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Summary

Obstructive sleep apnea (OSA) is a common problem
in public health care and yet, the perioperative man-
agement of OSA remains inadequate. Patients affect-
ed by this condition are prone to early postoperative
complications, in part due to the negative effects of
sedative, analgesic, and anesthetic agents on pharyn-
geal tone and the arousal responses to hypoxia, hy-
percarbia, and obstruction. The use of opioids may al-
so contribute to late adverse events, mainly by sup-
pressing rapid eyes movement (REM) in sleep. As a
consequence, preoperative screening of patients at
a high risk of OSA as well as the implementation of a
perioperative strategy to reduce the risk of complica-
tions, may lead to early perioperative interventions ca-
pable of improving patient outcome. 
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Introduction

Obstructive Sleep Apnea (OSA)  is a condition which af-
fects the general population (1, 2) and has been impli-
cated as a comorbid factor in various clinical conditions.
The signs, symptoms and consequences of OSA are a
direct result of the derangements caused by the repeti-
tive collapse of the upper airway. They include sleep
fragmentation, hypoxemia, hypercapnia, marked varia-
tions in intrathoracic pressures and increased sympa-
thetic activity. OSA has been associated with increased
perioperative risk and postoperative complications (3, 4)
but  a significant proportion of patients remain undiag-

nosed before surgery on hospital admission (5) and yet,
it is important that anaesthesiologists screen every pa-
tient scheduled for surgery, under general or loco-re-
gional anaesthesia, for OSA risk  in order to target the
correct perioperative strategy.

Prevalence of OSA 

Although obesity has been considered a classical risk
factor for OSA, this is not restricted to obese patients,
but can occur also in non obese patients (6). Young et
al. (1) reported that symptomatic OSA affects approxi-
mately 2 and 4% of middle-aged women and men, re-
spectively, but the overall prevalence of sleep-disor-
dered breathing was estimated as 9% for women and
24% for men between the ages of 30 and 60. This
makes OSA more common than asthma among adults.
Risk increases with age, as 24% of people older than 65
years have OSA and up to 50%
of nursing home residents
have clinically significant
OSA (5). Few studies (7-10)
have used polysomnography
(PSG) to determine the fre-
quency of OSA in the surgi-
cal population. In most in-
stances, the frequency of
OSA in these surgical popu-
lations is substantially higher
than the incidence in the
general population, and
varies with the surgical inter-
vention. In bariatric surgery of
obese  patients, the prevalence was as high as 70%
(11), presumably due to the high percentage of fat tissue
at the neck level. Of even greater concern, despite the
presence of OSA in the majority of patients presenting
for bariatric surgery, most cases go undetected, unless
careful screening is implemented before surgery (12).
Finkel et al. (13) found, during a screening of 2.877 pa-
tients eligible for elective surgery, 661 (23.7%) of the pa-
tients to be at high risk for OSA. Out of the 661 patients,
534 of  (81%) had not been diagnosed for OSA at the
time of surgery and were offered a home sleep study to
determine if they had OSA. The results were compared
with polysomnography (PSG) when available. The
portable sleep study detected OSA in 170/207 (82%)
high-risk patients without diagnosed OSA. Twenty-six
PSGs confirmed OSA in 19 of these patients. Postoper-
atively, there were no respiratory arrests, two unantici-
pated ICU admissions, and five documented respiratory
complications. The authors concluded that implement-
ing universal screening is feasible and can identify undi-
agnosed OSA in many surgical patients. Finally, Singh
et al., in a study of Canadian surgical patients preopera-
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tive diagnosis was poor, even in patients with symptoms
of moderate-to-severe OSA (14). 

Why is OSA a risk factor for perioperative complica-
tions?

