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Purpose of review
Obstructive sleep apnea is a common disorder. Despite
reports of its role as a risk factor for postoperative morbidity
and mortality, only a few investigators have examined the
optimal treatment of patients during this vulnerable period.
Recognition of obstructive sleep apnea during conscious
sedation or in the perioperative period is important to prevent
the occurrence of adverse outcomes. This review discusses
the influence of sedative, anesthetic, and analgesic agents and
other factors during the perioperative period on patients with
obstructive sleep apnea. The aim of this article is to emphasize
the importance of recognizing and appropriately treating
surgical patients with obstructive sleep apnea.
Recent findings
Sedative, analgesic, and anesthetic agents used
perioperatively play a major role in the development of
sleep-disordered breathing during the postoperative period.
Postoperative apneic episodes frequently occur even after
surgery remote from the upper airway. Sleep apnea
predisposes patients to a greater than normal risk for
postsurgical complications. Adequate screening of patients
preoperatively and initiation of continuous positive airway
pressure therapy perioperatively could prevent serious
complications, including hypoxemia, arrhythmias, myocardial
infarction, and respiratory arrest.
Summary
Obstructive sleep apnea places a significant proportion of
surgical patients at increased risk of perioperative
complications. Obstructive sleep apnea can be induced,
unmasked, or exacerbated by the effects of sedative,
analgesic, and anesthetic agents regardless of the site of
surgery. The role of sleep apnea as a risk factor for
development of postoperative complications needs greater
emphasis. Increased awareness of the risk posed by an
obstructed upper airway and appropriate management are
important to optimize the perioperative care of patients with
obstructive sleep apnea.
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Introduction
Obstructive sleep apnea (OSA) is a common disorder
that affects all age groups. Among the general population
of adults in the United States, 4% of men and 2% of
women are estimated to have OSA [1]. Patients with
OSA are predisposed to the development of upper airway obstruction during sleep. The development of apnea leads to vigorous breathing efforts to open the collapsed airway, and arousal from sleep is followed by
restoration of airflow. Such events are repeated with
varying frequency throughout the sleep duration; the patient is unable to have uninterrupted sleep and is frequently sleep deprived. Similar events are likely to occur
when sedative or anesthetic agents depress consciousness. Thus, patients with OSA could experience upper
airway obstruction during and after various surgical procedures. This propensity to obstruct the upper airway
makes patients with OSA susceptible to a variety of serious complications during and after surgery. Several investigators have reported that patients with OSA are predisposed to cardiac arrhythmias, myocardial ischemia,
cerebrovascular insufficiency, and intracranial hypertension [2–6]. Hypoxemia associated with OSA predisposes
patients to mental dysfunction and possibly poor wound
healing after surgery [7,8]. Moreover, nearly fatal respiratory complications and even unexpected deaths have
been reported after surgery in patients with serious OSA
that has been unrecognized or inadequately treated in
the perioperative and postoperative periods [9]. With
more than 41 million surgical procedures performed annually in the United States, a huge population is at risk
of serious complications because of OSA [10]. Considering its magnitude, this problem has, somewhat surprisingly, not been adequately emphasized in the medical
literature. The purpose of this article is to review the
pertinent information in an attempt to improve aware-

Perioperative treatment of sleep apnea Jain and Dhand 483

ness among clinicians regarding the importance of recognizing and treating patients with OSA undergoing various surgical procedures.

