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ABSTRACT

Background Continuous positive airway pressure (CPAP)
mask renewal policies vary inside and between countries.
There are no independent studies on the optimal mask
renewal frequency. We aimed to evaluate CPAP mask
function over time in a real-life clinical setting, and to
compare the results against current renewal policies.
Methods Daily performance data of 1846 CPAP masks
(65% nasal, 22% nasal pillows, 12% oronasal) were
recorded from 450 participants (68% male, mean age 59
years) with obstructive sleep apnoea. The unintentional
leak, Apnoea-Hypopnoea Index (CPAP-AHI) and usage data
were exported from the CPAP device.
Results Of 656 324 nights of CPAP usage, the mean
renewal time was 497 days (SD 327), mean leak 5.7 L/
min (SD 8.1) and CPAP-AHI 3.8 events/h (SD 3.6). The
difference in mean leak between one (5.2 L/min, SD 7.5),
12 (6.0 L/min, SD 10.2) and 24 months (5.8 L/min, SD
7.5) was minimal (p=0.59). Mean CPAP-AHI remained
normal and unchanged in nasal masks and pillows up to
30 months, and was highest in oronasal masks. Different
mask manufacturers performed similarly. Masks’ daily or
total usage did not affect the results. Shifting the mask
renewal policy to 24 months could reduce the mask-
related cost up to 50%–88%.
Conclusions Nasal masks and pillows could be used at
least 2 years without significant changes in unintentional
leak and CPAP-AHI. We suggest updating the mask
renewal policies of nasal masks and pillows; results on
oronasal masks and other manufacturers CPAP devices
need further verification.

INTRODUCTION
Obstructive sleep apnoea (OSA) is the most
common sleep-
related breathing disorder
with an estimated prevalence of 2%–7% worldwide.1 2 It is widely underdiagnosed, and the
prevalence is increasing.3–6 Untreated OSA
causes daytime sleepiness, reduces patient’s
quality of life, impairs cognitive function and
is a risk factor for hypertension and cardiovascular disease.2 7 The diagnosis and severity of
OSA is assessed with the Apnoea-Hypopnoea
Index (AHI); AHI less than five events/hour
is considered normal.
Continuous positive airway pressure
(CPAP) therapy is the best available treatment

Key messages
►► For how long a continuous positive airway pressure

(CPAP) mask could be used without a significant alteration of the functional and therapeutic properties?
►► Mask renewal policy is mainly regulated by the producer company and differs between the countries
and insurance companies. There are no independent
institutional studies to assess the validity of this
regulation.
►► We demonstrated that the CPAP masks remained fit
for at least 2 years of use. Hence, the mask renewal
policy could be far modified with potential economic
benefits.

