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ABSTRACT

Anaesthesia and sleep are different states of uncon-
sciousness with considerable physiological common
ground. Because of their shared depressant effects on
muscle activation and ventilatory drive, patients with
anatomically compromised airways will tend to obstruct
in either state and those with impaired ventilatory capac-
ity will tend to hypoventilate. Breathing behaviour in one
state is predictive of that in the other. An essential differ-
ence is that while arousal responses are preserved during
sleep, they are depressed during sedation and abolished
by anaesthesia. This renders patients with sleep-related
breathing disorders vulnerable to hypoventilation and
asphyxia when deeply sedated. Addressing this vulnera-
bility requires a systematic approach to identification of
patients and circumstances that magnify this risk, and
methods of managing it that seek to reconcile the need
for safety with cost-effective use of resources.

Key words: anaesthesia, obstructive sleep apnoea, periopera-
tive management, sleep, sleep-disordered breathing.

Abbreviations: AHI, apnoea-hypopnoea index; BMI, body
mass index; BPAP, bi-level PAP; CPAP, continuous PAP; GABA,
gamma-aminobutyric acid; ICU, intensive care unit; OSA,
obstructive sleep apnoea; PACU, post-anaesthesia care unit;
PAP, positive airway pressure; Pcrit, critical closing pressure;
REM, rapid eye movement; SDB, sleep-disordered breathing;
STOP-BANG, loud Snoring, daytime Tiredness, Observed
obstructions during sleep, presence of high blood Pressure, BMI
of >35 kg/m?, Age over 50 years, Neck circumference >40 cm
and Male gender; UA, upper airway.

INTRODUCTION

Preservation of upper airway (UA) patency is funda-
mental to survival. It is for good reason that in the
‘ABC’ of resuscitation ‘A’ for airway comes first,
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because without it, the ‘B’ for breathing will not hap-
pen and the ‘C’ for circulation becomes irrelevant.'
Airway patency is challenged by unconsciousness in
all its forms—sleep, sedation, anaesthesia and neu-
rological injury. The first requirement of general
anaesthesia is to ensure that a stable airway is estab-
lished and maintained. This can be a major challenge
in some individuals because of anatomical or physio-
logical predisposition to UA collapse when uncon-
scious. This vulnerability is often evident during sleep
in such individuals as the associated muscle relaxation
provides the conditions for partial or complete
obstruction of the predisposed airway, usually neces-
sitating a brief arousal to terminate it. This is the basis
of obstructive sleep apnoea (OSA).

The anatomical factors that predispose to OSA are
those that also predispose to difficulties with airway
maintenance (either with face mask ventilation or with
tracheal intubation) under anaesthesia.>® These factors
include a crowded narrow, oropharyngeal airway or
restricted skeletal confines, as seen with retrognathia.*®
Hence, knowledge of the presence of OSA can help
forewarn the anaesthesiologist of the possibility of a
‘difficult airway’. Furthermore, the presence of OSA
forewarns of vulnerability to UA obstruction beyond
the heavily supervised environment of the operating
room, with increased risk of post-operative asphyxia,
respiratory arrest and death.® In the post-operative
period, the risk is particularly exacerbated when under
the influence of sedatives and opioid analgesics.”'
These medications depress the arousal responses that
protect against prolonged episodes of partial or com-
plete obstruction during sleep.''* The severity of OSA
as measured by the apnoea-hypopnoea index (AHI)
may worsen in OSA patients during the post-operative
period. It is well established that surgical patients with
OSA are at increased risk of post-operative complica-
tions. Apart from their immediate consequences, these
events have medico-legal implications.*®

It is likely that the presence of other forms of sleep-
disordered breathing (SDB), such as sleep hypoventila-
tion, also helps identify patients at increased risk of
perioperative respiratory complications. For example,
patients with obesity hypoventilation syndrome appear
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to be at increased risk of post-operative respiratory
failure.'"*'® Hypoventilation during sleep from other
causes, such as respiratory neuromuscular disorders or
advanced chronic obstructive lung disease, may also
indicate a vulnerability to (wakeful) respiratory failure
post-operatively in circumstances where ventilation is
further compromised by pain, sedatives, opioid analge-
sics, atelectasis, respiratory infection or where there is
an increased requirement for it from fever or disor-
dered gas exchange.'® While this paper primarily con-
siders OSA and anaesthesia, sleep hypoventilation is
another sleep-related breathing disorder which is likely
to have significant implications for perioperative man-
agement. Conditions that commonly predispose to
sleep hypoventilation, such as obesity and neuromus-
cular disease, also predispose to OSA and so the pro-
blems can frequently coexist.

THE NATURE OF OSA

OSA is characterized by recurrent episodes of partial
(hypopnoea) or complete (apnoea) obstruction of the UA
during sleep. The number of apnoeas and hypopnoeas
divided by hours asleep yields the AHI, an index of OSA
severity, with (in adults) <5 events/h considered normal
5-14.99 events/h mild disease, 15-29.99 events/h moder-
ate disease and >30 events/h severe disease.

The pathophysiology of OSA is based on a number of
‘phenotypic’ factors that vary between individuals,
accounting for the different disease patterns observed
amongst them. These factors include predisposing ana-
tomical characteristics, patterns of UA muscle activation,
arousal thresholds and stability of ventilatory control.'”
It is likely that these factors influence individual vulnera-
bility of OSA patients to opioids and sedatives.

The apnoeic and hypopnoeic events occur because of
the combined influences of an airway which is anatomi-
cally predisposed to obstruction and loss of the stabiliz-
ing effects of wakeful UA muscle activity with transition
to unconsciousness.”® Narrow, crowded airways
through genetic predisposition, obesity, restricted skele-
tal confines or obstructing pathologies such as tonsillar
or adenoidal hypertrophy all predispose to the problem.
When a hypopnoea or apnoea occurs, it is usually ter-
minated by a brief (<15 s) arousal, which is accompa-
nied by muscle activation and momentarily disrupts
sleep. Sometimes, these events cause awakenings.
Occasionally, they resolve without cortical arousal. The
threshold for arousal varies between individuals—some
with a low threshold having a propensity to arouse with
only minor degrees of obstruction, while others with a
high arousal threshold have events that are longer and
associated with greater degrees of hypoxaemia.'"'?

