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Noninvasively applied positive airway pressure therapy (PAP) is available in 3 basic modes: con-
tinuous positive airway pressure (CPAP), bi-level positive airway pressure (BPAP), and adaptive
servo-ventilation. These are in widespread use in home and hospital settings to treat a variety of
disorders of ventilation or gas exchange, including obstructive sleep apnea, sleep-related hypoventila-
tion, periodic breathing, acute and chronic hypercapnic respiratory failure, and acute respiratory
failure. They are increasingly being used perioperatively to prevent or treat upper airway obstruction,
hypoventilation, and periodic breathing, and they have been found to improve postoperative outcomes
in the case of obstructive sleep apnea. An impediment to their use in this setting is a lack of familiarity
with their application by hospital clinical staff. This review describes the modes of PAP therapy avail-
able, their indications, how therapy is initiated, how efficacy is assessed, common problems encountered
with its use, and how these problems can be addressed. Key words: PAP therapy; respiratory compromise;
obstructive sleep apnea; opioids; sleep-disordered breathing; adaptive servo-ventilation; CPAP; BPAP; hos-
pital; adult. [Respir Care 2018;63(4):479–487. © 2018 Daedalus Enterprises]

Introduction

In recent years there has been a growing recognition
that patients prone to disordered breathing during sleep are

predisposed to abnormal breathing disturbances when se-
dated or anesthetized. Obstructive sleep apnea (OSA) is
known to increase the incidence of cardiopulmonary com-
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plications in the perioperative period.1-7 Obesity hypoven-
tilation is also associated with increased risk of perioper-
ative complications, and it appears likely that sleep
hypoventilation from other causes (eg, respiratory neuro-
muscular or advanced lung diseases) is similarly predis-
posed.8,9 These breathing disorders can be effectively
treated with positive airway pressure (PAP) therapies de-
livered noninvasively via face or nasal mask. PAP thera-
pies are increasingly used perioperatively to prevent or
treat upper airway obstruction, hypoventilation, and peri-
odic breathing,10 and they have been found to improve
postoperative outcomes in the case of OSA.11 An imped-
iment to the use of these therapies in the hospital setting is
a lack of familiarity with their indications and application
on the part of hospital clinical staff, which may lead to
delays in seeking respiratory therapist expertise to imple-
ment therapy. This review describes the modes of PAP
therapy available, their indications, how therapy is initi-
ated, how its efficacy is assessed, common problems en-
countered with its use, and how these problems can be
addressed. While the emphasis is on the perioperative care
of patients with known, suspected, or emergent sleep-dis-
ordered breathing, many of the points made are general-
izable to other perioperative noninvasive respiratory sup-
port applications, including prevention of postoperative
pulmonary complications from other causes and treatment
of postoperative respiratory failure in other settings.

Modes of PAP Therapy

There are 3 basic modes of PAP therapy available: CPAP,
bi-level PAP (BPAP), and adaptive servo-ventilation. Both
CPAP and BPAP are available as manually adjustable or
auto-adjusting devices, while aspects of adaptive servo-
ventilation are inherently automatic in their operation. A
more recent addition to the PAP therapy group includes
volume-assured pressure support (VAPS), another auto-
adjusting therapy used in specific situations of hypoven-
tilation. It should be noted that there are many synonyms
in use for these therapies, although the terminology used
here predominates.

CPAP

CPAP is the simplest of the PAP modes, providing con-
tinuous pressure to the upper airway and lower respiratory

tract to provide a distending force, or pneumatic splint. It
is commonly used to treat and prevent upper airway ob-
struction during sleep (ie, OSA) or when induced by se-
dation.12 It can also be used to distend the central airways
(as with laryngomalacia or tracheomalacia),13 recruit al-
veoli (as with atelectasis or pulmonary collapse/consoli-
dation),14 counter intrinsic PEEP in the case of COPD-
associated dynamic hyperinflation,15 or redistribute lung
water and decrease cardiac preload and afterload (as with
pulmonary edema and cardiac failure).16

CPAP devices deliver air at pressures generally adjusted
within a range between 5 and 20 cm H2O, depending on an
individual’s requirement. In OSA, the required level of
pressure may be determined by titration during an attended
overnight in-lab polysomnogram/CPAP titration study. In
the hospital setting, when a patient has not previously been
titrated on CPAP therapy, an empiric setting of 8 cm H2O
is a reasonable starting point for a patient of normal
weight.17 The pressure can be titrated from there, in steps
of 0.5–2 cm H2O depending on tolerance and adequacy of
control to control upper airway obstruction. While ade-
quate control may be achieved at pressures � 10 cm H2O,
higher pressures are commonly required, particularly in
obese patients.18 Occasionally pressures in excess of
15 cm H2O are needed, which can be difficult to tolerate,
particularly if the patient is naïve to therapy. Higher mask
pressures are also associated with increased mask leak. In
such cases, it can be advantageous to use CPAP in an
auto-titrating mode (sometimes known as APAP) rather
than at a fixed pressure. APAP is a CPAP application
designed to treat upper airway obstruction and is now
commonly used to initiate PAP therapy in place of super-
vised CPAP titration during polysomnography. APAP au-
to-titrates the pressure level within an adjustable range
(predetermined by the prescriber, often in the 6–16 cm H2O
range) to abolish flow limitation. The APAP device de-
tects flow limitation by analysis of the respired flow sig-
nal, assessing for flattening of the inspiratory flow pro-
file.19,20 Its advantage over fixed pressure is that the pressure
varies according to need, so that it is low during wakeful-
ness and, during sleep, may only reach higher pressures
when the patient is supine or in rapid eye movement sleep,
which are both circumstances conducive to worsening up-
per airway obstruction. Where high airway pressures are
consistently required to control obstruction, BPAP (see
below) may be helpful in providing some inspiratory as-
sistance to relieve work of breathing.