Effects of sedatives, analgesics, and
anesthetic agents on the upper airways
The patient with OSA is likely to have disturbances of
breathing when sedated. Table 1 shows various effects of
sedation and anesthesia that could influence OSA in patients undergoing surgery. Anesthetic and sedative drugs
are central nervous system depressants, and they inhibit
respiration. Similarly to the changes occurring during
sleep, sedation and anesthesia reduce functional residual
capacity and predispose to atelectasis [11,12]. They also
depress skeletal muscle tone and relax the upper airway
with an increase in the tendency for the upper airway to
collapse. In comparison with normal individuals, patients
with OSA seem to be much more sensitive to the effects
of sedation [13]. In normal, awake individuals, phasic
activity of the pharyngeal muscles produces their contraction immediately before inspiration. This contraction
of the pharyngeal muscles resists the negative pressure
generated by the diaphragm and prevents collapse of the
upper airway [14,15]. The phasic pharyngeal muscle contraction is markedly reduced by rapid eye movement
(REM) sleep and by the administration of narcotic analgesics [16]. During general anesthesia, neural input to
upper airway muscles is impaired to a greater extent
compared with the reduction in phrenic nerve activity
[17]. Thus, the administration of sedation or anesthesia
may worsen, or even induce, significant sleep apnea during surgery. Among 23 patients with previously unrecognized sleep apnea undergoing outpatient diagnostic procedures under conscious sedation, Sharma et al. [18]
noted that OSA developed in 17 patients (74%). Furthermore, sedative and anesthetic drugs depress responses to
hypoxia and hypercapnia and compensatory reflexes to
applied resistive or elastic respiratory loads [19–21]. In
addition, arousal from sleep is an important defense
mechanism to overcome the upper airway obstruction in
patients with OSA. Unlike persons in natural sleep, patients may not arouse during apnea when their consciousness is depressed by sedative or anesthetic agents.
The sum of these effects is that apnea could have life-

threatening consequences for the sedated or anesthetized patient with OSA.
Abnormalities of breathing may persist into the postoperative period in patients with OSA. The type of anesthesia used is probably not of much significance with
regard to the development of apnea in the postoperative
period [22]. However, this could be a critical period for
patients with OSA because monitoring may not be as
vigorous during this period, the effects of sedatives and
anesthetics may persist, and the artificial airway may no
longer be present to protect the upper airway. The type
and extent of surgery also have a significant impact on
disturbances of sleep architecture in the postoperative
period. After surgery, total sleep time is reduced, and
there is a significant reduction in REM and slow wave
sleep [23,24]. Several factors, including pain, analgesics,
and other hormonal and metabolic changes after surgery,
may contribute to the sleep disturbances [25,26]. Recovery from these disturbances in sleep architecture may
take as long as 1 week [27]. Patients who are predisposed
to apneas during REM sleep may experience significant
complications as the period spent in REM sleep increases back to normal levels in the days after surgery.
Moreover, nocturnal hypoxemia due to apneas during
REM sleep may contribute to the development of myocardial ischemia and infarction, cardiac arrhythmias,
mental confusion, cerebrovascular accidents, and wound
breakdown [8]. Thus, the patient with OSA remains vulnerable to several postoperative complications if apneas
are not recognized and appropriately treated.

Other factors influencing surgical risk
Factors not related to anesthesia, analgesia, or sedation
also contribute to complications after surgery. Most patients are nursed in the supine position, and this may
worsen airway obstruction in some patients with position-dependent apnea. The effects of anxiety, the underlying disease process for which surgery was performed, pain, alterations in circadian rhythm, and
nursing activity all contribute to loss of sleep in the perioperative period. Because sleep deprivation exacerbates
sleep-disordered breathing, these patients may have
more severe apnea as they begin to pay back the sleep
debt accumulated perioperatively.

Table 1. Effects of analgesic and sedative drugs that influence perioperative care in patients with obstructive
sleep apnea
Effect

Influence

CNS depression

Depressed consciousness
Decrease in skeletal muscle tone
Reduced upper airway tone
Reduced neural input to upper airway muscles
Diminished arousal responses
Decrease in FRC, atelectasis
Reduced ventilatory response to hypoxemia and hypercapnia
Reduced response to elastic and resistive workload

Respiratory depression
Ventilatory responses
Response to respiratory workloads

CNS, central nervous system; FRC, functional residual capacity.