The nature of the ventilatory response that follows
relief of obstruction is a further individual phenotypic
characteristic that predicates the subsequent course of
events." Those with exaggerated ventilatory responses
following a period of obstruction—either because of rela-
tive brisk chemoreceptor/mechanoreceptor-mediated
ventilatory responsiveness (high controller gain) or
under-damped responses, for example through low oxy-
gen or carbon dioxide stores which reduces the capacity
to buffer changes in blood gas tensions with changes in
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ventilation (high plant gain)—are prone to increased
breathing instability and repetition of events. The com-
bined influences of controller gain and plant gain are
sometimes collectively referred to as ‘loop gain’.'”'®

In its milder forms, OSA may only be manifest in
particular circumstances, such in rapid eye movement
(REM) sleep, where muscle relaxation is most pro-
found, or where other aggravating factors are present,
such as sleep in the supine posture, or after alcohol.*°

Hence, it is the combined influence of a number of
factors that determines the nature and severity of OSA.
These are of relevance to perioperative management.
The anatomical factors that predispose to OSA also
predispose to difficulties with airway maintenance
when sedated or anaesthetized, including difficulties
with tracheal intubation.”? The decrease in muscle acti-
vation and ventilatory drive that occur during sleep are
also seen during sedation and anaesthesia, so that
those with a tendency to obstruct or hypoventilate in
one state are prone to do so in the other. Those with
high arousal thresholds, manifest as lengthier obstruc-
tive events, with consequently deeper arterial oxygen
desaturations, are likely to be more vulnerable to the
depressant effects on arousal responses of sedative
drugs, including opioid analgesics."!

ANATOMICALLY DIFFICULT AIRWAYS

The American Society of Anesthesiologists taskforce has
defined a difficult airway as the clinical situation in which
a conventionally trained anaesthesiologist experiences
difficulty with facemask ventilation of the UA, difficulty
with tracheal intubation or both.>* Anatomical predispo-
sitions to this situation include: oropharyngeal crowding
from familial factors; macroglossia (e.g. from Down syn-
drome); tonsillar and adenoidal hypertrophy; other
masses within the UA; obesity; increased neck circumfer-
ence (not necessarily obesity related) and narrowed skel-
etal confines (e.g. from retrognathia).® These problems
also predispose to OSA and oropharyngeal appearances
as judged from reduction in width and increased Mal-
lampati score have predictive capacity for both condi-
tions.? Furthermore, the conditions are related: Patients
who are difficult to intubate are at substantial risk of OSA
and, conversely, OSA is a risk factor for difficult intuba-
tion>*> In a case-control retrospective study of
253 patients, difficult intubation was found to occur eight
times more often in OSA patients than controls.”® A 44%
prevalence of difficult intubation has been found in OSA
patients undergoing ear, nose and throat surgery.**
Patients with severe OSA (AHI >40) have been found to
have a higher prevalence of difficult intubation.* Patients
with OSA may be difficult to mask ventilate as well.*>*

PHYSIOLOGICAL EFFECTS SHARED
BETWEEN SLEEP AND ANAESTHESIA

A number of physiological changes are shared by
sleep and anaesthesia. These include reductions in:
(i) hypoxic and hypercapnic ventilatory drive**;
(ii) muscle activation (with preferential inhibition of
UA vs respiratory pump muscles and increased
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Anaesthetic management of sleep apnoea

diaphragm dependence)**% (iii) cortical influences
(with removal of volitional control and of the stimula-
tory effect of wakefulness); (iv) gain of UA pharyngeal
and other load compensation reflexes®** and (v) lung
volume.**** These physiological changes render UA
vulnerable to collapse and predispose to hypoventila-
tion. The fact that they are present in both states sug-
gests a potential relationship in UA collapsibility and
hypoventilation between them.

TENDENCIES TO UA COLLAPSE AND
HYPOVENTILATION IN SLEEP AND
ANAESTHESIA ARE RELATED

Indeed, it is the case that there is a direct relationship
between increased UA collapsibility under general
anaesthesia, as quantified by measurement of pharyn-
geal critical closing pressure (Pcrit), and presence and
severity of OSA, as quantified by AHI.*®

THE NARCOTIC SWITCH: ABRUPT
TRANSITIONS WITH LOSS OF
CONSCIOUSNESS

In airways that are anatomically predisposed to obstruc-
tion, UA muscle activity is vital in maintaining UA
patency during wakefulness.*” This activity decreases
quite abruptly with transition to unconsciousness both
at sleep onset and with induction of anaesthesia.’®*
The electroencephalographic hallmark of sleep onset
is a relatively sudden transition in its frequency content

from alpha to (slower) theta rhythm. At this transition,
there is an abrupt diminution of phasic UA dilator

muscle (genioglossus) activity that promptly reappears
with return to alpha rhythm.*® The abruptness of this

change with transition to unconsciousness is consistent
with the notion of a ‘narcotic switch’ in which the neu-
ral networks involved are organized to produce stable
states of wakefulness or sleep with a distinct threshold
effect observed in moving from one state to the other.
To be either stably awake or stably asleep is important
behaviourally so as to avoid inconvenient intrusions of
sleep into wakefulness or wakefulness into sleep. Struc-
turally, this narcotic switch consists of a network of
neural centres in the hypothalamus and brain stem,
some of which are stimulatory in nature, generating
ascending activating stimuli to the cortex to maintain
wakefulness, and others which are inhibitory, suppres-
sing this ascending arousal system during sleep.*® Dur-
ing wakefulness, the activity of the stimulatory centres
predominates and, furthermore, inhibits the activity of
the inhibitory, sleep-promoting centres. During sleep,
the reverse applies. It is this mutual inhibition between
stimulatory and inhibitory centres that is the basis for
the relative stability of either wakefulness or sleep with
a well-defined switch-like transition between them.

The neurophysiology of wakefulness and sleep is
highly relevant to anaesthesia as key components of
the narcotic switch are activated by anaesthetic and
sedative drugs. It is important to note that the uncon-
sciousness of anaesthesia is due, at least in part, to acti-
vation of this switch. For example, the hypothalamic
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ventrolateral preoptic nucleus, which is the foremost
inhibitory centre, is replete with GABA (gamma-
aminobutyric acid)-ergic neurons. Its neuronal targets
are activated by common anaesthetics, such as propo-
fol and inhalational anaesthetics, and sedatives, such
the benzodiazepines, as they are GABA-ergic in their
activity.*® Alternatively, rather than activating inhibitory
centres, dexmedetomidine, which is an alpha 2 agonist,
produces its sedative effects by inhibiting the locus
coeruleus, an important wakefulness promoting centre
which is noradrenergic in its activity.** It is perhaps
not surprising, therefore, that when these wake-sleep
centres are activated by anaesthetic and sedative
drugs, a similar sharp switch-like decrease in pharyn-
geal muscle activation is observed during induction
of anaesthesia at transition from consciousness to
unconsciousness to that observed at sleep onset.**?°
While this transition from consciousness (with all its
protections) to unconsciousness (with all its associated
vulnerabilities to UA obstruction and hypoventilation)
occurs by similar neurophysiological means with sleep
and anaesthesia, an obvious and critical difference
exists between them: transition back to consciousness
is readily made from natural or drug-induced sleep
(mild sedation), as arousal responses are preserved,
whereas arousal responses are suppressed during deep
sedation and anaesthesia and drug metabolism, and
elimination is required for the return of consciousness.

