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Abstract

m of sleep-disordered breathing, characterized by the emergence or
Treatment-emergent central sleep apnea (TECSA) is a specific for
persistence of central apneas during treatment for obstructive sleep apnea. The purpose of this review was to summarize the
definition, epidemiology, potential mechanisms, clinical characteristics, and treatment of TECSA. We searched for relevant articles
up to January 31, 2020, in the PubMed database. The prevalence of TECSA varied widely in different studies. The potential
mechanisms leading to TECSA included ventilatory control instability, low arousal threshold, activation of lung stretch receptors,
and prolonged circulation time. TECSA may be a self-limited disorder in some patients and could be resolved spontaneously over
time with ongoing treatment of continuous positive airway pressure (CPAP). However, central apneas persist even with the regular
CPAP therapy in some patients, and new treatment approaches such as adaptive servo-ventilation may be necessary. We concluded
that several questions regarding TECSA remain, despite the findings of many studies, and it is necessary to carry out large surveys
with basic scientific design and clinical trials for TECSA to clarify these irregularities. Further, it will be vital to evaluate the baseline
demographic and polysomnographic data of TECSA patients more carefully and comprehensively.
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Introduction regarding the prevalence of TECSA and the optimal

treatment method for it, and its importance and significance
Treatment-emergent central sleep apnea (TECSA, formerly
complex sleep apnea) describes the appearance of central
sleep apnea (CSA) and/or hypopnea while undergoing
treatment for obstructive sleep apnea (OSA).[1] TECSAwas
observed in some patients who primarily hadOSAormixed
apneas after the significant resolution of the obstructive
events by treatment with a positive airway pressure (PAP)
device without a back-up rate.[2,3] TECSA has recently been
observed after various treatment modalities for OSA,
including the use of a mandibular advancement device
(MAD), maxillomandibular advancement surgery, sinus
and nasal surgery, and tracheostomy.[4-9] In some TECSA
cases, occurrence of CSA events during initial continuous
positive airway pressure (CPAP) titration are transient and
they may resolve spontaneously with chronic CPAP
therapy.[10] However, some central apneas persist even
with regular CPAP therapy.[10] The development of TECSA
has affected the effectiveness ofOSA treatment andpatients’
compliance with it.[2,11] Therefore, in order to analyze this
condition properly, several studies on TECSA have recently
been conducted. However, there is still some controversy
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have not yet been fully established. This review aimed to
summarize the definition, epidemiology, potential mecha-
nisms, and clinical characteristics of TECSA, and review the
treatment methods for it.

Definition
TECSA refers to a specific form of sleep-disordered
breathing, characterized by the emergence or persistence
of central apneas during treatment for OSA such as using
PAP therapy.[1] Gilmartin et al[12] first described this
phenomenon using the new term “complex sleep-disor-
dered breathing.” Then, Morgenthaler et al[13] termed this
type of sleep-disordered breathing “complex sleep apnea
syndrome (CompSAS).” The International Classification
of Sleep Disorders-third edition introduced the term
“TECSA” as a new name for this phenomenon; it is
defined as the presence of primary OSA at the initial
diagnostic sleep study, significant resolution of obstructive
events with CPAP titration but emergence or persistence of
central events during PAP treatment with a central apnea
index (CAI) ≥5/h, greater than 50% of events being
Correspondence to: Dr. Jie Cao, Department of Respiratory and Critical Care
Medicine, Tianjin Medical University General Hospital, Tianjin 300052, China
E-Mail: tjcaojie@163.com

Copyright © 2020 The Chinese Medical Association, produced by Wolters Kluwer, Inc. under the
CC-BY-NC-ND license. This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from the journal.