Study
Nishino et al. [17]
Meoli et al. [39•]
Nishino et al. [17]
Pelosi et al. [11], Sargent et al. [12]
Sollevi and Lindahl [19], Catley et al. [49]
Wiegland et al. [20], Wilson et al. [21]
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Clinical considerations in patients with
obstructive sleep apnea before surgery
The clinician should remain alert to several possible presentations of OSA in a patient being evaluated for surgery:
1. Patients with already diagnosed OSA who are receiving treatment.
2. Patients with already diagnosed OSA who are not
receiving treatment, who are noncompliant with
treatment, or in whom treatment has been unsuccessful.
3. Patients without a diagnosis of OSA. This category
represents the large majority of patients [28]. Such
patients may have the typical symptoms of OSA,
such as heavy snoring, witnessed apneas, lack of refreshing sleep, fatigue, and excessive daytime sleepiness. Patients may also have the characteristic stigmata of OSA on examination, including obesity,
short thick neck, nasal obstruction, tonsillar hypertrophy, narrow oropharynx, and retrognathia. Although these clinical features are suggestive of OSA,
they are not reliable predictors of the presence or
severity of the disease [29]. There is yet another
group of patients who may lack these typical clinical
features. In such individuals the suspicion of OSA
may arise because of difficulty in intubation or in
maintaining the airway during anesthesia. Witnessed
apneas and unexplained hypoxemia postoperatively
could also be the first indicators of airway obstruction
during sleep.
4. Patients with unexplained hypoxemia, polycythemia, hypercapnia, pulmonary hypertension, or rightside heart failure. Such patients could have undiagnosed, and often severe, OSA.
The severity of OSA also merits consideration because it
influences the risk of complications [29]. Riley et al. [30]
reported a higher rate of complications in patients with a
preoperative apnea index greater than 70 events/hour, a
minimum arterial oxygen saturation below 80%, and intraoperative use of narcotics. Likewise, in patients undergoing upper airway surgery, Esclamado et al. [29]
found that frequency of apnea and reductions in arterial
oxygen saturation were predictors of complications. By
contrast, Gupta et al. [31] reported that even mild OSA
was associated with a higher perioperative risk in orthopedic patients. Although patients with severe OSA seem
to be at higher risk of perioperative complications, careful observation and early intervention should be recommended for patients with all grades of severity of sleepdisordered breathing.
The type and extent of the surgery also contribute to the
variation in responses among patients with OSA. The
following factors should be considered in relation to surgery in patients with OSA:

1. Patients undergoing surgery for heavy snoring (uvulopalatopharyngoplasty) or for relieving upper airway
obstruction (adenoidectomy, tonsillectomy, tracheostomy).
2. Patients undergoing upper airway surgery. In such
patients, postoperative swelling in the upper airway
may further compromise the narrowed upper airway
lumen [32,33]. Moreover, nasal continuous airway
pressure (CPAP) may not be applicable if the nose is
packed. The presence of a nasogastric tube may also
complicate the use of CPAP.
3. Patients undergoing surgery of the thorax and upper
abdomen. In such patients ventilatory function may
be depressed, and the ability to overcome upper airway obstruction could be compromised [34,35].
4. Patients undergoing surgery on the lower abdomen,
pelvis, and extremities are also at higher risk of complications due to OSA [31,36].
Whether the operation is a routine, planned procedure or
an emergent one also factors into the evaluation of the
condition of a surgical patient with OSA.

Complications in patients with obstructive
sleep apnea after upper airway surgery
Several investigators have reported on postoperative
complications and treatment of patients with OSA undergoing upper airway surgery for treatment of sleepdisordered breathing. Riley et al. [30] analyzed the data
from patients undergoing upper airway surgery for OSA
and identified potential factors that could affect riskmanagement outcome. Upper airway surgery included a
combination of uvulopalatopharyngoplasty (162 patients;
77%) and maxillofacial procedures (173 patients; 82%).
Intubation was difficult in 39 (18.6%) patients. Neck circumferences greater than 45.6 cm and skeletal deficiency (Sella-Nasion-Point B <75°) were noted to have a
positive correlation (P > 0.001) with difficult intubations.
All endotracheal tubes were removed with the patient
awake in the operating room with two transient episodes
of airway obstruction. Intraoperative and postoperative
intravenous antihypertensive medications were required
in more than two-thirds of the patients, particularly in
those with a preoperative history of hypertension [30].
Terris et al. [37] retrospectively analyzed the operative
records of 109 adult patients who underwent 125 surgical
procedures on the upper airway over a 5-year period.
Airway complications occurred in 1 patient (0.8%), who
experienced obstruction immediately after surgery and
responded to naloxone and suctioning. Five other patients (4%) experienced oxygen desaturation to levels
below 90%. Cardiac complications, primarily significant
hypertension, were the most common adverse events.
Four (3.2%) bleeding complications were encountered;
all occurred after the patients were discharged from the
hospital [37].
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In summary, perioperative complications after upper airway surgery are common in patients with OSA, and
awareness of them is increasing. Close attention to the
risk factors for these complications helps in reducing the
associated morbidity.