CAPACITY TO AROUSE IS THE
CRITICAL DIFFERENCE BETWEEN
SLEEP/MILD SEDATION AND DEEP
SEDATION/ANAESTHESIA

The capacity to arouse is a vital protection against harm
in the sleeping individual. In general, obstructive events
and periods of hypoventilation are terminated by arou-
sals which are triggered by changes in mechanical
load or in blood gas tensions. Suppression of arousal
responses is associated with danger of asphyxia, cardi-
opulmonary arrest and death in those prone to UA
obstruction when unconscious." These vulnerabilities
are adequately managed during procedural sedation
and anaesthesia by a vigilant attending anaesthesiolo-
gist. Close monitoring is required until there is an
assured return of arousal responses following emer-
gence from anaesthesia. Danger of perioperative
asphyxia recedes with the return of rousability. How-
ever, subsequent use of sedatives or opioids for post-
operative pain may induce a recurrent impairment of
protective arousal responses. This may well explain
why OSA is an established risk factor for cardiopulmo-
nary complications during in-patient surgery, but
appears to be associated with relatively low risk
beyond initial emergence in ambulatory surgery.*"*?
However, while the requirement for opioids for post-
operative pain may be less following ambulatory sur-
gery, there are reported cases of respiratory arrest
related to use of opioids in this setting. Assuring
return of prompt, stable protective arousal responses
is a key consideration in anaesthetic management of
patients with SDB. Until the risk of recurrent arousal
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suppression (e.g. with subsequent opioid or sedative
use) has receded, monitoring of ventilatory adequacy
(oximetry, oro-nasal airflow by capnography or other
means) is recommended.*?

OPIOIDS AND THE AT-RISK PATIENT

Opioids have a central role in post-operative pain man-
agement for many procedures. In sufficient dose, they
pose particular problems for ventilation in patients
with SDB. These problems arise because they acutely
depress: (i) hypercapnic and hypoxic responses*
(ii) pharyngeal negative pressure and other load com-
pensating reflexes®; (iii) arousal and awakening
responses®’; (iv) volitional modulation of respiration*’
and (v) pharyngeal dilator muscle activity.*®

These opioid-induced changes are potentially dan-
gerous in predisposed patients as they can provoke UA
obstruction, hypoventilation and arousal failure. These
effects may be aggravated by coexistent sleep, hyper-
capnia and use of sedatives. Multimodal analgesia and
regional anaesthesia should be used whenever possi-
ble. However, while an admirable aim, circumvention
by minimizing use of opioid drugs preoperatively is not
always practicable. Where not, the vulnerable patient
should be continuously monitored until the need for
such drugs has passed or, where there is continued,
non-parenteral use in lower dose, stable return of
prompt rousability has been demonstrated.

OSA AS A PERIOPERATIVE RISK
FACTOR

It is likely that the patients most at risk from periopera-
tive ventilatory complications are those who have a low
tolerance to the sedative effects of these drugs and/or
who have an inherently high threshold to arousal from
obstructive events, as evident from their behaviour dur-
ing sleep." Just as there are inter-individual difference
in drug sensitivities, so are there inter-individual differ-
ences in thresholds to arousal from sleep triggered by
UA obstructive episodes: some arouse very readily to
relatively minor degree of obstruction and changes in
blood gas tensions while others can have prolonged
apnoeas with deep desaturations before the eventual
occurrence of a life-saving arousal response.'"* In
such cases, these lengthy events are most often
observed during REM sleep, as arousal responses can
be at their most sluggish in this sleep stage. A particu-
lar subset of patients with OSA, characterized by
decreased chemoreflex responsiveness and high arou-
sal thresholds, may be more susceptible to opioid-
induced ventilatory impairment.*

STRATIFYING PERIOPERATIVE RISK

Hence, a variety of factors potentially contribute to
perioperative risk associated with OSA and attempts to
stratify this risk should take into account the procedure
undertaken, relevant patient characteristics and post-
operative sedative and opioid analgesic requirements.

© 2016 Asian Pacific Society of Respirology
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Procedures associated with extra risk are likely to
include operations involving the UA, brain, chest wall/
respiratory pump (thoracic and upper abdominal)
and/or those associated with a substantial post-
operative analgesic requirement. Patient factors likely
to be important include: (i) severity of OSA, as reflected
by both AHI and presence of lengthy events and deep
desaturations'**’; (ii) associated obesity, neuromuscu-
lar disease or advanced lung disease, all of which can
predispose to both UA obstruction and sleep hypoven-
tilation'®; (iii) the presence of sleep hypoventilation
either demonstrated by direct observation (sleep study)
or inferred from otherwise unexplained elevation of
wakeful serum bicarbonate levels (which suggests buf-
fering of overnight CO, accumulation)®® or (iv) the
presence of (wakeful) respiratory failure as documen-
ted by arterial blood gas analysis. Any post-operative
opioid analgesic or sedative requirement is potentially
problematic but likely to be particularly so where there
is a requirement for higher doses, as defined by paren-
teral use, oral use >200 mg morphine equivalents/day
in the case of chronic use, or less in patients naive to
opioids or with particular sensitivities to their effects.*

MANAGING PERIOPERATIVE RISK

The most widely promulgated guideline for manage-
ment of perioperative risks associated with OSA is the
‘Practice Guidelines for the Perioperative Management
of Patients with Obstructive Sleep Apnea’ published by
the American Society of Anesthesiologists in 2014.%
This provides much sound advice, but is constrained
by a relative paucity of published data on which to
base its recommendations. As a result, the guideline
provides little practical advice as to how to balance
notions of best practice with effective and cost-
effectiveness use of expensive monitoring resources.
Anaesthesiologists remain faced with the difficulty of
identifying those most at risk of perioperative ventila-
tory complications for particular attention including
prolonged use of expensive monitoring facilities post-
operatively: a process of risk stratification.