Although the primary cause of obstructive sleep apnea
is not completely known, the principal patho-physiologi-
cal characteristic of the disorder is collapse of the upper
airway during sleep. In simpler terms, OSA is character-
ized by a malfunctioning of the upper airway. Human be-
ings have the widest pharynx among superior mammals
but it is also the simplest one. In humans, the upper air-
way (UA) can be compared to a flexible pipe (pharynx),
connected to two stiff parts (the nose and the larynx).
UA patency is determined by the balance between UA
muscle activity (the dilator muscles of the pharynx) and
negative pressure generated in airway, wall compliance

and end inspiratory UA size.
UA wall compliance is affect-
ed by craniofacial and soft
tissue structure, and sleep
state (15). The higher the
patient’s effort and UA wall
compliance, the greater the
likelihood of airway obstruc-
tion. Progressive UA closure
during the transition to sleep
is accompanied by complete

obstruction of airflow (apnea) or
partial obstruction (hypopnea). In addition, during rapid
eye movement (REM) sleep, pharyngeal narrowing
worsens. Hypercapnia and acidosis resulting from hy-
poventilation stimulate arousal centers in the central
nervous system, leading to increased respiratory and
pharyngeal muscle activity. These changes in neurolog-
ical function, further stimulated by a hightened ventilato-
ry effort, ultimately overcome the obstruction, and venti-
lation resumes. The patient then returns to sleep, the
pharyngeal musculature relaxes, and the cycle repeats
itself. In severe cases, this scenario is repeated hun-
dreds of times every night. These repeated cycles of ap-
noea will lead to several potential sequelae like sys-
temic hypertension, ischemic heart disease, right heart
failure, gastro-oesophageal reflux, intra-cranial hyper-
tension, polycythemia and pulmonary hypertension and
ultimately, heart failure (16). 
OSA syndrome is therefore characterized by:
• periodic, partial, or complete obstruction of the up-

per airway during sleep with episodes of apnea and
hypopnea and arousal to restore airway patency

• episodic sleep-associated oxygen desaturation with
possible episodic hypercarbia, and cardiovascular
dysfunction 

• possible daytime hypersomnolence or manifesta-
tions of disrupted sleep such as aggressive or dis-
tractible behaviour. 

Perioperative complications are caused both by the ef-
fect of anaesthetic agents and by anatomical features of
OSA patient. Intravenous hypnotics, analgesics, nar-
cotics, and inhalational volatile agents produce respira-
tory depression in a dose-dependent fashion in normal
individuals (17-19). Anaesthetic agents predictably blunt
or abolish the usual  mechanisms available to overcome

airway obstruction in normal individuals.
However, in OSA patients (prone to UA closure), such
agents may produce  an airway obstruction that is not
necessarily correlated to the level of sedation. In other
words, OSA patient who are already susceptible to air-
way collapse during natural sleep are more sensitive to
the effects of anesthetics and sedatives (20). OSA pa-
tients can develop respiratory complications in the early
or late perioperative period. In the early phase,  compli-
cations arise due to the negative effects of sedative,
analgesic, and anesthetic agents on pharyngeal tone
and on the arousal responses to hypoxia, hypercarbia,
and obstruction. Most complications occur during the
first 24 to 48 hours postoperatively. In the late phase (af-
ter one week) complications are mainly due to a “re-
bound” of REM  phase due  to the administration of high
doses of opioids in postoperative care, that suppress
REM phase thus causing sleep deprivation (21, 22).

OSA and adverse perioperative outcome

OSA has been shown to increase the rate of postopera-
tive complications, increase the need for intensive care
intervention, and prolong the length of hospital stays.
One of the first studies to survey the postoperative risks
of OSA was conducted by Gupta et al. who retrospec-
tively reviewed 101 OSA patients who had hip or knee
replacement surgery within 3 years before or anytime af-
ter their OSAS diagnosis (23). Patients with OSAS were
subcategorized as having the diagnosis either before or
after the surgery and also, regardless of time of diagno-
sis, by whether they were using continuous positive air-
way pressure (CPAP) prior to
hospitalization. Matched con-
trols were patients (101)
without OSAS undergoing
the same operation. Only
half of the patients with diag-
nosed OSA prior to their op-
eration used Continuous
Positive Airway Pressure
(CPAP) therapy at home pri-
or to hospitalization. Compli-
cations were significantly
more frequent in patients
with OSA (39%) than in con-
trol patients (18%). Serious
complications requiring ad-
mission to Intensive Care Unit (ICU) for cardiac is-
chemia or respiratory failure  were also significantly
higher in OSA patients (24%) versus 9% of controls.
Hospital length of stay was also significantly  longer for
patients with OSA compared with controls. Most compli-
cations occurred during the first day after surgery al-
though a small number was also found on days 4 and 5
after surgery. 
Similarly, Liao et al. (24) comparing 240 OSA vs 240
matched non-OSA patients who underwent elective
surgeries, reported a significantly higher complication
rate in the OSA group (44% OSA vs 28% in the non-
OSA group) with an oxygen desaturation < 90% higher
in OSA group (17%) vs non-OSA group (8%). The OSA
patients who did not use home CPAP prior to surgery
but required the use of a CPAP device after surgery had

OSA patients who
are already suscep-
tible to airway col-
lapse during natu-
ral sleep are more
sensitive to the ef-
fects of anesthetics
and sedatives.