Although termed continuous, the pressure delivered by
CPAP may vary across the respiratory cycle. Some man-
ufacturers provide an option that momentarily reduces pres-
sure by a small degree during early expiration (expiratory
relief). This serves as a comfort setting to alleviate the
sensation of expiratory effort that some patients develop,
particularly early in their exposure to CPAP.21

Dr Hillman has disclosed a relationship with ResMed. Drs Jungquist and
Auckley have disclosed relationships with Medtronic.

Correspondence: Carla Jungquist PhD ANP, University at Buffalo, 3435
Main Street, Buffalo, NY 14214. E-mail: carlajun@buffalo.edu.

DOI: 10.4187/respcare.05730

PERIOPERATIVE NONINVASIVE RESPIRATORY SUPPORT

480 RESPIRATORY CARE • APRIL 2018 VOL 63 NO 4



CPAP and APAP are primarily used in the out-patient
setting for the management of OSA, and occasionally CPAP
is used for some patients with central sleep apnea. CPAP
can be used in the in-patient setting for ongoing manage-
ment of sleep-disordered breathing, acute hypoxic respi-
ratory failure from a variety of causes (eg, atelectasis,
interstitial lung disease, pulmonary consolidation), recruit-
ing of collapsible large airways (eg, tracheomalacia), non-
hypercapnic COPD exacerbations where intrinsic PEEP
may be an issue, and pulmonary edema.12-16 CPAP is not
recommended as the primary therapy for sleep-related hy-
poventilation in the absence of co-existing OSA.

BPAP

There are many alternative terms to describe BPAP.
These include generic terms such as, bi-level ventilatory
assistance, and noninvasive pressure-support ventilation,
as well as proprietary terms such as bi-level positive air-
way pressure (BiPAP, Philips Respironics) and variable
positive airway pressure (VPAP, ResMed). For the pur-
poses of this review, the term BPAP encapsulates all of
these terms.

BPAP delivers different, independently adjustable pres-
sures during expiration (ie, expiratory PAP [EPAP]) and
during inspiration (ie, inspiratory PAP [IPAP]). This ter-
minology is conventionally used in relationship to BPAP
but is equivalent, respectively, to PEEP and inspiratory
pressure, which are terms used in relationship to invasive
mechanical ventilation. It should be noted, however, that
with invasive mechanical ventilation, the term pressure
support refers to the difference between the total inspira-
tory pressure and the PEEP and does not reflect the total
inspiratory pressure. EPAP provides the same functional-
ity as CPAP, delivering a background level of pressure
that prevents upper airway obstruction or atelectasis. The
IPAP level is set above the EPAP level, and the difference
between these pressures provides pressure support to assist
inspiratory effort. This augments ventilatory efforts, pre-
venting or treating hypoventilation, and relieves the work
of breathing in proportion to the delivered level of pres-
sure support.22

In the acute phase, when patients are new to BPAP, a
reasonable start point is an IPAP of 14 cm H2O and an
EPAP of 6 cm H2O, although some would start lower.
These pressures are typically adequate to provide at least
partial control of hypoventilation and upper airway ob-
struction while generally being tolerable to a patient who
is naïve to therapy. Further adjustments are made, gener-
ally in steps of 0.5–2 cm H2O, according to the patient’s
tolerance and response to therapy. It should be noted that
ineffective therapy is poorly tolerated, so where incom-
plete control is achieved, an increase in pressures may lead
to improved tolerance rather than the converse. While per-

sisting upper airway obstruction is primarily addressed by
increasing EPAP, IPAP has to be adjusted as well if the
level of pressure support is to be preserved. Given that
levels of IPAP much in excess of 20 cm H2O are often
poorly tolerated because of pressure-associated mask leaks
(with the need to apply the mask more tightly), mouth
leaks (where a nasal mask is used) and aerophagia, the
level of EPAP titration needs to be tempered because of
incursions on pressure support levels as the tolerable limits
of IPAP are reached. Fortunately, increasing IPAP has a
stabilizing effect on the upper airway independent of EPAP,
such that obstruction can be controlled at lower levels of
EPAP than with conventional CPAP therapy alone.23

BPAP modes of delivery are spontaneous (S), sponta-
neous-timed (ST), and timed (T). In S mode, pressure
support is automatically triggered by inspiratory effort. In
ST mode, if no inspiratory effort is made within a prede-
termined interval, which can be adjusted (usually by set-
ting a minimum back-up breathing frequency), the device
will deliver pressure support in a mandatory fashion. In T
mode (not often used), pressure support is delivered at set
intervals (ie, at a predetermined breathing frequency).

Both EPAP and pressure support can be prescribed at a
set level (determined by bedside titration or, in the out-
patient setting, during an attended overnight in-lab poly-
somnogram/BPAP titration study) or automatically titrated
to an effect level, within an adjustable range of pressures.
In auto-titration, the device auto-titrates EPAP to prevent
upper airway obstruction and adjusts pressure support to
maintain an adequate level of ventilation within bounds set
by the prescriber.

