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Trajectories of Emergent Central Sleep
Apnea During CPAP Therapy
Dongquan Liu, PhD; Jeff Armitstead, PhD; Adam Benjaﬁeld, PhD; Shiyun Shao, PhD; Atul Malhotra, MD;
Peter A. Cistulli, MD, PhD; Jean-Louis Pepin, MD, PhD; and Holger Woehrle, MD

The emergence of central sleep apnea (CSA) during positive airway pressure
(PAP) therapy has been observed clinically in approximately 10% of obstructive sleep
apnea titration studies. This study assessed a PAP database to investigate trajectories of
treatment-emergent CSA during continuous PAP (CPAP) therapy.

BACKGROUND:

U.S. telemonitoring device data were analyzed for the presence/absence of
emergent CSA at baseline (week 1) and week 13. Deﬁned groups were as follows: obstructive
sleep apnea (average central apnea index [CAI] < 5/h in week 1, < 5/h in week 13); transient
CSA (CAI $ 5/h in week 1, < 5/h in week 13); persistent CSA (CAI $ 5/h in week 1, $ 5/h
in week 13); emergent CSA (CAI < 5/h in week 1, $ 5/h in week 13).

METHODS:

RESULTS: Patients (133,006) used CPAP for $ 90 days and had $ 1 day with use of $ 1 h in
week 1 and week 13. The proportion of patients with CSA in week 1 or week 13 was 3.5%; of
these, CSA was transient, persistent, or emergent in 55.1%, 25.2%, and 19.7%, respectively.
Patients with vs without treatment-emergent CSA were older, had higher residual
apnea-hypopnea index and CAI at week 13, and more leaks (all P < .001). Patients with any
treatment-emergent CSA were at higher risk of therapy termination vs those who did not
develop CSA (all P < .001).

Our study identiﬁed a variety of CSA trajectories during CPAP therapy,
identifying several different clinical phenotypes. Identiﬁcation of treatment-emergent CSA
by telemonitoring could facilitate early intervention to reduce the risk of therapy discontinuation and shift to more efﬁcient ventilator modalities.
CHEST 2017; 152(4):751-760

CONCLUSIONS:
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ABBREVIATIONS: AHI = apnea-hypopnea index; ASV = adaptive
servo-ventilation; CAI = central apnea index; CSA = central sleep
apnea; FOT = forced oscillation technique; HI = hypopnea index;
OAI = obstructive apnea index; PAP = positive airway pressure therapy; PSG = polysomnography; SDB = sleep-disordered breathing
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In some patients with obstructive sleep apnea (OSA) it is
now well known that central sleep apnea (CSA) may
emerge or persist during CPAP therapy after elimination
of obstructive events.1 This phenomenon has been
referred to by a variety of terms, including complex sleep
apnea, but was recognized in the third edition of the
International Classiﬁcation of Sleep Disorders and called
“treatment-emergent CSA.”2 Treatment-emergent CSA
has also been included in a European Respiratory
Society Task Force document on nocturnal central
breathing disturbances.3
A number of studies have evaluated the prevalence and
natural course of treatment-emergent CSA.1,4-9
Reported prevalence rates range from 0.56% to
20.3%.1,4-10 This large variation can be attributed to
many methodologic and biologic factors, including
patient demographic and clinical characteristics such as
body mass index, sex, age, and comorbidities, and
procedure-related factors like split-night titration and
titration in the supine position.4,8,10,11 In addition,
sample sizes in existing studies have been generally
small. Of note, the trajectories of treatment-emergent

CSA appear to be a dynamic process, with central
apneas being transient in some patients, persistent in
others, and developing later after CPAP initiation in
another subgroup.8 Therefore, the timing and absence
of multiple/repeated assessments could inﬂuence
reported prevalence rates.
Patients with unresolved persistent or treatmentemergent CSA during CPAP could be at risk of poor
compliance and/or therapy termination.5,12 Therefore, it
is clinically important to be able to identify which
subgroup of patients with OSA are at risk of developing
CSA during CPAP therapy so that appropriate
intervention is provided to ensure ongoing device use or
to select a more suitable treatment option. Although
some data on risk factors for treatment-emergent CSA
are available,4,8,10,11 there is still no consensus and the
pathogenesis of treatment-emergent CSA during CPAP
therapy remains unclear.
In this study, we use “big data” for the ﬁrst time to
determine the trajectories of treatment-emergent CSA
during CPAP therapy.