The OSA patients
who did not use ho-
me CPAP prior to
surgery but requi-
red the use of a
CPAP device after
surgery had the hi-
ghest rate of com-
plications sugge-
sting a possible be-
neficial role for
preoperative CPAP
therapy.
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the highest rate of complications suggesting a possible
beneficial  role for preoperative CPAP therapy. There
are few other retrospective studies on the perioperative
outcomes associated with OSA (25), mainly conducted
in confirmed OSA patients undergoing otolaryngologic
surgeries and associated UA procedures. Respiratory
complications and oxygen desaturation were the most
common complications found in these studies (26-28).
A retrospective review of patients undergoing cardiac
surgery also found more postoperative adverse events
and a longer ICU length of stay in OSA patients (29). A
recent case-control study by Memtsoudis et al. ana-
lyzed perioperative pulmonary outcomes in patients un-
dergoing orthopedic and general surgery (30). They
found that patients with OSA developed pulmonary
complications  at a significantly higher rate than their
matched controls (i.e. aspiration pneumonia: 1.18% vs
0.84% and 2.79% vs 2.05%; ARDS: 1.06% vs 0.45%
and 3.79% vs 2.44%; intubation/mechanical ventilation:
3.99% vs 0.79% and 10.8% vs 5.94%, all p<0.0001).
Pulmonary embolism was more frequent in OSA pa-
tients after orthopedic procedures then after general
surgical procedures. OSA was associated with a signif-
icantly higher adjusted odds ratio (OR) of developing
pulmonary complications after both orthopaedic and
general surgical procedures and a higher significant ad-
justed OR for intubation/mechanical ventilation. They
concluded that OSA was an independent risk factor for
perioperative complications. OSA has been confirmed
as a risk factor for postoperative pulmonary complica-
tions (31) and a recent meta-analysis concludes that
patients with OSA undergoing non-cardiac surgery
have a higher incidence of postoperative respiratory
desaturation, respiratory failure, cardiac events, and
ICU transfers than those without OSA (32). 

Preoperative evaluation

Given the  high prevalence of this condition and the high
number of undiagnosed OSA patients, all surgical pa-
tients should be screened for OSA. Although compre-
hensive, the use of PSG or Portable Monitors (PMs) for
preoperative screening is limited by factors such as the
inconvenience of being studied in a sleep laboratory, the

high cost of testing and the possible surgery delay due
to waiting lists stretching from weeks to more than a
year (33). Moreover, PSG is not practical for rapid
screening in a fast-paced preoperative clinic. Screening
tools can assist in identifying relevant sleep-related is-
sues. So far, three screening tools for OSA have been
validated for use in a surgical population: the Berlin
Questionnaire, the American Society of Anesthesiolo-
gists (ASA) Checklist, and the STOP Questionnaire
(34). Although all of these screening tools appear to im-
prove the likelihood of identifying OSA preoperatively,
the quickest and the simplest to use seems to be the
STOP Questionnaire. This questionnaire has also been
modified to include questions about additional risk fac-
tors for OSA such as Body Mass Index (B), age (A),
neck circumference (N), and gender (G); the modified
tool is called the STOP-BANG Questionnaire (Figure 1).
In a validation study, the addition of “BANG” increased
the score’s specificity for moderate to severe OSA (35).
In a study comparing the STOP-BANG to PSG, the odds
ratio for diagnosing moderate to severe OSA increased
significantly, based on the number of points a patient
scored (36). It should be noted that none of these ques-
tionnaires are particularly useful in excluding mild OSA,
as defined by an apnoea hyponea index (AHI) of more
than 5 but less than 15 (negative predictive values of 38-
44%). Vasu et al. (37) showed that STOP-BANG scores
indicative of a high risk of OSAS confer a heightened
risk of postoperative complications in patients undergo-
ing elective surgery. Chung et al. found that ODI from a
high-resolution nocturnal oximeter is a sensitive and
specific tool to detect undiagnosed sleep disordered
breathing in surgical patients. Compared to CT90, ODI
had a stronger correlation and was a better predictor for
AHI. The ODI >10 demonstrated a sensitivity of 93%
and a specificity of 75% in the detection of moderate
and severe SDB (38).

