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Preventing Opioid-Induced Respiratory
Depression in the Hospitalized Patient With
Obstructive Sleep Apnea
Carla R. Jungquist, PhD, NP-BC, Elizabeth Card, MSN, APRN, FNP-BC, CPAN, CCRP,
Jean Charchaflieh, MD, Bhargavi Gali, MD, Meltem Yilmaz, MD
Purpose: To enhance the role of nursing interventions in the management

of perioperative opioid-induced respiratory depression (OIRD) in
patients with obstructive sleep apnea (OSA).
Design: Narrative review of the literature.
Methods: Literature reviewed with emphasis on recommendations by
professional and accrediting organizations.
Findings: Postsurgical OIRD increases hospital stay (55%), cost of care
(47%), 30-day readmission (36%), and inpatient mortality (3.4 fold).
OSA increases the risk of OIRD and may result in legal claims averaging
$2.5 million per legal claim.
Conclusions: Nursing interventions are essential to improving outcome
and reduce cost in the management of postsurgical OIRD in OSA patients.
Keywords: obstructive sleep apnea, positive airway pressure, opioid
induced respiratory depression, PACU, sleep disordered breathing.
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OBSTRUCTIVE SLEEP APNEA (OSA) and opioidinduced respiratory depression (OIRD) are interrelated problems that are of concern for regulatory
and accrediting organizations. In 2015, The Joint
Commission issued a sentinel event alert titled
‘‘At risk: Obstructive sleep apnea patients,’’ which
cited many concerns that fall within nursing practice including (1) lack of training for health care
professionals to screen for and recognize OSA,
(2) failure to assess patients for OSA, (3) failure
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to implement appropriate monitoring of patients
with risk factors associated with OSA, (4) lack of
communication among health care providers
regarding patients with OSA or potential risk factors associated with OSA, and (5) lack of postoperative evaluation and treatment for OSA.1
Patients have been found dead in bed after
receiving appropriate opioid medications for
pain. According to Benumof2 a prototypical patient found dead in bed is middle aged, has severe
OSA, underwent orthopaedic, upper airway, or
abdominal surgery under general anesthesia and
was in an unmonitored bed without continuous
positive airway pressure (CPAP) or oxygen.
OIRD-related adverse events such as these cost
hospitals on average of $2.5 million per claim.3,4
In 2011, The Joint Commission issued a sentinel
event alert titled ‘‘Safe Use of Opioids in Hospitals,’’
which found that the two most common causes of
opioid-related adverse events were (1) wrong dose
medication error (47%) and (2) improper monitoring (29%). The sentinel alert also listed patient
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characteristics that are associated with increased
risk for OIRD, which included (1) sleep apnea or
sleep disorder diagnosis, (2) morbid obesity with
high risk of sleep apnea, (3) snoring, (4) older
age, (5) postsurgery, particularly if upper abdominal or thoracic surgery, (6) increased opioid
dose requirement or opioid habituation, (7)
receiving other sedating drugs, (8) pre-existing
pulmonary or cardiac disease, and (9) being a cigarette smoker.5 Understanding the pathophysiology
of sleep-disordered breathing and how opioid and
sedating medications aggravate this disorder and
result in adverse events is important for nurses.
Adequate knowledge of the interaction between
opioids and sleep-disordered breathing as well as
understanding best monitoring practices will
improve patient safety and decrease opioidrelated adverse events.

Prevalence of Sleep-Disordered
Breathing
OSA is the most common type of sleep-disordered
breathing (80% to 90%) but can coexist with the
two less common types: central sleep apnea and
obesity hypoventilation syndrome. OSA is highly
prevalent in the general population and most
cases (80% to 90%) are undiagnosed. The prevalence of moderate to severe OSA among adults
aged 30 to 70 years is estimated to be 13% of
men and 6% of women.6 This translates to OSA
affecting more than 20 million people in the US
population. Central sleep apnea is not common
in the general population but is common in specific populations such as patient with congestive
heart failure (33%) and patients on chronic opioid
medications (14% to 60%).7 Sleep-disordered
breathing is associated with increased risk of
adverse outcomes in the perioperative setting.3,8
Anesthetic, sedative, and opioid medications
enhance respiratory depression and airway
collapse and thus can exacerbate all forms of
sleep-disordered breathing.