A more recent guideline, published by the Society of
Anesthesia and Sleep Medicine in 2016 (‘Society of
Anesthesia and Sleep Medicine Guidelines on Preoper-
ative Screening and Assessment of Adult Patients with
Obstructive Sleep Apnea’) addresses this issue.”
Among other matters, it recognizes that identification
of patients at risk may occur late in preoperative work-
up. In most cases, this is too late and too imprecise to
reasonably delay surgery. Hence, the emphasis is on
how to best assess risk within the limited time frame
available, and manage thereafter.

GENERAL CONSIDERATIONS IN
PERIOPERATIVE MANAGEMENT
OF PATIENTS WITH KNOWN OR
SUSPECTED OSA

Many surgical patients with OSA are undiagnosed.>*>*®
Of those who are diagnosed, some are fully compliant
with treatment while others are either partially treated

Respirology (2016)
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Figure 1 The relationship between the STOP-BANG (loud Snoring, daytime Tiredness, Observed obstructions during sleep, presence
of high blood Pressure, BMI of >35 kg/m?, Age over 50 years, Neck circumference >40 cm and Male gender) Questionnaire score and
probability of obstructive sleep apnoea (OSA). (A) The STOP-BANG Questionnaire score and the probability of moderate OSA
(apnoea-hypopnoea index (AHI): >15-30) in sleep clinic patients. (B) The STOP-BANG Questionnaire score and the probability of
severe OSA (AHI >30) in sleep clinic patients. (C) The STOP-BANG Questionnaire score and the probability of moderate OSA (AHI:
>15-30) in surgical patients. (D) The STOP-BANG Questionnaire score and the probability of severe OSA (AHI >30) in surgical patients

(Adapted from Chung et al.,%* with permission).

or untreated. Perioperative management strategies
need to take this into account.”® General considerations
include: (i) preoperative assessment for OSA with an
attempt to identify and stratify risk and to initiate ther-
apy where feasible in patients not already under treat-
ment; (ii) intraoperative use of local or regional
anaesthetic techniques where applicable to obviate the
need for sedatives and parenteral opioids; (iii) selection
of short-acting drugs with rapid metabolism and elimina-
tion for early return of consciousness where general
anaesthesia is employed; (iv) extubation awake, with full
reversal of neuromuscular blockade and (where practica-
ble) non-supine; (v) further assessment of vulnerability
to UA obstruction and hypoventilation in the post-
anaesthesia care unit (PACU)*’; (vi) provision to monitor
oxygen saturation (SpO2) and ventilation continuously
while risk of obstruction or hypoventilation persists

Respirology (2016)

(essentially while arousal responses remain subject to
compromise); (vii) minimization of use of opioids and
sedatives through use of regional analgesia and non-
opioid analgesics, exercising particular caution with opi-
oid infusions®; (viii) avoidance of the supine posture
where possible and (ix) use of positive airway pressure
(PAP) therapies where indicated and feasible.>*-%?

IDENTIFYING PATIENTS AT RISK

OSA is widely prevalent, particularly amongst surgical
populations, and is under-diagnosed.>**® Hence, many
patients will present for surgery with this risk factor
unidentified. The first step in addressing this issue is to
organize systematic collection of historical and anthro-
pometric information that identifies this risk. There are

© 2016 Asian Pacific Society of Respirology
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Figure 2 STOP-BANG (loud Snoring, daytime Tiredness,
Observed obstructions during sleep, presence of high blood
Pressure, BMI of >35kg/m? Age over 50 years, Neck
circumference >40 cm and Male gender) algorithm with a two-
step scoring strategy (Adapted from Chung et al,’* with
permission).

a number of questionnaires designed to do this, the
most widely used currently being the eponymous
STOP-BANG Questionnaire.®*** This involves eight
questions relating to loud Snoring, daytime Tiredness,
Observed obstructions during sleep, presence of high
blood Pressure, BMI of >35 kg/m? Age over 50 years,
Neck circumference >40 cm and Male gender. One
point is scored for each positive answer and a score of
>3 is 84% sensitive and 56% specific for the presence of
OSA (AHI >5 events/h).®* The high sensitivity, com-
bined with its simplicity, makes it an attractive screen-
ing tool as a score of 0-2 allows OSA to be reasonably
confidently excluded. However, the modest specificity
means a high proportion of those ruled in (score >3)
will be false positives. Other preoperative question-
naires such as the Perioperative Sleep Apnea Prediction
Score, Berlin Questionnaire and American Society of
Anesthesiologists OSA check-list share this problem of
modest specificity.®® In surgical populations, a higher
STOP-BANG score is associated with a greater proba-
bility of moderate to severe OSA (Fig. 1).°*%” Various
combinations of STOP-BANG score components may
be helpful in refining risk. For example, a combination
of a STOP score >2 + BMI > 35 kg/m?, or male gender
or neck circumference >40 cm is more specific for the
presence of OSA than a STOP-BANG score of >3
(Fig. 2).** The inverse relationship between sensitivity
and specificity with varying STOP-BANG diagnostic
thresholds influences the relative rates of missed diag-
noses and wasted resource utilization in diagnosing
OSA.*" The optimal cut-off score of STOP-BANG should
be determined in each specific setting: in practice,
many preoperative clinics use STOP-BANG score of
5 or greater in an effort to improve specificity, but at
the cost of sensitivity.®®

In addition to their problems with diagnostic accu-
racy, it is important to note that the questionnaires are
primarily designed to identify the presence of OSA
rather than quantify its severity. Hence, other methods
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have to be considered in more accurately determining
the presence and severity of OSA. If time allows and
the level of suspicion is sufficiently high, then compre-
hensive polysomnography can be considered. How-
ever, there are other simpler portable monitoring
alternatives that supply valuable additional information
readily and relatively inexpensively.*

PORTABLE PREOPERATIVE
MONITORING

The simplest portable monitors record various combi-
nations of oximetry, nasal airflow and chest wall
motion continuously overnight. Providing adequate
sleep is obtained (which is not directly assessed by
these simpler devices, in contrast to polysomnography)
a reasonable estimate of the presence and severity of
OSA can be obtained including estimated AHI, length
of events and severity of associated arterial oxygen
desaturations. The addition of this information sub-
stantially improves on the diagnostic accuracy of ques-
tionnaires with favourable combinations of sensitivity
and specificity for the presence of OSA.*® Furthermore,
the additional information allows the severity of OSA to
be better quantified.