Management strategies

The approach to patients already diagnosed for OSA or
at high risk of having OSA (HRO) and presenting for sur-
gery can be divided into a preoperative, intraoperative,
and postoperative strategy (39) (Figures 2 and 3).

S. Snoring (observed during sleep) 
Do you snore loudly (louder than talking or loud enough  
to be heard through closed doors)?    Yes No 

 T.  Tiredness (in the daytime) 
 Do you often feel tired, fatigued or sleepy during daytime?  Yes No 
O. Observed apnea 
 Has anyone observed you stop breathing during your sleep? Yes No  
P.   Blood Pressure  
 Do you have or are you being treated for high blood pressure? Yes No 
B.  Body Mass Index 
 BMI more than 35 kg/m2?     Yes No 
A. Age  
 Age over 50 yr old?     Yes No 
N. Neck circumference 
 Neck circumference greater than 40 cm?   Yes No 
G. Gender 
 Gender male?      Yes No 

!

Figure 1 - The STOP-BANG Question-

naire. A high risk of sleep apnea is de-

fined as a score of 3 or more; low risk

of sleep apnea, a score of less than 3.
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Preoperative management

Patients identified as HRO and with one of the risk fac-
tors cited in the Table 1, should be identified under a
“highest risk” patient profile (HRP) and would benefit

from a high level of care or refer-
ral to a sleep medicine spe-
cialist for further evaluation
and treatment. The perioper-
ative management of such
high risk patients should be
identical to the management
of patients with known OSA.
In the case of patients with
an established diagnosis of
OSA, the severity of apnoea,

patient’s compliance with the
treatment (i.e. CPAP) and the presence of co-morbidi-
ties such as pulmonary hypertension) should be taken
into account. Patients in CPAP treatment should be in-
structed to bring with them their CPAP machine and
mask during hospital admission and use CPAP in the
perioperative  period.

Premedication

The use of anxiolytic premedication is not recommend-
ed. Preoperative sedation with benzodiazepines for anx-
iolysis may decrease  the tone of UA muscles, thus in-

creasing the risk of UA clo-
sure. It has been found that
benzodiazepines can cause
an appreciable reduction of
the pharyngeal space, which
may lead to a higher risk of
hypopnoea/apnoea events,
causing in turn a higher risk
of hypoxia and hypercapnia
(40). In a case report of a
morbidly obese woman with
tracheal stenosis, dexmedeto-
midine (an alpha-2 adrenergic agonist) has been used

The perioperative
management  o f
such high risk pa-
tients should be
identical to the ma-
nagement of pa-
tients with known
OSA.

Oral clonidine pre-
medicat ion  has
been shown to re-
duce the amount of
intraoperative anae-
sthetics and posto-
perative opioids wi-
thout a deteriora-
tion of spontaneous
breathing.

Figure 2 - Flow diagram for

the preoperative evaluation.
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Table 1 - Risk Factors.

Heart failure

Arrhythmias

Uncontrolled hypertension

Cerebrovascular disease

Pulmonary hypertension

Metabolic syndrome

BMI>35 kg/m2

Neck circumference> 40 cm

Observed apneas

Pregnancy
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as a premedication agent  due to its anxiolytic and seda-
tive properties. The benefit of dexmedetomidine is the
lack of significant respiratory depression within the clin-
ical dose range (41). Pawlik, in a randomized, double-
blind, placebo-controlled study in OSA patients, showed
that oral clonidine premedication may reduce the
amount of intraoperative anaesthetics and postopera-
tive opioids without a deterioration of spontaneous
breathing (42). 

