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Abstract

Obstructive Sleep apnea (OSA) is the most frequently encountered sleep disorder. It is characterized by repetitive
and intermittent closure of the upper airway and is associated with significant predictable peri-operative cardio-
respiratory co-morbidities. This pathology is under-diagnosed, even though it can be encountered in a third
of the surgical population. Its complexity and heterogeneity make the perioperative management of those
patients a challenge and requires adaptation. This article describes the pathophysiology of the condition, and
its perioperative management. It revisits management algorithms and care pathways, to provide the reader with

up-to-date information for the improvement of patient care.
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Introduction

The Obstructive Sleep apnea-hypopnea (OSA)
syndrome is a group of disorders characterized
by a transient decrease in or interruption of
ventilation during sleep. The prevalence of OSA
is constantly increasing'. This growth is directly
linked to the increase in the prevalence of obesity,
and in life expectancy over the last decades.
However, OSA is still largely underdiagnosed. For
the surgical team, OSA is a challenging disorder.
Indeed, OSA is established as an independent
risk factor of perioperative complications,
particularly cardiopulmonary ones*, rendering the
perioperative period very critical for those patients.
Given the high cost of managing postoperative
complications, OSA is a public health issue.
Consequently, a particular attention should be

paid to the preoperative detection of the disorder,
and to implementing structured care pathways
to prevent some of the risks of undesirable
outcomes, insofar as many studies have shown
that the perioperative optimization of these patients
improves postoperative morbidity and mortality**.

Groups as the American Society of
Anesthesiologists (ASA)’, the Society for
Ambulatory Anesthesia (SAMBA)®, and the Society
of Anesthesia and Sleep Medicine (SASM)* have
produced recommendations, based on scientific
evidence, to address the lack of perioperative care
algorithms for those patients. Experts recommend
preoperative screening, intraoperative tuning of the
care plan, and postoperative follow-up, including
close monitoring and the use of Continuous
Positive Airway Pressure devices (CPAP) in
selected patients.
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This narrative review aims at summarizing the
current recommendations, to help perioperative
clinicians, including anesthesiologists and general
practitioners, enhancing the quality of management
for these surgical patients before and after anesthesia,
and, in the end, improve outcome.

Methodology

The literature that was relevant for the writing of this
narrative review was collected using the PubMed®
search engine and Google Scholar®. The following
combination of keywords was endorsed by all the
authors and used to perform the search: obstructive
sleep apnea, perioperative management, anesthetic
management, airway. The literature was browsed
between 1985 and 2024. Only papers related to
adults were retained in the initial list. Relevance was
then decided based on the title of the publication and
the content of its abstract.

Epidemiology

OSA is one of the most frequently encountered sleep
disorders, with a high prevalence worldwide. It is
estimated that nearly one billion people between
30- and 69-year-old suffer from this disability'. This
represents between 9 and 38% of adults (depending
on the diagnosis standards), with moderate to
severe cases accounting for up to 17% of the
general adult population®. Considering the surgical
population, it represents between 24 and 41% of
people undergoing anesthesia’, with a drastically
higher prevalence in bariatric surgery, reaching
70% of patients'. Depending on the sensitivity of
diagnostic tools, the presence of an OSA syndrome
is often missed''. Given the fact that it predisposes to
perioperative complications, missing the syndrome
in surgical patients may generate considerable costs,
with substantial consequences in terms of public
health”".

The underlying pathophysiology

OSA is a respiratory disorder characterized by a
narrowing and repetitive closure of the upper airway
during sleep’'“. Physiologically, sleep suppresses
the cognitive command of the respiratory center
located in the brainstem. This provokes a decrease
in the pharyngeal dilator muscles’ tone, which are
mainly the genioglossus muscle and the tensor of
the soft palate®.

