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In many ways, the obstructive sleep apnea (OSA) syn-
drome is the Achilles heel of pediatric sedation and anal-
gesic programs, particularly if medications are administered
by non-anesthesiologists. The prevalence of OSA is high,
estimated in the pediatric population to be 1-3%.'* The
peak incidence of OSA in children occurs between 2 and 6
years of age, an age range that commonly requires pharma-
cologic intervention to submit to painful diagnostic and
therapeutic procedures.

Awake, the apparently healthy child with undiagnosed
severe OSA is difficult to identify on clinical grounds alone.
Once subjected to sedative and anesthetic drugs, the airway
in this child becomes very difficult to manage. Upper airway
obstruction during anesthesia may be the first sign of severe
OSA’

The OSA syndrome is characterized by sleep fragmen-
tation, episodic apnea, and recurrent hypoxemia and hyper-
carbia during sleep. Exposure to intermittent hypercarbic
hypoxia (IHH) during development is an experimental
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model for two clinical entities important to child health,
namely the sudden infant death syndrome and the obstruc-
tive sleep apnea syndrome. Long-term follow up of infants
suffering acute life-threatening events report a higher inci-
dence of OSA in childhood and adolescence.®® Exposure to
intermittent hypoxia (IH) during development has a pro-
found effect on central neuromodulator systems including
the opioid system, altering the sensitivity to exogenously
administered opioids. In addition, the neurotransmitters im-
portant to activation of the respiratory-related activity in the
pharyngeal dilator muscles are the same neurotransmitters
targeted by most sedative and anesthetic agents. Therefore,
an appreciation of the vulnerability of the airway in OSA to
pharyngeal collapse and upper airway obstruction during
sedation/anesthesia is essential to effectively manage these
children.

The severity of OSA is assessed by the frequency and
severity of the obstructive respiratory events during sleep.
The frequency of obstructive events is quantitated by the
Apnea/Hypopnea index (AHI), also referred to as the Re-
spiratory Disturbance index (RDI). Pediatric diagnostic cri-
teria for OSA are an AHI in excess of 1 event per hour and
a saturation nadir below 92%.%'° The level of OSA severity
may also be stratified by the frequency and level of desatu-
ration which occurs during the obstructive respiratory
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Figure 1  Representative abnormal nocturnal oximetry study,

recorded between 22:00 and 7:00 h, shows seven clusters (arrows)
of desaturations associated with an increase in heart rate variabil-
ity. Four clusters show desaturations less than 80%. Bpm, beats per
minute.

event.!' Criteria for an abnormal oximetry trend record
include at least three clusters of desaturation (Figure 1). A
number of desaturation indices are used to assess sleep
disordered breathing: the desaturation index is the number
of desaturation events per hour, the time spent below a
threshold saturation, the averaged value of the nadir satu-
ration of each cluster, and the saturation nadir of the entire
record. In the context of a clinical history suggestive of
sleep disordered breathing and an abnormal oximetry trend
record, the saturation nadir, a single data point in the entire
record, has proven to be a robust predictor of postoperative
risk."!

The frequency and severity of obstructive respiratory
events and desaturation vary with sleep stage and occur
most frequently during active, rapid eye movement (REM)
sleep.>!! The frequency and severity of obstructive events
worsen after midnight, and this is thought to reflect the
higher proportion of REM sleep in the latter part of the
night. Upper airway muscle fatigue'? is also proposed as a
mechanism and is supported by the finding that exposure to
episodic hypercapnic hypoxia in the rat model alters upper
airway muscle structure and function.'?

Establishing the diagnosis of the 0SA
syndrome in children

A high index of suspicion is required to identify the child
with OSA on clinical criteria. There is an ethnic vulnera-
bility to the development of OSA and a higher incidence is
found in Asian and African American populations.'*' Af-
rican American children desaturate more profoundly during
sleep-related obstructive airway events than Caucasian or

Latino children.'® Medical complexity should alert the cli-
nician to the potential for OSA and may be of two forms:
1) an associated medical condition which predisposes to the
development of OSA'” or 2) the medical sequelae of OSA.