In the out-patient setting, BPAP is mostly used for man-
agement of OSA (often for patients who do not tolerate
CPAP or those who require high pressures to control upper
airway obstruction) and sleep-related hypoventilation
(which may co-exist with OSA). For in-patients, BPAP
can be used for the same conditions as well as for acute
hypercapnic respiratory failure and acute hypoxemic re-
spiratory failure.24,25 It has been found to be effective for
patients with OSA and comorbid COPD, obesity hypoven-
tilation syndrome, and respiratory neuromuscular disor-
ders.8,26,27

VAPS is a relatively new mode of BPAP ventilation
that is being used increasingly in the out-patient setting to
manage patients with sleep-related hypoventilation syn-
dromes with or without OSA.28 Like standard BPAP, it
delivers an EPAP for upper airway obstruction or to re-
cruit alveoli, but unlike BPAP it delivers a level of pres-
sure support within a predetermined range to maintain a
set minute or alveolar ventilation to more precisely control
ventilation during sleep. Currently, VAPS ventilation is
primarily being used for patients neuromuscular disease-
associated with sleep-related hypoventilation, although
some authors have suggested it should be considered in
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patients with other hypoventilation syndromes.29,30 Simi-
larly to BPAP, VAPS is often referred to by its various
trade names, which include AVAPS (average volume-as-
sured pressure support; Philips Respironics) and IVAPS
(intelligent volume-assured pressure support; ResMed).

Adaptive Servo-Ventilation

This mode of PAP therapy is used to treat periodic
breathing either in isolation or in combination with OSA
(so-called complex sleep apnea). As with BPAP, adaptive
servo-ventilation delivers EPAP and pressure support.
While the level of EPAP is adjustable in a manner similar
to BPAP, adaptive servo-ventilation differs from BPAP in
that the level of pressure support varies from breath to
breath, decreasing as spontaneous effort increases and in-
creasing as it decreases in an anticyclical or “antidromic,”
fashion to stabilize breathing. This modulates the variable
ventilation otherwise observed during periodic breathing.
Untreated, periodic breathing can be quite disruptive to
sleep, with arousals tending to occur during the excessive
ventilatory response, or hyperpneic, phase.31

While adaptive servo-ventilation automatically varies
the level of pressure support in the presence of variable
inspiratory effort, the pressure support range within which
this adjustment may occur is determined by the prescriber.
EPAP can be manually adjusted, but many recent devices
offer auto-titration of EPAP to levels adequate to prevent
upper airway obstruction.

Adaptive servo-ventilation is used for the management
of periodic breathing associated with preserved ejection
fraction heart failure, opioid use, or treatment-emergent
central sleep apnea.32-36 There has been recent controversy
regarding its use in patients with low ejection fraction
(�45%) heart failure. Initiation of this therapy for periodic
breathing in this group of patients is not currently recom-
mended.36 Adaptive servo-ventilation is not indicated for
the management of uncomplicated OSA or for sleep-re-
lated hypoventilation.

Initiating PAP Therapy in the Hospital Setting

A series of decisions are required when initiating PAP
therapy (Table 1). The first step is to determine whether
PAP is required and, if so, which modality should be used
and is it appropriate to deliver it noninvasively. Having
judged these matters and decided to proceed with a non-
invasively delivered PAP therapy mode, the next steps are
to decide on the type of mask to be used, the device
settings, whether to use the therapy continuously or semi-
continuously, and whether adjunctive therapy such as ox-
ygen is to be used.

Is PAP Therapy Required?

The main indications for PAP therapy in the perioper-
ative period are uncontrolled upper airway obstruction or
hypoventilation during recovery from anesthesia or during
ongoing exposure to opioid or sedative drugs, particularly
during sleep.37,38

Patients with known sleep-disordered breathing, obesity
hypoventilation, and neuromuscular disorders are at in-
creased risk of developing adverse events as a result of
these problems. PAP therapy must be considered for such
patients during sleep or when sedated. PAP therapy may
also be necessary in patients not previously known to have
sleep-disordered breathing but who are observed to ob-
struct or hypoventilate under these circumstances. Given
common predisposing factors such as obesity, obstructive
lung disease, or neuromuscular disease, these breathing
problems can coexist.

Which PAP Therapy Modality?

When not associated with sleep-related hypoventilation
or hypercapnic respiratory failure, upper airway obstruc-
tion can be treated with CPAP or APAP. When sleep-
related hypoventilation or hypercapnic respiratory failure

Decision Tree for Positive Airway Pressure Therapies

Is PAP therapy required? If yes, then:
• Should it be delivered invasively or noninvasively?
• If invasively, then intubate and manage accordingly.

If noninvasive PAP therapy is chosen, then:
• Review indications, contraindications, and timing of the

intervention.
• Determine which type of therapy: CPAP, BPAP, adaptive

servo-ventilation.
• Determine mask type: face mask or nasal mask.
• Determine settings for therapy start and for subsequent adjustment.

For BPAP, determine inspiratory and expiratory pressures, back-up
frequency, and inspiratory time.

• Consider comfort: expiratory pressure relief/flex control, rise time,
ramp.

• Consider alarms: apnea, disconnect, low minute ventilation, low
ventilation, power failure (with uninterruptable power supply).

• Check the system: display, humidifier, compliance meter, data
storage/retrieval.

Once initiated:
• Decide whether to apply continuously, semi-continuously, or just

in sleep.
• Decide whether it is necessary to add oxygen, humidification, or a

chin strap, or to make posture changes.
• Assess whether the therapy is working adequately by examining

the patient, monitoring vital signs and reviewing available data.

PAP � positive airway pressure
BPAP � bi-level positive airway pressure

PERIOPERATIVE NONINVASIVE RESPIRATORY SUPPORT

482 RESPIRATORY CARE • APRIL 2018 VOL 63 NO 4



are present, with or without upper airway obstruction, BPAP
is indicated (with its EPAP level adjusted to deal with
upper airway obstruction where applicable).24

The role for adaptive servo-ventilation is very limited
perioperatively, but it may be considered when periodic
breathing is a prominent feature or in patients who are
already on this therapy at home.35 Likewise, the role for
the de novo institution of VAPS therapy in the perioper-
ative period is generally not advocated as the use of BPAP
is sufficient for the majority of hypoventilation cases. How-
ever, in patients on VAPS therapy at home, this can be
continued in the perioperative setting.