In susceptible patients, the collapse may cause
obstruction, which can be partial and produce
hypopnea, or complete and produce apnea.
Obstruction leads to hypoventilation, hypercapnia,
and hypoxia. In response to hypercapnia and
hypoxia, a reflex originating in the carotid and
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aorta chemoreceptors stimulates ventilatory control
and induces, if the arousal threshold is reached,
microarousals. The negative pharyngeal and
thoracic pressure generated by the respiratory efforts
against a closed upper airway in turn activates
mechanoreceptors, inducing a muscle response to
restrain the upper airway depression and closure'*'¢.
In OSA patients, there is a mismatch between the
degree of the upper airway obstruction and the
ventilatory response. The ventilatory response to
hypoxia and hypercapnia is disproportionately larger
than in non-OSA patients, inducing an overshoot in
CO2 partial pressure correction and hypocapnia.
Hypocapnia then induces hypoventilation, upper
airway muscle hypotonia and a secondary airway
obstruction, a phenomenon called the ‘loop gain’,
which self-perpetuates episodes of apnea/hypopnea'”.
A dysregulation of the ventilatory response in some
OSA patients is thought to be linked to alterations
in serotonin neurotransmission, which is known to
play a key role in ventilatory stimulation®. Efforts to
fight against airway obstruction provoke repetitive
awakenings and destroy the sleep architecture'®. At
the same time, hypoxia stimulates the sympathetic
nervous system, generating an inflammatory
cascade linked to oxidative stress (Figure 1). This
is responsible for the progressive development of
several comorbidities®.

The risk factors

Factors contributing to pharyngeal collapse can
be classified as non-modifiable or modifiable.
Non-modifiable factors include age, gender, and
heredity. The incidence of OSA increases with age
after 60 years of age”. In Belgium, it is estimated
that the population aged 65 years and over will
rise from 19% in 2019 to 26.9% in 2050, hence
contributing to the increase in the prevalence of
OSA. OSA is twice more frequent in males than
in females, while this difference tends to disappear
after menopause. Heredity is a robust predisposing
factor?'*2. Some critical genetic traits of importance
for determining the occurrence of OSA are
craniofacial conformation, body fat distribution,
upper airway tissue composition, and respiratory
control function®. Obesity is the main modifiable
risk factor of OSA. Again, the world global obesity
epidemic contributes to the increasing prevalence of
OSA. The proportion of people with a body mass
index >30 Kg m-2 has grown from 8.4% in 1980
to 20% in 2019 and is rising by approximately 2%
every decade®.

OSA phenotypes

Four main criteria categories have been proposed
to define OSA phenotypes over the last few
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Fig. 1 — Description of the apnea-hypopnea cycle in the obstructive sleep apnea syndrome (OSA). The image in the center is an
example of polysomnography in a severely affected OSA patient. It shows a phase of apnea causing desaturation and followed by
microarousal and loop gain. This succession of elements can vary to different degrees in different patients.

decades** (Figure 2). Some of those criteria are
of an anatomical nature, and others are rather
physiological. Distinguishing between phenotypes
opens the door to an individualized treatment,
and even more, to an individualized perioperative
management.

The first criteria category relates to the anatomical
vulnerability of the upper airway for obstruction.
In this case, obesity exerts the main influence.
It predisposes to substantial parapharyngeal fat
deposit, which favors obstruction. Clinically, the
importance of parapharyngeal fat deposit can be
indirectly estimated through the measurement of
the cervical circumference. A circumference >40
cm indicates the presence of a narrowing of the
pharynx, and risk of collapse®. In addition, abundant
abdominal fat, by an upward displacement of the
diaphragm and a decrease in pulmonary reserve,

and due to a mechanical coupling between the
upper and lower airway structures, reduces caudal
pharyngeal traction and narrows the upper airway*.
The craniofacial morphology is also a determinant
of the permeability of the upper airway. A caudal
position of the hyoid bone, an increase in the upper
airway length, a tight mandible, and retrognathia
may hinder pharyngeal opening. This morphology
is more frequent in some ethnic groups, such as
in Asians”*. The sleep posture and sleep stage
are additional factors influencing the clinical
expression of OSA. OSA can be favored by the
supine position, either in isolation, when the apnea/
hypopnea index (AHI) is <5 in the non-supine
position and becomes twice as high and >5 in the
supine position, or predominantly, when AHI is
always >5 and twice as high in the supine as in the
non-supine position. If posture exerts an influence,
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Fig. 2 — Categories of criteria to define obstructive sleep apnea syndrome phenotypes, and possible treatment options as a function

of existing anomalies (see text for details). An anatomic vulnerability is best thwarted by fluid restriction, CPAP (continuous positive

airway pressure), and judicious use of hypnotics, sedatives, and opioids (drug sparing). Ventilatory control instability is best approached

with oxygen therapy and drug sparing. Impaired arousal threshold and upper airway dilator muscles’ response also necessitate drug
sparing. CPAP = continuous positive airway pressure. NMBAs = neuromuscular blocking agents.

positional therapy should be considered (either
lateral or sitting position during sleep) in addition
to the other treatments®. Airway collapse can be
seen during both rapid eye movement (REM) and
non-REM sleep phases. However, it has been
shown that during the REM phase, the propensity
for airway collapse is higher (REM sleep atonia),
introducing an entity known as REM sleep-related
OSA™®.

