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Abstract: OSA patients present unique challenges in the peri-operative period. They routinely require more monitoring,
oxygen therapy, unplanned ICU admissions, longer hospital stays, and have more adverse events than healthy counterparts. Some data suggest that perioperative CPAP use is associated with reduced morbidity and mortality of patients with
OSA, and yet its application remains inconsistent. This review aims to summarize existing literature on the peri-operative
use of CPAP, identify barriers to its implementation, and begin defining an algorithm for the practical application of
peri-operative CPAP.
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INTRODUCTION
Obstructive sleep apnea (OSA) remains an underappreciated cause of morbidity and mortality in the general population. The syndrome affects 2%-9% of women and 4%-24%
of men [1] with 80% or more of the population as yet
undiagnosed [2]. OSA occurs when a compromised airway
collapses, disrupting the flow of air during sleep. With the
ensuing hypoxia and hypercarbia, the respiratory drive
is stimulated, a stronger inspiratory effort is made, and the
cycle repeats itself throughout the night. The gold standard
for diagnosis of OSA remains the polysommnogram(PSG).
During the sleep study a patient must be observed to have
at least five or more apneas or hypopneas per hour of sleep
[3] which last at least 10 seconds each. Severe OSA is
generally defined as 30 or more apneic and hypopneic events
per hour [4].
Post-operative changes amplify the disease [5-9]. Residual anesthetics weaken the muscles of the upper airway [10,
11] and depress the respiratory drive [12, 13]. Thus, a mild
pre-operative case of OSA can easily become a severe postoperative one. OSA patients require more monitoring, oxygen therapy, and unplanned ICU admissions [14]. When
compared with controls, OSA patients have longer hospital
stays and more adverse events than non-OSA patients [15].
Additionally, an OSA diagnosis is associated with increased
post-operative complications, including, but not limited to:
airway obstruction, cardiac arrhythmias, hypoxemia, encephalopathy and death [14, 16]. Adverse outcomes related
to respiratory events remains the largest class of injuries
reported in the American Society of Anesthesiology Closed
Claims study – in cases involving general anesthesia, sedation and monitored anesthetic care (MAC) [17].
It is clear from the medical literature that continuous
positive airway pressure (CPAP) immediately reverses sleep
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related apnea and hypopnea by acting as a pneumatic splint
[18, 19]; though, the benefit of CPAP during the postoperative period, remains the subject of debate [20]. While
some studies have suggested a role for CPAP for diagnosed
and suspected OSA patients post-operatively, there is still a
paucity of evidence on which to develop a protocol for its
standardized utility.
Though the benefit of CPAP would seem intuitive, its
application remains the subject of debate [20]. How do we
identify the undiagnosed OSA patient? Is it necessary for
every patient with a diagnosis of OSA to receive CPAP, or
can it be tailored to the severity of the disease and the procedure. Should CPAP be applied preoperatively, postoperatively, or both? If a patient has a diagnosis of OSA but does
not use CPAP at home should it mandatorily be applied
perioperatively? This review paper aims to summarize the
existing literature on the perioperative use of CPAP and
to start defining an algorithm for its practical application.
Additionally, it aims to address gaps in our knowledge and
practice in order to direct further research.
POST OP CPAP REDUCES COMPLICATIONS
It has been shown in several studies that OSA patients
have a greater incidence of postoperative complications [15,
21, 22]. However, the postoperative application of CPAP has
not been proven to be curative of these problems in a randomized double-blinded trial. In an unblinded study by
Squadrone et al., CPAP application to treat hypoxemia after
major abdominal surgery significantly reduced re-intubation
rates, and correlated with a reduction in ICU length of stay,
postoperative pneumonia, infection, sepsis, and death. Another review of 16 cases [23] reported a reduction in postoperative complications in patients who used CPAP therapy
preoperatively, upon extubation, and nearly continuously for
24 to 48 hours after surgery. While supplemental oxygen
alone may prove beneficial for many patients with hypoxemia, its use should be cautioned in the surgical OSA patient
population, as it may reduce the hypoxic respiratory drive,
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thereby increasing the incidence and duration of apneic
episodes [24].

