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Core tip: Less-invasive, non-pharmacological approach-
es may improve outcomes for patients with heart fail-
ure, and the role of positive airway pressure therapy is 
discussed in this review. 
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INTRODUCTION
Heart failure (HF) is a life-threatening disease and is a 
growing public health concern[1,2]. The prevalence of  HF 
has increased along with the aging of  the general popu-
lation[3] and because of  improved survival after acute 
myocardial infarction[4,5]. Indeed, a better understanding 
of  the pathophysiology and medical management of  
myocardial infarction means that such patients are living 
longer with damaged hearts, and many of  them go on to 
develop HF[5,6]. Despite recent advances in pharmacologi-
cal management of  HF, the morbidity and mortality from 
HF remain high[4,5]. Therefore, non-pharmacological 
approaches to HF, including cardiac resynchronization 
therapy, and left ventricular (LV) assist devices, are in-
creasingly utilized. However, most non-pharmacological 
approaches are invasive, have limited indication and 
are considered only for advanced HF. Accordingly, the 
development of  less invasive, non-pharmacological ap-
proaches that may improve outcomes for patients with 
HF is important. 

Positive airway pressure (PAP) therapy represents 
a potentially beneficial non-pharmacological approach 
to the management of  HF. PAP therapy involves the 
maintenance of  positive airway pressure through invasive 
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Abstract
Heart failure (HF) is a life-threatening disease and is a 
growing public health concern. Despite recent advances 
in pharmacological management for HF, the morbid-
ity and mortality from HF remain high. Therefore, non-
pharmacological approaches for HF are being devel-
oped. However, most non-pharmacological approaches 
are invasive, have limited indication and are considered 
only for advanced HF. Accordingly, the development of 
less invasive, non-pharmacological approaches that im-
prove outcomes for patients with HF is important. One 
such approach may include positive airway pressure 
(PAP) therapy. In this review, the role of PAP therapy 
applied through mask interfaces in the wide spectrum 
of HF care is discussed.
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(applied with endotracheal intubation or tracheostomy) 
or non-invasive (applied without endotracheal intuba-
tion or tracheostomy) means. Because we focused on 
less invasive approaches to the management of  HF, we 
confined our discussion to non-invasive positive pressure 
ventilation, including continuous positive airway pressure 
(CPAP), in which PAP is applied through nasal masks, 
oro-nasal masks and face masks[7]. In the wide spectrum 
of  HF care, PAP therapy can be used to improve oxygen-
ation, decrease right ventricular (RV) afterload, alleviate 
hypoventilation and hypercapnia, improve lung and respi-
ratory muscle functions, and normalize abnormal respira-
tory patterns. In this review, we discuss various types or 
modes, devices and equipment for PAP therapy, its effect 
on hemodynamics and respiration, and conditions for 
which PAP therapy should be considered in the care of  
HF patients. We also review the indications and evidence 
supporting the efficacy of  PAP therapy in patients with 
HF.

EFFECT OF PAP ON HEMODYNAMICS 
AND RESPIRATION 
All PAP therapies, which are considered for HF and men-
tioned later, adjunctively provide positive end-expiratory 
pressure. Therefore, the effect of  PAP therapy, including 
positive end-expiratory pressure, on hemodynamics and 
respiration are described herein.  

Effect on hemodynamics 
PAP has several effects on hemodynamics. First, PAP 
diminishes systemic venous return and RV preload by 
increasing intrathoracic pressure[8-10]. Second, PAP alters 
pulmonary total vascular resistance (PVR), which is the 
major determinant of  RV afterload, via an alternation 
in lung volume[11]. In the lungs, there are two types of  
vessels: the intra-alveolar vessels, which are compressed 
as lung volume increases, and the extra-alveolar vessels, 
which are exposed to dilating forces as lung volume 
increases. Thus, a change in total PVR is characterized 
by a U-shaped curve according to the alteration in lung 
volume (the lowest PVR can be observed in the lung vol-
ume around functional residual capacity)[12]. For example, 
when lung volume increases from residual volume to 
functional residual capacity, the effects of  this increased 
volume on extra-alveolar vessels will predominate, and 
thus, vascular capacitance will increase. Consequently, total 
PVR will decrease. When the lung volume continues to 
increase from functional residual capacity to total lung ca-
pacity, the effects of  this further increased volume on in-
tra-alveolar vessels will predominate; vascular capacitance 
will therefore decrease, and total PVR will increase[12,13]. 
Although PAP without an excessive shift in lung volume 
does not cause a clinically important increase in RV after-
load[12], it is possible that RV afterload can be increased 
by PAP[14]. Third, a decrease in RV preload (decrease in 
systemic venous return to RV) and an increase in RV 
afterload (increase in PVR) lead to a reduction in pul-

monary venous return and limitations in LV inflow and 
filling. In addition, in cases with increased RV afterload, 
RV dilatation with a septal shift toward the LV can occur. 
This further limits the LV filling and causes reductions 
in cardiac output and overall organ perfusion[8,10,14-16]. 
Fourth, increased intrathoracic pressure relative to atmo-
spheric pressure causes a pressure difference between the 
extrathoracic and intrathoracic cavities because most of  
the systemic circulation is at atmospheric pressure, which 
is lower than that of  the LV and thoracic aorta[17]. There-
fore, PAP therapy can reduce RV preload and increase 
RV afterload, whereas PAP therapy reduces LV preload 
and afterload (Figure 1). In general, subjects without HF 
are predominantly preload-dependent[18]. Therefore, in 
subjects without HF or in patients who manifest preload-
dependent LV function, such as those with RV infarction 
or hypovolemia, a reduction in cardiac preload with PAP 
therapy may decrease cardiac output to a greater degree 
than decreasing afterload and its related increase in car-
diac output[14]. 

Conversely, a failing heart is more sensitive to de-
creased afterload, and patients with HF are usually hy-
pervolemic and thus insensitive to decreased preload. 
Therefore, patients with HF are predominantly afterload-
dependent, and cardiac output can be increased by PAP 
therapy in those patients. Nevertheless, in HF patients, 
the preload- and afterload-dependent status will deter-
mine the cardiac output responses (increase or decrease) 
(Figure 1). 