Methods

Assessments

Data Inclusion

Patients were grouped into one of four different categories based on
average CAI in week 1 and week 13: OSA (average CAI < 5/h in
both week 1 and week 13); transient CSA (average CAI $ 5/h in
week 1, < 5/h in week 13); persistent CSA (average CAI $ 5/h
in both week 1 and week 13); emergent CSA (average CAI < 5/h
in week 1, $ 5/h in week 13). In addition, we also performed a
post hoc analysis looking at the inﬂuence of more severe sleepdisordered breathing (SDB) on treatment-emergent CSA in these
four different groups in patients with residual AHI $ 15/h on
CPAP, as described in a recent task force recommendation.3

A U.S. positive airway pressure (PAP) device telemonitoring
database (AirView; ResMed) was queried. The study was exempt
from ethics review given that the database is deidentiﬁed (an
institutional review board waiver was provided). Patients and
session records satisfying the following criteria were included:
random sample representing 30% of database population; patients
registered in the United States; ﬁrst device mode was ﬁxed-level
CPAP or automatically adjusting CPAP; use of an AirSense/
AirCurve 10 device (ResMed) reporting apnea-hypopnea index
(AHI)/central apnea index (CAI)13; therapy start date from
January 1 to 2, October 2015; CPAP therapy continued
for $ 90 days; $ 1 day with device usage of $ 1 h in both week 1
and week 13 of therapy; valid data entry (age plausible [< 123
years] and valid data blocks [synchronized]). The PAP devices
used differentiate between central and obstructive apneas using
forced oscillation techniques (FOTs) to determine airway
patency.13 Central apneas are scored when upper airway resistance
is low and obstructive apneas are scored when the resistance is high.
Each session record contained ﬁve types of data: (1) patient
demographic data, (2) treatment usage, (3) clinical metrics
including statistical summary (eg, median, 95th percentile) of leak
and pressure (for automatic pressure modes), (4) respiratory events
(residual AHI, apnea index, hypopnea index [HI], obstructive
apnea index [OAI], CAI, unknown apnea index), and (5) pressure
settings (for ﬁxed-pressure modes). For the purposes of this
analysis, CPAP refers to both ﬁxed-level and automatically
adjusting CPAP. For patients using automatic CPAP, 95th
percentile pressure data were regarded as equivalent to the
pressure setting for ﬁxed CPAP.
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Age, average residual AHI/CAI, average pressure, and leak in the ﬁrst
90 days were compared between the four patient subgroups. In
addition, device usage hours and rates of CPAP therapy termination
were determined and compared between patient subgroups. Therapy
termination or a dropout event was deﬁned as a patient’s having
zero usage on CPAP mode for 30 consecutive days or switching to
another therapy mode. Continuation of CPAP therapy was assumed
as long as a dropout event did not occur.
Statistical Analysis
All statistical comparisons were performed with R software (version
3.3.1). Treatment usage was imputed as zero if it was missing for a
particular night. For other data ﬁelds, including clinical metrics
and respiratory events, missing data were not imputed and not
included in calculations of mean values, standard deviations and
proportions. Analysis of variance or a t test was used for
comparison of normally distributed continuous variable (eg, age),
depending on the number of groups for comparison. The KruskalWallis rank sum test was used for comparisons of nonnormally
distributed continuous variables (including AHI, CAI, pressure,
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leak). Categorical variables (including ﬁrst CPAP mode, AHI/CAI/
pressure/leak groups) were compared by c2 test. A P value # 0.05
was considered statistically signiﬁcant. A multivariable Cox
regression model with adjustment for covariates (including age,

average 95th percentile CPAP level, and average 95th percentile
leak in the ﬁrst 90 days) was used to generate survival curves
showing the likelihood of ongoing CPAP usage after 90 days in
the various patient subgroups.