Even though simpler and more readily available than
polysomnography, time is still needed to arrange over-
night monitoring, retrieve data and analyse the results.
This is problematic where patients at potential risk are
identified late in the preoperative work-up, as is often
the case. The Society of Anesthesia and Sleep Medicine
Guideline suggests that there is insufficient evidence to
support cancelling or delaying surgery in order to
undertake further testing to diagnose OSA in patients
identified as being at high risk of it preoperatively,
unless there is evidence of associated significant or
uncontrolled systemic disease or additional problems
with ventilation or gas exchange.”® These problems
include, but may not be limited to: (i) hypoventilation
syndromes; (ii) severe pulmonary hypertension and
(iii) resting hypoxaemia not attributable to other cardi-
opulmonary disease.>* Where at-risk patients are iden-
tified, risk can be mitigated by following the measures
described earlier, including modification of anaesthetic
technique, multi-modal pain management, post-
operative monitoring and PAP therapy where required.

THE VALUE OF FURTHER
SYSTEMATIC OBSERVATION IN
THE PACU

A valuable additional strategy to determine risk of
post-operative ventilatory complications is to make
systematic observations early post-operatively in the
PACU, as described by Gali et al.*” This takes advan-
tage of the close and continuous monitoring facilities
available in PACU to identify behaviours that indicate
particular vulnerability to UA obstruction and/or
hypoventilation in at-risk patients. Such patients are
monitored for up to 90 min in this environment, so
observations can be made well beyond immediate
emergence from anaesthesia. The presence of
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Preoperative assessment
e STOP-BANG score, history of prior investigation for OSA

/———-—'\

o RR <8 bpm on > 3 occasions
o Any apnoeas >10 s

0 Sp0O2 <90% on room air

o Pain/sedation mismatch

« Consider further preoperative evaluation if practicable
* If not, monitor in PACU for 60 min. beyond emergence

o Consistent loud snoring asleep/sedated

o Other hypoventilation indices, e.g. T PCO,, T[HCO3]

Yes

Other risk factors
e Procedure
o ENT, neurosurgery, thoracic, upper abdominal, major ortho.
e Patient
o Morbid obesity, neuromuscular d, advanced lung disease
o Daytime respiratory failure and/or unexplained T [HCO3™]
o Lengthy apnoeas, deep oxygen desaturations during sleep

N

Diagnosed OSA HIGH RISK LOW RISK
Stable on CPAP STOP-BANG = 3 STOP-BANG < 3
or untreated »ly

o Sleep hypoventilation
e Post-operative high dose opioid or sedative requirement

chronic use, less with acute

o All parenteral; oral >200 mg morphine equivalents/day with

Yes

J/

Post-operative high dependency care

spontaneous arousal responses adequate
e Use of CAPA during sleep/sedation where practicable
o Always in regular CPAP users, as needed in others

e Continuous monitoring of ventilation, SpO% until sentient (awake),
y restored (asleep)

e

Standard care

Figure 3 A flow chart incorporating principles for perioperative management of adult patients with sleep-disordered breathing.

recurrent bradypnoea; witnessed obstructive events;
consistent loud snoring when asleep/sedated; persist-
ent hypoxaemia (accounting for use of oxygen ther-
apy); other indices of hypoventilation such as elevated
bicarbonate levels or hypercapnia; and mismatch
between complaints of pain and levels of sedation are
factors that may highlight vulnerability to ventilatory
problems beyond PACU. Patients with suspected OSA
and the recurrent respiratory events in PACU were
shown to have a greatly increased likelihood of post-
operative respiratory complications.’” Detection of
these recurrent respiratory events demands considera-
tion of further continuous oximetry and monitoring of
ventilation on discharge from PACU until such time
that the patient is sentient when awake and has ade-
quate and stable restoration of arousal responses
when asleep.

USE OF PAP THERAPIES POST-
OPERATIVELY

There is a limited literature suggesting that PAP therapy
may have a role in attenuating post-operative

Respirology (2016)

complications in patients with OSA, with a meta-analysis
showing a trend towards shorter length of hospital stay
(continuous PAP (CPAP) vs no CPAP: 4.0 + 4 days vs
4.4 + 8 days, P = 0.05).* Two recent large retrospective
studies suggest potential efficacy of CPAP in reducing
such complications in patients with diagnosed OSA.>**
In one of these studies, those diagnosed with OSA and
who had CPAP therapy prescribed before their surgery
had a significantly reduced risk for cardiovascular adverse
events as compared with those undiagnosed OSA patients
(OR = 0.34, 95% CI = 0.15-0.77, P = 0.009).> In the other
studies, untreated OSA patients were found to have
higher cardiopulmonary complication rates than those
prescribed CPAP therapy (risk-adjusted rates 6.7% vs 4%;
adjusted OR = 1.8, P = 0.001).® These studies provide
some evidence to support preoperative diagnosis of OSA
and initiation of CPAP therapy.

While the use of PAP therapies in patients with OSA
or sleep hypoventilation when asleep or sedated is
highly desirable, it must not be thought of as obviating
the need for monitoring of such patients while they
remain vulnerable to failure to arouse post-operatively:
PAP therapies are not always used continuously and
are subject to misapplication or other problems with

© 2016 Asian Pacific Society of Respirology
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implementation, particularly for the time when the
patient is not sentient.

For patients already on CPAP and compliant with it,
perioperative use is generally straightforward and its
deployment should be routine in the post-operative
period. Where time allows preoperatively, an advantage
of detailed work-up of previously undiagnosed patients
is to familiarize them with CPAP where indicated, which
will simplify its use post-operatively.®*®!

Its use should certainly be considered where obstruc-
tive events or hypoventilation are observed post-opera-
tively. In most circumstances, the form of PAP therapy
used to treat OSA is CPAP whereas bi-level PAP (BPAP)
is used where hypoventilation coexists. Successful
implementation depends on experienced, well-
motivated staff who wunderstand the equipment
involved, can apply it confidently and readily trouble-
shoot difficulties with its use. Where PAP therapies are
not tolerated alternative, less efficacious strategies
include positional therapy (e.g. lateral posture with
upper body elevation) and renewed efforts to eliminate
opioid/sedative use. Other strategies such as use of oral
devices/airways remain to be explored in the periopera-
tive arena, although oral appliances are second line
therapy to PAP in the management of OSA at home.”

