.5/ hour (IQR 4.2/hour-6.3/hour)
p < 0.001. The rate of AHI reduction between fixed CPAP and
APAP (from baseline) were statistically not significant,
p=0.616. Randerath et al. with almost similar study design
and sample size support the outcome of our study where the
AHI was obtained from polysomnography at the end of the
respective mode of CPAP trial. Due to our limited resources,
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the AHI was derived from the CPAP machine memory card at
the end of the respective CPAP mode trial.

The ESS questionnaire is a simple and reliable method for
measuring persistent daytime sleepiness in adults.” In this
study, validated self-administered ESS questionnaire in
English, Malay, Chinese and Tamil languages from France
Mapi Research Trust were used. Both fixed CPAP and APAP
demonstrated the same efficacy for improvement of ESS from
baseline. The median ESS at fixed CPAP arm was 2 (IQR 0-3)
and APAP arm was 2 (IQR 1-3) p < 0.01. Our findings show
near similarity with a Hong Kong study by To et al.”

Contrary to our research, Noseda et al. reported that the
mean ESS was significantly (p < 0.01) lower on APAP (5.1+
2.8) than on fixed CPAP (6.1+ 2.8) with mean difference of
1.18 As no objective assessment of daytime vigilance was
made with their small sample size, this small difference
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should be interpreted with caution. Other studies, including
Galetke et al. from German and Nussbaumer et al., which
were double blinded studie,s have shown no statistical
significance for the difference of ESS improvement among
OSA patients between APAP and fixed CPAP.”?

In our study, 22 subjects preferred APAP and 24 preferred
fixed CPAP. Subjects who preferred APAP had higher median
optimal CPAP pressure and baseline BMI compared with
those patients who preferred fixed CPAP. Those preferring
APAP had median optimal CPAP pressure was 13.0 cmH20
(IQR 12.0 cmH:z0 -13.5 cmH20) and subjects who preferred
fixed CPAP had median optimal CPAP pressure of 8.0 cmH20
(IQR 6.3 cmH20 -8.7 cmH:z20) p<0.01. The median baseline
BMI was 37.6 kg/m*(IQR 30.8 kg/m* -43.0 kg/m?) for those
preferred APAP and 32.3 kg/m?* (IQR 30.8 kg/m* -38.4 kg/m?)
for subjects preferred fixed CPAP, p 0.03. The association of
optimal CPAP pressure with subjects’ CPAP mode preference
was similar toa study by Nolan et al. from Ireland.”

Contrary to our study, Nolan et al. stated that BMI was not
the determining factor for CPAP mode preference among the
OSA subjects.” However, the baseline BMI in Nolan et al. was
30.6 kg/m’ (+ 3.8 kg/m?) for those who preferred APAP and
28.5 kg/m* (x 5.1 kg/m? for those who preferred fixed
CPAP.10 The baseline BMI of subjects in Nolan et al. were
relatively lower as compared to our study. The relative lower
baseline BMI may have contributed to the insignificant of
subjects’ preference towards CPAP mode. The Randerath et al.
study in 2001 found a correlation of body mass index and
CPAP treatment pressures. Subjects’ CPAP pressure
requirement increased with higher BMIL.** This may explain
the subjects in our study with higher BMI preferred APAP.
Those with higher pressure viability may do better with
APAP. Further study needed in this field to define this
variability.

In our study, subjects’ CPAP modes preference was not
affected by baseline AHI and average CPAP usage per day.
We noted the compliance among those who preferred APAP
and fixed CPAP were good. CPAP compliance is defined as
using the therapy for an average of 4 hours a night for at
least 70% of the nights.”" In our research, those who preferred
APAP had median average CPAP usage per day of 5 hours 20
minutes 16 seconds. (IQR: 4 hours 52 minutes 51 seconds- 5
hours 37 minutes 56 seconds) and 5 hours 19 minutes 26
seconds (IQR: 5 hours 10 minutes 15 seconds-5hours 38
minutes 32 seconds) for those preferred fixed CPAP. The good
compliance may be due to more regular follow up by the
researcher, with 24 hours helpline available for those
recruited in this study. The variability of average duration of
CPAP usage per day is small between those preferred APAP
and fixed CPAP.

There are few limitations to our study. Firstly, our subjects
were recruited from a single tertiary centre UKMMC. Besides,
this is a single blinded study and manual CPAP titration was
not done due to the limited resources.
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CONCLUSION

In summary, APAP and fixed CPAP are equally effective in
treating symptomatic OSA. If the optimal CPAP pressure is
less than 8 cmH20 and BMI less than 32.3 kg/m?, fixed CPAP
may be considered as first line modality of treatment for
symptomatic OSA as it is cheaper compared with APAP.
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