The second category relates to the respiratory
arousal threshold, described as the level of
ventilatory drive triggering arousal from sleep.
Two types of respiratory arousal threshold can
be distinguished®. The “low arousal threshold”
corresponds arousal following a low ventilatory
drive, triggering an early stimulation of the
inspiratory motor neurons of the upper airway
to open it. Patients with a low arousal threshold
present frequent awakening, and disorganized
sleep. In that case, the transition to deep sleep
stages, where the respiratory control of the upper
airway patency is better, is impeded, and sleep is
less restorative. Those patients frequently suffer
from diurnal fatigue. A low arousal threshold is
frequently seen in patients with mild to moderate
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OSA. In contrast, a “high arousal threshold” is
associated to a reduced response of the ventilatory
drive to hypoxia and hypercapnia. In that case,
awakenings are less frequent. A high arousal
threshold is more frequently seen in patients with
moderate to severe OSA. As described below, the
perioperative management is different in patients
with low and those with high arousal threshold.
Unfortunately, it is currently not possible to
discriminate the ‘high’ from the ‘low’ arousal
threshold patient preoperatively, based on clinical
arguments only. Polysomnography (PSG) is
necessary for this, knowing that patients with
a ‘high’ arousal threshold are at greater risk of
postoperative complications.

The third category relates to the stability of
ventilatory control mechanisms, referred to as the
respiratory control loop in response to hypoxia
and hypercapnia, and in relation with the above-
mentioned loop gain®. Some patients exhibit a
poor matching between the magnitude of hypoxia
and hypercapnia, on the one hand, and the
associated respiratory response, on the other hand.
Patients with a high loop gain have early anarchic
hyperventilation in response to hypoxia and



hypercapnia, secondary to an excessive activation
of the pharyngeal and respiratory muscles. This
may result in hypocapnia and secondary central
apnea. As mentioned above, a dysregulation of
ventilatory control might be linked to alterations
in serotonin neurotransmission in some patients'®.
The last category of criteria involves the
muscular response capacity of the upper airway,
mainly the one of the genioglossus muscles.
The muscular response is activated through a
reflex loop, which comprises afferences to the
brainstem from mechanoreceptors sensitive to
negative pressure in the oropharynx* and from
chemoreceptors sensitive to hypercapnia and
hypoxia*, and efferences from the brainstem. One
third of OSA patients suffer from an impaired
reactivity of the oropharynx dilator muscles™.

Statistical analysis

OSA is an independent cardiovascular risk factor.
This is linked to episodes of repeated intermittent
hypoxia, which causes numerous dysregulations,
and whose frequency is directly linked to the
severity of OSA*. Chronically elevated arterial
blood pressure is common in OSA. Indeed, 25% of
hypertensive patients suffer from OSA, a proportion
that can to over 80% in patients with refractory
hypertension and primary hyperaldosteronism?* .
A chronic exposure to intermittent hypoxia causes
sympathetic hyperstimulation. It stimulates the
renal, adrenal and peripheral chemoreceptors,
resulting in a change in circulating hormones®.
The stimulation of the carotid glomi causes an
overproduction in catecholamines in response
to hypoxia. This leads to an increase in vascular
tone (vasoconstriction) and vascular remodeling
(rigidity), as well as an increase in heart rate®. In
addition, inspiration efforts against an impermeable
oropharynx (known as the Muller’s maneuver)
provoke deep negative thoracic pressures, and
an enlargement of the myocardial and vascular
walls, which favors atrial fibrillation and aortic
aneurysms*. The renal sympathetic stimulation
leads to an increase in angiotensin II circulating
levels, and therefore activates the adrenal cortex,
which in turn secretes aldosterone and induces
sodium retention with potassium excretion. It also
accentuates vasoconstriction. In OSA patients, the
circulating levels of angiotensin II and aldosterone
are higher than in the healthy population, depending
on the severity of OSA*. The renin-angiotensin-
aldosterone system is thought to be the main cause
of refractory hypertension in OSA* This fluid shift
also increases pharyngeal oedema and therefore
the risk of apnea, creating a vicious circle. Other

factors such as leptin or adipocytes themselves
(which produce aldosterone) could be involved,
but studies are currently underway.