CONCLUSIONS

Figure 3 summarizes the principles for the periopera-
tive management of adult patients with SDB discussed
in this paper, in a flow chart format. This is based on
current knowledge and much work remains to be done
to test some of its propositions and develop better
management methods. The fact that OSA is common
and associated with increased risk of adverse events
perioperatively, including occasional fatal outcomes,
provides a strong motivation for doing so.'> Some obvi-
ous areas for improvement include: (i) development of
better perioperative risk stratification with wider use of
portable monitoring; (ii) use of other metrics of OSA
severity besides AHI (e.g. those indicating high arousal
thresholds such as length of events and depth of asso-
ciated arterial oxygen desaturations); (iii) closer regard
for the possibility of coexistent sleep hypoventilation;
(iv) development of cost-effective methods to continu-
ously monitor ventilation outside high dependency
areas such as PACU and intensive care unit (ICU),
including adaptation of sleep study methods such as
transduction of nasal pressure to derive nasal flow;
(v) the use of telemetered data particularly for patients
are not being nursed in a high dependency area and
(vi) increased use of PAP therapies post-operatively.

Disclosure statement
D.R.H. has received research support from ResMed Inc and is a
member of the medical advisory board of Sommetrics Inc.

The Authors

D.R.H. is a Sleep Physician at the Department of Pulmonary
Physiology and Sleep Medicine at Sir Charles Gairdner Hospital
in Perth, Western Australia, a Clinical Professor at the University
of Western Australia and a research fellow at its Centre for

© 2016 Asian Pacific Society of Respirology

D R Hillman and F Chung

Sleep Science. He is a respiratory physiologist, anaesthetist
and sleep physician. His clinical and research interests focus
on the physiology of the respiratory system and UA and their
relationship to respiratory disease, sleep disorders and anaes-
thesia. He has published extensively in these and related
areas. Dr F.C. is a Professor of the Department of Anesthesiol-
ogy at the University of Toronto, University Health Network.
Her research interests are in several areas: sleep apnoea,
patient safety, pain, monitoring, perioperative medicine
and ambulatory anaesthesia. She developed the STOP-BANG
Questionnaire (www.stopbang.ca), a screening tool for sleep
apnoea.

REFERENCES

1 Monsieurs KG, Nolan JP, Bossaert LL, Greif R, Maconochie IK,
Nikolaou NI, Perkins GD, Soar J, Truhla® A, Wyllie J et al. ERC
Guidelines 2015 Writing Group. European Resuscitation Council
Guidelines for Resuscitation 2015: Section 1. Executive summary.
Resuscitation 2015; 95: 1-80.

2 Hiremath AS, Hillman DR, James AL, Noffsinger WJ, Platt PR,
Singer SL. Relationship between difficult tracheal intubation and
obstructive sleep apnoea. Br. J. Anaesth. 1998; 80: 606-11.

3 Chung F, Yegneswaran B, Herrera F, Shenderey A, Shapiro CM.
Patients with difficult intubation may need referral to sleep clinics.
Anesth. Analg. 2008; 107: 915-20.

4 Isono S, Remmers JE, Tanaka A, Sho Y, Sato J, Nishino T. Anatomy
of pharynx in patients with obstructive sleep apnea and in normal
subjects. J. Appl. Physiol. 1997; 82: 1319-26.

5 Watanabe T, Isono S, Tanaka A, Tanzawa H, Nishino T. Contribu-
tion of body habitus and craniofacial characteristics to segmental
closing pressures of the passive pharynx in patients with sleep-
disordered breathing. Am. J. Respir. Crit. Care Med. 2002; 165:
260-5.

6 D’Apuzzo MR, Browne JA. Obstructive sleep apnea as a risk factor
for postoperative complications after revision joint arthroplasty.
J. Arthroplasty 2012; 27(8 Suppl.): 95-8.

7 Ramachandran SK, Haider N, Saran KA, Mathis M, Kim J,
Morris M, O’Reilly M. Life-threatening critical respiratory events: a
retrospective study of postoperative patients found unresponsive
during analgesic therapy. J. Clin. Anesth. 2011; 23: 207-13.

8 Lee LA, Caplan RA, Stephens LS, Posner KL, Terman GW, Voepel-
Lewis T, Domino KB. Postoperative opioid-induced respiratory
depression: a closed claims analysis. Anesthesiology 2015; 122: 659-65.

9 Opperer M, Cozowicz C, Bugada D, Mokhlesi B, Kaw R, Auckley D,
Chung F, Memtsoudis SG. Does obstructive sleep apnea influence
perioperative outcome? a qualitative systematic review for the
Society of Anesthesia and Sleep Medicine task force on preopera-
tive preparation of patients with sleep-disordered breathing.
Anesth. Analg. 2016; 122: 1321-34.

10 Overdyk FJ, Dowling O, Marino J, Qiu J, Chien HL, Erslon M,
Morrison N, Harrison B, Dahan A, Gan TJ. Association of opioids
and sedatives with increased risk of in-hospital cardiopulmonary
arrest from an administrative database. PLoS One 2016; 11:
€0150214.

11 Lynn LA, Curry JP. Patterns of unexpected in-hospital deaths: a
root cause analysis. Patient Saf. Surg. 2011; 5: 3.

12 Chung F, Liao P, Elsaid H, Shapiro CM, Kang W. Factors associ-
ated with postoperative exacerbation of sleep-disordered breath-
ing. Anesthesiology 2014; 120: 299-311.

13 Fouladpour N, Jesudoss R, Bolden N, Shaman Z, Auckley D. Perio-
perative complications in obstructive sleep apnea patients under-
going surgery: a review of the legal literature. Anesth. Analg. 2016;
122: 145-51.

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

Respirology (2016)


http://www.stopbang.ca
iAnnotate User
Highlight


Anaesthetic management of sleep apnoea

15

16

17

18

19

20

2

—

22

23

24

25

26

27

28

29

30

3

—_

32

33

34

35

36

37

Chau EH, Lam D, Wong J, Mokhlesi B, Chung F. Obesity hypoven-
tilation syndrome: a review of epidemiology, pathophysiology, and
perioperative considerations. Anesthesiology 2012; 117: 188-205.
Hillman D, Singh B, McArdle N, Eastwood P. Relationships
between ventilatory impairment, sleep hypoventilation and type
2 respiratory failure. Respirology 2014; 19: 1106-16.

Eckert DJ, White DP, Jordan AS, Malhotra A, Wellman A. Defining
phenotypic causes of obstructive sleep apnea. Identification of
novel therapeutic targets. Am. J. Respir. Crit. Care Med. 2013; 188:
996-1004.

White DP. Pathogenesis of obstructive and central sleep apnea.
Am. ]. Respir. Crit. Care Med. 2005; 172: 1363-70.