Complications in patients with non–upper
airway surgery
The patient with untreated OSA may present difficult
and potentially life-threatening challenges to the surgical
team even when the anticipated surgery is remote from
the upper airway. Rennotte et al. [38] reported on 16
adult patients with documented OSA syndrome undergoing various types of surgical procedures, including
coronary artery bypass surgery. Anesthesia was administered with the usual type of drugs for each type of surgery. Postoperative opioid analgesia and sedation were
not restricted. One patient with previously diagnosed
but untreated OSA syndrome died after various complications, including a respiratory arrest in the hospital bed.
Another patient experienced serious postoperative complications, including failed extubation, until treatment
for OSA with nasal CPAP was instituted, and thereafter
he made an uneventful recovery. Gupta et al. [31] performed a retrospective analysis to identify and assess the
impact of postoperative complications in patients with
unrecognized or known OSA undergoing hip or knee
replacement. These complications included respiratory
events such as hypoxemia, hypercapnia, episodes of delirium, unplanned days in the intensive care unit, reintubation, cardiac events, and longer hospital stay. In
comparison with control patients undergoing similar operations, adverse postoperative outcomes occurred at a
higher rate (39% vs 18%; P = 0 .001) in patients with a
diagnosis of OSA undergoing hip or knee replacement.
Interestingly, the complication rates were similar in the
group with previously diagnosed sleep apnea in comparison with the group with undiagnosed sleep apnea. Contrary to their expectation, the authors did not find any
association between the severity of OSA, as determined
by absolute and mean values of respiratory disturbance
index, and the incidence of postoperative complications.

Management
To our knowledge, at the time of writing this article,
there is no standardized protocol for the postoperative
treatment of patients with sleep apnea. Recently, the
Clinical Practice Review Committee of the American
Academy of Sleep Medicine published its recommendations on managing the upper airway of the adult patient
with OSA in the perioperative period [39•]. Recommendations for safe perioperative care are summarized in
Table 2.
Preoperative management

Preoperative recognition of OSA is an essential first step
in preventing potential complications. A thorough history and physical examination are important in raising a
suspicion of OSA, but the absence of typical clinical features does not exclude the diagnosis of OSA syndrome.
Hence, in some instances, the diagnosis of OSA may be
presumptive, yet the same precautions should be exercised as in treating a patient with an established diagnosis. When OSA is recognized, several intraoperative and
postoperative initiatives could ensure a satisfactory outcome [40].
In a patient suspected of having sleep apnea, if the situation permits, surgery should be postponed until the patient has been evaluated by means of an overnight polysomnogram. If possible, the patient should be treated
with at least 4 to 6 weeks of CPAP before surgery, because an increase in pharyngeal size and a decrease in
tongue volume have been noted on MRI after 4 to 6
weeks of nasal CPAP therapy [41,42]. In one investigation, patients with OSA who received nasal CPAP before
surgery and on a near-continuous basis for 24 to 48 hours
after extubation and thereafter for all sleep periods did
not experience major complications [38]. The OSA did
not influence intensive care unit and hospital lengths of
stay. Thus, nasal CPAP started before surgery and resumed immediately after extubation allowed these investigators to safely perform a variety of surgical procedures in patients with OSA syndrome, and to freely use
sedative, analgesic, and anesthetic drugs without major

Table 2. Recommendations for safe perioperative care in patients with suspected obstructive sleep apnea (OSA)
Preoperative