Effect on respiration 
PAP also has several effects on respiration in HF. First, 
PAP maintains alveolar pressure and prevents the al-
veoli from collapsing at the end of  expiration and thus 
improves gas exchange and oxygenation through the 
recruitment of  alveolar units, counterbalance of  hydro-
static forces leading to pulmonary edema, and mainte-
nance of  airway patency[19-22]. Particularly in HF patients 
with pulmonary congestion in whom lung compliance is 
impaired, PAP induces recruitment of  collapsed alveoli, 
reversal of  atelectasis, and induces a fluid shift from the 
alveoli and the interstitial space to the pulmonary circula-
tion, consequently decreasing the amount of  intrapulmo-
nary shunting and improving oxygenation[21,23]. Second, 
PAP can reduce respiratory muscle load and the work of  
breathing[24-26] and can improve lung function through 
lung inflation and maintenance of  functional residual 
capacity[27]. Third, PAP prevents upper airway narrow-
ing and collapse and thereby functions as a “pneumatic 
splint”[28-30]. This is highly effective in the treatment of  
sleep-disordered breathing (SDB)[31], which is frequently 
observed in patients with HF[32]. Fourth, some PAP 
therapy provides pressure support during inspiration 
to maintain ventilation. This is particularly important 
in HF patients with hypoventilation. Fifth, if  hypoxic 
pulmonary vasoconstriction occurs due to hypoxia in as-
sociation with acute decompensated HF (ADHF) or HF 
accompanied by chronic obstructive lung disease (COPD) 
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and SDB, PAP can attenuate the increase in PVR by im-
proving oxygenation through the abovementioned effect 
and by alleviating vasoconstriction. Consequently, such 
attenuation of  increased PVR can be associated with 
improving hemodynamics. Finally, considering that the 
short-term servo-control of  ventilation using adaptive 
servo ventilation (ASV) during wakefulness reduced mus-
cle sympathetic nervous system activity in patients with 
chronic HF[33,34], keeping ventilation consistent with ASV 
may provide further beneficial effects on hemodynamics 
that are independent of  the effects of  PAP[35].  

TYPES/MODES OF PAP IN HF 
TREATMENT
Several types or modes of  PAP therapy can be consid-
ered for HF. Although each type or mode has different 
purposes, all of  them apply positive pressure to the air-

way. In particular, all of  them provide positive end-ex-
piratory pressure. Thus, the benefits from the individual 
modes overlap. In this section, the types and modes of  
PAP generally applied for HF are described (Table 1). 

CPAP
CPAP is the most widely used type/mode of  PAP 
therapy in patients with HF. It provides a constant level 
of  positive pressure to maintain airway patency during 
spontaneous breathing (Figure 2A). Because CPAP only 
provides a constant level of  pressure during the entire 
respiratory cycle and because CPAP does not separately 
increase pressure during inspiration and thus does not 
directly support ventilation, sometimes CPAP is not clas-
sified as a form of  non-invasive positive pressure ventila-
tion. However, the International Consensus Conference 
in Intensive Care Medicine[7] defined non-invasive posi-
tive pressure ventilation as any form of  PAP support 
applied without endotracheal intubation, in which the 
pressure is generated by the respiratory muscles only with 
a spontaneous support modality, such as CPAP, or by the 
ventilator only or by the ventilator and the respiratory 
muscles. Thus, we classify CPAP as non-invasive positive 
pressure ventilation unless otherwise indicated. 

In general practice, CPAP is most commonly used 
for the management of  SDB via specifically manufac-
tured CPAP devices for home care. Some of  these CPAP 
devices are designed to detect various degrees of  upper 
airway obstruction and then adjust the pressure level to 
keep the airway open. Some of  these systems can also 
provide information about the residual apneas or hypop-
neas while patients are on CPAP (i.e., automated CPAP) 
(Figure 1B)[36,37]. Although treatment with automated 
CPAP improves patient satisfaction and compliance in a 
subset of  patients with obstructive sleep apnea (OSA), 
the routine use of  automated CPAP for OSA treatment 
provides limited benefit[38-40]. Furthermore, although 
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Responses
when preload-dependent
              Major response
              Minor response

Responses
when afterload-dependent
              Major response
              Minor response

PAP

(3) LV preload ↓

(4) LV afterload ↓

Cardiac output ↓

Cardiac output ↑

Intrathoracic pressure ↑

(1) RV preload ↓Systemic venous return ↓

(2) RV afterload ↑PVR ↑

Figure 1  Effects of positive airway pressure on hemodynamics. First, PAP decreases systemic venous return and RV preload by increasing intrathoracic pres-
sure; Second, PAP increases PVR by increasing lung volume. Thus, it is possible that RV afterload can be increased by PAP; Third, a decrease in RV preload and 
an increase in RV afterload lead to reductions in pulmonary venous return and limitations of LV inflow, filling and preload; Fourth, increased intrathoracic pressure 
relative to atmospheric pressure causes a pressure difference between the intrathoracic and extrathoracic cavities. Therefore, PAP may decrease LV afterload. In 
subjects without HF who are generally preload-dependent or in HF patients who manifest preload-dependent reduction, decreased RV and LV preload in addition to 
the increase in RV afterload may cause a net decrease in cardiac output, whereas a decrease in LV afterload may cause a minor response toward increasing cardiac 
output. Conversely, patients with HF are more sensitive to decreased afterload and are thus predominantly afterload-dependent. PAP therapy causes a net increase 
in cardiac output through decreases in RV preload, LV preload and afterload, whereas an increase in RV afterload may cause a minor response toward decreasing 
cardiac output. LV: Left ventricular; PAP: Positive airway pressure; PVR: Pulmonary vascular resistance; RV: Right ventricular; HF: Heart failure.

Table 1  Summary of equipped functions of each type/mode 
of positive airway pressure

CPAP Bi-level PAP VAPS ASV

Positive end-expiratory pressure + + + +
Pressure support during inspiration - + + +
Guarantee of tidal volume or minu-
te ventilation

- - + -

Servo-control of ventilation - - - +
Automated control of pressure level 
during expiration