Chinese Medical Journal 2020;133(22)

Received: 24-05-2020 Edited by: Peng Lyu

mailto:tjcaojie@163.com
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0


central, and the symptoms cannot be better explained by
another CSA disorder.[1] However, new-onset CSA has

prevalence of TECSA, especially for split-night or full-
night studies. Out of the aforementioned nine studies, four
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also been reported during other non-CPAP treatments for
OSA, including surgery and the use of oral appliances.
Goldstein and Kuzniar[9] reported a 43-year-old man with
mild OSA developed CSA after endoscopic sinus and nasal
surgery for nasal obstruction. The patient’s nasal conges-
tion improved, but night-time sleep fragmentation and
excessive daytime sleepiness both worsened 4 months after
surgery in this case; he had not gained any weight and did
not have any cardiopulmonary symptoms. Some studies
have reported that other surgical interventions, such as
tracheostomy and maxillomandibular advancement,
resulted in the appearance of CSA post-operatively.[8,14,15]

Mohan et al[4] noted a patient with moderate OSA who
used a MAD initially, had CSA. The spontaneous
resolution of MAD-emergent CSA was observed in this
patient 1 year after MAD treatment. There have been three
reports on the occurrence of similar MAD-emergent CSA
during treatment with a MAD.[5-7] Therefore, the defini-
tion of TECSA should refer to the phenomenon of transient
and/or persistent CSA after not only CPAP treatment but
also all kinds of therapy for OSA.

Epidemiology
722
With the increasing awareness of TECSA, more studies
have evaluated its prevalence and natural course. Howev-
er, the prevalence of TECSA appears to vary widely among
different studies ranging from 0.56% to 20.3%.[3,16-22]

[Table 1]. The large variation in the prevalence of TECSA
may be related to differences in the methodologies of these
studies, including protocol designs (retrospective or
prospective study), study populations selected sample
sizes, inclusion criteria for the TECSA patients, procedures
of the studies (split-night titration or full-night titration),
and different follow-up periods.

Most studies on the prevalence of TECSA are retrospective
studies, and they often have limitations such as selection
bias. In addition, the sample sizes in most studies were
generally small. A systematic review identified nine studies
on the prevalence of TECSA.[3] Seven of the nine studies
were retrospective in design, whereas one was a prospec-
tive observational study and another was a cross-sectional
study. Three of the nine studies included follow-up
observation. The sample size of the subjects with OSA
in these studies ranged from 99 to 1312. The authors
reported that the aggregate point prevalence of TECSA
was about 8%. In this review, the estimated range of
the prevalence of TECSA in patients with untreated OSA
was from 5% to 20%. Recently, in a large sample study
of real-life population-based data, Liu et al[2] analyzed
telemonitoring device data for the presence/absence of
emergent CSA at baseline (week 1) and week 13. Patients
(133,006) used CPAP for ≥90 days and had ≥ 1 day of ≥
1 h use 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.

The differences in the procedures used in studies on TECSA
may be responsible for the differences in the recorded
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studies used full-night CPAP titration, four studies used the
titration portion of a split-night study, and one study
included subjects in both titration and split-night study
groups. For studies that used only full night titration, the
reported prevalence of TECSA ranged from 5.0% to
12.1% whereas it was between 6.5% and 20.3% for
studies that used split-night polysomnogram. The preva-
lence of TECSA tended to be higher for split-night studies
compared with full-night titration studies.[3] Neu et al[23]

performed a retrospective cohort study of OSA patients
using auto-titrating CPAP; among the 263 included
subjects, 24 patients presented with complex sleep apnea
at a CPAP trial, resulting in a prevalence of 9.1% (5.6%–
12.6%, 95% confidence interval). The authors believed
that auto-titration procedures may bemore likely to induce
CSA in certain patients; however, a controlled trial with
manual titration or auto-titration was not performed in
this study.

