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Abstract Obstructive sleep apnea (OSA) is growing in prev-
alence though it still remains significantly underdiagnosed.
Preoperative screening for OSA is taking place in many insti-
tutions, with a substantial number of patients being identified
as having a high probability for OSA just prior to undergoing
surgery. Emerging data increasingly demonstrates that pa-
tients with a high probability of having OSA as well as those
with a known diagnosis of OSA may be at increased risk for
developing complications in the perioperative setting.
Postoperative cardiac and pulmonary adverse events appear
to occur more frequently in these patients though the impact
OSA has on postoperative mortality is controversial. In addi-
tion, determining which patients are at greatest risk remains an
area of uncertainty. This chapter will review the current state
of the knowledge regarding OSA as a risk factor for perioper-
ative complications.
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Introduction

Obstructive sleep apnea (OSA) is increasingly common with
the most recent prevalence estimates for moderate to severe

OSA in individuals 30–70 years old at 6 % in women and
13 % in men [1•]. Despite increasing awareness of this disor-
der, the majority of individuals with OSA remain undiagnosed
[2, 3]. OSA has been associated with numerous long-term
health consequences, including cardiovascular, metabolic,
and cognitive impairments, as well as increased accident rates
and lower quality of life [4]. Recently, more acute clinical
consequences related to OSA have garnered interest, particu-
larly regarding the impact of OSA on outcomes in individuals
subjected to the surgical environment, where a multitude of
perioperative factors, including anesthetics and opioids, can
affect breathing. Initially, case series in the 1990s [5, 6] de-
scribed postoperative respiratory complications in patients
with OSA. Subsequently, a number of controlled studies have
found a range of perioperative complications to be associated
with a diagnosis of OSA, though the strength of the associa-
tions and the quality of data vary considerably.

This review will discuss the diagnosis of OSA in the pre-
operative setting, the prevalence of OSA in surgical popula-
tions, mechanisms by which OSA might increase the risk for
perioperative complications, and specific perioperative com-
plications that have been associated with known or suspected
OSA. Complications associated with surgery performed for
the management of OSA, as well as pediatric surgery in chil-
dren with known or suspected OSA, will not be reviewed as
these are beyond the scope of this article.

Defining OSA in the Perioperative Setting

In perioperative studies, OSA has been defined by sleep studies,
questionnaires, chart diagnoses, and International Classification
of Diseases (ICD) codes. Understanding the advantages and
disadvantages of these different methodologies is helpful when
assessing the quality of the studies and their conclusions.
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In addition to having symptoms typical of OSA, the diag-
nosis of OSA requires objective testing. An attended
polysomnogram (PSG) performed in a sleep laboratory has
been considered the gold standard to determine the apnea-
hypopnea index (number of apneas and hypopneas per hour
of sleep=AHI), the index used to define the presence of OSA
and determine its severity. An AHI≥ 5 events per hour of
sleep, in the setting of the OSA symptoms, is the minimal
criterion used for diagnosing OSA [7]. Consensus severity
grading of OSA suggests mild OSA=AHI 5<15 events per
hour, moderate OSA=AHI 15<30 events per hour, and se-
vere OSA=AHI≥30 events per hour [8]. While PSG is the
gold standard for diagnosing OSA, limitations to access and
costs associated with the procedure have limited PSG-defined
perioperative OSA studies to being primarily retrospective.

Portable limited-channel sleep studies, or home sleep apnea
testing (HSAT) devices, are an acceptable alternative to PSG
for the diagnosis of OSA [9]. HSAT devices measure a limited
number of parameters related to breathing but usually do not
have sensors to accurately measure sleep. As a result, the
number of respiratory events is divided by hours of monitor-
ing time [10], not hours of sleep, and thus, the AHI (called the
respiratory event index, or REI, for HSAT studies) may un-
derestimate the true AHI, resulting in a nontrivial false-
negative rate (as high as 19 %) [11]. These devices have ad-
vantages of ease of use, enhanced access, and less expense as
compared to a PSG. However, many devices either have not
been validated against PSG or have only been validated in
patients without significant medical co-morbidities. In addi-
tion, HSAT devices also carry a small but significant technical
failure rate. HSAT devices have been used to evaluate for
OSA in the preoperative setting [12–14], and unattended full
PSG done in the home has been successfully used in a couple
of studies [14, 15] though this approach requires significant
resources to successfully implement.