for moderate (AHI 15–29) to severe OSA
(AHI >30), and with CPAP treatment the AHI
should be normalised.8–12 CPAP treatment
may be administered with a nasal mask, nasal
pillows or an oronasal mask. A nasal mask is
the preferred and the most commonly used
mask type.7 13–15 A proper mask fit is crucial:
unintentional leak, that is, air leak around
the mask or through the mouth, significantly
impairs CPAP function and is one of the
most common causes of side effects in CPAP
treatment. It additionally brings on nasal
congestion, oral dryness and reduces CPAP
adherence.7 16–18 CPAP devices can measure
and compensate mask leaks. The measuring
algorithms are manufacturer-
dependent;
for devices used in this study (Resmed), the
maximum level of acceptable leak is 24 L/
min.19 However, even smaller leaks can cause
significant side-effects, for example, a minor
leak blowing to the eye.20 Mask fit, patient-
related factors and changes in mask features
(silicon parts, strap) can lead to inferior fit.
The optimal mask renewal time is not
known. To our knowledge, there are no
studies evaluating mask function in continuous use, and mask manufacturers do not
provide information on how long the masks
function properly. The mask renewal practice
varies greatly inside and between countries: in
the USA, the majority of states and Medicare
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allow mask renewal after 3 months of use21; in the UK, The
National Institute for Health and Care Excellence guidelines for the CPAP treatment of OSA suggest a lifespan of
6–12 months.22 At our centre, with a patient pool of 1.7 M
(approx. 30% of the population of Finland), we provide
one free mask per year for more than 18 500 people.
Short mask renewal intervals inflict remarkable costs and
significant plastic waste. The estimated mean cost of a
one CPAP mask is £80 in the UK,8 and between £82 and
£158 in the USA, depending on mask type and state.21
Our total mask-related cost has been approximately £1.8
M annually. Due to the growing prevalence and awareness of OSA, this cost is constantly increasing. In the
current economic downturn and amidst climate change,
it is important to re-evaluate all practice. In the treatment
of OSA, determining the optimal mask renewal interval
has significant financial and environmental impact.
The purpose of this study is to evaluate: (1) Unintentional air leak (leak) and CPAP-AHI over time in a real-life
clinical setting and (2) The annual costs of CPAP masks
and the economic impact of prolonging mask renewal.
PATIENTS AND METHODS
Study design
The sleep unit provides CPAP devices and masks for
patients with OSA free of charge. Devices are replaced
every 5 years, and patients are provided one free mask
(total mask package) per year on request; more if necessary. Three different types of masks are used: nasal,
nasal pillows and oronasal. Due to public procurement
regulations, the hospital obtains the CPAP devices and
masks through inviting tenders. Neither the hospital
nor our group have any direct collaboration with the
manufacturers. Hence, our CPAP devices come from one
manufacturer, Resmed, and masks from three different
manufacturers: Resmed, Philips Respironics, and Fisher
& Paykel. According to the current agreement, the first
provided mask is a Resmed mask. Thereafter, the masks
are chosen according to patients’ preferences and clinical characteristics. None of our study patients used chin
straps.
Data sources
We collected data from 450 consecutive patients who
came to replace their Resmed CPAP device after 5 years of
use in February 2018. In total, we analysed 658 784 nights
of CPAP use for 1846 individual masks. Three patients
(0.2%) were excluded as they had multiple masks at
home, and it was impossible to know which of the masks
was actually used. When mask usage was less than 15 min,
or more than 17 hours, it was accompanied with leak and
CPAP-AHI values suggesting the mask had not been worn
at all, or the patient forgot to switch off the machine after
use. Hence, the 2460 nights (0.4%) with less than 15 min
or more than 17 hours of use were excluded from the
analyses. In total, this study comprises data of 656 324
2

nights of CPAP use (more than 4.5 M hours), 1843 masks
and 450 patients.
The data were collected from the patients’ charts
and the ResScan programme. We recorded the type,
producer, and model for each mask in addition to the
patients’ age and gender. Mask leak, CPAP-
AHI, and
usage were recorded for each night of CPAP use. From
the daily data, we calculated each masks’ mean leak,
CPAP-AHI, daily usage, cumulative usage, the number of
days since receiving the mask including and excluding
days not in use, the number of days between cessation
and mask replacement, and the percentage of days the
mask was used. We calculated these values for every 1 and
365 days of use, for every 10 and 1000 hours of use, and
for each mask in total. In addition, we calculated each
mask’s mean leak, CPAP-AHI, and daily usage for every
week, month and 6 months of use, and for the first and
the last 6 months and 1000 hours of use.
Statistical analyses
We tested all variables for distribution and equality of variances before analyses. Effects of heteroscedasticity were
eliminated by using Welch’s test for unequal variances as
independent t-test and analysis of variance (ANOVA). In
case of violation of its assumptions, Mann-Whitney U and
Kruskal-Wallis tests were used. When comparing the same
mask in different time points, the parametric tests were
RM-ANOVA and Paired samples t-test, and, if assumptions were not met, then a Friedman test or Wilcoxon
signed-rank test were used. Post hoc group comparisons
were analysed with Bonferroni correction, and proportions with χ2-test. As a correlation coefficient, Pearson was
used for parametric and Spearmann for non-parametric
data. A p<0.05 was considered significant. Missing values,
and groups with sample size less than ten, were excluded
from analyses. We used SPSS V.25.0 for data analysis, and
VBA V.7.1. to process output files of ResScan suitable for
statistical analyses.
RESULTS
Patient and mask characteristics
The patient characteristics are shown in table 1. Mean
age was 59 years, and 68% (305/145) of the patients were
male. Female participants were on average 1.8 years older
(p<0.01) and used nasal masks (p<0.01) more often
compared with male.
Nasal masks comprised 65% of the masks, 22% were
nasal pillows and 12% oronasal masks. Users of nasal
pillows were younger (57.4 years, SD 10.5) compared
with users of nasal masks (59.2 years, SD 10.2; p=0.01)
and users of oronasal masks (60.4 years, SD 11.6; p<0.01).
On 76% of mask renewals, the new model was exactly the
same as the old. On 12% of renewals the mask type was
changed. Resmed was the most common manufacturer in
all of the mask types. The proportion of mask producers
differed between mask types (p<0.01). The shares, mask
Laaka A, et al. BMJ Open Resp Res 2021;8:e001104. doi:10.1136/bmjresp-2021-001104
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Table 1 Study population and its’ characteristics in total and by gender
Total