The inclusion criteria for the subjects in the TECSA
prevalence studies varied, thus, the reported prevalence of
TECSA varied as well, especially in studies that involved
specific populations. For example, Bitter et al[24] described
a high prevalence (18%) of CSA in OSA patients with
congestive heart failure (CHF) (left ventricular ejection
fraction �45% and New York Heart Association Class
≥2). On the contrary, Westhoff et al[16] reported that the
prevalence of CSA or persisting CSA in patients with OSA
and normal brain natriuretic peptide levels who were
receiving CPAP therapy was low (0.56% and 1.57%,
respectively). Regional differences in the populations
evaluated in these studies should be considered as well.
In a study based on OSA patients living in high altitude
areas (2640 m), the prevalence of CSA was 11.6%, which
was intermediate compared to the prevalence reported for
patients living in areas with lower altitudes.[25] However,
Pagel et al[26] analyzed OSA patients living in areas at three
different altitudes above sea level (1421, 1808, and 2165
m, respectively), and reported that as altitude increases,
central apnea becomes more frequent (10.6%, 22%, and
38.7%, respectively). Miao ZB et al[27] also demonstrated
that the prevalence of TECSA increases as altitudes rise.

Mechanisms
TECSA is a non-hypercapnia-induced central sleep-disor-
dered breathing. One critical factor that is considered in the
cessation of airflow during sleep is the concept of the apnea
threshold (AT) of measured partial pressure of carbon
dioxide in arterial blood (PaCO2).

[28,29] AT is an individua-
l’s set value of PaCO2. If the PaCO2 value falls below theAT
during sleep, a CSA event will occur, and when the PaCO2
value rises above this threshold, respiratory airflow
recovers.[28,29] More important than AT is the difference
between eupneic PaCO2 and AT.[28,29] It is important to
note that the PaCO2-AT difference is not fixed and can vary
with the ventilatory drive. Individuals with narrower
PaCO2-AT differences are predisposed to CSA.[28,29]

The physiological mechanism that leads to the occurrence
of TECSA in OSA patients exposed to CPAP or other
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therapies is not well established. To date, several possible
mechanisms including ventilatory control instability (high

change in PaCO2 level.
[28] Individuals with high loop gain

may be at risk of having unstable breathing patterns

Table 1: Prevalence of treatment-emergent central sleep apnea in patients with obstructive sleep apnea in previous studies.

Studies

Reported
time
(year)

Study
location Study design

Type of
sleep
study Study population

Prevalence of
TECSA

Morgenthaler,
et al[13]

2006 USA Retrospective SN 223 patients with sleep-related
breathing disorders

15% (34/223)

Pusalavidyasagar,
et al[52]

2006 USA Retrospective SN 167 patients with OSA 20.3% (34/167)

Lehman, et al[53] 2007 Australia Retrospective FN/SN 99 patients with OSAH 13.1% (13/99)
Dernaika, et al[35] 2007 USA Cross-sectional SN 116 patients with OSA (AHI ≥20/h) 19.8%(23/116)
Kuzniar, et al[19] 2008 USA Retrospective SN 116 patients with OSA 6.5% (13/200)
Endo, et al[20] 2008 Japan Retrospective FN 1312 patients with SAS (AHI ≥20/h) 5.0% (66/1312)
Javaheri, et al[18] 2009 USA Retrospective FN 1286 patients with OSA 6.5% (84/1286)
Yaegashi, et al[55] 2009 Japan Retrospective FN 297 patients with OSA (AHI ≥20/h) 5.7% (17/297)
Cassel, et al[21] 2011 Germany Prospective FN 675 patients with OSA 12.2% (82/675)
Pagel, et al[26] 2011 USA Retrospective SN 150 OSA patients with AHI >15

living at an altitude of 1421 m;
10.6% (16/150)
at an altitude
of 1421 m;

150 OSA patients with AHI >15
living at an altitude of 1808 m;

22% (33/150) at
an altitude of
1808 m;

142 OSA patients with AHI >15
living at an altitude of 2165 m

38.7% (55/142)
at an altitude
of 2165 m

Bitter, et al[24] 2011 Germany Prospective FN 192 patients with CHF (LVEF
�45%, NYHA class ≥2) and OSA
(AHI ≥15)

18% (34/192)

Westhoff,
et al[16]

2012 Germany Prospective FN 1776 patients with OSA (AHI ≥15)
and normal BNP levels

0.56% (10/1776)

Neu, et al[23] 2015 Belgium Retrospective FN 263 patients with OSA (AHI >20/h
and ArI >30)

9.1% (24/263)

Zapata, et al[25] 2015 Colombia Prospective FN 988 patients with OSA (AHI >15/h) 11.6% (115/988)
Moro, et al[54] 2016 USA Retrospective FN/SN 728 OSA patients who underwent

PAP titration (n = 422 split-night;
n= 306 two-night)

24.2% of SN-PSG;
11.4% of FN-PSG.