THERE ARE MANY STRATIFICATIONS OF OSA
PATIENTS

THE SEVERITY OF OSA MAY PREDICT THE
POSTOPERATIVE COURSE

In considering the selection of patients for CPAP use
postoperatively, we will break down the following sections
by:

Though presence of signs and symptoms of OSA are
generally elicited during the preoperative interview, it is unknown whether the severity of the disease predicts a worse
outcome. If a patient’s home CPAP setting is 12 cm H2O, is
he/she worse off than one whose setting is only 5 cm H2O?
Or, are both of these patients better off than someone who
needs CPAP but does not use it?
Schwartz and colleagues identified a means to predict
the potential for upper airway collapse by capitalizing on
the reverse of CPAP – namely, by using negative airway
pressure to measure the collapsibility of the upper airway
[25]. In short, the theory is based upon the modeling of the
upper airway after a Starling resistor; being a collapsible
tube between two non-collapsible segments. With this
reasoning, if positive airway pressure splints open the upper
airway in a dose dependent fashion, then it can be theorized
that negative airway pressure application potentiates the
collapse of the upper airway in a dose dependent fashion.
The level of negative airway pressure beyond which airway
collapse occurs is called the critical pharyngeal pressure
(Pcrit). The value of the Pcrit has been validated and reproduced across many research studies as a predictor of airway
compromise that varies by patient factors [26], drugs [13,
27-30], and position of head and body [31]. This value has
yet to be validated in the clinical setting, but Eastwood and
colleagues correlated the value of the Pcrit to the severity of
AHI in a small cohort [32]. Though it remains unknown
whether the absolute AHI or level of CPAP used at home
predicts worse outcomes perioperatively, the measure of
Pcrit holds promise as a laboratory method to tease out the
variables that interact in causing more vulnerability to the
upper airway.
Another measure of severity of OSA that has predicted
outcomes is the oxygen desaturation index (ODI). A change
of 4% from baseline (ODI-4%) has been identified in the
literature as differentiating patients who have worse postoperative outcomes. In a study by Hwang et al., patients with
ODI- 4% of five or more times per hour (ODI4% 5 ), had
significantly greater incidences for complications than those
with ODI4%<5. Patients with ODI4%5 had prolonged
PACU stays as well [22].
HOW DO WE DETERMINE WHEN TO APPLY POSTOPERATIVE CPAP AND IN WHOM?
Even without a firm evidence base, experts still recommend postoperative application of CPAP in select patient
groups [33]. It seems obvious that those who use CPAP at
home would make up the largest group of postoperative
CPAP users, and then additional patient populations would
be identified to benefit from this treatment. But, even in
home CPAP users there remain questions regarding titration
of pressure and duration of use to confer the greatest perioperative benefit. Thus, we are left with many more questions than answers when considering the determination of
CPAP use post-operatively.