Male

Female

Sig.

n

%

n

%

n

%

Patients
Masks

450
1 843

100
100

305
1 239

67.7
67.2

145
604

32.2
32.8

Nights used

656 324

100

456 824

69.6

199 500

30.4

Age (years)
 Mean

59

58.4

60.2

 Range, SD

19.5–86.3; 10.5

19.5–86.3; 10.7

22.2–83.5; 9.9

<0.01

 Nasal mask

1 188

64.5

762

61.5

426

70.5

<0.01

 Nasal pillows mask

400

21.7

289

23.3

111

18.4

<0.01

 Oronasal mask

221

12

167

13.5

54

8.9

<0.01

 Missing

34

1.8

21

1.7

13

2.2

Mask type

CPAP usage
Total (hours)
 Mean

2303

2374

2155

 Range; SD

1–12 436; 1700.0

1–11 612; 1735

5–12436; 1619

 Mean

413.2

410.7

418.3

 Range; SD

84.7–815.6; 95.8

84.7–815.6; 95.7

127.3–668.6; 95.9

 Mean

70.9

71.2

70.5

 Range; SD

0.3–100; 25.9

0.3–100; 25.7

0.2–100; 26.5

 Mean

5.7

6.2

4.8

 Range; SD

0–83.0; 8.1

0–83.0; 8.7

0–72.0; 6.6

3.8
0–34.7; 3.6

4.3
0–31.1; 3.9

2.7
0.1–34.7; 2.6

0.01

Daily (min)
0.11

Nights in use (%)
0.8

Unintentional leak (L/min)
0.01

CPAP-AHI (events/h)
 Mean
 Range; SD

<0.01

AHI, Apnoea-Hypopnoea Index; CPAP, continuous positive airway pressure.

producers and mask models used in this study are shown
in online supplemental table S1.

Mask usage
The patients renewed their masks on average after 497
days (SD 327 days). They used the masks for a mean 330
(SD 229) days, that is, the masks were used on 71% of
days. The mean total mask usage was 2303 hours (SD
1700) and mean daily mask usage 6.9 hours (SD 1.6). Of
the 1843 masks, 1182 (64%) were still in use after 1 year,
337 (18%) after 2 years and 154 (8%) after 3 years. Total
usage was >1000 hours in 1438 masks (78%), >3000 hours
in 455 masks (25%) and >5000 hours in 137 masks (7%).
Men replaced their masks later compared with women
(514 vs 462 days; p<0.01), but we found no difference in
daily mask usage or the percentage of days masks were
used.
Laaka A, et al. BMJ Open Resp Res 2021;8:e001104. doi:10.1136/bmjresp-2021-001104