Liu, et al[2] 2017 USA,
Germany,
Australia,
France

Retrospective NA 133,006 OSA patients used CPAP
for ≥90 days and had ≥1 day with
the use of ≥1 h in week 1 and
week 13 (a telemonitoring device
database)

3.5%

Data are presented as % (n/N). TECSA: Treatment-emergent central sleep apnea; SN: Split night titration study; FN: Full night titration study; NA: Not
applicable; OSA: Obstructive sleep apnea; OSAH: Obstructive sleep apnea-hypopnea; SAS: Sleep apnea syndrome; AHI: Apnea-hypopnea index; CHF:
Congestive heart failure; LVEF: Left ventricular ejection fraction; NYHA: New York Heart Association; BNP: Brain natriuretic peptide; ArI: Arousal
index; PAP: Positive airway pressure; CPAP: Continuous positive airway pressure; PSG: Polysomnography.
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loop gain),[30-32] low arousal threshold,[33] activation of
lung stretch receptors,[34,35] and prolonged circulation
time,[36] have been suggested [Figure 1].

Ventilatory control instability
723
A previous study reported that severe OSA patients
showed a high “loop gain” in their ventilatory control
system, which is a strong predictor of ventilatory
instability.[37] The loop gain is determined by the plant
gain and controller gain. The plant gain is the ability of the
lungs and respiratory muscles to increase ventilation, and
the controller gain is the change in ventilation induced by a
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because they “over-respond” to small changes in chemical
stimuli[38]; for example, a small increase in PaCO2 can lead
to greater hyperventilation in OSA patients with high loop
gain compared with someone with low loop gain. This
increased ventilation will continue until the resultant
reduction in PaCO2 is detected. When the PaCO2 level falls
below an individual’s set value (AT), central hypoventi-
lation or potential apnea will occur.[28] Ventilation will
resume after the PaCO2 level has risen above that
threshold. CPAP or other treatments for OSA can
intermittently decrease the PaCO2 level to a value below
the AT, which may explain the occurrence of TECSA in
OSA.[3] Stanchina et al[39] reported that after 1 month of
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CPAP, patients with persistent CSA would have a higher
loop gain on their CPAP titration night than patients with

fibers to the respiratory center, which then inhibits the
central respiratory output. Consequently, an interruption

Figure 1: Schematic representation of potential pathophysiological mechanisms of treatment-emergent central sleep apnea in patients with obstructive sleep apnea. CHF: Congestive heart
failure; CO2: Carbon dioxide; CPAP: Continuous positive airway pressure; CSA: Central sleep apnea; OSA: Obstructive sleep apnea; PaCO2: Partial pressure of carbon dioxide in arterial blood.
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resolved apneas. The authors also suggested that loop gain
measurement may enable a priori determination of those
who need alternative modes of PAP therapy. All these
points further support the notion that ventilatory control
instability may be an important physiological mechanism
for the occurrence of TECSA in OSA.

Low arousal threshold
The arousal threshold in OSA patients is defined as the
inspiratory pressure generated just before arousal at the
end of obstructive events.[30] Currently, a low respiratory
arousal threshold is known as one of the pathophysiologi-
cal phenotypes in some OSA patients.[40] Micro electro-
encephalographic arousals are often observed in OSA
patients.[40] The frequent changes from sleep to arousal
and from arousal to sleep due to low arousal threshold can
cause instability in the ventilatory control system during
sleep, especially non-rapid eye movement sleep.[41-48] Once
ventilation increases, the subsequent ventilatory overshoot
can decrease the PaCO2 level to a value below the AT,
resulting in the emergence of central apnea.[41]

In addition, the worsened sleep quality[34,41] and increased
nasal resistance[34,49] caused by CPAP may be related to
the frequent arousals experienced by some OSA patients
with low arousal threshold, which could presumably
contribute to an increase in central apneas.