Atherosclerosis occurs early and independently
from the other cardiovascular risk factors. The
pathophysiological tenants of atherosclerosis are
closely interconnected with those of hypertension.
They are mainly linked to endogenous vascular
parietal changes. Intermittent hypoxemia is thought
to have atherosclerotic potential when associated
with a high-fat diet*. For example, there is a direct
link between the degree of hypoxia, the thickness
of the carotid intima-media, and the appearance of
plaques in patients suffering from OSA without
known cardiovascular disease®.

The oxidative stress caused by hypoxia
associated with sympathetic hyperactivity leads
to an increase in NF-kB (nuclear factor xB),
which provokes an inflammatory cascade and
an increase in circulating levels of C-reactive
protein, interleukin 6 and 8§, and TNF a'**. In
parallel with this mild systemic inflammation,
the endothelin-1 system is also activated®. These
mechanisms cause endothelial dysfunction with
remodeling, which results in a down-regulation
of nitric oxide (NO) synthesis and therefore
reduced vasodilation. Chronic inflammation
and sympathetic hyperactivity also cause lipid,
carbohydrate and liver changes. Neoglucogenesis
and hepatic glycogenolysis are stimulated™. In
addition, lipolysis is promoted by inflammation of
the adipose tissues, leading to dyslipidemia. These
cascades explain insulin resistance and the risk of
non-alcoholic liver disease.

All these interrelated mechanisms explain why
patients suffering from OSA are at higher risk
of cardiovascular disease, including coronary
artery disease, atrial fibrillation, systemic arterial
hypertension, stroke, and abdominal aortic
aneurysm.

OSA may be responsible for an increase in
pulmonary arterial pressure. The development
of pulmonary arterial hypertension in OSA,
defined as a mean pulmonary arterial pressure
>20 mmHg, a pulmonary arterial wedge pressure
<15 mmHg, and pulmonary vascular resistance
>3 Wood units, is attributable to the occurrence
of negative intrathoracic pressure, and hypoxia/
hypercapnia episodes. Inspiration against a closed
glottis produces negative intrathoracic pressure
and increases pulmonary arterial pressure. During
the apnea cycle, variations in oxygen saturation
cause rapid variations in pulmonary arterial
pressure, although with no clinical consequences.
Severe and prolonged hypoxemia induces acute
hypoxic vasoconstriction of the pulmonary artery.
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Hypercapnia, and therefore acidosis, potentiates
this phenomenon. Finally, inspiration following
apnea causes an increase in stroke volume and
heart rate, which in turn leads to an increase in
pulmonary arterial pressure”. On the long term and
in the absence of OSA treatment, this may have
consequences on right heart functioning.

Finally, OSA is associated to a procoagulant state,
which seems to be linked to an enhanced formation
of platelet-leukocyte aggregates and to endothelial
damage*®.

Preoperative assessment of obstructive sleep
apnea patients

In the absence of a prior assessment, the ASA” and
the SASM® recommend a massive preoperative
screening in all patients undergoing elective
surgery, given the high prevalence of OSA. The
aim of this systematic screening is to detect
severe OSA and evidence eventual comorbidities,
and to guide perioperative management. Indeed,
OSA-associated comorbidities make the bed of
postoperative cardiopulmonary complications®*,
However, a balance must be found between the
desire to minimize postoperative complications and
the responsible use of available resources.
Polysomnography (PSG) is the gold standard
for OSA diagnosis. It allows calculating the AHI
(number of episodes of apnea/hypopnea per hour),
and the oxygen desaturation index (ODI, number
of desaturation episodes per hour, a desaturation
is characterized by a decrease in the mean oxygen
saturation of >4% that lasts for at least 10 seconds)®.
However, the cost and availability of PSG render
a large and routine performance in all patients
impossible. This limitation is slightly attenuated
by the possibility to perform simplified ambulatory
PSG to highlight eventual respiratory events during
the night, or to perform nocturnal oximetry for
measuring the ODI*". During the pre-anesthesia visit,
the anamnesis, clinical examination, and analysis of
medical record are key and play an important role in
OSA detection and identification of comorbidities.
These elements allow the calculation of prediction
scores, which indicate the probability for a given
patient of suffering from OSA. The STOP-BANG
score” is the most widely used and combines the
evaluation of objective and subjective traits. This
score includes 8 yes/no questions, including the
presence of Snoring, Tiredness, Obstruction (apnea),
hyPertension, Body mass index >35 Kg.m-2, Age
>50 years, Neck circumference >40 cm, and male
Gender. Each positive item scores 1 point. A score
1s <3 indicates a low risk of OSA, between 3 and 4
a moderate risk, and >5 a high risk of moderate to
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severe OSA. Ifthe score is >7, the risk of severe OSA
is very high. Other scores are in the same line, such
as the P-SAP*', the Berlin questionnaire®, or the
ASA checklist’. The DES-OSA score*, introduced
Deflandre and coworkers, is different in that it uses
objective morphological elements only, allowing
to get rid of the randomness nature of subjective
traits (both personal and hetero-anamnestic ones).
It includes 5 morphological criteria (Mallampati
score, neck circumference, distance between the
cricoid cartilage and the chin, body mass index
and male gender). Each item is weighted between
1 and 3 points according to the values obtained for
each patient. If the score is >7, there is a high risk
of having severe OSA. It is particularly good at
detecting severe OSA patients™. The STOP-BANG
score* and the Berlin questionnaire appear to be
more sensitive and therefore allow mass screening
for all categories of OSA (mild, moderate, severe),
whereas the DES-OSA is more specific for
severe OSA™ and is more discriminant for severe
hypoxemic patients>.