Results

in the ﬁrst 90 days; patients with emergent CSA also
had signiﬁcantly higher leak during CPAP in the ﬁrst
90 days (Table 2). Consistent with the different
phenotype deﬁnitions, patients with persistent CSA had
persistently higher residual AHI and CAI values over
time, those with transient or emergent CSA showed
decreasing or increasing AHI and CAI over time, while
AHI values were consistently < 5/h in patients with
OSA (Fig 2). Average residual OAI and HI values
remained below 5/h for all groups at all times (Fig 2).
Similar trends were observed when day-by-day values of
AHI and CAI over the ﬁrst 2 weeks of therapy were
analyzed (e-Fig 1).

Study Population

In the 30% random sample of US patients who started
PAP therapy in the assessment window, 189,946 patients
were treated with a CPAP device with AHI/CAI
reporting. Of the eligible CPAP-treated patients, 133,006
had $ 90 days on CPAP and $ 1 day with use $ 1 h in
both week 1 and week 13 (Table 1). A ﬂow diagram
showing patient identiﬁcation and selection is shown in
Figure 1. The proportion of patient sessions with
missing data in at least one data ﬁeld was 1.2%.
CSA Occurrence During CPAP

Overall, 4,621 of 133,006 patients (3.5%) had CSA at
week 1 or week 13 of CPAP therapy. Of these, 2,547
patients (55.1%) had transient CSA, 912 had emergent
CSA (19.7%), and 1,162 (25.2%) had persistent CSA.
There were a number of statistically signiﬁcant
differences between patients in the various subgroups
(Table 2). Patients with CSA during CPAP therapy were
older, had higher residual AHI and CAI, and were less
likely to achieve an average AHI < 15/h or CAI < 5/h

TABLE 1

] Demographic Data and Device Usage
Characteristics of Patients Using CPAP
for $ 90 Days, and $ 1 Day With Device
Usage of $ 1 h in Both Week 1 and
Week 13

Demographic Data/Device Usage Data
Age, y

Patients
(n ¼ 133,006)
56.4  13.8

Age distribution, y

CPAP Usage and Treatment Termination

Average daily usage hours in the ﬁrst 90 days were
lower in those who did vs did not develop CSA
during CPAP therapy: mean 5.97 h/d (95% CI,
5.96-5.98) in those without CSA, 5.75 h/d (5.68-5.83)
in those with transient CSA, 5.87 h/d (5.75-5.99) in
those with persistent CSA, and 5.66 h/d (5.52-5.80) in
patients with emergent CSA. Patients with any CSA
during CPAP were signiﬁcantly more likely to
terminate therapy after 90 days compared with those
who did not develop CSA (Fig 3). Younger patients
(# 50 years) and those with more leak were also
signiﬁcantly more likely to stop CPAP therapy
(Fig 3). Compared with the OSA group, patients with
any CSA during CPAP were less likely to continue
using therapy (Fig 4). The estimated probability of
continuing CPAP therapy on day 300 was 83% for
the OSA group, and 79%, 76%, and 72% for the
transient CSA, persistent CSA and emergent CSA
groups, respectively.

# 40

17,389 (13.1)

41-50

25,450 (19.1)

Post hoc Analysis

51-60

35,620 (26.8)

61-70

34,298 (25.8)

71-80

16,739 (12.6)

A total of 1,538 of 129,923 patients (1.2%) had more
severe SDB with a residual AHI of $ 15/h and CSA at
week 1 or week 13 of CPAP therapy. Of these, 805
patients (52.3%) had transient CSA, 336 had emergent
CSA (21.9%), and 397 (25.8%) had persistent CSA.
The overall rate of treatment-emergent CSA during
CPAP was lower than that for the overall study
population (3.5%), but the proportion of patients with
each type of CSA-on-CPAP was almost the same, and
similar between-group differences in patient

> 80
Average usage (days 1-90), h/d
Average daily CPAP level
(days 1-90), mm Hg
Average daily median leak
(days 1-90), L/min