Pathophysiology and Diagnosis of SleepDisordered Breathing
OSA is characterized by sleep-induced recurrent
episodes of upper airway collapse resulting in
oxygen desaturations and arousals from sleep
more than five times per hour. Central sleep ap-
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nea is characterized by diminished or absent respiratory effort, coupled with the presence of
symptoms including excessive daytime sleepiness, frequent nocturnal awakenings, or both.
Obesity hypoventilation syndrome is the presence of daytime alveolar hypoventilation (awake,
sea-level, arterial PCO2 greater than 45 mm Hg)
among patients with body mass index (BMI)
30 kg/m2 or greater in the absence of other
causes of hypoventilation. In this condition, the
severely overweight patients fail to breathe
rapidly enough or deeply enough, especially during sleep, and results in low blood oxygen and
high blood carbon dioxide (CO2) levels. The
three types of sleep disorder can occur in the
same patient.
The number of respiratory events per hour is used
to grade the severity of sleep-disordered
breathing.9,10 The average hourly number of
apnea (90% or more decrease in airflow for
apnea of 10-seconds or more) and hypopnea
(50% reduction in airflow with 3% or more reduction in SaO2) events is expressed as the apneahypopnea index (AHI).9,10 An AHI of 5 to 14 is
mild, 15 to 29 is moderate, and 30 and greater is
severe. Treating sleep-disordered breathing is
important as it is associated with (1) intermittent
hypoxemia, (2) hypercapnia, (3) excessive intrathoracic pressure changes from inspiration against
an obstructed airway, (4) sympathetic activation,
and (5) inflammatory endothelial dysfunction.11,12
Endothelial dysfunction can result in increased
risk (1) hypertension, (2) congestive heart
failure, (3) atrial fibrillation, (4) pulmonary
hypertension, (5) right heart failure, (6) diabetes,
(7) obesity, (8) cognitive impairment, (9)
depression, (10) stroke, (11) dementia, (12)
gastroesophageal reflux, and (13) cancer.13-18

Perioperative Management of OSA
OSA is associated with increased perioperative mortality, hospital length of stay, cost of care,3,19-23 and
cardiopulmonary complications that increase
admission to intensive care units.24-27As indicated
previously, about 80% to 90% of patients with
sleep-disordered breathing are undiagnosed, which
emphasize the need for screening for
sleep-disordered breathing among surgical
patients.6,28
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Screening for Sleep-Disordered Breathing
Professional societies have developed clinical
practice guidelines for the perioperative management of patients with OSA.29-33 All guidelines
recommend the use of screening questionnaires
for OSA such as the STOP-BANG instrument.34
The STOP-BANG questionnaire screens for common manifestations and risk factors of OSA. The
acronym STOP-BANG stands for Snoring, Tired
during daytime, Observed to stop breathing during
sleep, high blood Pressure, Body mass index
greater than 35 kg/m2, Age greater than 50 years,
Neck size greater than 17 inches for men, or 16 inches for women, male Gender.35,36
There is also some evidence that adding as assessment of metabolic alkalosis (HCO3 greater than
27 mmol/L) to the STOP-BANG screening increases the likelihood of detecting obesity hypoventilation in patients with BMI greater than
30 kg/m2.
Furthermore, nurses in the postanesthesia care
unit are in the perfect situation to observe apneic
events during patient recovery. Identifying the
high risk patient by assessing for apneic events
during recovery from anesthesia and communicating the findings with recommendations for
increased vigilance and monitoring procedures at
hand off will improve patient safety.
Health Care Team Interventions
During the perioperative care period, nursing interventions are essential in facilitating the implementation of screening tools, monitoring, and
therapeutic interventions as well the communication of essential information during transfer of
care. Communication with the patient about their
signs and symptoms of OSA is necessary to ensure
outpatient follow-up and treatment.
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Nurses should take the initiative to advocate for
positive airway pressure (PAP) therapy and to fully
understand the mechanism of action and how to
troubleshoot difficulties. There is sufficient evidence in a recent systematic review and metaanalysis that found postoperative use of PAP therapy in OSA patients is associated with decreased
AHI.37 There are several forms of PAP therapy
used to address the various forms of sleepdisordered breathing (Table 1). The mechanisms
of action of PAP therapy in OSA is to increase the
pharyngeal transmural pressure (pneumatic splint
effect), reducing pharyngeal wall thickness and
airway edema, and increasing end-expiratory
lung volume.
CPAP or automatically titrated PAP (APAP) is standard first line therapy for most patients with
OSA.38 Modified modes of PAP therapy have
been developed to augment ventilation, maximize
comfort, and enhance compliance but have not
demonstrated increased compliance in randomized controlled trials.39 PAP therapy should be
initiated after confirming diagnosis of OSA through
an acceptable method such as polysomnography
or home sleep apnea testing. Common practice
is to start patients on APAP once the diagnosis of
OSA is determined. For moderately obese patients
(BMI 35 to 40 kg/m2) with moderate OSA (AHI 15
to 50), a starting CPAP with 7 to 12 cm H2O would
be near the mean pressure needed for most patients. The newer APAP devices will provide statistics on the previous nights’ PAP therapy in the
window on front of the device. Patients are able
to see if they experienced too much mask leak
and if obstructive or central events (residual
events) continued to occur during the previous
night. If PAP was effective, the residual events
should display as less than 5 per minute.
Providing CPAP at levels higher than what is
needed to relieve symptoms of OSA (overtitration)