1 Home users of CPAP,
2 Non-compliant patients, and
3 Suspected OSA patients who have never been prescribed
CPAP.
Contraindication to CPAP use postoperatively will
also be touched upon. Finally, we considered a separate indication for CPAP use during ambulatory cases that require
sedation.
1. Home CPAP Users
The 2006 ASA guidelines regarding the perioperative
care of OSA patients state that patients who use CPAP at
night should use CPAP postoperatively. It also states that
OSA patients should receive monitoring in additional duration and frequency postoperatively. While the latter recommendation seems vague in establishing timing for the care of
these patients, it would seem that the former recommendation is straightforward. As we start to devise a protocol
aimed at implementing the use of CPAP appropriately in the
postoperative period, it would seem that the easiest population to implement post-op CPAP use within is precisely in
those who use CPAP at home.
One study [34] demonstrated that when patients were
screened for home CPAP/BiPAP use, previous positive test
for OSA, snoring, or daytime sleepiness, and evaluated postoperatively for respiratory compromise by a respiratory
therapist in the PACU and placed on CPAP when necessary,
the hospital eliminated all cases of acute respiratory compromise during the treatment interval. It may also seem obvious that those patients who use CPAP at home would naturally be expected to wear this device while in the hospital
and in bed. In a study by Ramachandran et al., 83% of patients who used CPAP at home brought their machines to the
hospital for use. However, another study by Liao et al.,
showed only 49% of OSA patients to actually receive CPAP
postoperatively [14]. In order to encourage perioperative use
of CPAP amongst home using patients, some hospitals have
implemented a service that checks CPAP machines preoperatively, and patients are called to bring in their own machines
and masks.
It should be noted that even when CPAP machines are
brought in from home for hospital use, the settings may still
need to be adjusted to account for the increased collapsibility
of the airways. For example, one study showed a lack
of CPAP efficacy in the first 24 hours postoperatively
when patients used their CPAP at the polysomnographicprescribed pressure settings [16]. However, this finding may
have been the result of an inadequate postoperative CPAP
titration, as narcotics and anesthesia decrease upper airway
tone, and their administration may necessitate increased
levels of CPAP in the postoperative period. This consideration
was taken into effect by Ramachandran et al., as they im-
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plemented the use of a respiratory therapist who was charged
with titrating CPAP level to effect in their study [34].

THE ROLE FOR CPAP DURING
REMAINS POORLY DEFINED

2. Patients Who Do Not Use Their Prescribed CPAP

The majority of sedations in the United States are overseen by non-Anesthesiologists, such as Gastroenterologists
and Radiologists and administered by nurses. There are
many reports of the safe administration of these sedations,
even with drugs not specifically approved for this indication,
such as propofol [40, 41]. However, the majority of the morbidity and mortality related to sedation practice is the result
of respiratory compromise. There is a substantial body of
evidence that supports the notion that the respiratory vulnerability does not only lie in the central control of respiration
(cortical drive), but actually moreover in the maintenance of
a patent upper airway. Upper airway collapse has been reliably evidenced in the laboratory during moderate sedation
even in healthy non-OSA subjects [12, 42]. Thus, OSA patients who already collapse their airways during “normal”
sleep would likely be at increased risk of heightened airway
collapsibility when normal sleep interacts with sedation/narcosis. In the gastrointestinal endoscopy literature,
OSA has been diagnosed in patients who have been noted to
snore during their sedation for outpatient colonscopy [43,
44]. Some have advocated for the application of CPAP during preoxygenation and as an adjunct to sedation during regional anesthesia [45]. During induction of anesthesia, for
example, preoxygenation with 100% oxygen until the exhaled or end-tidal oxygen is at least 90% can be accomplished by using CPAP at 10 cm H2O for 3 to 5 min with the
patient in a 25° head-up position [46]. This clinical management pearl is applicable to many at-risk patients presenting
for sedation (mostly performed by non-anesthesiologists)
who would benefit from some degree of upper airway splinting with proper positioning and not just by the application of
oxygenation. Others have even advocated the use of a jaw
thrust device [47] and other airway maintenance maneuvers
(including CPAP) during upper endoscopies in order to
maintain airway patency [48]. Future studies to validate the
effectiveness of CPAP to ensure safer sedation practices are
needed.