3,510 (2.6)
6.0  1.9
11.0  2.8
6.0  9.4

Values represent means  standard deviation, or No. of patients (%).
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30% sample of US patients starting between
January 1, 2015 and October 2, 2015, and using only
AirSense/AirCurve 10 devices with AHI/CAI reporting;
N = 189,946

All days with usage <1 hour
n = 1,578

≥1 day with usage ≥1 hour
n = 188,368

Invalid data entrya
n = 543

Valid data entry
n = 187,825

First device mode: bilevel or ASV
n = 12,499

First device mode: CPAP
n = 175,326

Terminate CPAP within 90 days
n = 37,402

Continue CPAP for ≥90 days
n = 137,924

Usage <1 hour all days in Week 1
n = 1,199

≥1 day with usage ≥1 hour in Week 1
n = 136,725

Usage <1 hour any day in Week 13
n = 3,719

≥1 day with usage ≥1 hour in both Weeks 1 and 13
n = 133,006
Figure 1 – Flow diagram. AHI ¼ apnea-hypopnea index; ASV ¼ adaptive servo-ventilation; CAI ¼ central apnea index. aInvalid data
entry ¼ age implausible (n ¼ 497), or received data and session date not synchronized (n ¼ 46).

characteristics were seen (e-Table 1). Trends for
residual AHI, CAI, OAI, and HI (e-Fig 2) mirrored
those seen in the main analysis, as did predictors of
therapy termination (e-Fig 3). Consistent with the
overall analysis, patients with a residual AHI $ 15/h
and any CSA during CPAP were also more likely to
terminate therapy than were members of the OSA
group (Fig 5). The estimated probabilities of
continuing CPAP on day 300 in the post hoc analysis
were 75%, 73%, and 66% for patients with a residual
AHI $ 15/h and transient, persistent, and emergent
CSA, respectively. In addition, more severe SDB was
associated with a higher risk of therapy termination
compared with the overall analysis (reduction in the
probability of continuing CPAP therapy in the CSA
groups vs OSA of approximately 8% to 17% compared
with 4% to 11%, respectively).

Discussion
Using a large population-based sample of CPAP device
data, we have highlighted the dynamic nature of CSA
occurring during CPAP therapy, as has been suggested
previously.8,9 We have also shown that patients with
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treatment-emergent CSA during CPAP, including those
with more severe SDB, have lower device usage and are
more likely to terminate therapy. In addition, older age
is associated with the development of CSA.
Our study differed from previous research because it
introduced 1-week assessment windows and repeated
measures based on real-life telemonitoring data, rather
than undertaking a single assessment “snapshot” with
polysomnography (PSG), and deﬁned three different
categories of treatment-emergent CSA and described
their trajectories over time. The use of 1-week
assessment windows instead of single “snapshots” of
CAI on day 1 and day 90 for patient phenotyping was
undertaken to address the variability of telemonitoring
data. Looking at the data, it was observed that by
examining CAI only on day 1 and day 90, the variance
in CAI readings was relatively large for CSA phenotype
groups even within weeks. This process may result in
unreliable classiﬁcation of CSA phenotype due to
irregular readings captured by chance. In addition, CSA
occurring during CPAP therapy has been shown to be
highly variable over time.5,9,14 Thus, a weekly average of
CAI over the ﬁrst week and last week of the 90-day (13-
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TABLE 2

] Demographic Data and Device Usage Characteristics of Various Patient Subgroups, Based on the
Presence of CSA During CPAP Therapy

Demographic Data/
Device Usage Data
Age, y

OSA
(n ¼ 128,385)
56.2  13.8

a-c

Transient CSA
(n ¼ 2,547)
59.2  13.7

Persistent CSA
(n ¼ 1,162)

a,d,e

62.4  13.5

b,d

Emergent CSA
(n ¼ 912)
62.4  13.0

c,e

P Value
< .001

CPAP mode during
ﬁrst 90 d, No. (%)
60,212 (46.9)a-c

1,348 (52.9)a,d,e

570 (49.0)b,d,f

428 (46.9)c,e,f

61,166 (47.6)

884 (34.7)

402 (34.6)