Operative

Postoperative

1. Screening for OSA by questionnaires
[39], physical examination
2. Evaluate for possible difficult intubation
[43]
3. Defer elective surgery and consider
overnight polysomnography in patients
with high degree of suspicion for severe
OSA
4. Assess and encourage adherence to
nasal CPAP

1. Consider intubation over fiberoptic
bronchoscope
2. Avoid even brief periods of loss of control
of airway
3. Ensure that alternative methods of
securing airway are immediately available
in the event of unsuccessful intubation

1. Close monitoring until level of
consciousness improves and analgesic
requirements are minimized
2. Use of nasal CPAP in patients with
known OSA [30]
3. Postoperative pain relief using regional
anesthesia rather than continuous
administration of opiates [49]

CPAP, continuous positive airway pressure.
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complications [38]. The authors recommended that every effort should be made to identify patients with OSA
and to institute nasal CPAP before and after surgery [38].

OSA should be carefully observed until they are fully
awake.
Postoperative management

Intraoperative management

The first indication for the presence of OSA may be
difficulty with intubation. The Mallampati score is a relatively simple grading system, which involves preoperative ability to visualize the faucial pillars, soft palate, and
base of the uvula. The degree of difficulty in visualizing
these three structures is an accurate predictor of difficulty with direct laryngoscopy [43]. A high Mallampati
score predicts difficulty with intubation and should increase the suspicion of OSA [43].
During intubation, even brief periods of loss of control of
airway must be avoided. Intraoperative airway risks may
be reduced by direct visualization with a fiberoptic bronchoscope for intubation in patients with increased neck
circumference and skeletal deficiency. Additionally,
Eastwood et al. [44•] suggest that sleep-disordered
breathing should be considered in all patients with a
pronounced tendency for upper airway obstruction during anesthesia or during recovery from it. These workers
studied 25 patients who were having minor surgery on
their limbs, and they found that patients who needed
positive pressure to maintain airway patency had more
severe sleep-disordered breathing than those whose airway remained patent at or below atmospheric pressure
[44•]. This association was strongest during REM sleep.
Extubation of the patient after surgery should be performed only after the patient is sufficiently awake, has
adequate muscle tone in the upper airway, and has low
analgesic requirements. The patient should be carefully
monitored after extubation to ensure that the upper airway remains unobstructed. Monitoring may need to be
continued in an intermediate care setting for a longer
period than that required in patients who do not have
OSA. Nursing the patient in the lateral position may be
helpful for patients whose airway obstruction is worse in
the supine posture. In patients with known OSA, nasal
CPAP at the preoperative settings should be instituted
after extubation. The CPAP pressure may need to be
adjusted in the postoperative setting to obtain optimal
efficacy. Patients who are unable to sustain spontaneous
breathing through an obstructed airway may need reintubation.
Patients with OSA undergoing various outpatient procedures are also at risk for airway obstruction. Analgesic
and sedative doses in such patients should be carefully
titrated so that upper airway tone and respiratory stability
are not compromised. Obstruction of the upper airway
may be out of proportion to the level of sedation
achieved [29]. After outpatient procedures, patients with