Oronasal masks were used less (280 days, SD 224 and
1862 hours, SD 1613) compared with nasal masks (335
days, SD 229; p<0.01 & 2363 hours, SD 1698; p<0.01) and
nasal pillows (349 days, SD 229; p<0.01 and 2401 hours, SD
1697; p<0.01). Oronasal masks were used on fewer days
(66.7%, SD 29.8) with shorter daily usage (6.6 hour, SD
1.8) compared with nasal masks (71.9%, SD 25.2; p=0.04
and 7.0 hour, SD 1.6; p<0.01). The differences in use
compared with nasal pillows were not statistically significant (70.2%, SD 25.7 and 6.8 hours, SD 1.4). Resmed
masks were used less often (69.2%, SD 26.1) compared
with Philips Respironics (82.6%, SD 20.8; p<0.01)
and Fisher & Paykel (75.7%, SD 26.1; p=0.02) masks.
Daily usage was longest with Philips Respironics masks
(7.3 hours, SD 1.7) compared with Resmed (6.9 hours,
SD 1.6; p=0.01) and Fisher & Paykel (6.5 hours, SD 1.6;
p<0.01). We found no differences in the time the patient
3

BMJ Open Resp Res: first published as 10.1136/bmjresp-2021-001104 on 19 November 2021. Downloaded from http://bmjopenrespres.bmj.com/ on January 9, 2023 by guest. Protected by
copyright.

Open access

had the mask, when the patient stopped using the mask,
or how many days the mask was used in total.
Leak and CPAP-AHI in the study population
Mean mask leak was 5.7 L/min (SD 8.1) and mean
CPAP-AHI 3.8 events/hour (SD 3.6). Both mean leak
and CPAP-AHI were higher in men (6.2 L/min and 4.3
events/hour) compared with women (4.8 L/min; p=0.01
and 2.7 events/hour; p<0.01). Mean leak was higher in
oronasal masks (6.9 L/min, SD 11.5; p<0.01) and nasal
masks (5.8 L/min, SD 7.3; p=0.04) compared with nasal
pillows (4.7 L/min, SD 7.0). Oronasal masks had higher
mean CPAP-AHI (5.1 events/h, SD 5.1) than nasal masks
(3.6 events/hour, SD 3.4; p<0.01) and nasal pillows (3.7
events/hour, SD 3.2; p=0.04). Mean leak and CPAP-AHI
were lower in Resmed masks (5.3 L/min, SD 7.7 and 3.5
events/hour, SD 3.4) compared with Philips Respironics
(6.9 L/min, SD 6.1; p<0.01 and 5.6 events/hour, SD 4.1;
p<0.01) and Fisher & Paykel (8.4 L/min, SD 9.9; p<0.01
and 5.0 events/hour, SD 4.9; p<0.01) masks.
Changes in leak and CPAP-AHI by mask usage
Mask leak did not correlate with daily usage (r=0.007,
p=0.77). Mean leak and CPAP-AHI did not change significantly during the study period of 30 months of use in

relation to the generally accepted levels 24 L/min and
five events/hour (figure 1).
Mean leak was 5.2 L/min (SD 7.5) in the first month,
5.6 L/min (SD 8.3) at 12 months, and 6.4 L/min (SD
8.7) at 24 months. When masks were compared with
their own performance of 1 month intervals of mask
use, the mean change in leak was +0.8 L/min after 12
months and +0.6 L/min after 24 months of use (p=0.59).
The increase in leak became significant after 26 months
of use with mean leak 6.9 L/min (SD 8.3; p<0.01). The
results remained similar with 6-month intervals: significant increase was found between 24 and 30 months of
use (p<0.01). The mean difference in leak between the
first and last 6 months of use, regardless of mask age,
was +0.4 L/min (5.5 L/min, SD 7.5 and 5.9 L/min, SD
8.3; p<0.01). With cumulative mask usage, significant
increase in mean leak was found between 3000 and 4000
hours of use (p<0.01). The mean difference between the
first and last 1000 hours of use was +0.7 L/min (5.5 L/
min, SD 7.8 and 6.2 L/min, SD 9.0; p<0.01).
Nasal masks had a slight increasing trend in leak over
time, which was not seen in nasal pillows or oronasal
masks (figure 1). When masks were compared with their
own performance, the mean difference in leak from
one to 24 months was:+1.2 L/min for nasal masks (from
5.6 L/min, p=0.64),–0.5 L/min for nasal pillows (from