376 (41.2)

7,007 (5.5)

315 (12.4)

190 (16.4)

108 (11.8)

AHI, /h

2.6  3.1a-c

8.1  5.0a,d,e

16.9  10.0b,d,f

CAI, /h

0.4  0.7

a-c

a,d,e

Average median
pressure, cm
H2O

9.8  2.7a

Average 95th
percentile
pressure, cm
H2O

11.0  2.8a,b

11.2  2.5a

Average median
leak, L/min

6.0  9.4b,c

5.3  6.8e

Automatic
pressure
Fixed pressure
Both

< .001

Respiratory
parameters in
the ﬁrst 90 d

Average 95th
percentile leak,
L/min

21.6  18.3b,c

3.9  2.5

9.7  2.5a

21.2  16.0d,e

b,d,f

10.2  6.7c,e,f

< .001

c,e,f

10.2  6.3

4.6  2.8

< .001

9.8  2.4

9.8  2.6

.157

11.1  2.8

< .001

11.2  2.5b

5.4  6.5b,f
22.1  15.3b,d,f

6.4  7.3c,e,f

< .001

23.5  15.9c,e,f

< .001

P values reported in the right-hand column of the table are those for testing the null hypothesis that all groups follow the same distribution; a P value < .05
indicates that there is a statistically signiﬁcant difference across groups. To examine such differences further, pairwise tests between speciﬁc groups were
conducted, with results shown as superscripts in the table. Values represent means  standard deviation, or No. of patients (%). CAI ¼ central apnea index;
CSA ¼ central sleep apnea.
a
Pairwise signiﬁcance: P < .05, transient CSA vs OSA.
b
Pairwise signiﬁcance: P < .05, persistent CSA vs OSA.
c
Pairwise signiﬁcance: P < .05, emergent CSA vs OSA.
d
Pairwise signiﬁcance: P < .05, persistent CSA vs transient CSA.
e
Pairwise signiﬁcance: P < .05, emergent CSA vs transient CSA.
f
Pairwise signiﬁcance: P < .05, emergent CSA vs persistent CSA.

week) period was used to classify CSA phenotype better.
We chose the 90-day period because the majority of
patients with transient treatment-emergent CSA during
CPAP show resolution of central apneas within 8 weeks
to 3 months.5,15 We included patients with use of $ 1 h
for $ 1 day to exclude as few patients as possible in
order to minimize selection biases, while ensuring that
we could reliably assess AHI/CAI over almost one
complete sleep cycle (60-90 min). The inclusion of a full
sleep cycle was based on evidence that the number of
respiratory events varies between sleep stages.16
Previously reported prevalence rates for treatmentemergent CSA range from 0.56% to 20.3%.5,7,9,11,17 In
our study, the proportion of patients identiﬁed who had
treatment-emergent CSA at week 1 or week 13 of CPAP

chestjournal.org

therapy was at the lower end of that reported range
(3.5%). There are a number of potential explanations for
this ﬁnding. First, prevalence data from most of the
existing studies5,7,11,17 were based on evaluations during
CPAP titration using PSG, whereas our assessment
calculated weekly averages after CPAP titration had been
completed. Also, in our study it is possible that patients
showing CPAP-emergent CSA during PSG-guided
device titration had already been switched to adaptive
servo-ventilation (ASV), reducing the CSA prevalence in
our assessments. Second, existing studies included much
smaller and more deﬁned patient populations, including
those with well-controlled OSA and comorbidities such
as heart failure. In contrast, the present study used a
large sample of real-life population-based data. PSG
factors such as baseline AHI, sample size, and type of
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0
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Transient CSA
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Emergent CSA
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Transient CSA
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Emergent CSA
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Average HI (/h)

Average OAI (/h)

Days

Days

81-90

71-80

61-70

51-60

41-50

31-40

21-30

11-20

81-90

71-80
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51-60

41-50

31-40

21-30

11-20

1-10

0
1-10

15

4

5

11-20
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OSA
Transient CSA
Persistent CSA
Emergent CSA

OSA
Transient CSA
Persistent CSA
Emergent CSA

5

Average HI (/h)