Management of the Patient with Sleep-Disordered Breathing in the Perioperative Setting
 Preoperative screening of all patients for sleep-disordered breathing
 If previously diagnosed and using positive airway pressure (PAP) therapy or an oral appliance at home, educate
patient or family member to bring PAP therapy device or appliance to hospital and initiate continuous monitoring
during first 48 h postoperatively
 If screened positive or found to have sedation-related apneic episodes in postanesthesia care unit, initiate
continuous monitoring, sleep in upright position, and opioid sparing pain management protocol
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Table 1. Positive Airway Pressure (PAP) Therapy: Modes, Mechanisms, and Applications
Mode
Continuous PAP (CPAP)

CPAP with expiratory relief pressure
(ERP)
Automatically titrated PAP

Bilevel PAP

Adaptive servo ventilation

Volume assured pressure support

Mechanism

Application

Single fixed pressure maintained
during inhalation and exhalation

Suitable for most obstructive sleep
apnea (OSA) patients and some CSA
patients and OHS patients as well
ERP lowers CPAP during early
Patients with expiratory pressure
exhalation
discomfort
Devices deliver a range of pressure in Patients with uncomplicated,
moderate-severe OSA who need
response to the presence of airway
significantly different PAP during
obstruction. Pressure is same
different sleep positions (supine vs
during inhalation and exhalation
lateral) or sleep stages (REM vs
NREM).
Two fixed levels of PAP are provided, a Patients in need of both expiratory
and inspiratory assist (eg,
higher inspiratory PAP and a lower
neuromuscular disease, obesity
expiratory PAP
hypoventilation syndrome, and
COPD)
Patients with breathing periodicity
Baseline PAP with variable pressure
with or without coexistent OSA (eg,
support for each breath adjusting
NMD, chronic opioid use, or
for both hyperventilation and
treatment-emergent CSA)
hypoventilation to maintain preset
minute ventilation
Patients with variable needs from
Pressure is automatically adjusted
breath to breath such as patients
with each breath to ensure preset
with overlap syndrome (OSA with
tidal volume
[COPD]), OHS, restrictive lung
disease, and neuromuscular disease
weakness

CSA, central sleep apnea; OHS, obesity hypoventilation syndrome; REM, rapid eye movement; NREM, nonrapid eye
movement; COPD, chronic obstructive pulmonary disease; NMD, neuromuscular disease.