+ - - +

Backup ventilation -   ±1   +2   +2

1Bi-level PAP devices that are only capable of spontaneous mode can-
not provide back-up ventilation; 2Most devices automatically provide a 
set backup ventilation rate based on their VAPS or ASV algorithm. ASV: 
Adaptive servo-ventilation; Bi-level PAP: Bi-level positive airway pres-
sure; CPAP: Continuous positive airway pressure; VAPS: Volume assured 
pressure support.
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tive airway pressure (IPAP) and a lower level of  pressure 
during expiration [expiratory positive airway pressure 
(EPAP)]. Its major difference from CPAP is that it pro-
vides pressure support during inspiration (Figure 3). The 
level of  pressure support is determined as a difference 
between IPAP and EPAP, and the level of  IPAP plays an 
important role in unloading respiratory muscles, reducing 
the work of  breathing, controlling obstructive hypopnea 
or flow limitation, maintaining alveolar ventilation, and 
reducing the partial pressure of  carbon dioxide (PaCO2). 
EPAP produces respiration and hemodynamic effects 
that are similar to those provided by CPAP. In addition, 
most bi-level PAP devices have several modes for back-
up ventilation, such as spontaneous breathing (S-mode), 
timed back-up ventilation, and spontaneous breathing 
with timed back-up ventilation (ST-mode). Bi-level PAP 
with S-mode can be used for patients who require high-
pressure CPAP to control OSA or for those who cannot 
tolerate exhaling against high pressure CPAP[44]. However, 
patients with HF generally do not require high pressure, 
even those with OSA. Thus, the indication for bi-level 
PAP with S-mode in patients with HF is quite limited. 
When using CPAP, the airway pressure is increased at 
end-expiration but decreased during inspiration (Figure 
4); because the net cardiac unloading effects during the 
respiration cycle are greater in bi-level PAP than in CPAP 
in association with an increased pressure level during 
inspiration and its unloading effects, bi-level PAP may 
be a better option for the treatment of  HF[14,45]. In the 
care of  HF, the purposes of  treatment with bi-level PAP 
include the following: (1) reducing hypercapnia in some 
patients with acute decompensated HF or those with co-
existing COPD and HF or those with obesity hypoven-
tilation syndrome (OHS) and its related HF; (2) keeping 
ventilation consistent with a constant pressure support; 
and (3) back-up ventilation in patients with central sleep 
apnea (CSA). In patients with CSA, hypocapnia related 
to hyperventilation due to pulmonary congestion plays 
an important role in the development and maintenance 
of  CSA[46]. Bi-level PAP sufficiently promotes ventilation 
and can reduce the carbon dioxide levels to below the ap-
neic threshold during sleep.

Volume-assured pressure support 
Volume-assured pressure support (VAPS) is an advanced 
mode of  bi-level PAP developed for the treatment of  pa-

more recent automated CPAP devices have an algorithm 
to detect central respiratory events, the accuracy of  this 
algorithm remains to be elucidated. Thus, current guide-
lines do not recommend automated CPAP devices for the 
diagnosis of  SDB or for the treatment of  patients with 
HF, in which central respiratory events frequently coexist 
with OSA[41].  

Some patients who cannot tolerate CPAP complain 
of  difficulty while exhaling against the airway pressure 
generated by the CPAP device[42,43] especially in patients 
whose therapeutic pressure needed to eliminate OSA 
is fairly high (e.g., > 10 cm H2O). To resolve this issue, 
some CPAP devices use specific algorithms, such as early 
expiratory phase pressure-relief  (Figure 2). Using these 
algorithms, the pressure is lowered in the early phase of  
expiration to enhance comfort, but the pressure returns 
to the critical pressure needed for keeping airway open 
before the next inspiration. Early expiratory pressure re-
lief  can be applied in combination with other modes of  
PAP therapy. Because patients with HF do not require 
such high pressures, even those with OSA, and because 
high-pressure CPAP might reduce cardiac output in some 
cases of  HF, a pressure-relief  algorithm is rarely used 
when treating HF patients.

Bi-level PAP
Bi-level PAP provides two fixed levels of  PAP: a higher 
level of  pressure during inspiration (inspiratory posi-
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Figure 2  Differences between continuous positive airway pressure and automated continuous positive airway pressure. A: CPAP provides a constant level 
of positive pressure to the airway during spontaneous breathing; B: Automated CPAP devices are designed to detect various degrees of upper airway obstruction and 
consequently adjust the pressure level to keep the airway open. CPAP: Continuous positive airway pressure.
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Figure 3  Algorithm of early expiratory phase pressure relief. The pressure 
is lowered in the early phase of expiration to enhance comfort, but the pressure 
returns to the critical pressure needed to keep the airway open before the next 
inspiration. CPAP: Continuous positive airway pressure.
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tients with hypoventilation and hypercapnia[47-51]. In VAPS 
mode, the device alters the level of  pressure support (i.e., 
IPAP level) to maintain a pre-set target tidal volume. De-
vices with newer VAPS modes alter the respiratory rate 
in addition to the level of  pressure support to maintain 
a pre-set minute ventilation. Nevertheless, VAPS mode 
guarantees a delivered tidal volume or minute ventilation 
despite patients’ variable breathing effort, airway resis-
tance, and lung or chest wall compliance (Figure 5). 

ASV
ASV is an advanced mode of  bi-level PAP developed 
for the treatment of  Cheyne-Stokes respiration with 
CSA in patients with HF[52]. It is also used in the treat-
ment of  other forms of  CSA, such as idiopathic CSA, 
CPAP-emerged CSA and opioid-induced CSA[53,54]. ASV 
devices automatically provide altering pressure support 
for each inspiration, ranging from a pre-set minimum 
level to a pre-set maximum level, to maintain moving 
target ventilation (determined based on volume or flow) 
determined by the patient’s current breathing in addition 
to the back-up ventilation with variable respiratory rates 
(i.e., servo-control of  ventilation) (Figure 6). In addition, 
more recent devices provide altering EPAP levels that are 
sufficient for the control of  upper airway narrowing or 
collapse, using an algorithm that is similar to that used by 
automated CPAP. The goals of  ASV are to stabilize ab-
normal breathing patterns (i.e., CSA with Cheyne-Stokes 
respiration) and to maintain the PaCO2 level to prevent 

hypocapnia, which can trigger apnea reentry cycles[52] in 
addition to keeping the upper airway open (Figure 7). 

There are two major ASV devices. In both products, 
pressure support is dynamically adjusted breath-to-breath 
as necessary to ensure that the patients’ actual ventilation 
matches the target value in addition to the auto-titration 
of  EPAP to maintain airway patency. The main points of  
difference are the mechanics used to assess the breath-
ing status and to determine the target level. One type of  
device uses volume-targeted ASV, which sets a minute-
ventilation target that is 90% of  the recent average 
minute volume from a 3-min collection period and tries 
to maintain ventilation at the target level[52]. The other 
device uses flow-targeted ASV, which monitors the peak 
inspiratory flow of  the patient over a recent moving 4-min 
window, calculating an average peak flow at every point 
within this window to set a target peak flow. It compares 
these data to an internal target and maintains a target 
peak inspiratory flow[55]. The other minor differences be-
tween volume-triggered and flow-triggered ASV devices 
are summarized in Table 2.  

DEVICES, INTERFACE AND ADDITIONAL 
EQUIPMENT 
In general, the equipment necessary for PAP therapy 
includes devices that provide PAP, tubing and several 
types of  patient interfaces[56]. Ventilators that are used in 
standard critical care for invasive ventilation can also be 
used for non-invasive PAP therapy with specific patient 
interfaces. However, a few types of  ventilators have spe-
cifically been designed to provide PAP noninvasively and 
are generally used during the acute phase of  HF. Most 
of  these non-invasive ventilators employ several of  the 
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modes of  PAP therapy mentioned earlier and can be 
used in many situations and conditions during the acute 
phase of  HF. In addition, there are several smaller and 
more simplified devices that can provide only one or 
two modes for less intensive care in the general cardiol-
ogy wards or for home care in patients with sub-acute or 
chronic phases of  HF. 