25

Average OAI (/h)

51-60

1-10

81-90

71-80

61-70

51-60

41-50

31-40

0
21-30

0
11-20

5

1-10

5

41-50

10

31-40

10

15

21-30

15

OSA
Transient CSA
Persistent CSA
Emergent CSA

20
Average CAI (/h)

20

Average AHI

25

OSA
Transient CSA
Persistent CSA
Emergent CSA

11-20

25

Days

Figure 2 – Residual (A) apnea-hypopnea index, (B) central apnea index, (C) obstructive apnea index, and (D) hypopnea index over time in patient
subgroups during continuous positive airway pressure therapy. CSA ¼ central sleep apnea; HI ¼ hypopnea index; OAI ¼ obstructive apnea index. See
Figure 1 legend for expansion of other abbreviations.

sleep study conducted (full night titration vs. split night)
likely inﬂuence reported prevalence rates of CSA during
CPAP therapy.8
There are relatively few studies that have investigated
the trajectory of treatment-emergent CSA over time,
and this is a major strength of our data. Cassel et al9
used PSG to determine the presence of CSA during the
ﬁrst night with stable CPAP and again after 3 months
and found a reduction in the rate of CSA over time

756 Original Research

(from 12.2% at baseline to 6.9% at 3 months). Other
studies have also shown that treatment-emergent CSA
is not persistent in many patients.5,6,15 These results are
consistent with our ﬁndings showing that treatmentemergent CPAP is not stable and instead varies over
time. Transient CSA was the most common form of
treatment-emergent CSA in our study (55%), suggesting
that a single assessment does not provide an accurate
indication of which patients will have persistent CSA
during CPAP (25% of those in our study). Furthermore,
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Hazard Ratio

95% CI

P-value

1.546
1.223
1.000
0.922
0.900
1.062

1.474 1.622
1.169 1.280

< .001
< .001

0.882 0.964
0.851 0.951
0.965 1.168

< .001
< .001
.221

Average 95th Percentile CPAP Pressure in
first 90 days
(For every 1 cm H2O increase in pressure)

0.954

0.948 0.959

< .001

Average Leak in first 90 days
(For every 1 LPS increase in leak)

1.451

1.381 1.524

< .001

1.000
1.269
1.481
1.721

1.143 1.408
1.283 1.709
1.486 1.993

.004
< .001
< .001

Variable

Therapy termination more likely

Age
≤40
41-50
51-60
61-70
71-80
> 80

Disease Phenotype
OSA
Transient CSA
Persistent CSA
Emergent CSA
0.800

1.600

Figure 3 – Forest plot showing risk of therapy termination in the various patient subgroups. LPS ¼ liters per second. See Figure 2 legend for expansion
of other abbreviation.

some patients may not show CSA initially but develop it
over time (characterized by the patients with emergent
CSA in our study). A European Respiratory Society
Task Force recently deﬁned two different phenotypes
for CSA emerging during CPAP therapy.3 Their
deﬁnition of “treatment-emergent CSA” is similar to the
group we deﬁned as “transient CSA,” being patients
who have little CSA at baseline, and develop CSA
during CPAP, which then resolves with continued
CPAP use. Patients with CSA emerging and persisting
during CPAP were labeled as “treatment-persistent” by
the ERS Task Force and as “persistent” in our study.

OSA

Transient CSA

Overall, available data highlight the importance of
considering treatment-emergent CSA as a dynamic
phenomenon, and classifying patients according to
different phenotypes to ensure the most appropriate
ongoing management.
This ﬁnding is particularly relevant in light of our
ﬁndings that patients who develop CSA during CPAP
have lower device usage in the ﬁrst 90 days and are
more likely to terminate therapy after 90 days. The
risk of treatment termination was signiﬁcantly
increased in all patients with vs without treatment-

Persistent CSA

Emergent CSA

Probability Remaining in Use

1.00
0.95
0.90
Median CPAP Usage (h/d):

0.85

6.02 (IQR: 4.47-7.26)
0.80

5.75 (IQR: 4.27-7.03)
5.83 (IQR: 4.17-7.19)