Activation of lung stretch receptors
724
Expansion of lung volumes induced by over-titration of
CPAP may lead to activation of stretch receptors in the
lungs; the receptors then send signals via the vagal nerve
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of inspiration will occur. This mechanism can also protect
the lungs against overexpansion.[35]

Prolonged circulation time
Circulation delay in OSA patients with CHF can lead to a
mismatch in arterial blood gas concentration with the
respiratory controllers[38,50,51]; this may explain why OSA
patients with CHF are more likely to develop TECSA.
Moreover, CPAP over-titration could reduce cardiac
output, which may further contribute to ventilatory
control instability due to prolonged circulation time.

All these physiological mechanisms may be clinically
significant, therefore, fully identifying their interaction and
their role in triggering TECSA is vital to enable
practitioners to select the most appropriate clinical
therapies for this condition.

Risk Factors and Clinical Characteristics
Certain risk factors, including demographic data, clinical
information, and polysomnographic characteristics, are
associated with a higher prevalence of TECSA [Table 2].
Some studies identified several clinical risk factors for
TECSA in OSA patients. As these studies reported, older
age,[21] male,[13,25,52-54] lower body mass index,[19,52]

comorbid conditions (especially coronary artery disease,
hypertension and CHF, atrial fibrillation, and
stroke),[23,25,53,54] medications (chronic opiate use),[18,54]

certain polysomnographic parameters at the time of
diagnostic polysomnography (PSG) study (such as higher
baseline apnea-hypopnea index [AHI] [10,18,20,21,23,25,53]

and CAI,[11,18,21,23,25,52,53] higher baseline arousal in-
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dex,[10,53] and an increase in CAI in non-rapid eye
movement supine sleep[55]), and titration factors (such

had CHF and ischemic heart disease, whereas Cassel
et al[21] found a similar trend that did not reach statistical

Table 2: Potential risk factors for treatment-emergent central sleep apnea in patients with obstructive sleep apnea in previous studies.

Studies
Older
age Male

Cardiovascular
history

Lower
BMI

Intake of
opioids
(/narcotic

use)

Higher
baseline
CAI

Higher
baseline
AHI

Higher
baseline

ArI

Higher
baseline
ESS

Higher CAI in
NREM supine

sleep

Higher
hypercapnic
ventilatory
response

Morgenthaler,
et al[13]

� + � � NM � � � � NM NM

Pusalavidyasagar,
et al[52]

� + � + NM + � NM � NM NM

Lehman, et al[53] � + + NM � + + + NM NM NM
Dernaika, et al[35] � NM � � NM � � � � NM NM
Kuzniar, et al[19] � � NM + NM NM NM NM + NM NM
Endo, et al[20] � � � � � NM + � NM NM NM
Javaheri, et al[18] � � � � + + + � � NM NM
Yaegashi, et al[55] � � � � NM � � NM NM + NM
Cassel, et al[21] + � � � � + + � � NM NM
Bitter, et al[24] � � � � NM NM � NM NM NM +
Neu, et al[23] � � + � � + + � � NM NM
Zapata, et al[25] � + + � NM + + NM � NM NM
Moro, et al[54] � + +