Intraoperative management

Hypertension and cardiovascular diseases are more
common than in other patients. The anaesthetic care of
patients with OSA is a challenging issue because

anaesthetic agents, beyond
the fact that  they deeply in-
fluence the patency of an al-
ready unstable airway,  are
being used in the presence
of significant co-morbidities.
No evidence exists regard-
ing the type of used anaes-
thetic techniques and peri-
operative risk. It is generally
believed that regional ana-
esthesia (RA) is preferable
over general anaesthesia

(GA) whenever possible. Re-
gional anaesthesia minimally affects respiratory drive.
Because it avoids the side effect of anaesthetic agents
on sleep patterns, it maintains arousal responses during
apnoeic episodes. Regional anaesthesia may also avoid
or reduce the need for sedative drugs and opioids dur-
ing all the perioperative period. As mentioned in the next
paragraph, some regional techniques may unintention-
ally result in unconsciousness or respiratory paralysis;

therefore, patients should always be evaluated for po-
tential airway difficulties and management. 

Airway issues

It has been well established that the presence of OSA
may lead to difficulties in airway management both in
term of difficult mask ventilation and tracheal intubation
(43-46). Although these findings do not imply that awake
intubation is necessary in patients with OSA, prudence
dictates that clinicians should have immediate access to
alternative techniques to secure the airway and ventilate
the patient, including a second generation supraglottic
airway device. Risk assessment for aspiration and diffi-
cult airway management is always recommended.
It should be emphasized that in obese patients, compli-
cations with ventilation rather than intubation are to be
expected. Finally, in very obese patients with OSA, spe-
cial attention should be paid to patient positioning; a
“ramped” position rather than the usual “sniffing” posi-
tion can be very helpful. A ramped position is achieved
by stacking blankets under-
neath the patient’s shoul-
ders and head until the ear
canal and the sternal notch
align horizontally (47). In ad-
dition, 2-handed mask venti-
lation is  generally recom-
mended to achieve an opti-
mal mandibular advance-
ment (48). The equipment for
the management of a difficult airway should be in place
before the induction of general anaesthesia.  
It has also been shown that patients showing  difficult
tracheal intubation are at greater risk of having OSA
(49). Some people suggest that anesthesiologists
should refer patients with difficult intubation to a sleep

The equipment for
the management of
a difficult airway
should be in place
before the induction
of general anae-
sthesia.

Regional anaesthe-
sia minimally af-
fects respiratory
drive. Because it
avoids the side ef-
fect of anaesthetic
agents on sleep pat-
terns, it maintains
arousal responses
during apnoeic epi-
sodes.

Figure 3 - Flow diagram for the postoperative
strategy.
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lab for a PSG sleep investigation (50). Interestingly, in a
prospective study, Plunkett et al. (46) found  that nine
out of ten patients exhibiting difficult ventilation at the
time of anaesthetic were proven to be affected by OSA.

The effect of anaesthetic drugs

There is evidence that many anaesthetic agents cause
exaggerated responses in patients with sleep apnea.
Drugs such as thiopentone, propofol, opioids, benzodi-
azepines, and nitrous oxide may blunt the tone of the
pharyngeal musculature that acts to maintain airway pa-
tency. The choice of induction and maintenance agents is
probably not important although it would seem reason-
able to avoid large doses of long acting drugs. This is true
with both neuromuscular blocking agents  and  benzodi-
azepines. As a matter of fact, anaesthesia techniques us-
ing short half-life agents  should be advised to avoid any
residual drugs in the respiratory system (51, 52). 

Extubation

Whenever the patient is extubated, early in the operat-
ing room  or later in the recovery room or in the ICU, the
patient should be fully awake (53). Full recovery from
neuromuscular blockade should be proven by a neuro-
muscular blockade monitor. Extubation in the reverse
Trendelenburg or semi-up-
right position should be ad-
vised because it minimizes
the  compression  generat-
ed by abdominal contents
on  the diaphragm  (54). In
the case of difficult airways,
guidelines for safe extuba-
tion should be followed (55).
In case of  continuous re-
gional block associated with
general anaesthesia, analgesia should be operative at
the time of extubation. 

Postoperative care

Patient positioning

Loadsman suggested the adoption, whenever possible,
of a lateral position during post-

operative care due to a high
rate of prevalence of  upper
airway obstruction in a
supine position (56). The
head should be elevated to
30º while the patient remains
in the recovery room and
whenever possible through-
out the patient’s hospital stay
because it decreases UA col-
lapsibility (57).