In terms of  interface, various masks have been used 
for PAP therapy for HF; these include nasal masks, nasal 
pillows, oro-nasal (full-face) masks that cover the nose 
and mouth, and face (total-face) masks that cover the 
entire face[57], all of  whose actual attachment portions to 
the face are made of  silicone or other soft rubber-like 
materials to achieve a tighter air seal[58]. In acute HF, a 
disposable oro-nasal mask or face mask is usually used. 
In the home care setting, the choice of  mask is the most 
important issue for patient comfort and tolerance to 
PAP therapy. Poorly fitted masks decrease the efficacy, 
compliance and adherence to PAP therapy. In addition to 
the mask itself, headgear or straps are used as a harness. 

Overly tight headgear may worsen the air leak and inter-
fere with patient comfort and compliance.

Some patients receiving long-term PAP therapy com-
plain of  nasal oro-nasal dryness while on PAP devices[59]. 
For such patients, a heated humidifier can be used to 
maintain compliance with therapy[60]. One possible dis-
advantage of  the use of  heated humidifier includes the 
accumulation of  condensate inside the tube, which can 
cause a decrease in inspiratory pressure and a delay of  
triggering when bi-level PAP is used. Condensation inside 
the tube is also frequently observed during the winter in 
the home care setting[61]. To resolve such condensate is-
sues, heated tubing systems containing copper wire are 
now available for clinical use.

CONTRAINDICATION TO PAP THERAPY
There are several absolute contraindications to PAP 
therapy, such as the presence or absence of  anatomic 
abnormalities for attaching the interface and recent 

Table 2  Adaptive servo-ventilation devices

Volume-triggered ASV Flow-triggered ASV

Manufacturer ResMed Philips-Respironics
Target 90% of previous average ventilation (moving time window) 90% of average peak flow (moving time window)
EPAP/EEP EEP automatically adjusted between min and max (4-20 cm H2O)

Cannot select auto EEP without PS
EPAP automatically adjusted between min and max (4-25 
cm H2O)

IPAP Max pressure up to 30 cm H2O
IPAP changes within pre-set PS range from min (can be 0) to max
Max PS can be limited by maximum pressure and current EEP

Max pressure up to 25 cm H2O
IPAP changes within pre-set PS range from min (can be 0) to 
max (21 cm H2O)
Max PS can be limited by pre-set maximum pressure and 
current EPAP level

Backup rate Automatic Auto rate
15 ± α breaths/min Fixed rate

Pressure wave form Saw-tooth Square shape
Inspiratory time Automatic Automatic in auto rate mode

Set in manual rate mode

ASV: Adaptive servo-ventilation; EEP: End-expiratory pressure (i.e., = EPAP); EPAP: Expiratory positive airway pressure; IPAP: Inspiratory positive air-
way pressure; PS: Pressure support. 

Auto PS range

Maximum IPAP level

Minimum IPAP level

EPAP level

PS+

PS++

PS

Cheyne-stokes respiration
Hyperpnea

Apnea/hypopnea

Applied PS

Figure 7  Adaptive servo-ventilation. Adaptive servo-ventilation devices automatically provide altering pressure support for each inspiration, ranging from a pre-set 
minimum level to a pre-set maximum level, to maintain moving target ventilation (determined based on volume or flow) determined by the patient’s current breathing 
in addition to the back-up ventilation with variable respiratory rates. This stabilizes the abnormal breathing pattern (i.e., cheyne-stokes respiration) and maintains the 
PaCO2 levels to prevent hypocapnia, which can otherwise trigger apnea reentry cycles. EPAP: Expiratory positive airway pressure; IPAP: inspiratory positive airway 
pressure; PaCO2: Arterial partial pressure of carbon dioxide; PS: Pressure support. 
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airway or gastrointestinal surgery. Relative contraindica-
tions include the need for the patient to be capable of  
airway protection, an increased risk of  aspiration, swal-
lowing impairment, excessive secretions, frequent cough-
ing, severe hypoxemia (i.e., PaO2/FiO2 < 75), acidemia, 
multiorgan failure, respiratory arrest, inability to fit the 
mask, or poorly motivated patient or family[62,63]. There 
is controversy regarding use of  PAP therapy for patients 
with cardiogenic shock and hemodynamic instability[18]. 
In the care of  HF, PAP therapy should be administered 
with caution in patients with severe right-side HF ac-
companied by severe liver congestion or cirrhosis, pa-
tients with hypertrophic obstructive cardiomyopathy and 
patients with severe aortic valvular heart disease because 
reductions in venous return to the heart may worsen liver 
congestion, ascites and edema, and because reductions in 
LV preload and afterload may cause further reduction in 
cardiac output unless these patients also have severe pul-
monary congestion.

COMPLICATIONS
PAP therapy is generally safe, and only a few major com-
plications can occur, including aspiration pneumonia[64,65], 
hypotension as a consequence of  reduction of  preload 
and afterload (see “Effect of  positive airway pressure on 
hemodynamics”), and rarely, pulmonary barotraumas in 
association with excessive pressures. Because excessive 
pressures are not applied for patients with HF due to the 
risk of  adverse reduction in cardiac output, actual applied 
pressures are much lower than such excessive pressure 
levels. 

However, minor complications related to masks or 

pressures and air flows can occur. Fitting the mask too 
tightly for long periods of  time may result in skin dam-
age and ulceration, particularly around the nasal bridge[66]. 
Once established, such wounds may require artificial skin 
grafts, and of  course, mask re-fitting should be consid-
ered. Furthermore, patients undergoing long-term PAP 
therapy with masks might have global facial flattening[67]. 
However, this may be a specific complication for chil-
dren. Discomfort associated with pressures and air flows 
are common and can include dryness, pain in the nose 
or mouth and pneumophagia, all of  which are usually 
resolved via the use of  a humidifier or by a decrease in 
pressure levels. 

CONDITIONS IN WHICH PAP THERAPY 
IS CONSIDERED FOR HF
In the wide spectrum of  HF care, PAP therapy is used to 
improve oxygenation, reduce cardiac load, improve lung 
and respiratory muscle function, alleviate hypoventilation 
and hypercapnia, and normalize abnormal respiratory 
patterns, including SDB (Figure 8). In this section, spe-
cific conditions in which PAP therapy is frequently con-
sidered in the care of  HF are described (Table 3). 
   