Overnight oximetry is another tool that has been used to
screen for or to risk stratify OSA. Overnight oximetry pro-
vides data on oxygenation and heart rate and can generate
an oxygen desaturation index (ODI) as well as assess for
the presence of hypoxemia. It has the advantages of sim-
plicity, widespread availability, and low cost. When com-
pared to PSG where desaturations are required to score
respiratory events, oximetry has an accuracy of 86–94 %
for detecting moderate to severe OSA [16, 17]. However,
respiratory events are not always associated with
desaturations [10], and thus, clinically significant OSA
may be missed by oximetry. Thus, the ODI may also un-
derestimate the AHI. In addition, interpretations of oxime-
try are not standardized and often highly variable [18].
Overnight oximetry cannot be used to formally establish a
diagnosis of OSA for the purposes of prescribing CPAP
therapy. Despite these limitations, oximetry may have some
utility for risk stratifying patients preoperatively [19, 20].

A variety of screening questionnaires have been used to
identify patients at high risk for OSA and used as surrogates
for diagnosing OSA in some perioperative studies [21–29].
The accuracy of screening questionnaires has been assessed
in recent reviews [30, 31] and is highly variable, reflecting
different testing populations (i.e., high versus low prevalence
of disease) and different diagnostic criteria used for defining
OSA. In general, most of the screening tools (STOP question-
naire, STOP-Bang questionnaire, Berlin questionnaire, Sleep
Apnea Clinical Screen (SACS) questionnaire, American
Society of Anesthesiology (ASA) checklist) have been found
to have reasonable sensitivities (70–85 %) and positive pre-
dictive values (72–90 %) but poor specificities (40–55 %) and
negative predictive values (40–60 %). These findings indicate
that screen-positive patients are likely to have OSA but that
screen-negative patients may still have OSA and thus con-
found controlled studies. Of all the screening tools available,
the STOP-Bang questionnaire is most widely used, likely due
to its relative ease of use and additional potential discriminat-
ing value for classifying severity of OSA [32, 33]. A recent
meta-analysis of the STOP-Bang questionnaire has confirmed
its accuracy in surgical patients [34].

Chart diagnosis and ICD coding of OSA have been used in
large database studies to associate OSA with perioperative
outcomes. While this technique enables investigators to eval-
uate sizable populations, the accuracy of these methods has
recently been called into question [35]. Examining a database
from an academic health sciences network of nearly 5000
preoperative patients, researchers found the ICD-9 diagnosis
of OSA to be 58 % sensitive and 38 % specific, suggesting
caution be applied when interpreting studies utilizing admin-
istrative codes.

OSA Severity Assessment Preoperatively

Severity of OSA as defined by AHI or REI has not been
shown to correlate with risk for postoperative complications.
However, a higher ODI (ODI 4 %>28.5 events per hour)
predicted patients at highest risk for postoperative complica-
tions in one study [36]. Questionnaires have generally labeled
patients as high or low risk for OSA, though the STOP-Bang
questionnaire may be useful for differentiating mild from
moderate to severe OSA [32, 33]. How this correlates with
risk for postoperative adverse events is uncertain.

Role of Screening for or Identifying OSA Preoperatively

The goal of preoperative screening for and/or diagnosis of
OSA should be to identify patients most likely to develop
postoperative complications in hopes of reducing their risk
via care pathways. Aside from overnight oximetry parameters
[20], another approach has examined utilizing a combination
of screening questionnaire (SACS) and recurrent
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postanesthesia care unit (PACU) events (bradypnea, apneas,
desaturations, and/or pain-sedations mismatch) to identify pa-
tients most likely to experience respiratory problems follow-
ing surgery [21]. In a prospective study, the rate of postoper-
ative oxygen desaturations and respiratory complications were
considerably higher (33 %) in those screening high risk for
OSA preoperatively who also had recurrent PACU events as
compared to those screening low risk for OSAwith no recur-
rent PACU events (1 %) [21]. Additional data of this nature is
needed.