Role of CPAP

CPAP remains the most effective therapy for OSA, acting
as a pneumatic splint to maintain upper airway patency.
Nasal or facial CPAP should be applied if airway obstruc-
tion is persistent even after the correct positioning of the
patient. Rennotte et al. (58) found that CPAP started be-
fore surgery and resumed immediately after extubation
enabled the safe management of a variety of surgical pro-

cedures in patients with OSA,
as well as the use of seda-
tive, analgesic, and anaes-
thetic drugs without major
complications. Those who
conducted the study recom-
mended that every effort
should be made to identify
patients with OSA and to per-
form CPAP therapy before
surgery. Gupta et al. (23)
found that patients with OSA who were using CPAP pre-
operatively had a lower incidence of postoperative com-
plications and shorter hospital length of stay when com-
pared with those who were not on CPAP therapy. It
appears that the consistent use of CPAP therapy prior to
surgery and immediately after surgery holds the best po-
tential for decreasing postoperative complications. How-
ever, CPAP does not provide adequate protection for the
patient in the face of central apnoea, associated with the
deterioration of airway condition caused by opioids. Al-
though there are no studies addressing this topic, the use
of Non-Invasive Positive Pressure Ventilation (NIPPV)
with a back-up respiratory rate (i.e. Spontaneous
Timed/ST mode or Assisted Pressure Controlled Ventila-
tion/APCV) may be advisable (59). However, well-de-
signed studies on the postoperative effect of CPAP and
NIPPV in surgical patients with OSA are required to de-
termine its role in the postoperative management of these
patients.

Postoperative analgesia

The management of postoperative analgesia in the pa-
tient with OSA is extremely challenging for the clinician.
The use of major opioids (i.e. morphine, buprenorphine,
oxycodone), whatever the route of administration, (in-
cludingneuraxial administration) should be avoided or
minimized (60). When  morphine is necessary it should
be used with additive /synergic drugs (i.e ketamine, ke-
torolac) to reduce the dosage (multimodal analgesia).
The use of morphine in patient-controlled analgesia
(PCA) mode, without continuous infusion is also ad-
vised. However, in a retrospective study of 1600 pa-
tients (where not all were affected by OSA) using PCA,
Etches et al. (61) found 8 cases of serious respiratory
depression. Contributing factors were the concurrent
use of a continuous infusion of opioids, advanced age,
concomitant administration of sedative or hypnotic med-
ications and a pre-existing history of sleep apnea. As
mentioned above, late respiratory complications are re-
ported in  case of high dose of opioids within one week
after surgery (rebound of the suppressed REM sleep
phase). The return to a supine position after few day af-
ter surgery may aggravate sleep-disordered breathing.
Whenever possible, clinicians should be advised to use:
1. Less powerful opioids such as tramadol.
2. Multimodal analgesia: Nonsteroidal anti-inflammato-

ry drugs (NSAIDs) and acetaminophen (prescribed
as “around the clock” rather than “as needed”). 

3. Regional analgesic techniques both intraoperatively
and postoperatively (e.g. continuous wound infiltra-
tion with local anesthetic via an indwelling catheter)
or continuous peripheral nerve analgesia. 

Extubation in the re-
verse Trendelenburg
or semi-upright posi-
tion should be advi-
sed because it mini-
mizes the compres-
sion generated by
abdominal contents
on the diaphragm.

The lateral position
during postoperati-
ve care may be pre-
ferred in high risk pa-
tients because of the
high rate of preva-
lence of upper air-
way obstruction in
supine position.

It appears that the
consistent use of
CPAP therapy prior
to surgery and im-
mediately after sur-
gery holds the best
potential for decrea-
sing postoperative
complications.
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Conclusion

The perioperative management of OSA is characterized
by a variety of problems requiring the joint effort of
anaesthesiologists, surgeons and sleep experts. Anes-

thesiologists have the opportu-
nity to closely observe their
patients in the postanesthe-
sia care unit and can provide
important information on
where “the patient is going.”
Appropriate perioperative
protocols are the best way to
avoid perioperative compli-

cations associated with this
common syndrome. Last but not least, in daily practice,
anesthesiologists need “simple things” in order to avoid
“choking” the postanesthesia unit and overcrowding the
critical care environments (62).
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