Figure 1 The therapeutic (CPAP-AHI) and functional (leak) measures in CPAP treatment remain unchanged and clinically
irrelevant up to 30 months of mask usage. The nasal masks and pillows performed similarly, although a minimal increasing
trend is visible in nasal masks. CPAP-AHI is noticeably highest in oronasal masks, regardless of a smaller sample. All error
bars represent 95% CI. AHI, Apnoea-Hypopnoea Index; CPAP, continuous positive airway pressure.
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3.7 L/min, p=0.80), and +0.6 L/min for full face masks
(from 6.7 L/min; p=0.53). Significant change in leak was
seen after 26 months of use in nasal masks (+2.1 L/min;
p=0.01). In nasal pillows and oronasal masks, no significant change was found. The increase in leak became
significant after 3000 hours in nasal masks (6.7 L/min
compared with 5.8 L/min; p=0.01) and after 5000 hours
of use in nasal pillows (5.1 L/min compared with 3.8 L/
min; p<0.01). We found no significant increase in mask
leak up to 26 months (1-month intervals) or 30 months
(6-month intervals) in any of the mask manufacturers
(data not shown). Mean leak increased after 4000 hours
of cumulative usage:+1.0 L/min in Resmed (from 5.1 L/
min, SD 6.2; p=0.03),+1.8 L/min in Philips Respironics
(from 6.0 L/min, SD 5.8; p=0.40), and +1.6 L/min in
Fisher & Paykel (from 8.9 L/min, SD 7.3; p=0.88).
CPAP-AHI did not correlate with daily usage (r=−0.004;
p=0.86). We found no significant trends regarding
CPAP-
AHI over time (figure 1). When masks were
compared with their own performance, CPAP-AHI was
0.3 events/hour lower during the last 6 months of use
compared with the first 6 months (3.6 events/hour, SD
3.4 and 3.9 events/hour, SD 3.8 &; p<0.01). Between the
first and last 1000 hours of use, the difference was −0.1
events/hour (3.8 events/hour, SD 3.7 and 3.7 events/
hour, SD 3.7; p<0.01). CPAP-AHI seemed to be noticeably
higher in the first week of mask use than in the following
months (figure 1). When masks were compared with
their own performance, the first month of use differed
significantly from the other months (all p<0.01). With
month intervals, the only significant difference was
6-
found between the first 6 months (4.5 events/hours, SD
3.6) and 6–12 months (4.2 events/hour, SD 3.3; p=0.04).
In all mask types and mask manufacturers, the differences

in CPAP-AHI remained non-significant up to 30 months
and 5000 hours of use (data not shown).
Effects of mask renewal intervals on mask-related cost
An average cost of a CPAP mask is between £80 and
£160.8 21 To minimise overestimation, we use the lowest
estimate of £80 in the calculations. In a theoretical population of 10 000 OSA patients, the annual mask related
cost is at least £800 000 with a mask renewal interval of
12 months (figure 2). The respective annual cost is around
£3.2 M, if the mask renewal interval is 3 months, and £0.4
M, if it is 24 months. Prolonging mask change intervals
up to 24 months reduces the annual mask related cost up
to 50%–88%, depending on current change intervals.
DISCUSSION
This study shows that CPAP masks maintain their properties and functionality well in use, and the currently recommended mask renewal intervals could, at the very least,
be doubled. To our knowledge, there are no studies on
mask endurance in real life, or on optimal mask renewal
intervals. The mask manufacturers do not readily provide
information on mask resistance to wear and tear.
We found that the therapeutic indicator (CPAP-AHI)
remained normal and virtually unchanged for at least
2.5 years and unintentional leak for at least 2 years when
nasal masks or nasal pillows were used. Differences between
nasal masks and pillows were modest and clinically insignificant, as seen in other studies published recently.14 23
Oronasal masks, conversely, had highest mean leak and
CPAP-AHI, in concordance with previous studies.14 24 25
The increase in leak became visible after 18 months, and
patients used them less compared with other mask types.