Judging When to Start Therapy

A number of patients will present preoperatively with a
known diagnosis of sleep-disordered breathing (eg, OSA,
central sleep apnea, or hypoventilation) and may already
be on some form of PAP therapy at home. Every effort
should be made to ensure these patients receive their ap-
propriate PAP therapy postoperatively. This may be ac-
complished by having patients bring their own device to
the hospital (usually requiring a device check to ensure
safety and correct settings) or having the hospital provide
the patients with the correct PAP therapy. Local policies
often dictate this process. However, it should be kept in
mind that all forms of sleep-disordered breathing can
worsen perioperatively and that monitoring to assess for
adjustments of home therapy may be required.

For patients naïve to PAP therapy, judging when to start
therapy in the perioperative context will involve various
combinations of clinical observation, monitoring of ven-
tilation and gas exchange, and measurement of arterial
blood gases according to the circumstances of the case.
Application of these therapies perioperatively must occur
in a suitably monitored environment (eg, recovery room,
stepdown unit). Among other things, use of PAP does not
eliminate the need for adequate monitoring as the initia-
tion of new therapy in this environment is subject to dif-
ficulties and may be removed or refused by the patient.39

In the case of upper airway obstruction, the problem
may be quite obvious from bedside observation. Where
unresponsive to simple measures, such as re-posturing or
lessening sedation, and where there is not an immediate
need for tracheal intubation, CPAP therapy can be consid-
ered. If not detected by bedside observation, the issue may
be identified by monitoring of ventilation (eg, expired CO2

or other measures of oronasal air flow) or pulse oximetry.
In the case of oximetry, care must be taken to account for
the effects of oxygen therapy on obstruction-related de-
saturations, which may be masked or eliminated.40

In the case of hypoventilation, with or without obstruc-
tion, clinical context provides important clues. The exis-
tence of predisposing factors such as obesity, neuromus-

cular disease, or advanced pulmonary disease (particularly
obstructive lung disease) should heighten awareness. An
elevated HCO3� level on perioperative blood work-up can
be a sign of chronic hypoventilation (indicating buffering
of overnight CO2 retention) and may warrant closer scru-
tiny.41 Sedating medications, including opioid analgesics,
may also increase the risk of acute hypoventilation.42,43

Inadequate respiratory efforts may be apparent at the bed-
side. Bedside monitoring may reveal sustained hypoxemia
and elevated end-tidal CO2 levels. Where further informa-
tion is required, an arterial blood gas measurement may
reveal CO2 retention with attendant acid/base changes. If
such hypoventilation is severe and not likely to immedi-
ately respond to other measures (such as reversal of seda-
tion), then a strong case exists for tracheal intubation and
invasive ventilation.44 However, if it the hypercapnia is of
milder degree and unresponsive to other measures, then
noninvasive BPAP may be considered.

Choosing the Interface

Having decided to apply PAP therapy and the modality
to be used, the next decision is to choose a suitable inter-
face: an oronasal mask that covers nose and mouth, a nasal
mask that covers the nose, or a nasal pillow mask that
delivers therapy directly to the external nares (Fig. 1).
There are other less commonly used interfaces, such as
masks that cover the entire face (the total face mask, Fig.
1) or helmets, which can be considered if there are diffi-
culties in applying or tolerating other mask types.

For patients naïve to PAP therapies, oronasal masks can
be a good starting point, particularly in acute situations as
they provide more complete control of the airway. Fur-
thermore, they are specifically indicated in the case of
nasal obstruction. However, they are more intrusive than
nasal masks or nasal pillow masks, which are favored by
most patients for long-term therapy (provided they do not
have nasal obstruction). Hence, once control of the venti-
latory problem has been achieved and the patient has be-
come accustomed to PAP, if there is a need for ongoing
treatment, changing to a simpler, less cumbersome nasal
mask or nasal pillow mask should be considered, provid-
ing they are not precluded by nasal obstruction. The choice
between nasal mask or nasal pillow mask is largely ac-
cording to patient preference.43 Nasal pillow masks are the
least intrusive mask style and can be helpful where nasal
valve narrowing is present. When nasal masks or nasal
pillow masks are used, close attention to oral leaking is
warranted because oral escape of air can be problematic in
some patients when sedated/asleep, and it can limit the
efficacy of therapy. A significantly dry mouth can be a
clue to this issue. In such cases, a chin strap may overcome
the problem. Where problems persist, changing to an oro-
nasal mask may be required. However, it has been sug-
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gested that upper airway obstruction may be more difficult
to control with oronasal masks in some patients who, if
there is evidence of persisting obstruction despite use of
high airway pressures, may benefit from a change to a
nasal mask.45

Device Settings and Adequacy of Therapy

In patients already on PAP therapy, it is important to
note that pressure settings used successfully at home may
be insufficient in the postoperative setting. Pressure re-
quirements may increase because of the depressant effects
of opioid or sedative drugs on muscle activation, ventila-
tory drive and arousal responses, fluid retention, and the
effects of upper airway edema in the case of upper airway
surgery. Home settings may also be inappropriate in some
cases because PAP therapy has been suboptimally titrated.
These possibilities need to be kept in mind during imple-
mentation of therapy in the hospital setting. The first few
postoperative days are likely to be times of particular vul-
nerability, given the tendency of sleep-disordered breath-
ing to worsen during this period.46

In the case of CPAP applied to overcome upper airway
obstruction, airway pressure is adjusted to eliminate the
problem; titration end points encompass elimination of
snoring and incomplete obstruction, not just major ob-
structive events. During out-patient use of CPAP therapy,
pressure titration may be formally performed during an
overnight attended polysomnography or, increasingly com-
monly, by use of APAP. APAP can be used indefinitely
after therapy initiation, or the pressure requirement deter-
mined by it can be used to adjust a fixed-pressure CPAP
appliance for subsequent ongoing use, which may be a less
expensive solution. For patients using CPAP for the first
time after surgery, these goals may initially be accom-
plished with APAP or with bedside manual titration of the
pressure setting to eliminate snoring and witnessed ob-
structions or desaturations.