can contribute to the development of treatmentemergent central apnea and intolerance by the patient.40 Adaptive servo ventilation is suitable when
the pathophysiology of sleep apnea results in periodic breathing including cases of treatmentemergent central sleep apnea and in patients
with opioid-induced central sleep apnea.41-43
Common but mild adverse effects of PAP therapy
include skin breakdown and dryness of the eyes,
nose and mouth. Rare but serious adverse effects
may include epistaxis and pneumothorax.44 Social adverse effects relate to bed partner disturbance or intolerance, and reduced self-image,
although bed partners frequently appreciate the
cessation of snoring. Addressing these adverse effects improves compliance, which is estimated to
be 50% to 70%.45 Newer masks help address issues related to skin breakdown, and bulkiness
and noise of the device. Heated humidification

can reduce symptoms of dryness and congestion
of the eyes, nose, and mouth and has been shown
to improve compliance with CPAP therapy.46
Mask selection, nasal versus full face mask, might
affect patient tolerance of and compliance with
CPAP therapy. Patient education and follow-up
appear to be the most important factors in
enhancing compliance with PAP therapy, and
early compliance (1 week) is a predictor of later
compliance (1 month).46

Case Presentation 1
A 62-year-old man with obesity (BMI 35 kg/m2), hypertension, snoring, excessive daytime sleepiness is
admitted to the hospital for the treatment of leg
cellulitis. He does not have a confirmed diagnosis
of OSA, but was noted to have loud snoring and periods of apnea while sleeping in the hospital. As the
hospital does not provide sleep study equipment for
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diagnosis of OSA, the nurses initiated opioid sparing,
multimodal pain management strategies along with
continuous monitoring using capnography.
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switched to an autotitrating adaptive servo ventilation device.
Rationale

Rationale
Loud snoring and observed apneas is highly indicative of OSA. Nurses play an important role in identifying OSA through their recognition of these
symptoms, particularly in patients without partners at home to advise them of their presence.
Treating his OSA may improve healing, decrease
lower extremity swelling, and in some cases
perhaps decrease length of stay. Home sleep tests
(in this case unattended in hospital sleep tests)
meet the standards for diagnosing OSA if interpreted by a physician boarded in sleep medicine.47,48 In situations where unattended inhospital sleep tests are not available, it is prudent
to institute opioid-sparing pain management strategies and increased monitoring strategies. To
date, there is not sufficient evidence to institute
pre-emptive PAP therapy without a diagnostic
study. Discharge planning should include
educating the patient on their symptoms and
providing communication to their primary care
provider to initiate a referral for a sleep study.

Case Presentation 2
A 56-year-old woman with moderate obesity (BMI
32 kg/m2), rheumatoid arthritis, and severe OSA
(AHI 34) that is being treated with nightly CPAP
of 8 cm H2O is using her device that she brought
from home. She was admitted to hospital floor after total abdominal hysterectomy. Postoperatively
the patient was requiring frequent doses of analgesics including opioids for her surgical pain
and chronic pain because of rheumatoid arthritis.
She was placed on continuous, supplemental oxygen at 2 L/minute via CPAP at her home settings
of 8 cm H2O. The patient is witnessed to have apneas and irregular breathing after opioid use. Respirations are noted to be less than 10 per minute
on assessment. There is no snoring noted. Her
level of consciousness is level 3 on the Pasero
Opioid Sedation Scale reflecting drowsiness yet
arousable, but drifts off to sleep during conversation. The nurse holds further opioid pain medications and initiates a call to the unit provider and
the respiratory therapist. As the patient is exhibiting signs of central sleep apnea, the CPAP was

Opioids in combination with anesthetics have resulted in the development of central sleep apnea/complex sleep apnea. Complex sleep apnea
is the combination of obstructive events and central events. Opioids cause respiratory depression
by suppressing respiratory drive, but they also
can worsen OSA by decreasing pharyngeal tone.
Increasing the CPAP pressure is reasonable, but
pressures too high can increase central sleep apnea events. Just using CPAP or increasing CPAP
pressures will not prevent apneic episodes during
periodic breathing. This patient is also on supplemental oxygen therapy, which may obscure concurrent hypoventilation. When using electronic
monitoring in this patient capnography would be
the best choice for monitoring patients on supplemental oxygen therapy because of the oxygen
masking respiratory depression as measured by
pulse oximetry. The difficulty arises with using
capnography cannulas and a CPAP mask. There
are adaptive masks available to allow both capnography monitoring and CPAP use. The best outcome
for a patient occurs when there is communication
among the patient, family, nurse, respiratory therapist, and physician to address patient complaints
and concerns by a teamwork approach. Also, it is
important to educate the patient on their sensitivity to opioids and communicate this finding to
their primary care provider.