∗ � +† +‡ � NM NM NM NM
∗
Self-reported history of stroke; †Self-reported narcotics were a positive predictor of treatment-emergent central sleep apnea only for spilt-night-PSG
patients; ‡The central apnea index during the diagnostic recording predicted treatment-emergent central sleep apnea only for full-night-PSG patients. +:
Data are statistically significant;�: Data are not statistically significant. BMI: Body mass index; CAI: Central apnea index; AHI: Apnea-hypopnea index;
ArI: Arousal index; ESS: Epworth sleepiness scale; NREM: Non-rapid eye movement; NM: Not mentioned.
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as higher residual AHI,[10] rapid or excessively high
titration,[3,56] excessive air leak,[3,56] lower total sleep
time,[10] lower sleep efficiency,[10] and use of bilevel
positive airway pressure (BiPAP) in their titration
studies[31]) were associated with a higher prevalence of
TECSA in OSA patients than those in matched control
subjects. Lei F et al[57] reported that higher baseline mixed
sleep apnea, especially in non-rapid eye movement sleep,
was related to a higher incidence of TECSA in OSA
patients. Herkenrath S et al[58] compared mixed apnea
metrics during diagnostic PSG in OSA patients with or
without TECSA, and found that those with TECSA had
longer apneic duration, more frequent arousals, and
shorter ventilatory duration, consistent with higher
ventilatory control instability. However, there is still no
consensus on the risk factors for TECSA, and the same risk
factors are not always identified in the different studies.

Regarding demographic characteristics, most of the risk
factors reported in these studies indicated that patients
with TECSA are more likely to be male, older, and
relatively less severely obese. However, the authors of these
studies[13,59] did not state whether they observed any
significant age differences between patients who developed
TECSA and patients who did not.

Regarding comorbid conditions, TECSA is more common
in OSA patients with cardiovascular and cerebrovascular
diseases, especially CHF. The high prevalence (18%) of
CSA in OSA patients with CHF and the low prevalence
(0.56%) of CSA in OSA patients without evidence of heart
failure indicate that CHF is a potentially important risk
factor for TECSA. Lehman et al[53] found that a
significantly greater number of patients with TECSA
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significance. Self-reported cardiac disease (coronary artery
disease, CHF, or atrial fibrillation) did not show any
correlation with TECSA in a retrospective study[54]; the
reason for the difference between the results of this study
and that of other studies may be that the medical history
was obtained by self-report. Moreover, Ku�zniar et al[60]

found that although most patients with CompSAS have
cardiac comorbidities, about one-third of patients in their
study did not have any risk factors for CompSAS before
sleep testing.

In addition, it should be noted that TECSA is common
among opioid users since patients who are long-term
opioid users are susceptible to CSA.[61] Despite this, in this
patient population opioid use has not been identified as a
risk factor for CompSAS.[62-64]

Treatment
Specific intervention for TECSA: is it necessary?

As some authors reported, TECSA may be a self-limited
disorder in some patients. Some central respiratory events
are transient and could spontaneously resolve over time
with ongoing treatment with CPAP therapy.[39] In a case
report,Mohan et al reported that spontaneous resolution of
MAD-emergent CSA was seen more than 1 year after the
maintenance of MAD treatment in a patient with moderate
OSA who refused PAP therapy; the authors suggested that
the key to the resolution of central respiratory events should
be strict adherence to effective therapy.[4] However, central
apneas still persist in some patients even with regular CPAP
therapy. Hence, there is still some controversy about the
optimal method for treating TECSA.
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PAP treatment back-up respiratory rate.[67] ASV can alter pressure
support accordingly based on a target minute ventilation
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CPAP

As previously mentioned, CSA will spontaneously resolve
with chronic CPAP therapy in some TECSA patients. If a
patient is tolerating CPAP well, he/she may not need to
change his treatment regimen.[28]

Some studies have shown that CSA events naturally
disappear after a few months with the maintenance of
CPAP treatment.[18,21,52] In a large retrospective cohort
study, Javeheri et al[18] reported that CompSAS of 33 out
of 42 patients resolved with a second CPAP titration 5 to 6
weeks after CPAP treatment. The possible explanation for
this is that CPAP treatment can resolve CSA events over
time by improving the stability of the ventilatory control
system[39] and lung volume.[65] Previous studies also
reported that ventilatory response to hypoxia and
hypercapnia decreased markedly after CPAP treatment
in OSA patients without heart failure.[49,66]