Figure 2 Estimated mask-related costs with different mask renewal policies. The annual costs could, at least, be halved
in all of the three countries by updating the mask renewal policy to 24 months. The current renewal policies vary from 3 to
12 months within and between countries; only the most common intervals are presented. The estimation is calculated for 10
000 CPAP users with a mask price of £80; the mean mask prices vary from £80 to £160 between countries. CPAP, continuous
positive airway pressure.
Laaka A, et al. BMJ Open Resp Res 2021;8:e001104. doi:10.1136/bmjresp-2021-001104
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Patient adherence is a widely recognised problem in
CPAP therapy, especially with oronasal masks.15 Oronasal
masks also require higher CPAP pressures, leading to
higher unintentional leaks.25 The proportion of men
in the oronasal mask group was greater; leak tends to
be more common in men, which may be explained by
aspects such as facial features, beards and moustaches.
Oronasal masks have more contact surface with skin and
are thus predisposed to encounter more skin excretions
than other mask types, causing more wear and tear, which
can explain the weaker performance.
Our results suggest against a substantial deterioration of
mask fit over usage or time, especially on nasal masks and
pillows, as the masks’ function remained similar irrespective
of mask use. Cumulative or daily mask usage did not change
mean leak or CPAP-AHI compared with just having the mask
at home unused. If routine renewal intervals are prolonged,
patients should be encouraged to contact the sleep unit if
any disturbing air leak appears, and healthcare personnel
should pay attention to even small new leaks or other signs
of mask deterioration to avoid CPAP interruption. However,
mask renewal might not always be the optimal solution;
for example, the replacement of individual mask parts has
also been associated to better adherence.26 Nonetheless,
mask renewal might controversially reduce adherence. We
have previously shown, that 20% of patients were unsatisfied with a new mask after renewal, and changing the mask
per se multiplies the risk for patient abandoning the whole
therapy.27 Also in this study, the CPAP-AHI was highest during
the first month after renewal, which may be explained by an
inferior fit of the new mask. Therefore, short routine mask
renewals, or total mask package renewals when the problem
only relates to individual mask parts, might impair adherence. Previously, Scharf et al suggested that mask renewal
frequency could be used as a surrogate for PAP adherence.
In their study, renewing the mask according to the renewal
protocol was associated with higher daily CPAP use. However,
they do not report the N of patients renewing their mask
more than once and daily CPAP use was rather low. Also, as
the authors discuss, the study population (military veterans)
does not represent the usual OSA patients and the overall
adherence was poor.28
The differences between mask brands were modest, and
none of the manufacturers performed clearly better than
the others. Between all manufacturers, the changes in leak
and CPAP-AHI over time were evenly small and statistically
nonsignificant. Resmed masks had slightly lower mean leak
and CPAP-AHI compared with other brands all-over the study
period. Philips Respironics masks were used significantly
more compared with Resmed and Fisher & Paykel masks,
and Resmed masks the least. These results may be affected
by patient preference or comfort.20 In addition, users of
other Resmed masks might have gone through more mask
model changes to find the optimal mask, as all patients have
started with a Resmed mask at the initiation of CPAP treatment. Hence, there might be a confounding factor, if less
motivated patients have stopped the treatment/stayed with
Resmed masks in comparison to only the most perseverant
6