To refine the screening of OSA patients,
multiple biomarkers are currently being evaluated/
explored®’. Based on the pathophysiology of
OSA, it is possible to screen for blood biomarkers
that are indicative of inflammation (e.g.,
C-reactive protein, interleukin-6, tumor necrosis
factor-a), oxidative stress (cysteine), sympathetic
activation (noradrenaline, renin-angiotensin
system), metabolic activity (glycated hemoglobin,
cholesterol), and endothelial dysfunction
(endothelial cell specific molecule-1 or endocan).
It is also possible to screen for biomarkers that
are present in the end-tidal exhaled breath (e.g.,
nitric oxide indicative of bronchial inflammation)*,
as well as genetic biomarkers (e.g., microRNA,
polymorphism of serotonin transporter gene'®, and
DNA methylation). Research into biomarkers is
still in its early stages, and large-scale studies have
yet to be carried out.

Screening with scores in elective surgery

patients lead to OSA suspicion in approximately
25% of cases”.
A suspicion of severe OSA should lead to the
performance of a PSG, to confirm diagnosis and
severity, and secondarily assess the tolerance to
a CPAP treatment. Once PSG is done, the AHI
serves to classify the disease severity, with an AHI
>5 corresponding to mild, >15 to moderate, and
>30 to severe OSA.

In the specific case of outpatient surgery, the
upstream selection of eligible patients must be
careful, and adapted care pathways should be set
up for OSA patients. For the selection of eligible
patients, several factors need to be considered, such



as the severity of OSA as assessed by the AHI or
the predictive score, adherence to treatment in the
perioperative period (CPAP), associated systemic
diseases (controlled or not), type of surgery and
its degree of emergency, considered anesthesia
technique, and the need for postoperative opioids.
Patient, family, and care givers’ education is
of utmost importance along the care pathway,
particularly regarding compliance with CPAP.
If OSA is suspected but without associated
cardiopulmonary comorbidities, the procedure can
take place without delay. Surgery will be postponed
only in case of non-treated severe OSA and non-
stabilized comorbidities. Time will be taken to
install OSA-specific treatment and tolerance to it
(CPAP, weight loss, orthosis prescription, ...), and
optimization of comorbidities’ treatment before
proceeding to the intervention. Unfortunately, there
is still no precisely defined timeframe for efficacy
on comorbidities (high blood pressure, metabolic
disorders, atrial fibrillation, ...) following the
initiation of treatments, because studies are
heterogeneous in this respect, and strong evidence
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is missing®. A delay of 6 months is frequently
proposed®'.

A decisional flow chart for the preoperative
assessment and management of OSA patients is
proposed in Figure 3, and for the special case of
ambulatory surgery in Figure 4.

Intraoperative management of obstructive sleep
apnea patients

Once severe OSA screening has been performed,
the perioperative management is adapted to reduce
the risk of postoperative morbidity and mortality.
In this respect, the anesthetic technique must be
chosen judiciously, taking account of concerned
surgical procedure, and advantages and pitfalls
of each considered technique. A pharmacologic
premedication to reduce anxiety is seldom necessary.
In particularly anxious patients, clonidine or another
o2-agonist should be preferred. Benzodiazepines
and gabapentin are not recommended, because they
increase the risk of post-operative complications
such as drowsiness, delirium, and respiratory
infections®.
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Fig. 3 — Decisional flow chart for the preoperative evaluation and management of OSA patients. Inspired by the guidelines
produced by the ASA 7 and SASM 4,5. OSA= Obstructive Sleep Apnea-hypopnea; AHI = Apnea-Hypopnea Index; STOP-BANG
= STOP-BANG screening score; DES-OSA = DES-OSA screening score.
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of'the ASA 7, the SASM 5, the SAMBA 6, and a consensus recommendations form M. Ravesloot 111. Severe obstructive