The CPAP devices themselves often have internal mon-
itoring capabilities (eg, delivered pressure, apnea-hypop-
nea indices, leak, hours of use); however, depending on
the specific device, these parameters may only be avail-
able by retrospective download rather than in real time. In
addition to these parameters, bedside monitoring may in-
clude continuous measures of oronasal air flow (eg, by
capnography or pneumotachography) and PaO2

saturation.
Minimization of mask and mouth leaks and elimination of
obstruction, flow limitation, and desaturation events are
important end points. Persistent snoring, witnessed ob-
struction, or desaturation (� 3%) events suggest further
adjustment of pressure is required.

Most APAP devices are quite effective in eliminating
obstruction and air-flow limitation, although the algorithms
for doing so vary between the manufacturers. APAP de-
vices deliver a lower average pressure than manually ad-
justed devices as the pressure ranges up and down over-
night according to the depth of sleep and body posture,
only delivering the highest pressure when needed (eg, when
in rapid eye movement sleep or supine). They are often
better tolerated than manual devices in which high pres-
sures are required to cope with such circumstances over-
night. Indeed, excessively high CPAP levels (in general
� 15 cm H2O) may be poorly tolerated and are associated
with increased mask and mouth leak, tighter strap adjust-
ment, and aerophagia. Sometimes the upper limit of ap-
plied pressure has to be adjusted to take this into account,
even if it involves some compromise in efficacy. The usual
working range of CPAP levels required to control upper
airway obstruction is 8–14 cm H2O, although some pa-
tients have requirements outside this range.

Where BPAP is used, EPAP is titrated to ensure elim-
ination of obstruction. The required level of EPAP is often
less than the CPAP level needed to eliminate obstruction
in an individual, which, together with the pressure support
it provides, can make BPAP more tolerable and a useful
substitute for CPAP when upper airway obstruction is prov-

Fig. 1. Interfaces. A � nasal pillow mask. B � nasal mask. C � oronasal mask. D � total face mask. Courtesy of Philips Respironics and
ResMed.
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ing difficult to control. However, the predominant indi-
cation for the pressure support provided by BPAP is to
control hypoventilation/hypercapnic respiratory failure.
In general, an initial arbitrary pressure support level is
adopted (often of the order of 6 cm H2O above the
EPAP setting), and pressure is then adjusted to ensure
adequate chest wall displacement, measured tidal vol-
umes (if the information is available from the device or
other bedside measure), relief of dyspnea (where appli-
cable), maintenance of PaO2

saturation, and CO2 elimi-
nation. While bedside monitoring of end-tidal CO2 can
be helpful in the latter regard, it may not always be
accurate, and arterial blood gas measurement may pro-
vide an important although intermittent assessment of
treatment efficacy.43

An important bedside observation when on BPAP is
that of patient–ventilator synchrony. Outward chest wall
displacement should coincide with application of inspira-
tory pressure support. A lack of synchrony in this regard
indicates either an upper airway obstruction or a large
mask or mouth leak, either of which will cause the BPAP
device to fail to detect patient inspiratory effort. Adjust-
ment of the delivered pressures to overcome upper airway
obstruction or adjusting the mask fit should eliminate this
problem.

In addition to pressure settings, another important BPAP
device setting option is breathing rate. While this does not
apply to S mode, in the ST mode the set rate dictates the
length of the expiratory pause before a mandatory breath is
imposed in the absence of a patient-triggered inspiration.
This back-up breathing rate is typically set at 20% below
the spontaneous breathing rate. An additional device
setting includes the capacity to set inspiratory breath time
through minimum and maximum settings. These settings
ensure that triggered breaths are sustained for an effective
length of time, but not excessively long. Inspiration usu-
ally occupies 40% of the duration of each breath, and this
would be a good starting point for most patients. BPAP
devices also incorporate a number of comfort settings,
with a delayed “rise time” to slow down (and thereby
soften) the onset of inspiration, expiratory pressure re-
lease/flex control to facilitate expiration, and a ramp set-
ting to delay onset of therapy at the prescribed settings to
allow time for settling before therapy starts in earnest.
With BPAP devices that titrate pressure support (auto-
adjusting BPAP), target tidal volumes and minute venti-
lation can also be set.

Alarm functions include alerts for apneas, disconnec-
tions, low minute ventilation or tidal volume, and power
failure. Some devices have a built-in battery in case of
power failure, which provides a power supply within the
limits of battery life.

Continuous or Semi-Continuous Use?

These therapies will usually require an initial period of
continuous use, during which, if the problem is severe, the
option of invasive ventilation must be kept in mind. How-
ever, as control of the situation is established, use can be
changed to intermittent, provided the patient’s status off-
therapy allows. Even where hypoventilation remains an
issue, CO2 accumulation off-therapy is slow, allowing short
respites in the first instance, provided PaO2

saturation is
controlled. With further improvement it may be that the
therapy is only needed during sleep, sometimes supple-
mented by intermittent periods during the day. Monitoring
of ventilation and oximetry, supplemented by intermittent
blood gas measurement, helps determine this.47 However,
in most cases, patients should be continued on their PAP
therapy during all periods of sleep pending further evalu-
ation to determine long-term need for therapy.