Medical conditions which predispose to 0SA

Anatomical features including increased nasal resistance
may underlie the pathogenesis of OSA.'®!'® Craniofacial
syndromes which are associated mid-face hypoplasia, mi-
cro/retrognathia, macroglossia, and narrow facies including
the craniosynostoses (Crouzons, Apert’s, and Pfeiffer syn-
drome), Trisomy 21, Treacher Collins syndrome, the Pierre
Robin Sequence, Goldenhar syndrome, and achondroplasia
also predispose to OSA. Disorders of the cranial base which
impair the function of cranial nerves, including the Arnold
Chiari abnormality, are associated with OSA. Neuromuscu-
lar disorders associated with abnormalities of muscle tone,
including both hypotonia and spasticity, predispose to OSA.
The formerly premature infant is at increased risk of OSA.
Children with infiltrative disorders such as the mucopo-
lysaccaridoses (Hunter’s and Hurler’s syndrome) and acro-
megaly are at risk for OSA. Children with obesity and the
Prader-Willi syndrome have a higher incidence of OSA.
Seizure disorders may predispose to the development of
OSA both because of an underlying neurologic disorder and
because many of the anti-seizure medications inhibit the
function of the upper airway muscles.?*®

Medical conditions which are sequelae of 0SA

The obstructive events which characterize OSA result in
recurrent episodes of hypoxia, hypercarbia, and sleep dis-
ruption. This trilogy has been linked to the development of
medical sequelae which accompany severe OSA such that
the child with moderate/severe OSA presents a spectrum of
diseases affecting multiple organ systems. Failure to thrive
is common®??*3% and may arise from both a disruption in
the circadian secretion of growth hormone and the increased
work of breathing.”® There is evidence of cardiovascular
abnormalities,?® including ventricular dysfunction, a de-
pressed ventricular ejection fraction, and ventricular hyper-
trophy>'~*? and pulmonary hypertension.'** Repeated respi-
ratory infections affecting both the lower and upper
respiratory tracts are common. Lower respiratory infections
have been linked to chronic aspiration during sleep.*
Children with severe OSA have a blunted response to
hypercarbic challenge during anesthesia.** They demon-
strate subtle dynamic changes in ventilatory responses.
Consecutive hypercapnic challenge, upon arousal from
sleep, does not produce the progressive increase in ventila-
tion with time which is seen in normal children.*> Most of
the medical sequelae of OSA resolve with treatment.?>-°
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Table 1  Clinical diagnostic criteria for pediatric
obstructive sleep apnea syndrome*

1) Predisposing physical characteristics

a) Body Mass Index greater than 95%ile for age and
gender.

b) Craniofacial abnormalities affecting the airway.

c) Anatomical nasal obstruction.

d) Tonsils nearly touching or touching in the midline.

2) History of apparent airway obstruction during sleep (two
or more of the following):

a) Loud snoring (loud enough to be heard through a
closed door.)

b) Frequent snoring

c) Observed pauses in breathing during sleep.

d) Frequent arousals from sleep.

e) Intermittent vocalization during sleep.

f) Parental report of restless sleep, difficulty breathing, or
struggling respiratory efforts during sleep.

3) Somnolence (One or more of the following)

a) Parent or teacher comments that the child appears
sleepy during the day, is easily distracted, is overly
aggressive, or has difficulty concentrating.

b) Child often is difficult to arouse at the usual awakening
time.

*If signs and symptoms in at least two categories are present, there is
a significant probability of moderate OSA. If severe abnormalities are
present, children should be treated as severe 0SA. Adapted from Table
1 in Recent Practice Guidelines for the Perioperative Management of
Patients with 0SA.*®

An associated medical condition predisposing to OSA is
easily identifiable during the pre-sedation assessment of the
child. However, the otherwise healthy, apparent American
Society of Anesthesiology physical status 1 child with med-
ical sequelae of severe OSA is not so easily identified by
clinical criteria alone.”**” Recently published practice
guidelines for perioperative management of patients with
OSA!® propose clinical criteria to establish a diagnosis of
OSA in children (Table 1). However, clinical acumen for
both the diagnosis of OSA and the stratification of disease
severity is poor, and only 55% of children with a clinical
criteria suggestive of OSA subsequently meet sleep labora-
tory diagnostic criteria.*®