Acute decompensated HF
Guidelines for ADHF generally recommend the use of  
PAP therapy if  patients have breathing difficulty, signs of  
pulmonary edema, or hypoxia despite supplemental oxy-
gen (Table 4)[5,68-71]. For patients with ADHF, the purpos-
es of  PAP therapy include augmentation of  oxygenation 
through recruitment of  collapsed alveoli, reversal of  atel-
ectasis, and induction of  fluid shifts back from the alveoli 

Oxygenation Cardiac unloading
Improving lung/

respiratory muscle
functions

Improving
hypoventilation
and hypercapnia

Normalization of
abnormal respiratory
pattern including SDB

CPAP
Bi-level PAP

CPAP
Bi-level PAP

CPAP
Bi-level PAP

CPAP
Bi-level PAP

ASV

Goals

Condition of HF

Acute phase

Recovery phase

Chronic phase

Types/mode
of PAP

(CPAP)
Bi-level PAP

VAPS

?

Figure 8  Importance of each goal of positive airway pressure therapy according to different heart failure conditions. In the wide spectrum of HF care, PAP 
therapy is used to help oxygenation, provide relief from cardiac load, improve lung and respiratory muscle function, reduce hypoventilation and hypercapnia, and nor-
malize abnormal respiratory patterns, including SDB. The importance of each goal can differ according to the condition of HF. Improving oxygen is one of the most im-
portant goals in the acute phase. However, after recovery from acute decompensation, this goal becomes less important or is no longer considered. Providing cardiac 
unloading is another important goal in the acute phase to the recovery phase. However, the importance of this goal remains to be elucidated after recovery from acute 
decompensation. Improving lung and respiratory muscle function is sometimes important in the acute phase and after recovery. Improving hypoventilation is important 
in cases with hypercapnia in the acute phase. In addition, HF patients with hypoventilation and daytime hypercapnia can be treated by PAP therapy in the recovery or 
chronic phase. Normalization of abnormal respiratory patterns, particularly SDB suppression, is sometimes important in the recovery phase and is most important in 
the chronic phase. The specific types/modes of PAP that should be used differ according to each therapeutic purpose. ASV: Adaptive servo-ventilation; CPAP: Con-
tinuous positive airway pressure; HF: Heart failure; PAP: Positive airway pressure; SDB: Sleep disordered breathing; VAPS: Volume assured pressure support.
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and the interstitial space to the pulmonary circulation, 
reducing respiratory muscle load and the work of  breath-
ing, and stabilizing hemodynamics via cardiac unloading.   

In patients with ADHF, PAP therapy is usually ad-
ministered by specifically designed ventilators for non-
invasive PAP for acute or intensive care. The selection 
of  modes (usually, CPAP or bi-level PAP) is dependent 
on whether patients require pressure support to ventilate 
appropriately. For example, patients with hypercapnia 
or respiratory muscle fatigue may require bi-level PAP. 
Otherwise, CPAP is used because most data suggest that 
there are no obvious clinical benefits to the use of  bi-lev-
el PAP over CPAP[72,73]. In Japan, ASV is sometimes used 
for patients with ADHF, especially in institutions where 
specifically designed ventilators for non-invasive PAP 
for acute or intensive care are not available. The merits 
of  using ASV for patients with ADHF may include the 
fact that devices for ASV are small, handy and mobile; 
ASV can be started in the emergency room, which allows 
PAP to be applied quite immediately upon presentation 
to the hospital; and ASV may synchronize patients’ res-
piration more easily than typical bi-level PAP. However, 
these potential merits of  ASV remain to be confirmed. 
It should be noted that ASV devices do not provide raw 
wave forms of  parameters related to respiration, whereas 
specifically designed ventilators for non-invasive PAP for 
acute or intensive care do provide these data.

PAP therapy improves hemodynamics, respiratory 
function and oxygenation in patients with pulmonary 
edema in association with ADHF when compared with 
oxygen therapy alone[74-79]. Moreover, the use of  PAP 
therapy in randomized prospective trials was associated 
with lower rates of  intubation and improved 30-d mor-
tality compared with oxygen therapy alone[74,76,77,79]. Thus, 
PAP therapy for ADHF is the universal standard.

SDB
SDB is frequently observed in patients with HF. In gen-

eral, two types of  SDB, OSA and CSA, can be observed 
in HF patients. Typically, CSA in HF patients is usually 
observed as Cheyne-Stokes respiration, which is a form 
of  periodic breathing characterized by a crescendo-decre-
scendo pattern of  breathing followed by central apnea or 
hypopnea[80].

OSA results from upper airway collapse and predis-
poses patients to the development and progression of  
HF via several mechanisms. For example, in patients with 
OSA, the blood pressure is frequently elevated as a result 
of  overactivation of  the sympathetic nervous system. 
Such high blood pressure may contribute to the develop-
ment of  HF in association with the direct deleterious ef-
fects of  sympathetic overactivity. In addition, the genera-
tion of  exaggerated negative intrathoracic pressure during 
obstructive apneas increases cardiac loads. Conversely, 
CSA appears to arise secondary to HF. In general, HF 
patients are likely to have chronic hyperventilation due to 
stimulation of  the pulmonary vagal irritant receptors by 
pulmonary congestion and to increased chemosensitivity, 
which is characteristic of  HF patients with CSA[46,81] and 
consequently results in hypocapnia. When PaCO2 falls 
below the apneic threshold because of  an increase in the 
apneic threshold during transition from wakefulness to 
sleep, CSA ensues[46,81]. Apnea persists until PaCO2 rises 
above the apneic threshold; then, ventilation will resume; 
ventilatory overshoot occurs, and PaCO2 will decrease 
below the apneic threshold in association with arousal 
during the ventilatory phase and increased chemosen-
sitivity. This could also contribute to the pathogenesis 
of  CSA with a Cheyne-Stokes respiration pattern by 
facilitating ventilatory overshoot and undershoot. Once 
triggered, the pattern of  Cheyne-Stokes respiration will 
be sustained by the combination of  increased respiratory 
chemoreceptor drive, pulmonary congestion, arousals, 
and apnea-induced hypoxia, which cause oscillations in 
PaCO2 above and below the apnea threshold[46,81]. Never-
theless, CSA is also characterized by apnea, hypoxia, and 
increased sympathetic nervous activity and, when present 
in HF, is associated with an increased risk of  death[46,81,82].