Conclusions
Sleep is a most vulnerable state for respiration
and with the addition of sedating agents, breathing can rapidly decline resulting in adverse outcomes for our patients. Adverse events can be
avoided with accurate assessment for signs and
symptoms of OSA and obesity hypoventilation
syndrome followed by implementation of
opioid-sparing pain management as needed. The
use of PAP therapy in the postoperative setting
is useful in preventing OSA-related adverse
events. Adequate monitoring strategies must be
put in place, especially in the first 24 to 48 hours
postoperatively. As nurses are not available at the
bedside during sleep to monitor respiration, electronic monitoring is recommended by many
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professional organizations including the American society of Anesthesiology and the Anesthesia
Patient Safety Foundation. Although capnography
is becoming more widely available, continuous
pulse oximetry may be more comfortable for
the patient and not interfere with PAP therapy
such as seen with capnography nasal sensors. Oxygen therapy can mask respiratory events by
acting to minimize association desaturations
when using pulse oximetry. Newer monitoring
systems are being developed, including noninva-

sive measurement of minute ventilation.49 Nurses
play a vital role in troubleshooting and supporting the use of continuous electronic monitoring
during the patient care.

Acknowledgment
This article is endorsed by and the result of collaborative works
with the Society for Anesthesia and Sleep Medicine (SASM) and
the American Society of Perianesthesia Nurses. All members of
the SASM Clinical Committee have contributed to the development of this article.

References
1. The Joint Commission. At risk: obstructive sleep apnea patients. Quick Safety. June 2015;14:1-2. Available from: www.
jointcommission.org/assets/1/23/quick_safety_issue_14_june
_2015.pdf. Accessed August 15, 2017.
2. Benumof JL. Mismanagement of obstructive sleep apnea
may result in finding these patients dead in bed. Can J Anaesth.
2015;63:3-7.
3. Fouladpour N, Jesudoss R, Bolden N, Shaman Z,
Auckley D. Perioperative complications in obstructive sleep apnea patients undergoing surgery: A review of the legal literature. Anesth Analg. 2015;122:145-151.
4. Svider PF, Pashkova AA, Folbe AJ, et al. Obstructive sleep
apnea: Strategies for minimizing liability and enhancing patient
safety. Otolaryngol Head Neck Surg. 2013;149:947-953.
5. The Joint Commission. Safe use of opioids in hospitals.
Sentinel Event Alert. August 8, 2012;49. Available from:
https://www.jointcommission.org/assets/1/18/SEA_49_opioi
ds_8_2_12_final.pdf. Accessed August 15, 2017.
6. Peppard PE, Young T, Barnet JH, Palta M, Hagen EW,
Hla KM. Increased prevalence of sleep-disordered breathing
in adults. Am J Epidemiol. 2013;177:1006-1014.
7. Correa D, Farney RJ, Chung F, Prasad A, Lam D, Wong J.
Chronic opioid use and central sleep apnea: A review of the
prevalence, mechanisms, and perioperative considerations.
Anesth Analg. 2015;120:1273-1285.
8. Abdelsattar ZM, Hendren S, Wong SL, Campbell DA Jr.,
Ramachandran SK. The impact of untreated obstructive sleep
apnea on cardiopulmonary complications in general and
vascular surgery: A cohort study. Sleep. 2015;38:1205-1210.
9. Berry RB, Budhiraja R, Gottlieb DJ, et al. Rules for scoring
respiratory events in sleep: Update of the 2007 AASM Manual
for the Scoring of Sleep and Associated Events. Deliberations
of the Sleep Apnea Definitions Task Force of the American Academy of Sleep Medicine. J Clin Sleep Med. 2012;8:597-619.
10. Grigg-Damberger MM. The AASM Scoring Manual four
years later. J Clin Sleep Med. 2012;8:323-332.
11. Dobrowolski P, Klisiewicz A, Florczak E, et al. Independent association of obstructive sleep apnea with left ventricular
geometry and systolic function in resistant hypertension: The
RESIST-POL study. Sleep Med. 2014;15:1302-1308.
12. Dewan NA, Nieto FJ, Somers VK. Intermittent hypoxemia and OSA: Implications for comorbidities. Chest. 2015;
147:266-274.