sleep apnea (OSA) is diagnosed if the apnea/hypopnea index (AHI) is >30 and strongly suspected if the STOP-BANG

score is > 7 or if the DES-OSA score is >7. At present, no evidence exists regarding the type of opioid or the opioid

dose that is compatible with patient discharge following an outpatient procedure. The determination of the maximum

effective dose compatible with patient discharge will be done on an individual basis, according to the clinician in charge
appreciation.

Procedural sedation and general anesthesia

Sedation and general anesthesia (GA) necessitate
adequate upper airway management. As described
above, OSA patients are at high risk of difficult
mask ventilation and early desaturation*"*¢. This
is frequently favored by overweight, a condition
associated with a reduction in functional residual
capacity. Optimal preoxygenation is therefore
important, using means such as CPAP, non-invasive
ventilation (NIV), and other oxygenation devices
with high- or low-flow oxygen, with the patient
placed in the ramp position, although no technique
has been proven being superior to the other®. These
devices can also be useful during sedation without
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instrumentation of the upper airway, to maintain
oxygenation*, while taking care of constantly
monitoring capnography to detect obstruction or
apnea. Frequent macroglossia and parapharyngeal
fat deposits are responsible for upper airway
narrowing, which impedes mask ventilation.
Concomitantly, the risk of difficult intubation is
higher®, due to anatomical constraints such as
narrow mandible, retrognathia or low implantation
of the hyoid bone, leading to poor visualization of
the glottic plane. Hence, the ASA recommendations
on difficult intubation should be followed, with an
early use of the video-laryngoscope®. Conversely,
in unscreened patients, the observation of a difficult
intubation should prompt for investigations to



evidence OSA, insofar as 66% of unplanned difficult
intubation cases suffer from OSA®.

In addition to basic monitoring for sedation
and general anesthesia, and procedure-specific
ones, adequate titration of hypnotics and opioids
1s recommended, to reduce the risk of immediate
postoperative adverse events. Electroencephalogram-
derived indexes such as the Bispectral Index, and
nociception-antinociception balance monitors are
useful in this respect*®. Indeed, hypnotics and
opioids affect the response of the pharyngeal dilator
muscles and the ventilatory response to stimuli.
Short acting drugs should therefore be preferred.
Among the halogenated vapors, desflurane has the
best profile, particularly in obese patients™, but its
benefits should be carefully weighed against its
environmental impact™. The effect of propofol on
the upper airway permeability is dose-dependent™,
and, although rapidly eliminated, this medication
tends to accumulate in obese patients. Its use should
preferably occur through target-controlled infusion
systems, to optimize titration. In OSA patients, the
use of remifentanil during an electroencephalogram-
guided total intravenous anesthesia does not increase
the length of stay in the post-anesthesia care unit
(PACU), as well as the incidence of respiratory
depression and postoperative complications”™ 7,
Similarly, total intravenous anesthesia with
propofol, as compared to inhaled sevoflurane, is
safe, reduces recovery times, and O2 requirement’”.
Benzodiazepines are not recommended in OSA
patients, because all having a relatively long duration
of action, increasing upper airway resistance
to ventilation™, and impeding the ventilatory
response to hypoxia”. Ketamine maintains the
upper airway patency®, and has minimal effects
on the central ventilatory control. In addition to
its bronchodilation properties®’, this makes it a
suitable molecule for anesthesia and sedation in
OSA patients, as part of a multimodal anesthetic
regimen. Alpha-2 agonists such as clonidine and
dexdemetomidine either can serve as premedication,
anesthetic adjuvants, or as sole sedative agents.
When used as a premedication, clonidine reduces
the need of propofol*>* and opioids* during
general anesthesia and does not increase the
number of desaturation episodes postoperatively™.
Studies are contradictory concerning the effect of
dexmedetomidine on ventilation. Observations
of ventilatory depression and arterial CO2 partial
pressure increases® rub shoulders with observations
of no effect on ventilation**, in a spontaneously
breathing patient. In the PACU, the intraoperative
use of dexmedetomidine raises the risk of residual
moderate to profound sedation, which can be
problematic in OSA patients®. Neuromuscular