Careful monitoring and vigilance for unexpected complication is required during the first 24 hours postoperatively in patients with OSA. Even though high-risk
patients with OSA cannot always be identified preoperatively, and complications including death have occurred
beyond the 24-hour period, significant complications after upper airway surgery for OSA usually emerge within
2 hours after surgery [27,37,45]. Thus, a decision regarding the level of postoperative monitoring needed may be
made with confidence while the patient is in the recovery room. Routine postoperative intensive care monitoring may not be necessary for all adult patients undergoing upper airway surgery for OSA [37].
Patients with OSA syndrome are at a significantly increased risk for hypertension. Large fluctuations in systolic and diastolic blood pressure may occur during periods of apnea in the postoperative period [46,47].
Supplemental oxygen, in the absence of CPAP, should
be used with caution. Hypoxia seems to be a key factor
producing arousal during an apneic episode. By removing the hypoxic drive, supplemental oxygen may increase the incidence and duration of apneic episodes
[15,48]. Nasal CPAP can eliminate the postoperative risk
of hypoxemia, which would then allow the use of adequate parenteral or oral analgesics. Riley et al. [30]
achieved analgesia with intravenous morphine sulfate or
meperidine hydrochloride (intensive care unit) and oral
oxycodone (non–intensive care unit), while the patients
were receiving CPAP during all periods of sleep after
surgery. There were no significant reductions in SpO2,
regardless of the severity of OSA syndrome or obesity.
For patients who are not previously accustomed to its
use, CPAP in the postoperative period may be complicated by the presence of pain, agitation, and hypoxemia.
Moreover, the optimal settings of CPAP may be difficult
to determine. The use of CPAP in such patients may
require placement in an intensive care unit, or other
closely monitored setting, for a few days postoperatively
until the level of consciousness improves and analgesic
requirements are minimized. Postoperative pain relief
using regional anesthesia rather than continuous administration of opiates may be an option in patients who are
not able to tolerate CPAP. The work of Catley et al. [49]
suggests that postoperative pain relief using regional anesthesia has a greater margin of safety in terms of respiratory side effects than does the continuous administration of opiates. Close observation may also be needed
postoperatively for children undergoing upper airway
surgery because serious complications could occur after
swelling in the upper airway [32,33].
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Conclusion
Obstructive sleep apnea places a significant proportion of
surgical patients at increased risk of perioperative complications. OSA can be induced, unmasked, or exacerbated by the effect of sedative, analgesic, and anesthetic
agents regardless of the site of surgery. Once OSA develops, these patients are at higher risk of several lifethreatening complications. The role of OSA as a risk
factor for the development of postoperative complications needs to be emphasized. Preoperative recognition
of OSA, constant control of the airway, titration of analgesic and sedative drugs, and careful monitoring could
avoid many unexpected complications after surgery. In
patients with OSA, nasal CPAP should be used for 48 to
72 hours after surgery and during sleep thereafter. Preferably, the optimal settings of CPAP should be determined before surgery is undertaken in patients with
OSA. Increased awareness of the risk posed by an obstructed upper airway and appropriate management are
important to optimize the perioperative care of patients
with OSA.

16

Tierney NM, Pollard BJ, Doran BR: Obstructive sleep apnea. Anesthesia
1989, 44:235–237.

17

Nishino T, Shirhata M, Toshihide Y, et al.: Comparison of phrenic nerve activity in response to increasing depth of anesthesia in cats. Anesthesiology
1984, 60:19–24.

18

Sharma VK, Galli W, Haber A, et al.: Unexpected risks during administration
of conscious sedation: previously undiagnosed obstructive sleep apnea. Ann
Intern Med 2003, 139:707–708.

19

Sollevi A, Lindahl SG: Hypoxic and hypercapneic ventilatory responses during isoflurane sedation and anaesthesia in women. Acta Anaesthesiol Scand
1995, 39:931–938.

20

Wiegland L, Zwillich CW, White DP: Sleep and the ventilatory response to
resistive loading in normal men. J Appl Physiol 1988, 64:1186–1195.

21

Wilson PA, Skatrud JB, Dempsey JA: Effects of slow wave sleep on ventilatory compensation to inspiratory elastic loading. Respir Physiol 1984, 55:
103–120.

22

Lehmkuhl P, Herer P, Pichlmayr I: General anesthesia and postnarcotic sleep
disorders. Neuropsychobiology 1987, 18:37–42.

23

Aurell J, Elmqvist D: Sleep in the surgical intensive care unit: continuous polygraphic recording of sleep in nine patients receiving postoperative care.
Br Med J (Clin Res Ed) 1985, 290:1029–1032.

24

Kavey NB, Ahshuler KZ: Sleep in herniorrhaphy patients. Am J Surg 1979,
138:638–647.

25

Rosenberg J, Rosenberg-Adamsen S, Kehlet H: Post-operative sleep disturbances: causes, factors and effects on outcome. Eur J Anaesthesiol 1995,
10(Suppl):28–30.