In patients with chronic HF, treatment of  SDB al-
leviates underlying cardiac dysfunction. The standard 
treatment for OSA in patients with HF is CPAP. CPAP 
prevents upper airway narrowing and collapse and works 
as a “pneumatic splint”[28-30], thereby preventing obstruc-
tive apneas and hypopneas. It was reported that one night 
of  CPAP resolved negative intrathoracic pressure swings 
in association with obstructive respiratory events and re-
ductions in nocturnal blood pressure and heart rate[46,83]. 
Thus, HF patients with OSA may benefit from cardiac 
unloading by suppressing OSA via CPAP. Independent 
of  OSA suppression, CPAP promotes reductions in LV 
preload and afterload in patients with HF. In fact, many 
studies regarding CPAP therapy for chronic HF patients 
demonstrated an improvement in LV systolic function 
in association with reductions in sympathetic nervous 
system activity and associated reductions in systemic 
arterial blood pressure and heart rate[46,84-87]. In terms of  
long-term clinical outcomes, two observational studies 

Table 3  Possible indication of each type/mode of positive 
airway pressure for each condition

CPAP Bi-level PAP VAPS ASV

Acute decompensated heart failure o1 o ?2 ?
Chronic HF with OSA o o  Δ3   Δ4

Chronic HF with CSA  Δ5 o ? o
HF following acute decompensation  Δ6 o ?   Δ7

Chronic HF without SDB × ? ?   Δ8

HF with hypoventilation (acute)  Δ9 o o ×
HF with hypoventilation (chronic)  Δ9 o o ?

1Bi-level PAP with S-mode for accompanying OSA; 2Indicates that no clear 
data are available; 3Can be used if accompanied by hypoventilation; 4Can 
be used if Cheyne-Stokes respiration coexists; 5Can be used if CSA is al-
leviated; 6Can be used if OSA exists; 7Can be used if CSA exists; 8ASV may 
be useful for chronic HF patients with apnea-hypopnea index < 20 includ-
ing those without SDB; 9Can be used if hypoventilation is associated with 
OSA. ASV: Adaptive servo-ventilation; Bi-level PAP: Bi-level positive air-
way pressure; CPAP: Continuous positive airway pressure; CSA: Central 
sleep apnea; HF: Heart failure; OSA: Obstructive sleep apnea; SDB: Sleep 
disordered breathing; VAPS: Volume assured pressure support. 
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in chronic HF patients indicated that CPAP therapy for 
OSA results in a trend towards reduced mortality or a 
significant reduction in the composite endpoint of  mor-
tality and rehospitalization[88,89]. In addition, in one of  
those studies, the hospitalization-free survival rate in pa-
tients administered CPAP therapy was significantly higher 
in the more compliant group than in the less compliant 
group[89]. Therefore, good compliance with long-term 
CPAP therapy may provide better clinical outcomes in 
chronic HF patients with OSA. 

Because HF patients with CSA have associated pul-
monary congestion and increased LV filling pressures, 
CPAP has been applied to improve pulmonary conges-
tion and increased LV filling through the cardiac unload-
ing. However, studies regarding the effects of  CPAP on 
the suppression of  CSA in chronic HF patients produced 
inconsistent results, most likely due to the differences the 
application of  CPAP. If  CPAP was applied for a short 
period of  time (e.g., 1 night) at low pressure (e.g., 5 cm 
and 7.5 cm H2O), CSA was not alleviated[90,91]. However, 
if  CPAP was applied for longer periods (e.g., 7 d) at high 
pressure (8-12.5 cm H2O), the severity of  CSA decreased 
by > 50%[92-96]. In addition, CPAP with gradual titration 
alleviated CSA and was accompanied by an increase in 
PaCO2

[46,95,97,98]. reduction in sympathetic nervous sys-
tem activity[99], and improvements in respiratory muscle 
function[100] and LV systolic function for 1-3 mo[46,95-98]. 
In terms of  long-term clinical outcome, one small-
randomized trial[97] showed that in chronic HF patients 
with CSA, CPAP produced a trend[90] toward a better out-
come, and a sub-group of  patients compliant with CPAP 
had significantly better outcomes. However, a large-scale 
randomized controlled study in chronic HF patients with 
CSA failed to demonstrate the benefits of  CPAP in terms 
of  long-term clinical outcomes (mean follow-up dura-
tion, 2-years)[101]. A post hoc analysis of  this study sug-
gested that patients whose apnea-hypopnea index (AHI) 
decreased below 15 in response to CPAP at 3 mo (i.e., 
CPAP responder) had significantly better long-term clini-
cal outcomes compared with the control groups. This 
implied that in approximately 50% of  chronic HF pa-
tients, CPAP therapy suppressed CSA, but PAP therapy, 
which may suppress CSA more effectively and constantly, 

should be the focus. 
One such PAP therapy is bi-level PAP[52]. A small 

randomized controlled trial comparing 10 HF patients 
with CSA on bi-level PAP without backup ventilation 
(i.e., S-mode) and standard medical therapy versus 11 HF 
patients with CSA on standard medical therapy alone 
showed significant reduction in the AHI from 28.3 ± 
12.3/h to 5.2 ± 3.8/h with one night of  bi-level PAP 
with S-mode and significant improvement in LV ejection 
fraction at 3 mo with bi-level PAP with S-mode (20.3% 
± 8.2% vs 3.2% ± 10.1% with standard medical therapy 
alone)[102]. Considering that bi-level PAP with S-mode 
may aggravate central apnea through hyperventilation, 
this is not a good option for all HF patients with CSA. 
Conversely, studies using bi-level PAP with spontane-
ous and timed backup ventilation mode (i.e., ST-mode) 
in chronic HF patients showed sufficient reduction in 
the AHI with one night of  bi-level PAP and significant 
improvement in LV ejection fraction at 3 mo with bi-
level PAP with ST-mode[103-105]. In particular, in a study 
regarding the effects of  bi-level PAP with ST-mode on 
the suppression of  AHI and improvements in cardiac 
function in chronic HF patients with CSA that was not 
sufficiently suppressed by CPAP (i.e., AHI ≥ 15, non-
responders), CSA sufficiently decreased in response to bi-
level PAP with ST-mode (AHI, from 54.4 ± 7.8 at base-
line to 30.3 ± 11.7 on CPAP to 8.4 ± 4.7 on bi-level PAP 
with ST-mode)[105]. Further, left ventricular ejection frac-
tion (LVEF) and the plasma levels of  B-type natriuretic 
peptide improved in chronic HF patients with CSA, even 
in patients deemed CPAP non-responders at 6 mo[105]. 
Another PAP therapy that is more effective at suppress-
ing AHI in chronic HF patients with CSA is ASV[52]. 
Randomized and observational studies in which the ef-
fects of  ASV on cardiac function were assessed showed 
that suppression of  CSA via ASV reduced the levels of  
neurohumoral factors and improved LV systolic function 
and outcomes in chronic HF patients with CSA[106-109]. 
Furthermore, in studies on the effects of  ASV on sup-
pression of  AHI and improvements of  cardiac function 
in CPAP non-responders, CSA was sufficiently decreased 
in response to ASV, and cardiac functions and neurohu-
moral state were improved at 3 mo[110]. The effects of  