Identifying patients at risk for OSA in the surgical popula-
tion may also offer long-term health benefits. Screening for
OSA in presurgery clinics can detect patients at high risk for
OSAwhomight otherwise go undiagnosed. Data suggests that
diagnosing and treating OSA improves a variety of outcomes,
including quality of life and cardiovascular morbidity and
mortality [36, 37]. In support of this, a survey study of patients
screening high risk for OSA preoperatively, who subsequently
underwent confirmatory PSG and treatment, found that at
2 years the patients had improved quality of life and reduced
use of medications for co-morbidities [38].

Prevalence of OSA in Surgical Populations

The prevalence of OSA in the adult population is estimated at
6–13 % [1•], though significantly higher rates can be found in
patients with type II diabetes, polycystic ovarian disease, and
cardiovascular diseases [39]. Patients presenting for elective
surgery appear to have higher prevalence rates of OSA than
the general population, as supported by limited data.
Screening questionnaires have found between 24 and 48 %
of patients presenting for elective surgeries are at risk for OSA
[12, 27, 40]. Acknowledging potential bias due to pretest
screening and small numbers, studies utilizing HSAT or PSG
preoperatively show that between 20 and 73% of preoperative
patients meet objective criteria for OSA [12, 41, 42]. Patients
undergoing evaluation for bariatric surgery, often morbidly
obese, represent a specific population of interest. Indeed, stud-
ies where PSG or HSATwere systematically completed in all
patients have found prevalence rates of OSA to be 70–90 %
[43–46], suggesting objective sleep testing should be part of
the routine assessment prior to bariatric surgery.

The vast majority (70–87 %) of elective surgery patients
who have OSA have not been diagnosed with OSA at the time
of their presentation [12, 16]. These patients may be particu-
larly vulnerable to postoperative complications as strategies
for risk reduction would not be implemented due to the un-
recognized nature of their OSA. Relying on clinicians to rou-
tinely detect patients at risk for OSA in the preoperative set-
ting has been shown to be unreliable [13]. In a study of 267
patients presenting for elective surgery who had a preopera-
tive PSG diagnosing moderate to severe OSA, 92 % of

surgeons and 60 % of anesthesiologists failed to consider
OSA as a diagnosis in these patients. Many institutions are
now using preoperative screening protocols to detect patients
at high risk for OSA.

How OSA Contributes to Perioperative
Complications

Mechanisms for Intraoperative Complications

In OSA patients, the upper airway is often crowded due to
excessive adipose tissue or narrowed as the result of craniofa-
cial abnormalities, leading to poor visualization. Add in the
use of sedatives and induction anesthetics, which can exacer-
bate collapsibility of the upper airway [47], and airway man-
agement can become difficult. The effects of sedatives and
anesthetics on the upper airway of OSA patients were system-
atically reviewed, and it was found that, while they can lead to
adverse events during intubations, the frequency is low [48•].
However, the overall quality of the literature was felt to be
poor and better data is needed. The use of topical anesthetics
during intubation may also impair protective upper airway
reflexes and attenuate genioglossus phasic activity, both of
which can precipitate apnea during induction [49, 50].
Patients with OSA frequently have co-morbid gastroesopha-
geal reflux disease which may increase risk of aspiration dur-
ing induction of general anesthesia, and thus, aspiration pro-
phylaxis has been recommended [51].

Mechanisms for Postoperative Pulmonary Complications

Numerous factors may contribute to apnea and worsening
pulmonary function following surgery. Supine positioning,
often required following surgery, may worsen OSA in half
of OSA patients [52]. In addition, the combination of obesity
and supine positioning may lead to decrements in lung vol-
ume, increasing the propensity for upper airway collapse [53]
as well as worsening gas exchange [54]. Residual effects of
anesthetics can further aggravate decrements in functional re-
sidual capacity and oxygenation, potentially leading to more
apneic events and hypoxemia [55]. In addition, anesthetic
agents decrease upper airway muscle activity and depress
the arousal response, further aggravating OSA [47].