13. Marshall NS, Wong KK, Cullen SR, Knuiman MW,
Grunstein RR. Sleep apnea and 20-year follow-up for allcause mortality, stroke, and cancer incidence and mortality
in the Busselton Health Study cohort. J Clin Sleep Med.
2014;10:355-362.
14. Nieto FJ, Peppard PE, Young T, Finn L, Hla KM, Farre R.
Sleep-disordered breathing and cancer mortality: Results from
the Wisconsin Sleep Cohort Study. Am J Respir Crit Care
Med. 2012;186:190-194.
15. Jungquist CR, Karan S, Perlis ML. Risk factors for opioidinduced excessive respiratory depression. Pain Manag Nurs.
2011;12:180-187.
16. Chen CS, Huang MF, Hwang TJ, et al. Clinical correlates of
zolpidem-associated complex sleep-related behaviors: Age effect. J Clin Psychiatry. 2014;75:e1314-e1318.
17. Peppard PE, Austin D, Brown RL. Association of alcohol
consumption and sleep disordered breathing in men and
women. J Clin Sleep Med. 2007;3:265-270.
18. Jungquist CR, Flannery M, Perlis ML, Grace JT. Relationship of chronic pain and opioid use with respiratory disturbance during sleep. Pain Manag Nurs. 2012;13:70-79.
19. Pizzi LT, Toner R, Foley K, et al. Relationship between potential opioid-related adverse effects and hospital length of stay
in patients receiving opioids after orthopedic surgery. Pharmacotherapy. 2012;32:502-514.
20. Toshniwal G, McKelvey GM, Wang H. STOP-Bang and
prediction of difficult airway in obese patients. J Clin Anesth.
2014;26:360-367.
21. Stundner O, Chiu YL, Sun X, 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:
242-248.
22. Memtsoudis SG, Stundner O, Rasul R, et al. The impact of
sleep apnea on postoperative utilization of resources and
adverse outcomes. Anesth Analg. 2014;118:407-418.
23. Hai F, Porhomayon J, Vermont L, Frydrych L, Jaoude P, ElSolh AA. Postoperative complications in patients with obstructive sleep apnea: A meta-analysis. J Clin Anesth. 2014;26:
591-600.
24. 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;23:1842-1851.

OPIOID-INDUCED RESPIRATORY DEPRESSION IN SLEEP APNEA
25. Memtsoudis S, Liu SS, Ma Y, et al. Perioperative pulmonary outcomes in patients with sleep apnea after noncardiac
surgery. Anesth Analg. 2011;112:113-121.
26. 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;109:897-906.
27. Mokhlesi B, Hovda MD, Vekhter B, Arora VM, Chung F,
Meltzer DO. Sleep-disordered breathing and postoperative outcomes after elective surgery: Analysis of the nationwide inpatient sample. Chest. 2013;144:903-914.
28. Singh M, Liao P, Kobah S, Wijeysundera DN, Shapiro C,
Chung F. Proportion of surgical patients with undiagnosed
obstructive sleep apnoea. Br J Anaesth. 2013;110:629-636.
29. Team AOPSW. The ASPAN obstructive sleep apnea in the
adult patient evidence-based practice recommendation. J Perianesth Nurs. 2012;27:309-315.
30. Joshi GP, Ankichetty SP, Gan TJ, Chung F. Society for Ambulatory Anesthesia consensus statement on preoperative selection
of adult patients with obstructive sleep apnea scheduled for
ambulatory surgery. Anesth Analg. 2012;115:1060-1068.
31. American Society of Anesthesiologists Task Force on Perioperative Management of Patients With Obstructive Sleep Apnea. Practice guidelines for the perioperative management of
patients with obstructive sleep apnea: An updated report by
the American Society of Anesthesiologists Task Force on Perioperative Management of patients with obstructive sleep apnea.
Anesthesiology. 2014;120:268-286.
32. Jarzyna D, Jungquist CR, Pasero C, et al. American Society
for Pain Management Nursing guidelines on monitoring for
opioid-induced sedation and respiratory depression. Pain
Manag Nurs. 2011;12:118-145.e10.
33. Gross JB, Apfelbaum JL, Caplan RA, et al. Practice Guidelines for the perioperative management of patients with
obstructive sleep apnea: An updated report by the American Society of Anesthesiologists Task Force on perioperative management of patients with obstructive sleep apnea. Anesthesiology.
2014;120:268-286.
34. Chung F, Abdullah HR, Liao P. STOP-Bang Questionnaire:
A practical approach to screen for obstructive sleep apnea.
Chest. 2016;149:631-638.
35. Chung F, Liao P, Yang Y, et al. Postoperative sleepdisordered breathing in patients without preoperative sleep apnea. Anesth Analg. 2015;120:1214-1224.
36. Mutter TC, Chateau D, Moffatt M, Ramsey C, Roos LL,
Kryger M. A matched cohort study of post-operative outcomes
in obstructive sleep apnea. Anesthesiology. 2014;121:707-718.