Table 4  Recommendations for oxygen and bi-level positive airway pressure therapy for acute decompensated heart failure

Guidelines Oxygen PAP therapy

ACC/AHA (2009 updated) To relieve symptoms related to hypoxemia: Class Ⅰ, level C NA
ACCF/AHA (2013) NA NA
HFSA (2010) Hypoxia+: Class Ⅰ, level C Dyspnea+ or pulmonary edema+: Class Ⅰ, level A

Hypoxia-: Class Ⅲ, level C
ESC (2012) Hypoxemia+ (SaO2 < 90% or PaO2 < 60 mmHg): 

Class Ⅰ, level C
Dyspnea+ or pulmonary edema+ or RR > 20/min: 

Class Ⅱa, level B
SBP < 85 mmHg: Class Ⅲ

JCS (2011) Hypoxia+ (to keep SaO2 > 95%, PaO2 > 80 mmHg): 
Class Ⅰ, level C

Not responding to oxygen: Class Ⅰ, level A

ACC: American college of cardiology; ACCF: American college of Cardiology foundation; AHA: American heart association; ESC: European Society of 
Cardiology; HFSA: Heart failure society of America; JCS: Japanese Cardiology Society; NA: Not available; PaO2: Arterial partial pressure of oxygen; RR: 
Respiratory rate; SaO2: Oxyhemoglobin saturation; SBP: Systolic blood pressure; PAP: Positive airway pressure.

Kato T et al . PAP therapy for HF



1184 November 26, 2014|Volume 6|Issue 11|WJC|www.wjgnet.com

ASV on long-term clinical outcomes in chronic HF pa-
tients with CSA will be clarified in an ongoing large-scale 
randomized controlled trial[111,112].

Both OSA and CSA can be observed in patients with 
chronic HF, and ASV can suppress OSA by modifying 
the EPAP levels in addition to suppressing CSA. Thus, 
ASV, particularly ASV with auto-titrating EPAP, may 
be a therapeutic option for SDB without the need to 
distinguish between OSA and CSA. Three randomized 
controlled trials assessed the effects of  ASV on cardiac 
function in chronic HF patients with coexisting OSA and 
CSA[55,113,114]. These studies reported significant improve-
ments in cardiac functions, especially reductions in neu-
rohumoral factors. The effects of  ASV for both types of  
SDB will be elucidated in an ongoing large-scale random-
ized controlled trial including chronic HF patients with 
either OSA or CSA[115]. 

HF patients following acute decompensation
Although patients with ADHF are frequently treated 
with PAP therapy, whether HF patients following recov-
ery from acute decompensation remains unclear. In HF 
patients following recovery from acute decompensation, 
the presence or absence of  SDB may play key roles in 
determining whether PAP therapy should be considered. 
Although most previous data regarding SDB in HF and 
its treatment with PAP mentioned earlier involve HF pa-
tients in the chronic phase, it was recently reported that 
hospitalized HF patients following ADHF frequently 
develop SDB and that the presence of  SDB during hos-
pitalization following ADHF is a predictor of  readmis-
sion and mortality[116-118]. Thus, PAP therapy should be 
considered even for hospitalized HF patients, especially 
in the setting of  symptomatic SDB. One study suggests a 
beneficial effect of  in-hospital bi-level PAP (with S-mode) 
therapy for OSA on improvement of  cardiac function 
following ADHF[117]. An ongoing study may elucidate 
whether PAP therapy improve outcomes in these pa-
tients[119]. However, there are no specific data regarding 
the effect of  PAP therapy on hospitalized patients fol-
lowing ADHF who do not have SDB.

Chronic HF patients without SDB
Chronic HF patients even without SDB may also benefit 
from PAP therapy through its cardiac unloading effects. 
In fact, the short-term application of  CPAP (i.e., 5-10 cm 
H2O) can increase cardiac output in stable HF patients 
with pulmonary congestion[120,121]. This possibility has 
been further assessed in a subgroup analysis of  a small 
randomized trial regarding the effects of  CPAP on car-
diac function and clinical outcomes in HF patients with 
and without CSA[97]. In a subgroup analysis of  patients 
without CSA, CPAP had no effect on either LVEF or 
the composite endpoint of  mortality and cardiac trans-
plantation rate. Bi-level PAP may be a better option for 
improving hemodynamics in HF patients with pulmonary 
congestion because net cardiac unloading effects during 
a respiration cycle may be greater in bi-level PAP than 

in CPAP (refer to the section regarding “Bi-level posi-
tive airway pressure”)[14,45]. Furthermore, based on data 
showing the acute beneficial effects of  short-term ASV 
application on sympathetic nervous system activity[33,34] 
and hemodynamics[35], ASV may be a more promising 
therapeutic option for chronic HF patients without SDB. 
In fact, Koyama et al[122] reported that ASV was associated 
with better clinical outcomes, regardless of  the presence 
or absence of  moderate CSA (i.e., AHI < 20 or ≥ 20). 
The possible benefits of  ASV on cardiac function are 
being assessed in an ongoing randomized clinical trial in 
which HF patients with and without SDB are being ran-
domized to either ASV treatment or medical therapy to 
assess the changes in LV ejection fraction at 6 mo[123].

Most acute hemodynamic effects of  PAP therapy are 
more prominent in HF patients with pulmonary conges-
tion or increased LV filling pressure (i.e., pulmonary capil-
lary wedge pressure ≥ 12 mmHg)[45,121]. Patients with HF 
are more sensitive to decreased afterload and are usually 
hypervolemic and are thus insensitive to decreased pre-
load. However, preload reduction may play a more promi-
nent role in HF patients without hypervolemia. Therefore, 
chronic HF patients with low filling pressure and those 
without hypervolemia should not be treated with PAP 
therapy or at least should be treated with caution.  

HF with hypoventilation and hypercapnia 
Among patients with HF, there is a subset of  patients 
who have hypoventilation and hypercapnia acutely or 
chronically. In the acute phase, it was reported that 35 of  
80 patients with acute cardiogenic pulmonary edema had 
hypercapnia that was not associated with a previous histo-
ry of  COPD[124]. On the other hand, it was also reported 
that 25% of  patients with ADHF had COPD[125]. Thus, 
PAP therapy can be considered in such HF patients with 
hypoventilation and hypercapnia in the acute phase. In 
general, specifically designed ventilators for non-invasive 
PAP for acute or intensive care are used, although small 
home-care devices can also be used. In terms of  modes, 
bi-level PAP or VPAS, both of  which can provide suffi-
cient minute ventilation or tidal volume to reduce PaCO2, 
should be used. ASV may also be considered. However, 
because ASV is designed to keep PaCO2 consistent in pa-
tients with hypocapnia and PaCO2 oscillation, its effects 
for the reduction in PaCO2 will be insufficient. 