Opioids, used both intraoperatively and postoperatively,
have a myriad of effects on ventilation, sleep apnea, and sleep
[56••]. Opioid-induced ventilatory impairment (OIVI) is an
uncommon but potentially catastrophic complication of opi-
oid therapy that can be fatal. Populations considered to be at
higher risk for OIVI include the morbidly obese and those
with OSA [56••]. Two recent studies highlight the association
between OIVI and OSA, finding in a database analysis that
30 % of patients with postoperative opioid-related life-
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threatening respiratory events had OSA [57] and that 40 % of
postoperative opioid-related deaths in an ASA closed claims
registry analysis had known or suspected OSA [58]. Opioids
also decrease genioglossus muscle activity and suppress the
arousal response to apneas and hypopneas [59], resulting in
more frequent and prolonged obstructive events during sleep.
These effects are variable, however, and the underlying OSA
phenotype may determine susceptibility. Opioids can also in-
crease central apneic events in some individuals [60] though
this has not been consistently documented in the postoperative
setting [61].

Opioids also alter sleep architecture, suppressing REM and
slow-wave sleep while increasing sleep fragmentation [56••,
60]. There is a growing line of evidence suggesting that sleep
fragmentation and/or sleep deprivation in and of themselves
can lead to hyperalgesia [56••]. In addition, recent work has
indicated that intermittent nocturnal hypoxemia may also in-
crease pain reporting [62] and that treating OSA with CPAP
may reduce pain sensitivity [63]. These latter findings may
have direct implications regarding the use of opiates in OSA
patients following surgery.

Anywhere from 10 to 36 % of OSA patients experience
REM-predominant sleep apnea [64]. REM sleep may be sig-
nificantly reduced or absent on the first postoperative night
due to the effects of medications, pain, and/or frequent patient
care interventions [61]. As a result, REM-rebound sleep may
occur on the second to third nights following surgery, resulting
in an increase in the number and severity of respiratory events
[65, 66]. However, this is not a uniform finding in all OSA
patients [61].

OSA, independent of obesity, has been associated with a
hypercoagulable state, and this may be one of the mechanisms
by which OSA affects long-term cardiovascular health [67],
and could potentially increase thromboembolic disease risk in
OSA patients in the postoperative setting.

Mechanisms for Postoperative Cardiac Complications

The sleep disruption, hypoxemia, and hypercapnia that ac-
company breathing disturbances during sleep can lead to re-
peated increases in both sympathetic and parasympathetic
tone, adversely impacting cardiopulmonary function [68].
Aside from elevations in nocturnal blood pressure, a variety
of arrhythmias including bradycardia, prolonged sinus pauses,
second-degree heart block, and atrial and ventricular tachyar-
rhythmias have been shown to occur at a higher frequency in
OSA patients [68, 69]. The pattern of nocturnal sudden cardi-
ac death described in OSA patients may in part be related to
these mechanisms [70]. In the postoperative setting, worsen-
ing of the underlying OSA may enhance these cardiovascular
changes and potentially predispose patients to higher rates of
adverse cardiac events.

Mechanisms for Neurocognitive Complications

OSA has been associated with neurocognitive dysfunction.
Sleep fragmentation is thought to lead to attention/vigilance
dysfunction while global cognitive dysfunction may result
from intermittent nocturnal hypoxemia [71]. OSA has been
suggested to be a possible predisposing factor for delirium
[72]. More specifically, chronic microvascular ischemia and
chronic inflammation induced by OSA-related sleep disrup-
tion and intermittent hypoxemia, coupled with the acute stress
of the perioperative environment, including the use of central
nervous system-altering medications, have been proposed as
possible mechanisms contributing to postoperative delirium
[73, 74].