0.75

5.68 (IQR: 3.95-7.11)
0.70
100

150

200
Day

250

300

Figure 4 – Multivariate Cox model survival curve for continued use of CPAP after 90 days. IQR ¼ interquartile range. See Figure 2 legend for
expansion of other abbreviation.
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Figure 5 – Multivariate Cox model survival curve for continued use of CPAP after 90 days in the post hoc analysis (patients with baseline apneahypopnea index $ 15/h). See Figure 2 and 4 legends for expansion of abbreviations.

emergent CSA but was highest in those with emergent
CSA. This was even more pronounced in patients with
a higher residual AHI on CPAP. Regular monitoring
based on telemonitoring data could facilitate
identiﬁcation of patients with treatment-emergent
CSA, classiﬁcation of their phenotype, and
intervention to maintain or improve CPAP
compliance. Alternatively, switching to another PAP
device may be warranted, such as ASV, which has
been shown to be effective in treating treatmentemergent CSA.18-20 Current recommendations by a
European task force suggest a switch to ASV in
patients with treatment-emergent CSA during CPAP
who have an AHI $ 15/h.3
In terms of risk factors for treatment-emergent CSA, the
following have previously been suggested as being
important: high AHI, CAI, and arousal index at
baseline; high CPAP levels; older age; male sex; low
body mass index; and the presence of heart failure or
ischemic heart disease.8 In our analyses, older age,
higher residual AHI and CAI, and higher leak were
possible risk factors for treatment-emergent CSA,
similar to what has been reported in a prospective PSG
study.9 Our data do not allow us to determine whether
the greater leak (mouth and mask) seen in the emergent
CSA group played a role in the development of central
apneas, but this assertion is theoretically possible given
that greater leak could lead to more sleep disruption (or
carbon dioxide clearance) that, in turn, might contribute
to more central apneas.21
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We did ﬁnd a statistically signiﬁcant difference in CPAP
level between patients with and without treatmentemergent CSA, but this was numerically small and
unlikely to be of clinical signiﬁcance.
An important strength of this study was its ability to
provide a detailed and comprehensive picture of the
natural course of treatment-emergent CSA during CPAP
therapy compared with current data. This is because
patients had ongoing monitoring over time and are
representative of those treated in clinical practice. In
addition, the telemonitoring strategy used transmitted
data on a daily basis and recordings took place in a
home setting where patients’ natural sleep was
minimally disturbed compared with PSG-based
controlled studies during CPAP titration. Furthermore,
the large and unselected patient population provides the
study with good external validity.
Although it permits evaluation of a large data set, there
are some limitations to conducting scientiﬁc research
based on databases created for administrative, rather
than scientiﬁc, purposes. These include the availability
of limited baseline clinical and demographic data, and
no information about the severity or type of SDB, CPAP
titration, and comorbidities. While we assume that all
patients included in the analysis were using CPAP to
treat OSA, this assumption may not always have been
the case. Use of device-generated data transmitted by
telemonitoring means that data quality may be lower
than that provided by PSG-based studies (although we
tried to ﬁnd stable estimates by calculating weekly
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averages). Another possible limitation is the use of FOT
to classify apneas as obstructive or central. While FOT
is a valid method for distinguishing between obstructive
and central events,22 it operates on the assumption that
a closed or open airway indicates obstructive or central
apnea, respectively. However, it has been shown that the
airway might passively close at the end of some central
events,23 meaning that FOT could marginally
underestimate the number of CSA events. In addition, it
is not possible to differentiate between central events
occurring during sleep vs periods of wakefulness and
therefore some “awake” events might have been
included. This might result in underestimation of the
severity of CSA because device-derived recording time
could be longer than actual sleep time. However,
repeated assessment every night reduces this concern.
The inclusion of all data for patients who had $ 1 day
with CPAP usage of $ 1 h in week 1 and week 13 also
has the potential to inﬂuence our results, possibly
underestimating the rate and impact of treatmentemergent CSA because CAI readings would be lower in
patients with short device usage. Regarding risk factors,
it is possible that these could be confounded by factors
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