In the chronic phase, hypoventilation and daytime 
hypercapnia are observed in some elderly HF patients 
with COPD or in obese HF patients with OHS. Some 
patients with COPD can suffer from hypoventilation 
and daytime hypercapnia in association with individual 
variations in chemoreceptor sensitivity to CO2 and in-
spiratory muscle strength[126]. In addition, sleep-related 
hypoventilation and the initiation of  long-term oxygen 
therapy can contribute to the development of  hypoven-
tilation and daytime hypercapnia in COPD patients. 
Mild physiologic hypoventilation during sleep, especially 
during rapid eye movement (REM) sleep, is exaggerated 
in patients with COPD. Hypoventilation and daytime hy-
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percapnia can also be precipitated by supplemental oxy-
gen therapy for hypoxia. Because both HF and COPD 
are more likely observed in elderly patients, the coexis-
tence of  HF and COPD has become more prevalent as 
the general population ages[127]. Although the use of  PAP 
therapy in COPD patients with chronic hypoventilation 
has not been established, the potential benefits of  PAP 
therapy in these patients generally include improvement 
in daytime and nighttime arterial blood gas parameters, 
increase in sleep duration, improvements in quality-of-
life[128] and decreases in hospitalization rate[129,130]. For 
patients with HF and COPD, PAP therapy can be used 
for cardiac unloading. Furthermore, it was reported 
that OSA occurs in 10% to 15% of  patients who have 
COPD (i.e., overlap syndrome)[131]. In addition, HF pa-
tients frequently have OSA[32]. Hypoventilation and hy-
percapnia in patients with HF and COPD can be attrib-
uted to coexisting OSA. Another means of  PAP therapy 
in patients with HF and hypoventilation and hypercapnia 
is to suppress coexisting OSA. 

In patients with chronic HF with hypoventilation and 
hypocapnia, the selection of  the mode of  PAP therapy 
is dependent on the volume of  ventilation required to 
reduce the PaCO2 levels. In patients who only require al-
leviation of  coexisting OSA to reduce PaCO2, CPAP can 
be used during sleep. If  patients require pressure support 
to reduce PaCO2, bi-level PAP can be used. If  patients 
require a guarantee on delivered tidal volume or minute 
ventilation to reduce PaCO2, VAPS can be used. ASV 
may also be considered. However, it should be noted that 
the effects of  ASV for the reduction of  PaCO2 will be 
insufficient. 

In obese HF patients with hypoventilation and hyper-
capnia, the coexistence of  OHS [defined as obesity (body 
mass index > 30 kg/m2) and daytime hypoventilation 
with awake PaCO2 > 45 mmHg in the absence of  other 
causes of  hypoventilation[29]] should be considered. Pa-
tients with OHS frequently have multiple risk factors for 
cardiovascular disease in association with comorbid obe-
sity. OHS can cause LV hypertrophy and diastolic dys-
function, and longstanding OHS may promote LV systol-
ic dysfunction[132]. In addition, OHS with severe hypoxia 
can cause pulmonary hypertension and subsequent right-
sided HF. Therefore, OHS can induce the development 
and worsening of  HF. Furthermore, approximately 90% 
of  patients with OHS have OSA with and without REM 
sleep hypoventilation[133]. In OHS, hypercapnia is due to 
increased work of  breathing, OSA, respiratory muscle 
impairment, decreased central ventilatory drive, and de-
creased response to leptin. Obesity per se can increase the 
work of  breathing through the increased efforts required 
to move the rib cage and the diaphragm and through 
decreased lung compliance. In addition to mild physi-
ologic hypoventilation during sleep, OSA contributes 
to hypoventilation during each obstructive respiratory 
event, especially for REM sleep during which apneas and 
hypopneas become more severe in both frequency and 

duration. Post-apnea (post-hypopnea) hyperpneas may 
not sufficiently compensate for hypoventilation to main-
tain eucapnia[134] and reduced pH level and bicarbonate 
excretion at night as well as progressive elevation in the 
serum bicarbonate level and subsequent depression of  
ventilation during the day[134,135]. Muscle impairment and 
decreased central ventilatory drive may play only a limited 
role in the pathogenesis of  OHS[131]. Although it was 
reported that alterations in leptin levels and leptin resis-
tance can cause hypoventilation[136], detailed mechanisms 
regarding these alternations in patients with OHS remain 
to be elucidated. 

To treat HF patients with OHS, in addition to weight 
reduction, PAP should be considered to normalize venti-
lation and cardiac unloading. CPAP may be beneficial by 
preventing upper airway narrowing and hence improving 
alveolar hypoventilation, hypercapnia and oxygenation, 
and quality of  life[28,137,138] in some patients with OHS. 
However, some OHS patients still have significant noc-
turnal oxygen desaturation, even on CPAP[139]. Providing 
pressure support with bi-level PAP should be considered 
for such patients and for those without OSA. Long-term 
bi-level PAP therapy improves hypercapnia, oxygenation, 
and increases lung volumes in patients with OHS[140]. In 
an observational study, the use of  bi-level PAP in OHS 
patients was associated with reduced mortality compared 
with patients who were not treated with bi-level PAP[141]. 
Recent data suggest that VAPS may improve ventilation 
when compared with conventional bi-level PAP. How-
ever, the use of  VAPS was associated with lower patient 
tolerance due to high pressure[47,48]. Therefore, VAPS can 
be considered in patients who do not tolerate CPAP or 
bi-level PAP. 

CONCLUSION
PAP is a non-invasive and non-pharmacological therapy 
for HF in the acute setting and is now globally used. In 
addition, in chronic HF patients with SDB, PAP therapy 
should be used to alleviate SDB and to improve short-
term cardiovascular outcomes. Similarly, in HF patients 
with hypoventilation and hypercapnia in association 
with COPD and OHS, PAP therapy should be used to 
improve hypoventilation and hypercapnia. However, it re-
mains to be elucidated whether PAP therapy can improve 
cardiovascular outcomes in patients following ADHF, 
in chronic HF patients without SDB, and in those with 
hypoventilation and hypercapnia. In particular, whether 
PAP therapy can alter long-term outcomes is of  great in-
terest. Therefore, further research regarding these topics 
is needed. 

Nevertheless, cardiologists and other clinicians 
should understand the benefits of  PAP therapy, includ-
ing the improvements in the control of  respiration and 
cardiac unloading, as well as the indications, contraindi-
cations and complications of  this therapy, as discussed 
in this review.  
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