blocking agents are necessary when tracheal
intubation is need, and for some surgeries to ensure
immobility and facilitate the work of surgeons.
OSA patients are more vulnerable to their use,
because of an increased risk of postoperative
respiratory complications in case of residual
muscle relaxation. It is therefore recommended
to use antagonizable muscle relaxants, and
rocuronium is best choice in this respect because
being immediately and completely antagonizable
with sugammadex. In the general population, the
antagonization of steroid muscle relaxants with
sugammadex is associated with less postoperative
pulmonary complications as compared with
antagonization with neostigmine®. These findings
are probably transposable to OSA patients. In any
case, the continuous intraoperative monitoring
of muscle relaxation is mandatory when muscle
relaxants are used, and train of four ratio >90%
should be targeted before tracheal extubation at the
end of the procedure. Tracheal extubation should
be performed in a semi-sitting fully awake patient
responding to command.

Locoregional anesthesia

Whenever possible, a locoregional anesthesia
technique should be preferred to procedural
sedation or general anesthesia in OSA patients.
Indeed, locoregional techniques have very few
effects on ventilation, and allow getting rid of
airway management problems”®'. In addition to
general anesthesia, an epidural analgesia technique
without opioids can be used safely in OSA patients
undergoing major abdominal or thoracic open
surgery. Contrarily, caution should be paid to
the use of opioids as part of the mixture used to
perform a locoregional technique, because of a
possible systemic resorption. Intrathecal analgesia
with morphine in doses of less than 100 pg has not
been shown to increase the risk of life-threatening
postoperative complications in OSA patients®, but
the risk of delayed respiratory depression following
higher doses should be kept in mind*.

Anti-nociception management

OSA patients are more sensitive to noxious
stimulation, possibly because of a high background
sympathetic tonus. Intermittent hypoxia and
sleep disorganization is also responsible for
an upregulation of cerebral p receptors, hence
promoting the central effects of opioids®. Despite
the current tendency for intraoperative opioid
sparing, those molecules are often necessary to
deal with moderately to severely invasive surgery.
However, they depress the respiratory centers
and reduce pharyngeal muscle tone in a dose-

OBSTRUCTIVE SLEEP APNEA PERIOPERATIVE MANAGEMENT — RAVEN ET AL. 367



dependent manner. Consequently, in OSA patients,
multimodal anti-nociception®, opioid sparing,
and use of short-acting molecules is particularly
pertinent. As a function of surgery invasiveness,
and in the absence of contraindications, a cocktail
of anti-nociception/analgesic medications should
already be administered during surgery, including
non-steroid anti-inflammatory drugs, magnesium
sulfate®, lidocaine, corticosteroids, ketamine, and/or
02-agonists. Locoregional anesthesia techniques are
also part of the multimodal opioid-sparing approach
90,91. Noteworthy, local anesthesia of the upper
airway is contraindicated in OSA patients, because
of the risk of upper airway reflexes abolition.

Intraoperative fluid management

Intra-operative fluid-management should be rather
restrictive in OSA patients, strictly targeting
euvolemia and avoiding hypervolemia. Indeed,
fluid overload can lead to oedema of the neck and
pharynx, thus reducing upper airway patency, and
increasing the risk of collapse events®.

The special case of drug-induced sleep endoscopy

Drug-induced sleep endoscopy (DISE) consists
in performing nasal endoscopy during monitored
anesthesia care in the supine or lateral position. It
permits to localize the place of pharyngeal narrowing,
responsible for upper airway obstruction, snoring,
and OSA. For this procedure, sedation should mimic
physiological sleep as much as possible. Most of
practitioners use a combination of midazolam at
a starting dose of 0.05 mg.Kg-1 and a continuous
target-controlled infusion of propofol”. This type of
sedation does not induce physiological sleep at all,
and alternatives should be thought at, with agents
like dexmedetomidine. However, the particularly
long onset time of dexmedetomidine sedative effect
and its unfavorable context-sensitive half-life render
the use of this medication for DISE unpractical.
Recently, the utility of remimazolam, a short acting
benzodiazepine, for DISE has been investigated™. It
provides adequate conditions for the examination,
with less frequent episodes of hypoxemia when
compared to propofol. Its place in the management
of OSA patients, for example in case of procedural
sedation or as the principal hypnotic agent during
anesthesia, has yet to be defined, given the current
lack of data in this respect, but this medication
appears to be promising.