Wellman A, Eckert DJ, Jordan AS, Edwards BA, Passaglia CL,
Jackson AC, Gautam S, Owens RL, Malhotra A, White DP. A
method for measuring and modeling the physiological traits caus-
ing obstructive sleep apnea. J. Appl. Physiol. 2011; 110: 1627-37.
Issa FG, Sullivan CE. Alcohol, snoring and sleep apnea. J. Neurol.
Neurosurg. Psychiatry 1982; 45: 353-9.

Apfelbaum JL, Hagberg CA, Caplan RA, Blitt CD, Connis RT,
Nickinovich DG, Hagberg CA, Caplan RA, Benumof JL, Berry FA
et al. American Society of Anesthesiologists Task Force on Man-
agement of the Difficult Airway. Practice guidelines for manage-
ment of the difficult airway: an updated report by the American
Society of Anesthesiologists Task Force on Management of the Dif-
ficult Airway. Anesthesiology 2013; 118: 251-70.

Kim JA, Lee JJ. Preoperative predictors of difficult intubation in
patients with obstructive sleep apnea syndrome. Can. J. Anaesth.
2006; 53: 393-7.

Siyam MA, Benhamou D. Difficult endotracheal intubation in patients
with sleep apnea syndrome. Anesth. Analg. 2002; 95: 1098-102.

Gentil B, de Larminat JM, Boucherez C, Lienhart A. Difficult intu-
bation and obstructive sleep apnoea syndrome. Br. J. Anaesth.
1994; 72: 368.

Kheterpal S, Han R, Tremper KK, Shanks A, Tait AR, O'Reilly M,
Ludwig TA. Incidence and predictors of difficult and impossible
mask ventilation. Anesthesiology 2006; 105: 885-91.

Langeron O, Masso E, Huraux C, Guggiari M, Bianchi A, Coriat P,
Riou B. Prediction of difficult mask ventilation. Anesthesiology
2000; 92: 1229-36.

Dahan A, Teppema LJ. Influence of anaesthesia and analgesia on
the control of breathing. Br. J. Anaesth. 2003; 91: 40-9.

Douglas NJ, White DP, Weil JV, Pickett CK, Martin RJ, Hudgel DW,
Zwillich CW. Hypoxic ventilatory response decreases during sleep
in normal men. Am. Rev. Respir. Dis. 1982; 125: 286-9.

Douglas NJ, White DP, Weil JV, Pickett CK, Zwillich CW. Hyper-
capnic ventilatory response in sleeping adults. Am. Rev. Respir.
Dis. 1982; 126: 758-62.

Eastwood PR, Szollosi I, Platt PR, Hillman DR. Collapsibility of the
upper airway during anesthesia with isoflurane. Anesthesiology
2002; 97: 786-93.

Horner RL, Hughes SW, Malhotra A. State-dependent and reflex
drives to the upper airway: basic physiology with clinical implica-
tions. J. Appl. Physiol. 2014; 116: 325-36.

Wiegand DA, Latz B, Zwillich CW, Wiegand L. Geniohyoid muscle
activity in normal men during wakefulness and sleep. J. Appl. Phy-
siol. 1990; 69: 1262-9.

Horner RL, Innes JA, Morrell MJ, Shea SA, Guz A. The effect of
sleep on reflex genioglossus muscle activation by stimuli of nega-
tive airway pressure in humans. J. Physiol. 1994; 476: 141-51.
Ballard RD, Irvin CG, Martin R]J, Pak J, Pandey R, White DP. Influ-
ence of sleep on lung volume in asthmatic patients and normal
subjects. J. Appl. Physiol. (1985) 1990; 68: 2034-41.

Rehder K, Sessler AD, Marsh HM. General anesthesia and the
lung. Am. Rev. Respir. Dis. 1975; 112: 541-63.

Eastwood PR, Szollosi I, Platt PR, Hillman DR. Comparison of
upper airway collapse during general anaesthesia and sleep. Lan-
cet 2002; 359: 1207-9.

Malhotra A, Fogel RB, Edwards JK, Shea SA, White DP. Local
mechanisms drive genioglossus activation in obstructive sleep
apnea. Am. J. Respir. Crit. Care Med. 2000; 161: 1746-9.

Respirology (2016)

38

39

40

41

42

43

44

45

46

47

48

49

50

5

—

52

53

54

55

56

9

Wilkinson V, Malhotra A, Nicholas CL, Worsnop C, Jordan AS,
Butler JE, Saboisky JP, Gandevia SC, White DP, Trinder J. Dis-
charge patterns of human genioglossus motor units during sleep
onset. Sleep 2008; 31: 525-33.

Hillman DR, Walsh JH, Maddison KJ, Platt PR, Kirkness JP,
Noffsinger WJ, Eastwood PR. Evolution of changes in upper airway
collapsibility during slow induction of anesthesia with propofol.
Anesthesiology 2009; 111: 63-71.

Saper CB, Scammell TE, Lu J. Hypothalamic regulation of sleep
and circadian rhythms. Nature 2005; 437: 1257-63.

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.
Sabers C, Plevak DJ, Schroeder DR, Warner DO. The diagnosis
of obstructive sleep apnea as a risk factor for unanticipated
admissions in outpatient surgery. Anesth. Analg. 2003; 96:
1328-35.

Weinger MB, Lee LA. No patient shall be harmed by opioid-
induced respiratory depression. APSF Newsletter 2011; 26: 21-6.
Ladd LA, Kam PC, Williams DB, Wright AW, Smith MT,
Mather LE. Ventilatory responses of healthy subjects to intrave-
nous combinations of morphine and oxycodone under imposed
hypercapnic and hypoxaemic conditions. Br. J. Clin. Pharmacol.
2005; 59: 524-35.

Santiago TV, Remolina C, Scoles V III, Edelman NH. Endorphins
and the control of breathing. Ability of naloxone to restore flow-
resistive load compensation in chronic obstructive pulmonary dis-
ease. N. Engl. J. Med. 1981; 304: 1190-5.

Li Y, van den Pol AN. Mu-opioid receptor-mediated depression of
the hypothalamic hypocretin/orexin arousal system. J. Neurosci.
2008; 28: 2814-9.

Pattinson KT, Governo R], MacIntosh BJ, Russell EC, Corfield DR,
Tracey I, Wise RG. Opioids depress cortical centers responsible for
the volitional control of respiration. J. Neurosci. 2009; 29: 8177-86.
Hajiha M, DuBord MA, Liu H, Horner RL. Opioid receptor
mechanisms at the hypoglossal motor pool and effects on tongue
muscle activity in vivo. J. Physiol. 2009; 587(Pt 11): 2677-92.