OSA Phenotypes

The majority of patients with OSA will not experience post-
operative complications suggesting that there may be interin-
dividual differences affecting susceptibility. Recent interest
has focused on variability in arousal thresholds and how this
may affect a patient’s clinical response to different situations
[75]. For example, in patients with low arousal thresholds
where repeated respiratory-related arousals tend to fragment
sleep, which may lead to subsequent respiratory events, mild
sedation could potentially attenuate this response [75].
Conversely, in patients with a high respiratory-related arousal
threshold, the addition of sedatives and/or opiates may further
increase the arousal threshold leading to prolonged respiratory
events with worsening hypoxemia and hypercapnia, theoreti-
cally placing the patient at risk for adverse events [56••, 75]. It
is the latter group who might be most susceptible to compli-
cations in the postoperative setting, though arousal thresholds
have not been studied in postoperative patients yet.

Interindividual variability may also exist in propensity for
airway collapse (as measured by critical closing pressure and
genioglossus muscle activity) and loop gain of the ventilatory
system [76]. It may be that a certain OSA phenotype (i.e.,
more collapsible airway, higher arousal threshold) is prone
to run into problems when subjected to the many factors af-
fecting sleep and breathing in the postoperative environment.
Further study is needed to determine if this is relevant.

OSA and Perioperative Complications

A sufficient number of controlled trials have now been per-
formed such that two meta-analyses and two systematic re-
views have examined this topic in detail [77–79, 80••]. The
most comprehensive, and most recent, of these reviews ana-
lyzed 61 studies and included over 400,000 OSA patients (due
to the inclusion of large database studies) [80••]. The risk for
complications varies depending on the intensity of anesthesia
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and location of surgery (outpatient versus inpatient) as well as
by the specific complication studied. It should be noted that
research has only included elective procedures and
nonemergent surgery.

Procedures with Conscious Sedation

Initial concern was raised about increased intraprocedural
complications (hypoxemia and airway maneuvers) in patients
at high risk for OSA undergoing conscious sedation for endo-
scopic procedures [81]. However, subsequent studies have not
born this out. In a prospective study that screened patients
(n=904) for OSA risk prior to endoscopic procedures requir-
ing conscious sedation, no difference was found in complica-
tion rates by OSA risk stratification [82]. Additional retro-
spective studies totaling over 2100 endoscopic procedures
under conscious sedation reported no increase in intra- or
postprocedural adverse events in patients with objectively
confirmed OSA compared to controls [83–86]. And in a small
prospective case-control study of patients with PSG-
confirmed OSA (n=31) undergoing colonoscopy, there were
no differences in the rates of adverse events despite higher
midazolam dosing and deeper sedation in the OSA patients
[87]. Together, these findings suggest that the level of sedation
achieved with conscious sedation, in the absence of general
anesthesia and significant postprocedural opioid use, does not
increase risk for peri-procedural cardiopulmonary complica-
tions in patients with OSA.

Ambulatory Surgery

There is a small but growing amount of data regarding intra-
and postoperative risks in OSA patients undergoing ambula-
tory surgery. Studies published to date suggest that unantici-
pated admission is not increased in patients with known or
suspected OSA [88–92]. Transient hypoxemia has been de-
scribed in some patients postoperatively in two observational
cohort studies, though the lack of control groups, as well as the
lack of changes in other outcomes, makes the relevance of
these findings debatable [90, 91]. In addition, one of the stud-
ies also found an increased likelihood of difficult intubation,
intraoperative use of pressors, and lower postoperative PACU
oxygen saturation in patients at high risk for OSA [89]; how-
ever, the clinical significance of these findings is not clear. The
Society for Ambulatory Anesthesia (SAMBA) recently pub-
lished recommendations for patients with suspected or known
OSA stating that these patients could be considered for ambu-
latory surgery as long as co-morbidities were optimized,
CPAP therapy was able to be used postoperatively (if known
OSA), and postoperative opioids were minimized [93]. More
recently, a review of ambulatory surgery in OSA patients ech-
oed these recommendations but also called for further research

to better phenotype OSA patients to identify those who may
benefit from prolonged postoperative monitoring [51].

Elective Inpatient Surgery

Perioperative complications related to OSA can occur both in
the operating suite as well as postoperatively.

Intraoperative Complications

Most [89, 94–97] but not all [98, 99] studies have found an
association between OSA and difficult airway management.
The strongest association appears to be in those with severe
OSA (OR 4.46) [96].While most of the studies examining this
question are small to moderate in size, two very large database
studies did confirm this relationship though they are limited
methodically by how OSA was defined (Bchart diagnosis^)
[94, 96]. The overall quality of the studies investigating air-
way management in OSA patients is felt to be low [80••] and
additional work is needed.