Additional Therapies

Other therapies are often used in conjunction with PAP.
Oxygen can be added to the delivery system where there is
persistent hypoxemia despite adjustment of ventilatory pa-
rameters and adequate control of hypercapnia. Some BPAP
devices incorporate an O2 blender, using wall or cylinder
O2 sources, allowing high inspired O2 concentrations to be
delivered. Adjustment of body posture can be helpful by
elevating the upper body to facilitate ventilation and ad-
justing lateral posture to reduce pressures required to con-
trol upper airway obstruction. Use of chin straps and heated
humidification are common additions to improve the com-
fort and effectiveness of therapy.

Contraindications for Noninvasive PAP Therapies

Noninvasive PAP therapies should not be used where
there is impending or actual respiratory arrest (ie, imme-
diate intubation need); cardiac/hemodynamic instability;
respiratory conditions (upper airway or lung) requiring
application of high airway pressures; aspiration risk; co-
pious secretions; recent facial, upper airway, or gastroin-
testinal surgery or trauma; interface (mask) problems; an
uncooperative, confused, or agitated patient; or an un-
drained pneumothorax.24

Troubleshooting Problems Causing Therapy
Discomfort

There are a number of sources of discomfort with these
relatively intrusive therapies. Effective troubleshooting can
substantially relieve these issues, improving adherence to
treatment which, together with efficacy, determines the
effectiveness of therapy.48
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Mask-Related Problems

Mask discomfort demands mask adjustment and, if prob-
lems persist, a change to a different type or brand of mask.
Claustrophobia can be an issue, and a change to a less
intrusive mask (eg, nasal pillows) can help, as can desen-
sitization. Eye irritation is often the result of escape of air
into the eyes. When this occurs, the mask should be ad-
justed or changed to eliminate this. Skin breakdown, par-
ticularly across the nasal bridge, can result from excessive
mask tightening, which should be avoided. If skin rashes
occur, changing to a type or brand made of different ma-
terials may help. A protective barrier (eg, of non-plastic
material) may also help.49

Pressure-Related Problems

Nasal congestion can occur. This often relates to mu-
cosal drying, particularly if there are large mouth leaks
present. Related symptoms include nasal and oral dryness,
rhinorrhea, and occasionally epistaxis. If any of these prob-
lems occur, ensure adequate (heated) humidification of the
delivered air and eliminate leaks. Consider using an oro-
nasal mask if there are persistent mouth leaks despite use
of a good-quality chin strap. Nasal topical sprays (ie, ste-
roids, antihistamines) have a role in treating nasal conges-
tion, but providers should avoid long-term decongestant
use. If the patient is intolerant of pressure, lower the set-
ting or, in the case of CPAP, consider options including
conversion to APAP to avoid high pressures, use of expi-
ratory pressure relief, or conversion to BPAP to provide
some inspiratory assistance. Aerophagia can occur with
PAP therapies. In general, this is relieved by reducing
delivered pressures. Compromise on pressures is sensible
if needed, so as to strike an effective balance between
therapeutic efficacy and adherence to treatment, although
closer monitoring may be required during this time.50

Conclusions

Noninvasive PAP therapies continue to evolve. They
have an expanding role within the hospital setting and,
arguably, have been underutilized in the perioperative set-
ting. Improvement in the equipment used to deliver these
therapies—devices, humidifiers, and interfaces—have in-
creased their efficacy, versatility, and acceptability to pa-
tients. More sophisticated therapy modes are available,
and masks are less intrusive. Devices now incorporate a
range of comfort settings and auto-titrating capabilities.
There is better understanding of pathophysiology and the
optimal use of therapy. These developments are improving
the capacity to tailor therapy to individual needs and cir-
cumstances and to facilitate transfers between operating
room, ICU, stepdown units, ward, and home. One of the

main barriers to the use of these therapies is a lack of
familiarity by hospital clinical staff with their application,
and it is hoped that this review may help reduce thresholds
to their use.

REFERENCES

1. Memtsoudis SG, Stundner O, Rasul R, Chiu YL, Sun X, Ramachan-
dran SK, et al. The impact of sleep apnea on postoperative utilization
of resources and adverse outcomes. Anesth Analg 2014;118(2):407-
418.

2. Mokhlesi B, Hovda MD, Vekhter B, Arora VM, Chung F, Meltzer
DO. Sleep-disordered breathing and postoperative outcomes after
bariatric surgery: analysis of the nationwide inpatient sample. Obes
Surg 2013;23(11):1842-1851.

3. Stundner O, Chiu YL, Sun X, Ramachandran SK, Gerner P, Vou-
gioukas V, et al. Sleep apnoea adversely affects the outcome in
patients who undergo posterior lumbar fusion: a population-based
study. Bone Joint J 2014;96-B(2):242-248.

4. Kaw R, Chung F, Pasupuleti V, Mehta J, Gay PC, Hernandez AV.
Meta-analysis of the association between obstructive sleep apnoea
and postoperative outcome. Br J Anaesth 2012;109(6):897-906.

5. Gupta RM, Parvizi J, Hanssen AD, Gay PC. Postoperative compli-
cations in patients with obstructive sleep apnea syndrome undergo-
ing hip or knee replacement: a case-control study. Mayo Clin Proc
2001;76(9):897-905.

6. de Miguel-Diez J, Carrasco-Garrido P, Jimenez-Garcia R, Puente-
Maestu L, Hernandez-Barrera V, Lopez de Andres A. Obstructive
sleep apnea among hospitalized patients in Spain, analysis of hos-
pital discharge data 2008-2012. Sleep Breath 2015;19(3):841-848.