Most patients who have been prescribed home CPAP are
somewhat non-compliant with this therapy [35]. Some studies cite 50% to 80 % of OSA patients who are prescribed to
use CPAP actually using their device [36, 37]. And while
Liao et al., reported that 63% of patients who presented for
elective surgical procedures were compliant with their CPAP
[14], the average duration of use is generally 3.4 to 4.5 hours
per night [38]. Of 65 diagnosed OSA patients, Gupta
reported only 33 to use CPAP preoperatively [15]. Patient
CPAP compliance is generally hindered by the obtrusive
nature of the device [19].
Currently, we lack a robust evidence base to support the
prescription of CPAP in the hospital for all patients who are
non-compliant with its use at home. One can certainly argue
that patients who have been prescribed CPAP, but do not use
it, are more at risk than those who do use it. The risks involved include suboptimization of sleep and the chronic toll
of nighttime hypoxemia in causing cardiac side effects such
as arrhythmias and hypertension, to include a few. And
while it seems reasonable to prescribe CPAP for those patients who need it in preparation for elective surgery, we still
do not have an evidence base to guide the acceptable duration of treatment. On the flip side, these patients would
probably also benefit from postoperative application of
CPAP for select cases; though, we do not have the evidence,
either, to support its standard use. Hospitals that are considering implementing protocols for CPAP application postoperatively should take into account the availability of the
resources to titrate the appropriate level of CPAP and the
follow up of these patients after discharge with the pulmonary medicine service. In our institution, any patient who
receives an order for the “new” application of CPAP needs
to also receive a consult from the critical care service in
order to ensure continuity of post-operative care.
3. The Suspected OSA Patient
The fact remains, though, that OSA is notoriously under
diagnosed. In the perioperative setting, Bolden identified 438
of a total of 22,067 (2%) surgical patients to have known or
suspected OSA [16]. Recognizing patients with OSA is critical in determining who could potentially benefit from CPAP.
In the literature, patients suspected to have OSA (identified
because they report a history of snoring among other symptoms) are often lumped into the moderate-severe OSA patient category with fairly reasonable correlation as described
by Young and colleagues [39]. However, the literature varies
in its definition of the “suspected OSA” group and this
makes the review of treatment effects difficult to interpret.
Chung and colleagues have established well validated
screening methods for standardizing the identification of the
suspected OSA group. If these patients are properly identified preoperatively, the need for postoperative CPAP would
be more easily implemented. Unfortunately, most of these
patients are still being identified during postoperative quality
improvement review of a poor outcome. Once identified, this
group of patients should be treated similarly to those who
have been prescribed CPAP but do not use it.

SEDATION

POST OP CPAP IS NOT WITHOUT RISK
While it seems like we made the argument for everyone
being on CPAP who has a diagnosis or suspicion for OSA,
there are reported contraindications and hesitations for its
use in the immediate postoperative period. For instance,
CPAP has not been universally accepted for patients following upper gastrointestinal surgery because of concerns that
pressurized air will inflate the stomach and proximal intestine, resulting in anastomotic disruption and postoperative
nausea and vomiting [49]. Others, however, have recommended its use specifically for these cases [50] with good
evidence of it not increasing the risk of developing postoperative anastomotic leaks [51]. There has yet to be a general
consensus for its benefit outweighing the hypothesized risks.
Recommended practice would be to consult with the surgeon
before implementing CPAP postoperatively so the hypothetical risks and benefits may be weighed by the entire
health care team on a case by case basis. If CPAP is indeed
contraindicated (i.e specific facial surgeries), these patients
must be monitored closely in the appropriate setting and may
require prolonged intubation, as well.
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Fig. (1). This algorithm is meant to guide the management for application of post-operative CPAP. Although its efficacy has not been proven in
randomized controlled trials, it remains a logical approach for the surgical patient based on the review of the literature cited in the present article.
*Settings may be adjusted by a respiratory therapist to optimize ventilation.
**ODI>4%: oxygen desaturation index greater than four percent.
Contraindications include, but are not limited to, select gastrointestinal procedures involving anastomoses, facial surgeries where a CPAP
mask would not be tolerated, and cases where the surgeon indicates its use to be problematic.

Taking this all into account, the following is an algorithm
(Fig. 1) for determining CPAP use postoperatively. Stratification of CPAP use by postoperative need for narcotic
medication was considered as per the ASA guidelines
concerning the perioperative care of OSA patients [52].
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