26

Rosenberg-Adamsen S, Skarbye M, Wildschiodtz G, et al.: Sleep after laparoscopic cholecystectomy. Br J Anaesth 1996, 77:572–575.

27

Knill RL, Moote CA, Skinner MI, et al.: Anesthesia with abdominal surgery
leads to intense REM sleep during the first postoperative week. Anesthesiology 1990, 73:52–61.

28

Young T, Evans L, Finn L, et al.: Estimation of the clinically diagnosed proportion of sleep apnea syndrome in middle aged men and women. Sleep 1997,
20:705–706.

29

Esclamado RM, Glenn MG, McCulloch TM, et al.: Perioperative complications and risk factors in the surgical treatment of obstructive sleep apnea
syndrome. Laryngoscope 1989, 99:1125–1129.

30

Riley RW, Powell NB, Guilleminault C, et al.: Obstructive sleep apnea surgery: risk management and complications. Otolaryngol Head Neck Surg
1997, 117:648–652.

31

Gupta R, Parvizi J, Hanssen A, et al.: Postoperative complications in patients
with obstructive sleep apnea undergoing hip or knee replacement: a casecontrol study. Mayo Clin Proc 2001; 76:897–905.

References and recommended reading
Papers of particular interest, published within the annual period of review,
have been highlighted as:
•

Of special interest

••

Of outstanding interest

1

Young T, Palta M, Dempsey J, et al.: The occurrence of sleep-disordered
breathing among middle-aged adults. N Engl J Med 1993, 328:1230–1235.

2

Harbison J, O’Reilly P, McNicholas WT: Cardiac rhythm disturbances in the
obstructive sleep apnea syndrome: effects of nasal continuous positive airway pressure. Chest 2000, 118:591–595.

3

Peker Y, Hedner J, Kraiczi H, et al.: Respiratory disturbance index: an independent predictor of mortality in coronary artery disease. Am J Respir Crit
Care Med 2000, 162:81–86.

4

Harbison JA, Gibson GJ: Snoring, sleep apnoea, and stroke: chicken or
scrambled egg? QJM 2000, 93:647–654.

5

Peker Y, Hedner J, Norum J, et al.: Increased incidence of cardiovascular
disease in middle-aged men with obstructive sleep apnea: a 7-year follow-up.
Am J Respir Crit Care Med 2002, 166:159–165.

32

Burgess LP, Derderian SS, Morin GV, et al.: Postoperative risk following uvulopalatopharyngoplasty for obstructive sleep apnea. Otolaryngol Head Neck
Surg 1992, 106:81–86.

6

Jennum P, Borgesen SE: Intracranial pressure and obstructive sleep apnea.
Chest 1989, 95:279–283.

33

7

Rosenberg J, Kehlet H: Postoperative mental confusion: association with
postoperative hypoxemia. Surgery 1993, 114:76–81.

Kravath RE, Pollak CP, Borowiecki B, et al.: Obstructive sleep apnea and
death associated with surgical correction of velopharyngeal incompetence.
J Pediatr 1980, 96:645–648.

34

8

Kehlet H, Rosenberg J: Late post-operative hypoxaemia and organ dysfunction. Eur J Anaesthesiol Suppl 1995, 10:31–44.

Knudsen J: Duration of hypoxemia after uncomplicated upper abdominal and
thoraco-abdominal operations. Anaesthesia 1970, 25:372–377.

35

9

Jarrel L: Preoperative diagnosis and postoperative management of adult patients with obstructive sleep apnea syndrome: a review of literature. J Perianesth Nurs 1999, 14:193–200.

Entwistle MD, Roe PG, Sapsford DJ, et al.: Patterns of oxygenation after thoracotomy. Br J Anaesth 1991, 67:704–711.

36

Reeder MK, Goldman MD, Loh L, et al.: Late postoperative nocturnal dips in
oxygen saturation in patients undergoing major abdominal vascular surgery.
Predictive value of pre-operative overnight pulse oximetry. Anaesthesia 1992,
47:110–115.