7. Opperer M, Cozowicz C, Bugada D, Mokhlesi B, Kaw R, Auckley
D, et al. Does obstructive sleep apnea influence perioperative out-
come? A qualitative systematic review for the Society of Anesthesia
and Sleep Medicine Task Force on Preoperative Preparation of Pa-
tients with Sleep-Disordered Breathing. Anesth Analg 2016;122(5):
1321-1334.

8. Hillman D, Singh B, McArdle N, Eastwood P. Relationships be-
tween ventilatory impairment, sleep hypoventilation and type 2 re-
spiratory failure. Respirology 2014;19(8):1106-1116.

9. Kaw R, Bhateja P, Paz YMH, Hernandez AV, Ramaswamy A, Desh-
pande A, Aboussouan LS. Postoperative complications in patients
with unrecognized obesity hypoventilation syndrome undergoing
elective noncardiac surgery. Chest 2016;149(1):84-91.

10. Abdelsattar ZM, Hendren S, Wong SL, Campbell DA, Jr., Ram-
achandran SK. The impact of untreated obstructive sleep apnea on
cardiopulmonary complications in general and vascular surgery: a
cohort study. Sleep 2015;38(8):1205-1210.

11. Chung F, Nagappa M, Singh M, Mokhlesi B. CPAP in the periop-
erative setting: evidence of support. Chest 2016;149(2):586-897.

12. Kakkar RK, Berry RB. Positive airway pressure treatment for ob-
structive sleep apnea. Chest 2007;132(3):1057-1072.

13. Adliff M, Ngato D, Keshavjee S, Brenaman S, Granton JT. Treat-
ment of diffuse tracheomalacia secondary to relapsing polychon-
dritis with continuous positive airway pressure. Chest 1997;112(6):
1701-1704.

14. Ferreyra GP, Baussano I, Squadrone V, Richiardi L, Marchiaro G,
Del Sorbo L, et al. Continuous positive airway pressure for treatment
of respiratory complications after abdominal surgery: a systematic
review and meta-analysis. Ann Surg 2008;247(4):617-626.

15. O’Donoghue FJ, Catcheside PG, Jordan AS, Bersten AD, McEvoy
RD. Effect of CPAP on intrinsic PEEP, inspiratory effort, and lung
volume in severe stable COPD. Thorax 2002;57(6):533-539.

16. Sin DD, Logan AG, Fitzgerald FS, Liu PP, Bradley TD. Effects of
continuous positive airway pressure on cardiovascular outcomes in

PERIOPERATIVE NONINVASIVE RESPIRATORY SUPPORT

486 RESPIRATORY CARE • APRIL 2018 VOL 63 NO 4



heart failure patients with and without Cheyne-Stokes respiration.
Circulation 2000;102(1):61-66.

17. Miljeteig H, Hoffstein V. Determinants of continuous positive air-
way pressure level for treatment of obstructive sleep apnea. Am Rev
Respir Dis 1993;147(6 Pt 1):1526-1530.

18. Camacho M, Riaz M, Tahoori A, Certal V, Kushida CA. Mathemat-
ical equations to predict positive airway pressures for obstructive
sleep apnea: a systematic review. Sleep disorders 2015;2015:293868.

19. Resmed. AutoSet technology. 2016; http://www.resmed.com/us/en/
healthcare-professional/research-and-education/research/autoset-
technology.html. Accessed on October 5, 2016.

20. Philips. PAP therapy solutions. 2016; https://www.sleepapnea.com/
products/devices. Accessed on October 5, 2016.

21. Ayappa I, Sunderram J, Black K, Twumasi A, Udasin I, Harrison D,
et al. A comparison of CPAP and CPAPFLEX in the treatment of
obstructive sleep apnea in World Trade Center responders: study
protocol for a randomized controlled trial. Trials 2015;16:403.

22. Celikel T, Sungur M, Ceyhan B, Karakurt S. Comparison of nonin-
vasive positive pressure ventilation with standard medical therapy in
hypercapnic acute respiratory failure. Chest 1998;114(6):1636-642.

23. Sanders MH, Kern N. Obstructive sleep apnea treated by indepen-
dently adjusted inspiratory and expiratory positive airway pressures
via nasal mask. Physiologic and clinical implications. Chest 1990;
98(2):317-324.

24. Nava S, Hill N. Non-invasive ventilation in acute respiratory failure.
Lancet 2009;374(9685):250-259.

25. Xu XP, Zhang XC, Hu SL, Xu JY, Xie JF, Liu SQ, et al. Noninva-
sive ventilation in acute hypoxemic nonhypercapnic respiratory fail-
ure: a systematic review and meta-analysis. Crit Care Med 2017;
45(7):e727-e733.

26. Zhang XW, Cai W, Jin F, Zhang YQ, Zhang XL. [Effect of bi-level
positive airway pressure ventilator on the heart function and vascular
endothelial function of patients with the overlap syndrome]. Zhon-
ghua Jie He He Hu Xi Za Zhi 2011;34(1):17-20.

27. Kushida CA, Littner MR, Hirshkowitz M, Morgenthaler TI, Alessi
CA, Bailey D, et al. Practice parameters for the use of continuous
and bilevel positive airway pressure devices to treat adult patients
with sleep-related breathing disorders. Sleep 2006;29(3):375-380.

28. Selim B, Ramar K. Advanced positive airway pressure modes: adap-
tive servo ventilation and volume assured pressure support. Expert
Rev Med Devices 2016;13(9):839-851.