However, CPAP seems to be ineffective in some patients.
Correia et al[67] compared the clinical impact of adaptive
servo-ventilation (ASV) with other forms of PAP in treating
patients with TECSA, CSA, and Cheyne-Stokes respiration
(CSR), and found that some CSA events persisted even with
regular CPAP therapy. Fourteen out of 54 patients with an
initial CSA diagnosis on CPAP titration night continued to
meet the criteria for CSA at follow-up, and 16 of 382
patients (about 4%) not initially diagnosed with CSA
developed novel CSA after 3 months of CPAP therapy.[21]

Several studies suggested that there is a risk of poor
compliance and/or therapy termination in patients who
had a bad initial experience with CPAP due to
TECSA.[17,18,59] Moreover, there are very few available
methods for predicting which patient can naturally resolve
the central respiratory events of TECSA with CPAP
treatment over time. Hence, it is necessary for TECSA
patients undergoing CPAP therapy to receive follow-up
assessments more frequently.

BiPAP with a back-up respiratory rate

BiPAP with a back-up respiratory rate, for example, BiPAP
spontaneous/timed (BiPAP-S/T), can be an effective
alternative for treating TECSA in patients who do not
respond to CPAP.[68] BiPAP-S/T is a kind of non-invasive
ventilation mode that provides expiratory positive airway
pressure to eliminate obstructive events and inspiratory
positive airway pressure and back-up ventilation rate to
decrease hypoventilation.[17,22] Moreover, it can resolve
CSA events by forcing breath (timed breath) when CSA
occurs. Some pieces of evidence have confirmed that CPAP
is inferior to bilevel devices with a back-up respiratory rate
in treating patients with CompSAS.[24,68-73] Although the
available data are limited, several studies suggest that both
BiPAP and ASV improve CSA.

ASV

ASV is a novel ventilatory mode, which can provide a
dynamic adjustment of inspiratory pressure support and a
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calculated by measuring or estimating the respiratory
output of the patient, in order to avoid central hypopnea/
apnea events due to hyperventilation and associated
hypocapnia[67]; therefore, this device can provide more
stabilized ventilation.

ASV can be used for patients whose TECSA does not
improve after continued use of CPAP or BiPAP without a
back-up rate. Many studies have confirmed its effective-
ness in treating patients with CSA.[33,68,69] Correia et al
compared the clinical impact of ASV with other forms of
PAP in treating patients with TECSA, CSA, and CSR.[67]

The results demonstrated that ASV is an effective
treatment method for treating patients with TECSA,
CSA, and CSR since it significantly decreased residual
AHI. Moreover, the compliance rate was high, and long-
term tolerance was also excellent. In a prospective
randomized controlled trial, 30 patients who developed
CSA during CPAP treatment were randomized to non-
invasive positive pressure ventilation or a servo-ventilation
group. After 6 weeks of treatment, it was found that servo-
ventilation treated respiratory events more effectively than
non-invasive positive pressure ventilation.[73] Similarly,
Morgenthaler et al[74] conducted a prospective, random-
ized, single-blind,multi-center trial to compare the efficacy
of ASV to that of CPAP in resolving CompSAS over 90
days. They found lower residual AHI among patients
treatedwithASV comparedwith those onCPAP (4.7 ± 8.1
[central 1.1 ± 3.7] vs. 14.1 ± 20.7 [central 8.8 ± 16.3],
P< 0.001); 89.7% of the patients treated with ASV
achieved AHI <10/h, whereas only 64.5% of the patients
treated with achieved AHI <10/h. Several studies have
analyzed the role of ASV in the treatment of TECSA and
their results have shown that ASV is an excellent treatment
option.[67-70,74,75]

Clearly, ASV treatment for TECSA may effectively
decrease residual CSA events, improve the symptoms
of this disease, and increase adherence to therapy.
However, this ventilation mode is associated with more
expensive and complicated devices. Insufficient available
data support ASV as a very early intervention strategy for
the treatment of TECSA. Presently, continued use of
CPAP may be the first treatment option when initial
TECSA is noted on titration night. Subsequently, the
TECSA patient should undergo follow-up assessment
earlier and more frequently. At the follow-up session, the
mode of PAP should be changed to either BiPAP with a
back-up rate or ASV if central apneas do not naturally
resolve [Figure 2].