7

37. Nagappa M, Mokhlesi B, Wong J, Wong DT, Kaw R,
Chung F. The effects of continuous positive airway pressure
on postoperative outcomes in obstructive sleep apnea patients
undergoing surgery: A systematic review and meta-analysis.
Anesth Analg. 2015;120:1013-1023.
38. Sullivan CE, Issa FG, Berthon-Jones M, Eves L. Reversal of
obstructive sleep apnoea by continuous positive airway pressure applied through the nares. Lancet. 1981;1:862-865.
39. Kushida CA, Berry RB, Blau A, et al. Positive airway pressure initiation: A randomized controlled trial to assess the
impact of therapy mode and titration process on efficacy, adherence, and outcomes. Sleep. 2011;34:1083-1092.
40. Khan MT, Franco RA. Complex sleep apnea syndrome.
Sleep Disord. 2014;2014:798487.
41. Javaheri S, Harris N, Howard J, Chung E. Adaptive servoventilation for treatment of opioid-associated central sleep apnea. J Clin Sleep Med. 2014;10:637-643.
42. Kushida CA, Nichols DA, Holmes TH, et al. Effects of
continuous positive airway pressure on neurocognitive function in obstructive sleep apnea patients: The Apnea Positive
Pressure Long-term Efficacy Study (APPLES). Sleep. 2012;35:
1593-1602.
43. Gay P, Weaver T, Loube D, et al. Evaluation of positive
airway pressure treatment for sleep related breathing disorders
in adults. Sleep. 2006;29:381-401.
44. Kramer NR, Fine MD, McRae RG, Millman RP. Unusual
complication of nasal CPAP: Subcutaneous emphysema
following facial trauma. Sleep. 1997;20:895-897.
45. Kribbs NB, Pack AI, Kline LR, et al. Objective measurement of patterns of nasal CPAP use by patients with obstructive
sleep apnea. Am Rev Respir Dis. 1993;147:887-895.
46. Epstein LJ, Kristo D, Strollo PJ Jr., et al. Clinical guideline for the evaluation, management and long-term care of
obstructive sleep apnea in adults. J Clin Sleep Med. 2009;
5:263-276.
47. Berry RB, Sriram P. Auto-adjusting positive airway pressure treatment for sleep apnea diagnosed by home sleep
testing. J Clin Sleep Med. 2014;10:1269-1275.
48. Liao P, Luo Q, Elsaid H, Kang W, Shapiro CM, Chung F.
Perioperative auto-titrated continuous positive airway pressure
treatment in surgical patients with obstructive sleep apnea: A
randomized controlled trial. Anesthesiology. 2013;119:
837-847.
49. Voscopoulos CJ, MacNabb CM, Brayanov J, et al. The evaluation of a non-invasive respiratory volume monitor in surgical
patients undergoing elective surgery with general anesthesia. J
Clin Monit Comput. 2015;29:223-230.