Conversely, unanticipated difficulty with intubation in a
surgical patient may be predictive of undiagnosed OSA and
further sleep evaluation should be considered [100]. In addi-
tion to airway management problems, more intraoperative
pressor use may be required in patients with known or
suspected OSA [89].

Postoperative Complications

A wide range of postoperative complications have been re-
ported in OSA patients undergoing a variety of surgical inter-
ventions. Complications reported vary by study and are listed
in Table 1. Significant heterogeneity exists between studies
regarding methodology for diagnosing OSA, the types of pop-
ulations studied, the surgical interventions performed, and the
outcomes reported (as well as methods of measuring out-
comes), which may help to explain some of the inconsistency
in the findings [80••].

Pulmonary Complications

A spectrum of postoperative pulmonary complications have
been described in patients with known or suspected OSA.
Respiratory failure following surgery is perhaps the most
concerning adverse event as this may lead to emergent
reintubation or the urgent need for noninvasive ventilation,
along with transfer to a higher acuity of care. While some
studies have specifically reported on this outcome [22, 101,
102, 103•, 104, 105], many have combined pulmonary com-
plications into composite measures making it difficult to sort
out the associations. With two exceptions [22, 102], studies
reporting on postoperative respiratory failure have found an
association between a diagnosis of OSA and higher rates of
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this complication (OR 1.6–4.3, all statistically significant).
The studies reporting an association have used PSG confirma-
tion [104, 105] or ICD coding [101, 103•] to define OSA,
whereas one of the studies that did not find an association
used a screening questionnaire to define low and high risk
for OSA populations [22]. The other study not finding an
association with respiratory failure and an ICD code for
OSA noted much higher rates of reintubation (OR 4.4) and
CPAP/noninvasive ventilation use (OR 14.1), but not respira-
tory failure, which suggests potential methodological issues
affecting the analysis [102]. One study that deserves specific
mention is the large database study utilizing the national inpa-
tient sample (n>1million) that examined a variety of different
surgical procedures [103•]. In this study, the association be-
tween postoperative respiratory failure and OSAwas strongest
in patients undergoing orthopedic or urologic surgery but
weakest (and not significant) in patients subjected to abdom-
inal surgery, indicating the type of surgery may play a role in
outcomes as well. Furthermore, emergent reintubation oc-
curred earlier in the postoperative course in patients who had
OSA compared to those without a diagnosis of OSA. This
begs the questions of whether or not enhanced monitoring
and/or a lower threshold for reintubating patients with OSA
influenced these findings.

Studies examining the outcome of Bcombined pulmo-
nary complications^ are difficult to interpret as hypoxemia
and hypercapnia are often listed as adverse events in the
composite outcome and the clinical relevance of these
findings is questionable, as discussed below. Some studies
have reported specifically on pneumonia and pulmonary
embolism as outcomes [22, 101, 102, 105–109]. There is
no clear consensus regarding the association of pneumonia
and OSA in the perioperative setting as some studies re-
port an association (general surgery, orthopedic surgery)
[101, 105, 109] whereas others do not (bariatric surgery,
orthopedic surgery) [22, 102, 108]. Likewise, the associa-
tion of postoperative pulmonary embolism and OSA re-
mains uncertain as two studies noted higher rates of pul-
monary embolism in OSA patients (both orthopedic sur-
gery) [101, 106] and two studies did not (general surgery,
orthopedic surgery—though this study was shoulder sur-
gery) [101, 107]. Further research is warranted to better
clarify the association between OSA and these relevant
outcomes.

Postoperative hypoxemia and desaturations have frequent-
ly been reported as outcomes in studies examining OSA in the
perioperative setting [21, 23–25, 61, 104, 110]. Most studies
show an association between OSA and more frequent postop-
erative hypoxemia and/or desaturation. While hypoxemia is
felt to be one of the mechanisms leading to serious adverse
consequences in the postoperative period, the clinical signifi-
cance of this is a matter of debate as patients with OSA fre-
quently experience hypoxemia and desaturations at baseline
during sleep [6, 17, 20]. Most recent studies are no longer
reporting this as an outcome of interest.