Post-operative management of obstructive sleep
apnea patients

The postoperative period is particularly at risk of
complications in severe OSA patients, which can be

368 AcTA ANAESTH. BEL., 2024, 75 (4)

of respiratory, cardiovascular, or thromboembolic
nature. These risks are high during the first 30
postoperative days after cardiac” and non-cardiac
surgery'®!'”', The serious and sometimes life-
threatening respiratory events occur mainly during
the first 72 postoperative hours, with 80% of them
happening within 24 hours'”?. They are favored by
a lack of prevention, notably regarding the use of
sedatives and opioids altering sleep patterns and
increasing the AHI, and by poor monitoring'®.
Between the 24th and 72d postoperative hour,
serious respiratory events are related to the
recovery of sleep REM phases, during which
apneas/hypopneas are more frequent'™'™. The
optimal postoperative management of severe
OSA patients necessitates adequate monitoring,
including electrocardiography, intermittent arterial
blood pressure measurements, and peripheral
oxygen saturation. The addition of CO2 monitoring
(capnography or transcutaneous CO2 monitoring)
and respiratory rate monitoring (through thoracic
impedance measurements, for example) provides
faster detection of respiratory dysfunction'®.
There is a lack of literature to determine the
optimum monitoring range, and length. The ASA
recommends a continuous monitoring in the
recovery room and on the ward using telemetry’.
However, these recommendations are not easy to
apply routinely on the ward, given the high cost
of telemetry and high number of OSA patients. In
addition, data demonstrating the effectiveness of
those measures on outcome are lacking, despite
the knowledge that serious adverse events such
as death and/or brain damage occurring during
the postoperative period are particularly linked
to the absence of monitoring during the first 24
postoperative hours'®.

Others have proposed to calculate a score based
on suspected or diagnosed OSA severity, ongoing
treatment with CPAP, invasiveness of the surgery
and chosen anesthesia technique, need for opioids,
and presence of hypercapnia (Figure 5)". Patients
with a score >4 or <4 without the possibility to use
a CPAP must be monitored in the PACU for 2 to 4
additional hours. If no adverse events occur during
this period, then patients are allowed to go to the
ward. Otherwise, they stay in the PACU overnight.
If the score is <4, and the patient is stable, even
in patients with comorbidities, then he/she can be
transferred to the ward after the usual postoperative
assessment in the PACU. In case of destabilization,
they follow the track of patients with a score >4.

Other general protective measures can be
undertaken during the postoperative period to
increase patient safety. The semi-sitting position
or lateral position should be favored, as it reduces
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the AHI. Oxygen supplementation should be
used under the same conditions as in the general
population. Oxygen has the advantage of stabilizing
the ventilatory response to hypoxia/hypercapnia
in patients with a high loop gain®. It prevents
desaturation without increasing the AHI, keeping
in mind that hyperoxia sometimes leads to central
apnea'” . As intraoperatively, opioid sparing and

multimodal analgesia should be the rule in OSA
patients. In patients using CPAP at home, CPAP
should be maintained postoperatively, with or
without supplemental oxygen®, although the
compliance rate during the postoperative period is
less than 50% because of surgical contraindications
to CPAP use, inefficiency, presence of a nasogastric
tube, intolerance, nausea, and upper airway
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oedema. This may necessitate the adaptation of
CPAP parameters'®. Nevertheless, the use of
postoperative CPAP seems to be associated with
better outcomes by reducing the AHI, the number
of desaturation episodes, and the need for O2 than
the use of high-flow oxygen devices®. In high-
risk OSA, high-flow oxygen does not reduce the
incidence of hypoxia, hypercapnia or airway
management maneuvers when compared to
conventional oral or nasal low flow 02, Hence,
the environmental impact of using high-flow
devices should be put in perspective with their
expected benefits before deciding to use them.
In patient with a severe upper airway obstructive
profile, inspiratory efforts may be responsible for
an acute pulmonary oedema on negative pressure.
In these patients, the introduction of non-invasive
ventilation should be considered. Finally, optimal
postoperative nausea and vomiting prevention
using, for example, intravenous dexamethasone
should be introduced, and an eye should be kept on
glycemia, given the insulin resistance associated
with OSA®.

Conclusion

OSA is a complex and common upper airway
respiratory disorder. This condition is under-
diagnosed in the elective surgical population,
yet its prevalence will considerably rise in the
coming years. Patients with severe OSA are at
increased risk of cardiorespiratory complications.
Their perioperative management necessitates
adequate preoperative screening, intra- and
postoperative opioid sparing (including the use of
locoregional techniques), and decision algorithm-
oriented postoperative follow-up. An adequate
locally defined care pathway is the key to ensure
perioperative OSA patient safety.
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