29. Selim BJ, Junna MR, Morgenthaler TI. Therapy for sleep hypoven-
tilation and central apnea syndromes. Curr Treat Options Neurol
2012;14(5):427-437.

30. Nilius G, Katamadze N, Domanski U, Schroeder M, Franke K-J.
Non-invasive ventilation with intelligent volume-assured pressure
support versus pressure-controlled ventilation: effects on the respi-
ratory event rate and sleep quality in COPD with chronic hypercap-
nia. Int J Chronic Obstruct Pulmon Dis 2017;12:1039.

31. Javaheri S, Parker TJ, Liming JD, Corbett WS, Nishiyama H, Wexler
L, Roselle GA. Sleep apnea in 81 ambulatory male patients with
stable heart failure. Types and their prevalences, consequences, and
presentations. Circulation 1998;97(21):2154-2159.

32. Momomura S, Seino Y, Kihara Y, Corbett WS, Nishiyama H, Wex-
ler L, Roselle GA. Adaptive servo-ventilation therapy for patients
with chronic heart failure in a confirmatory, multicenter, random-
ized, controlled study. Circ J 2015;79(5):981-990.

33. Kasai T, Kasagi S, Maeno K, Dohi T, Kawana F, Kato M, et al.
Adaptive servo-ventilation in cardiac function and neurohormonal
status in patients with heart failure and central sleep apnea nonre-
sponsive to continuous positive airway pressure. JACC Heart Fail
2013;1(1):58-63.

34. Imamura T, Kinugawa K, Nitta D, Komuro I. Long-term adaptive
servo-ventilator treatment prevents cardiac death and improves clin-
ical outcome. Int Heart J 2016;57(1):47-52.

35. Javaheri S, Winslow D, McCullough P, Wylie P, Kryger MH. The
use of a fully automated automatic adaptive servoventilation algo-
rithm in the acute and long-term treatment of central sleep apnea.
Chest 2015;148(6):1454-1461.

36. Aurora RN, Bista SR, Casey KR, Chowdhuri S, Kristo DA, Mallea
JM, et al. Updated adaptive servo-ventilation recommendations for
the 2012 AASM Guideline: the treatment of central sleep apnea
syndromes in adults: practice parameters with an evidence-based
literature review and meta-analyses. J Clin Sleep Med 2016;12(5):
757-761.

37. Mason M, Cates CJ, Smith I. Effects of opioid, hypnotic and sedat-
ing medications on sleep-disordered breathing in adults with obstruc-
tive sleep apnoea. Cochrane Database Syst Rev 2015(7):CD011090.

38. Ramachandran SK, Haider N, Saran KA, Mathis M, Kim J, Morris
M, O’Reilly M. Life-threatening critical respiratory events: a retro-
spective study of postoperative patients found unresponsive during
analgesic therapy. J Clin Anesth 2011;23(3):207-213.

39. Guralnick AS, Pant M, Minhaj M, Sweitzer BJ, Mokhlesi B. CPAP
adherence in patients with newly diagnosed obstructive sleep apnea
prior to elective surgery. J Clin Sleep Med 2012;8(5):501-506.

40. Fu ES, Downs JB, Schweiger JW, Miguel RV, Smith RA. Supple-
mental oxygen impairs detection of hypoventilation by pulse oxim-
etry. Chest 2004;126(5):1552-1558.

41. Chung F, Chau E, Yang Y, Liao P, Hall R, Mokhlesi B. Serum
bicarbonate level improves specificity of STOP-Bang screening for
obstructive sleep apnea. Chest 2013;143(5):1284-1293.

42. Jungquist CR, Flannery M, Perlis ML, Grace JT. Relationship of
chronic pain and opioid use with respiratory disturbance during sleep.
Pain Manag Nurs 2012;13(2):70-79.

43. Kushida CA, Chediak A, Berry RB, Brown LK, Gozal D, Iber C, et
al. Clinical guidelines for the manual titration of positive airway
pressure in patients with obstructive sleep apnea. J Clin Sleep Med
2008;4(2):157-171.

44. Antonelli M, Conti G, Moro ML, Esquinas A, Gonzalez-Diaz G, Con-
falonieri M, et al. Predictors of failure of noninvasive positive pressure
ventilation in patients with acute hypoxemic respiratory failure: a multi-
center study. Intensive Care Med 2001;27(11):1718-1728.

45. Ng JR, Aiyappan V, Mercer J, Catcheside PG, Chai-Coetzer CL,
McEvoy RD, Antic N. Choosing an oronasal mask to deliver con-
tinuous positive airway pressure may cause more upper airway ob-
struction or lead to higher continuous positive airway pressure re-
quirements than a nasal mask in some patients: a case series. J Clin
Sleep Med 2016;12(9):1227-1232.

46. Chung F, Liao P, Yegneswaran B, Shapiro CM, Kang W. Postop-
erative changes in sleep-disordered breathing and sleep architecture
in patients with obstructive sleep apnea. Anesthesiology 2014;120(2):
287-298.

47. Keenan SP, Sinuff T, Burns KE, Muscedere J, Kutsogiannis J, Mehta
S, et al. Clinical practice guidelines for the use of noninvasive pos-
itive-pressure ventilation and noninvasive continuous positive air-
way pressure in the acute care setting. CMAJ 2011;183(3):E195-
E214.

48. Wickwire EM, Lettieri CJ, Cairns AA, Collop NA. Maximizing
positive airway pressure adherence in adults: a common-sense ap-
proach. Chest 2013;144(2):680-693.

49. Brill A-K. How to avoid interface problems in acute noninvasive
ventilation. Breathe 2014;10(3):230-242.

50. Adler D, Perrig S, Takahashi H, Espa F, Rodenstein D, Pépin JL,
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