Lam KK, Kunder S, Wong J, Doufas AG, Chung F. Obstructive
sleep apnea, pain, and opioids: is the riddle solved? Curr. Opin.
Anaesthesiol. 2016; 29: 134-40.

Mutter TC, Chateau D, Moffatt M, Ramsey C, Roos LL, Kryger M.
A matched cohort study of postoperative outcomes in obstructive
sleep apnea: could preoperative diagnosis and treatment prevent
complications? Anesthesiology 2014; 121: 707-18.

Chung F, Chau E, Yang Y, Liao P, Hall R, Mokhlesi B. Serum bicar-
bonate level improves specificity of STOP-Bang screening for
obstructive sleep apnea. Chest 2013; 143: 1284-93.

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: 1273-85.

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 Soci-
ety of Anesthesiologists Task Force on Perioperative Management
of patients with obstructive sleep apnea. Anesthesiology 2014; 120:
268-86.

Chung F, Memtsoudis SG, Ramachandran SK, Nagappa M,
Opperer M, Cozowicz C, Patrawala S, Lam D, Kumar A, Joshi GP
et al. Society of Anesthesia and Sleep Medicine guidelines on pre-
operative screening and assessment of adult patients with obstruc-
tive sleep apnea. Anesth. Analg. 2016; 123: 452-73.

Finkel KJ, Searleman AC, Tymkew H, Tanaka CY, Saager L, Safer-
Zadeh E, Bottros M, Selvidge JA, Jacobsohn E, Pulley D et al. Preva-
lence of undiagnosed obstructive sleep apnea among adult surgical
patients in an academic medical center. Sleep Med. 2009; 10: 753-8.
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: 629-36.

© 2016 Asian Pacific Society of Respirology



10

57 Gali B, Whalen FX, Schroeder DR, Gay PC, Plevak DJ. Identifica-
tion of patients at risk for postoperative respiratory complications
using a preoperative obstructive sleep apnea screening tool and
postanesthesia care assessment. Anesthesiology 2009; 110: 869-77.

58 Memtsoudis SG, Sun X, Chiu YL, Stundner O, Liu SS, Banerjee S,
Mazumdar M, Sharrock NE. Perioperative comparative effective-
ness of anesthetic technique in orthopedic patients. Anesthesiology
2013; 118: 1046-58.

59 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: 1205-10.

60 Chung F, Nagappa M, Singh M, Mokhlesi B. CPAP in the perio-
perative setting: evidence of support. Chest 2016; 149: 586-97.

61 Liao P, Luo Q, Elsaid H, Kang W, Shapiro CM, Chung F. Periopera-
tive auto-titrated continuous positive airway pressure treatment in
surgical patients with obstructive sleep apnea: a randomized con-
trolled trial. Anesthesiology 2013; 119: 837-47.

62 Nagappa M, Mokhlesi B, Wong J, Wong DT, Kaw R, Chung F. The
effects of continuous positive airway pressure on postoperative out-
comes in obstructive sleep apnea patients undergoing surgery: a sys-
tematic review and meta-analysis. Anesth. Analg. 2015; 120: 1013-23.

63 Chung F, Yegneswaran B, Liao P, Chung SA, Vairavanathan S,
Islam S, Khajehdehi A, Shapiro CM. STOP questionnaire: a tool to
screen patients for obstructive sleep apnea. Anesthesiology 2008;
108: 812-21.

© 2016 Asian Pacific Society of Respirology

64

65

66

67

68

69

70

D R Hillman and F Chung

Chung F, Abdullah HR, Liao P. STOP-Bang questionnaire: a practi-
cal approach to screen for obstructive sleep apnea. Chest 2016;
149: 631-8.

Ramachandran SK, Josephs LA. A meta-analysis of clinical screen-
ing tests for obstructive sleep apnea. Anesthesiology 2009; 110:
928-39.

Chung F, Subramanyam R, Liao P, Sasaki E, Shapiro C, Sun Y.
High STOP-Bang score indicates a high probability of obstructive
sleep apnoea. Br. J. Anaesth. 2012; 108: 768-75.

Chung F, Liao P, Farney R. Correlation between the STOP-Bang
score and the severity of obstructive sleep apnea. Anesthesiology
2015; 122: 1436-7.

Nagappa M, Liao P, Wong J, Auckley D, Ramachandran SK,
Memtsoudis S, Mokhlesi B, Chung F. Validation of the STOP-Bang
questionnaire as a screening tool for obstructive sleep apnea
among different populations: a systematic review and meta-analy-
sis. PLoS One 2015; 10: e0143697.

Pereira EJ, Driver HS, Stewart SC, Fitzpatrick MF. Comparing a
combination of validated questionnaires and level III portable
monitor with polysomnography to diagnose and exclude sleep
apnea. J. Clin. Sleep Med. 2013; 9: 1259-66.

Sutherland K, Vanderveken OM, Tsuda H, Marklund M,
Gagnadoux F, Kushida CA, Cistulli PA. Oral appliance treatment
for obstructive sleep apnea: an update. J. Clin. Sleep Med. 2014;
10: 215-27.

Respirology (2016)



	 Anaesthetic management of sleep-disordered breathing in adults
	INTRODUCTION
	THE NATURE OF OSA
	ANATOMICALLY DIFFICULT AIRWAYS
	PHYSIOLOGICAL EFFECTS SHARED BETWEEN SLEEP AND ANAESTHESIA
	TENDENCIES TO UA COLLAPSE AND HYPOVENTILATION IN SLEEP AND ANAESTHESIA ARE RELATED
	THE NARCOTIC SWITCH: ABRUPT TRANSITIONS WITH LOSS OF CONSCIOUSNESS
	CAPACITY TO AROUSE IS THE CRITICAL DIFFERENCE BETWEEN SLEEP/MILD SEDATION AND DEEP SEDATION/ANAESTHESIA
	OPIOIDS AND THE AT-RISK PATIENT
	OSA AS A PERIOPERATIVE RISK FACTOR
	STRATIFYING PERIOPERATIVE RISK
	MANAGING PERIOPERATIVE RISK
	GENERAL CONSIDERATIONS IN PERIOPERATIVE MANAGEMENT OF PATIENTS WITH KNOWN OR SUSPECTED OSA
	IDENTIFYING PATIENTS AT RISK
	PORTABLE PREOPERATIVE MONITORING
	THE VALUE OF FURTHER SYSTEMATIC OBSERVATION IN THE PACU
	USE OF PAP THERAPIES POST-OPERATIVELY
	CONCLUSIONS
	Disclosure statement
	The Authors

	REFERENCES