Cardiovascular Complications

Much like pulmonary complications, most studies reporting
on adverse postoperative cardiovascular consequences have
reported these events (cardiac arrest, ischemia, myocardial
infarction, heart failure, arrhythmias) as a single combined
outcome [21, 106, 107, 109–112]. With one exception [109],
all studies have reported no association between OSA and
more frequent composite cardiovascular complications. A va-
riety of methodologies were used and a wide spectrum of
surgical procedures were evaluated in these analyses. Two
studies reporting specifically on postoperative myocardial in-
farction also failed to find an association with a diagnosis of
OSA [25, 104].

Conversely, a growing number of studies have examined
the association between OSA and atrial fibrillation in the post-
operative setting [27, 102, 103•, 113]. These studies have
reported higher rates of atrial fibrillation in patients with
known or suspected OSA [27, 102, 103•, 113]. A recent
meta-analysis suggests the correlation between OSA and

Table 1 Postoperative complications reported in studies of OSA
patients

Category Postoperative complication

Pulmonary Hypoxia

Acute hypercapnia

Pneumonia

Atelectasis

Bronchospasm

Adult respiratory distress syndrome

Pulmonary embolism

Need for urgent noninvasive ventilation

Need for reintubation

Cardiac Arrhythmias

Ischemia

Myocardial infarction

Pulmonary edema

Cardiac arrest

Central nervous system Delirium

Encephalopathy

Stroke

Miscellaneous Gastrointestinal bleeding

Infection

Mortality

Utilization Unplanned transfer to higher acuity of care

Length of stay
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postoperative atrial fibrillation may be most relevant for pa-
tients undergoing coronary artery bypass surgery [114].

Special mention is warranted regarding a large administra-
tive database study where patients had a PSG-confirmed di-
agnosis of OSA before (OSA group) or after (undiagnosed
OSA group) their elective surgery and were compared to a
control group for cardiovascular outcomes [105]. In this study,
the OSA group, who was also provided with a prescription for
CPAP (though use could not be verified), had the same rates of
cardiac arrest and shock following surgery as the control
group, while the undiagnosed OSA group experienced statis-
tically significantly higher rates than the control group (OR
2.40). This implies that treatment of OSA could potentially
attenuate the rates of postoperative cardiac arrest and shock
while unrecognized OSA may increase the frequency of this
adverse outcome. While there are methodological issues with
this study, it is provocative and additional work in this area is
needed.

Neurologic Complications

Postoperative encephalopathy and delirium represent chal-
lenging problems for perioperative-care providers. While
multiple factors have been associated with neurocognitive
dysfunction following surgery, mounting evidence indicates
that OSA may be an important factor. Two retrospective
studies included encephalopathy [112] and delirium [115•]
in their outcome measures, both finding an association
with OSA. More recently, two prospective studies utilizing
PSG- or HSAT-confirmed diagnoses of OSA and a stan-
dardized definition of postoperative delirium have found
significant correlations between OSA and the incidence
of delirium after surgery [116, 117]. One investigation
found the rate of delirium after orthopedic surgery to be
increased 2.5 fold if OSA was present [117], while the
other noted a sixfold increase in delirium following cardi-
ac surgery in patients with an AHI≥ 19 [116]. Neither
study noted a correlation with hypoxemia and incidence
of delirium. Whether treatment of OSA prior to
surgery could reduce postoperative delirium remains to
be demonstrated.

Interestingly, postoperative stroke and its association with
OSA has not been sufficiently examined to assess whether a
relationship exists or not. An ongoing large prospective study
examining OSA and postoperative vascular outcomes may
shed some light on this topic [118].