ones to continue to other brands. Also, as the measuring
algorithms are brand-dependable,19 the measures on device
manufacturers own masks might give more accurate results.
As shown, the mask renewal policies and mask-related costs
differ significantly between countries. Short renewal intervals lead to higher costs and bring about significant amounts
of non-recyclable plastic waste: at our sleep unit the cost
of CPAP masks is approximately £1.8 M annually, and not
replacing the masks every year inflicts remarkable savings.
The total economic benefit of updating the policy is difficult
to evaluate and needs further analysis. As mentioned above,
changes in compliance can appear, partly decreasing potential benefits. Compared with mask renewal, an economically
valuable solution could be to replace individual mask parts.
Meanwhile, it may need more contact with the patient that
implies more medical personnel costs.
Strengths and limitations of the study
This is the first study analysing how long CPAP masks
maintain their functionality in a real-
life setting. We
collected a large data set systematically from a patient
pool equaling approximately 30% of the Finnish population. An average participant in the study represents well
the average OSA patient regarding gender, age, mask use
and type, and is in line with studies in general.6 8 29 Hence,
we consider the results applicable to clinical practice in
similar populations such as those in Western Europe and
the US. Objective data were drawn from the CPAP device,
and the follow-up time was several years, while the new
remote controlled CPAP devices limit data storage for
12 months. CPAP devices from only one manufacturer
were used, reducing bias as the device-recorded measures are brand-dependable. The study included the most
commonly used mask types from three leading manufacturers. We do not have any collaboration with the manufacturers. Due to the public healthcare system, neither
the cost of the mask nor the patients’ insurance affect the
choice of mask or renewal time. We evaluated the effect
of time, taking into account both the age of the mask and
the actual cumulative usage. The number of masks was
greater than the number of patients, and we compared
the same masks’ performance over time, largely reducing
effects from confounding factors.
This study also has some limitations. This is a single
centre retrospective observational study. The patients’
opinions and preferences regarding the masks were not
available. We did not have data on several factors that
affect mask leak such as nasal congestion, body and head
position, nocturnal sweating, coughing, facial hair and
maintenance of masks. Due to the strict national tending
system the majority of masks, and all of the CPAP devices,
were produced by one manufacturer; the findings should
be redemonstrated for other manufacturers. All patients
were provided total mask packages, so the replacement
of individual mask parts could not be evaluated. The
majority of the study patients have used the CPAP device
for several years; our results may not apply to the first
Laaka A, et al. BMJ Open Resp Res 2021;8:e001104. doi:10.1136/bmjresp-2021-001104

BMJ Open Resp Res: first published as 10.1136/bmjresp-2021-001104 on 19 November 2021. Downloaded from http://bmjopenrespres.bmj.com/ on January 9, 2023 by guest. Protected by
copyright.

Open access

year(s) of therapy. Due to the public healthcare system in
Finland, our recommendations may have to be modified
to fit the needs of other healthcare systems.
CONCLUSIONS
Based on this study, nasal masks and nasal pillows may be
used for at least 2–2.5 years without a clinically significant
increases in mask leak or CPAP-AHI, whereas oronasal masks
need to be renewed annually. The results can be applied to
practice, and we have already changed our renewal policy
accordingly. Shifting mask renewal policies may reduce the
CPAP mask-induced cost significantly, by up to 50%–88%,
which is an important step in accommodating medical
resources to fulfil the increasing challenge of sleep apnoea.
However, further prospective studies on mask use and function, and patients’ attitudes are needed in the future, especially regarding oronasal masks and the possible effects of
CPAP device and mask brands.
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Table S1. Mask types, manufacturers, and models included in the study.
n
Nasal masks

%

Resmed
Philips Respironics
Fisher & Paykel

1188
977
136
75

100
82.2
11.4
6.3

Nasal pillows
Resmed
Philips Respironics
Fisher & Paykel

400
381
19
0

100
95.2
4.8
0

Oronasal masks
Resmed
Philips Respironics
Fisher & Paykel

221
161
4
56

100
72.9
1.8
25.3

Missing

Masks used (n)

Mirage micro (377), Mirage FX (254), Mirage Softgel (251), Mirage Activa (58), Airfit N10 (20), Swift FX nano (17)
Comfort Classic (122), Comfort Select (7), Profile Lite (7)
Flexifit 407 (38), Flexifit 406 (23), Eson 2 (13), Zest (1)

Swift FX (205), Swift LT (141), Airfit P10 (18), Mirage Swift II (13), n.s. (4)
Optilife (19)

Mirage Quattro (92), Quattro FX (25), Ultra mirage (18), Quattro Air (12), Mirage Liberty (6), Airfit F10 (4), n.s. (3), Airfit F20 (1)
Comfort Gel (2), n.s. (2)
Simplus (52), Flexifit 431 (4)

34

Abbreviations. N = number of masks, n.s. = not specified mask model, but brand or mask type known.