10

National Center for Health Statistics: http://www.cdc.gov/nchs/fastats/
insurg.htm

11

Pelosi P, Croci M, Ravagnan I, et al.: Total respiratory system, lung, and chest
wall mechanics in sedated-paralyzed postoperative morbidly obese patients.
Chest 1996, 109:144–151.

37

Terris DJ, Fincher EF, Hanasono MM, et al.: Conservation of resources: indications for intensive care monitoring after upper airway surgery on patients
with obstructive sleep apnea. Laryngoscope 1998, 108:784–788.

12

Sargent MA, McEachern AM, Jamieson DH, et al.: Atelectasis on pediatric
chest CT: comparison of sedation techniques. Pediatr Radiol 1999, 29:509–
513.

38

Rennotte MT, Baele P, Aubert G, et al.: Nasal continuous positive airway
pressure in the perioperative management of patients with obstructive sleep
apnea submitted to surgery. Chest 1995, 107:367–374.

13

Boushra NN: Anesthetic management of patients with sleep apnoea syndrome. Can J Anaesth 1996, 43:599–616.

39
•

14

Jones JG, Sapsford DJ, Wheatly RG: Post-operative hypoxemia: mechanisms
and time course. Anesthesia 1990, 45:566–573.

15

Catley DM: Postoperative analgesia and respiratory control. Int Anesthesiol
Clin 1984, 22:95–111.

Meoli AL, Rosen CL, Kristo D, et al.: Clinical Practice Review Committee.
American Academy of Sleep Medicine. Upper airway management of the
adult patient with obstructive sleep apnea in the perioperative period: avoiding complications. Sleep 2003, 26:1060–1065.
Timely review of the treatment of patients with obstructive sleep apnea during the
perioperative period.
40

Johnson JT, Braun TW: Preoperative, intraoperative, and postoperative man-

488 Sleep and respiratory neurobiology
agement of patients with obstructive sleep apnea syndrome. Otolaryngol Clin
North Am 1998, 31:1025–1030.
41

42

43

Mehta Y, Manikappa S, Juneja R, et al.: Obstructive sleep apnea syndrome:
anesthetic implications in the cardiac surgical patient. J Cardiothorac Vasc
Anesth 2000, 14:449–453.
Ryan F, Lowe AA, David LI, et al.: Magnetic resonance imaging of the upper
airway in obstructive sleep apnea before and after chronic nasal continuous
positive airway pressure therapy. Am Rev Respir Dis 1991, 144:939–944.
Mallampati SR, Gatt SP, Gugino LD, et al.: A clinical sign to predict difficult
tracheal intubation: a prospective study. Can Anaesth Soc J 1985, 32:429–
434.

44 Eastwood PR, Szollosi I, Platt PR, et al.: Comparison of upper airway collapse
during general anaesthesia and sleep. Lancet 2002, 359:1207–1209.
•
Small study with interesting findings that (1) sleep-disordered breathing can occur
after even minor surgical procedures on the limbs and (2) an idea of the severity of
sleep-disordered breathing can be obtained during anesthesia.

45

Rosenberg J, Rasmussen GI, Wojdman KR, et al.: Ventilatory pattern and
associated episodic hypoxaemia in the late postoperative period in the general surgical ward. Anaesthesia 1999, 54:323–328.

46

Reeder MK, Goldman MD, Loh L, et al.: Postoperative obstructive sleep apnoea: haemodynamic effects of treatment with nasal CPAP. Anesthesia
1991, 46:849–853.

47

Shepard JW Jr: Hypertension, cardiac arrhythmias, myocardial infarction, and
stroke in relation to obstructive sleep apnea. Clin Chest Med 1992, 13:437–
458.

48

Smith PL, Haponik EF, Bleecker ER: The effects of oxygen in patients with
sleep apnea. Am Rev Respir Dis 1984, 130:958–963.

49

Catley DM, Thornton C, Jordan C, et al.: Pronounced, episodic oxygen desaturation in the postoperative period: its association with ventilatory pattern
and analgesic regimen. Anesthesiology 1985, 63:20–28.