Miscellaneous Complications

Postoperative infections have been associated with OSA in a
retrospective single-center study of cardiac surgery patients
[112] though this has not been reported by others. Similarly,
OSA has been linked to postoperative bleeding in a small

single-center study [19], but it would be difficult to explain
mechanistically why this would occur. Contrary to the inves-
tigator’s hypotheses, two studies evaluating wound healing in
OSA patients found better wound healing in those diagnosed
with or at risk for OSA [91, 119]. Ischemic preconditioning
has been proposed as a possible mechanism for these latter
findings [80••].

Mortality

With early case reports documenting deaths in OSA
patients following surgery [5, 120], and the legal litera-
ture describing this as well [121], it has been assumed
that, through the mechanisms discussed above, OSA
would be associated with increased postoperative mor-
tality. However, more recent research suggests this re-
mains an unsettled issue. The latest systematic review of
perioperative OSA studies found 13 studies reporting on
mortality as an outcome [80••], and only one of these
studies reported that OSA was associated with increased
postoperative in-hospital mortality [106]. The majority
of the remaining studies did not find an association,
though three studies reported lower postoperative mor-
tality following surgery on OSA patients [102, 103•,
122]. It has been hypothesized that obesity and ischemic
preconditioning in OSA patients could have protective
effects leading to reduced postoperative mortality [103•].
In addition, as many of the adverse respiratory out-
comes occurred early in the patients’ hospital stays,
and may have been related to postoperative opioid use
in OSA patients, it has been theorized that early inter-
vention and treatment of this reversible problem may
have led to improved outcomes in these patients
[103•]. It is also plausible that, since all the studies
describing lower postoperative mortality in OSA pa-
tients were large database studies using ICD-based di-
agnoses of OSA, the control groups may have had sub-
stantial numbers of undiagnosed and unrecognized OSA
patients (as studies would support [12, 13]) who may be
particularly vulnerable to adverse events following sur-
gery due to the lack of closer monitoring or other ma-
neuvers hoped to reduce risk.

Resource Utilization

Criteria used to describe resource utilization have included
unplanned admission, unanticipated ICU admission, ICU re-
source use, length of stay (LOS), and hospital charges. Likely
due to variable methodologies for defining OSA, differing
surgical populations, and heterogeneous practice patterns, a
consistent finding regarding resource utilization by OSA pa-
tients following surgery has been difficult to establish. In the
largest systematic review to date to examine this topic, 11
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studies found higher resource utilization in OSA patients ver-
sus eight studies that did not [80••]. As noted earlier, rates of
unplanned admissions following ambulatory surgery have not
been shown to be higher for patients with OSA [88–92].
Critical care resource requirements may be more significant
in surgical patients with OSA, though few studies have mea-
sured this outcome [25, 109, 123–125]. Overall hospital LOS
has not been consistently found to be higher in OSA patients
following surgery as eight studies have noted longer LOS [23,
103•, 104, 107, 109, 115•, 123, 126] whereas six studies have
not [92, 102, 103•, 106, 110, 112]. Furthermore, two of these
studies reported a shorter postoperative LOS in patients with
OSA [103•, 106]. While not fully understood, it has been
proposed that this finding may be related to some of the fac-
tors mentioned above contributing to a possibly lower postop-
erative mortality rate [103•]. And finally, overall hospital
charges have been described as being higher [103•, 106] and
lower [102, 103•, 107] in patients with OSA undergoing
surgery.

Conclusions

Patients with OSA subjected to surgery are at increased
risk for a wide variety of complications in the periop-
erative time period, with the strongest evidence
supporting difficulty with intubations and higher rates
of postoperative respiratory failure, atrial fibrillation,
and delirium. While immediate perioperative complica-
tions are frequently the result of the negative effects of
narcotics and sedatives or the residual effects of anes-
thesia, later events may be related to other factors such
as REM-rebound sleep. Further research is warranted to
investigate phenotypic differences between OSA patients
and how this may impact risk for postoperative adverse
events.

Anesthetic, sedative, and analgesic drugs should be used
with caution in patients with OSA or in those suspected of
having OSA. Other strategies to help reduce postoperative
complications, such as enhanced monitoring and use of
CPAP therapy, are currently under investigation. In the mean-
time, CPAP use and postoperative monitoring of OSA patients
should be tailored to the specifics of each case, though a con-
servative approach seems prudent for patient safety.
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