Medications
Medications could be selected to improve ventilatory
control stability or elevate the arousal threshold for
TECSA patients, which may be a supplement to PAP
therapy. For example, acetazolamide, a carbonic anhy-
drase inhibitor, can modulate loop gain. Glidewell et al
described a case of successful control of CompSAS with
CPAP and acetazolamide in a 41-year-old white woman on
long-term opioid therapy.[76] This case suggested that
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acetazolamide may be an effective adjunct to PAP therapy
for the treatment of TECSA in patients on long-term opioid

low concentrations of CO2 added to conventional PAP
can effectively control severe, treatment-resistant, mixed

Figure 2: Flow diagram of treatment of treatment-emergent central sleep apnea in patients with obstructive sleep apnea. ASV: Adaptive servo-ventilation; BiPAP-S/T: Bilevel positive airway
pressure-spontaneous/timed; CPAP: Continuous positive airway pressure; OSA: Obstructive sleep apnea; TECSA: Treatment-emergent central sleep apnea.
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therapy. Similarly, some studies reported that both
trazodone[77] and eszopiclone[78] increased the respiratory
arousal threshold of OSA patients with a low arousal
threshold. Hence, these medications could possibly be a
new method for the treatment of TECSA. It is necessary to
conduct large sample clinical trials to confirm the
effectiveness and safety of such therapeutic options.

Oxygen therapy
Oxygen supplementation may be helpful in the treatment
of TECSA since oxygen can significantly reduce the loop
gain in OSA patients with a high loop gain.[79] Short-term
studies have shown that oxygen supplementation during
sleep reduces the number of central respiratory events in
some CHF-CSA patients.[80,81] Oxygen therapy combined
with any PAP modality may be a good option, especially
for a TECSA patient that needs nocturnal oxygen
therapy.[82] However, more evidence is needed before
recommending oxygen therapy as a viable treatment
option for TECSA.

Carbon dioxide (CO2) supplementation
727
Since the excessive excretion of CO2 is linked to the
pathophysiology of TECSA, increasing PaCO2 levels and
keeping the PaCO2 value above the AT may abolish CSA
in TECSA patients. Hence, some studies involved the use
of CO2 supplementation for the treatment of TECSA. In a
small sample size study, Thomas et al[83] observed that
inhaling a low concentration of CO2 via a PAP gas
modulator resulted in a quick abolition of sleep-
disordered breathing in six patients with residual mixed
apneas at best PAP settings. The authors concluded that

2

obstructive, and central sleep-disordered breathing.
However, CO2 supplementation is still used in experi-
mental research due to concerns about the safety and side
effects of CO2. Regardless, CO2 inhalation therapy is
still considered a possible alternative approach for the
treatment of CSA.[84]

Future Directions
Despite so many findings from several studies, many
questions regarding TECSA remain. First, the reported
prevalence and natural course of TECSA vary widely in
different studies. Therefore, it is necessary to carry out a
large epidemiological survey with rigorous and superior
scientific design. Second, the clinical features and risk
factors for this disease are not specific. Therefore,
identifying TECSA patients with OSA and/or CSA and
what clinical information is most important and useful in
predicting the development and outcomes of TECSA is of
paramount importance. To clarify the pertinent aspects of
TECSA, evaluating the baseline demographic and poly-
somnographic data of TECSA patients more carefully and
comprehensively is essential. Third, novel viable treatment
approaches are needed, and the possible development of an
optimal treatment strategy based on clinical information
should be investigated as well. Future studies that include
basic scientific research and clinical trials on TECSA are
also required.
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