A history of snoring has been recognized as a predictor
of anesthetic adverse respiratory events.”> However,
whereas 14% of children have primary benign snoring, only
1-3% of children meet the diagnostic criteria for the OSA
syndrome.” Establishing a diagnosis of OSA and stratifica-
tion of the level of OSA severity is important for accurate
prediction of anesthetic risk during anesthesia and sedation.
In children with OSA who were premedicated with mida-
zolam, an RDI of 20 events per hour was associated with a
higher incidence of laryngospasm during induction of an-
esthesia, and an RDI of 30 events per hour was associated
with laryngospasm and desaturation on emergence from
anesthesia.*® Ten obstructive events per hour and a satura-
tion nadir <80% are the threshold values for increased risk

of severe respiratory complications following adenotonsil-
lectomy for OSA 24142

The upper airway in 0SA syndrome:
pharyngeal patency during wakefulness,
sleep, and anesthesia

Sedation protocols for painful diagnostic and therapeutic
procedures produce an altered state of consciousness. Be-
cause this altered state of consciousness is in fact a contin-
uum from conscious sedation to anesthesia, discussion of
the specific effects of pharmacologic agents on the upper
airway in patients with OSA must also include wakefulness
and anesthesia. Patients with OSA demonstrate a height-
ened sensitivity to sedative and analgesic agents. Consensus
opinion is that general anesthesia with a secure airway is
preferable to deep sedation for the patient with moderate/
severe OSA syndrome. '’

Pharyngeal patency during wakefulness

Compared with normal subjects, the dimension of pharyn-
geal airway in OSA is anatomically smaller.>®**** In addi-
tion, the pharynx is inherently more collapsible even during
wakefulness.*>*” The negative pressure generated by inspi-
ration will narrow and collapse the pharyngeal airway un-
less countered by inspiratory activity in the pharyngeal
dilator muscles.! During wakefulness, both tonic and peak
activity in the genioglossus muscle is higher in patients with
OSA compared with control, suggesting that during wake-
fulness, airway patency is relatively more dependant on the
function of the pharyngeal dilators in patients with
OSA.**! This greater dependence on the pharyngeal dila-
tors is underscored by the influence of local anesthesia
applied during wakefulness on airway dimension. Topical
anesthesia applied to the pharynx of children with OSA
results in a much greater reduction in pharyngeal caliber
compared with controls.>?

Pharyngeal patency during sleep

Sleep is associated with a decrease in pharyngeal caliber, an
increase in the compliance of the pharynx, and an inhibition
of the pharyngeal dilator muscles, all promoting collapse of
the upper airway.*” Compared with adults, children with
OSA seem better able to maintain inspiratory activity of the
pharyngeal dilators during sleep.*® Unlike adults with OSA
in whom cortical arousal is required to terminate obstructive
apnea, in children with OSA, recruitment of the upper
airway dilators is the usual mechanism whereby the obstruc-
tive apnea is terminated.'®

Sleep onset is associated with a loss of tonic neck activ-
ity promoting flexion of the neck and a decreased dimension
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of the pharynx.**->3-5% Activation of the upper airway activ-
ity precedes activation of the primary respiratory muscles.’®
Sleep disrupts this coordination. The pharyngeal dilator
reflex, first reported in man in 1991, describes a reflex
activation of the pharyngeal dilator muscles when negative
suction forces are applied to the pharyngeal airway.*®°
Sleep inhibits the responsiveness of both the tensor palatine
and genioglossus muscles to the pharyngeal dilator re-
flex.’"57 Active REM sleep is associated with a heightened
respiratory drive to the diaphragm and a lesser drive to the
musculature of the upper airway, resulting in collapse of the
pharyngeal airway during REM sleep.*’

Anesthesia/sedation

Pharyngeal patency during anesthesia

The physiologic and pharmacologic effects of sedation
and anesthesia simulate the effects of sleep and promote
collapse of the upper airway. The pharyngeal airway of
patients with OSA is especially vulnerable to collapse dur-
ing anesthesia/sedation.>*>

Physiologic effects

Hypercarbia and a loss of lung volume (functional lung
capacity) commonly accompany anesthesia and sedation.
Both promote collapse of the pharyngeal airway. The
threshold carbon dioxide stimulation for recruitment of the
diaphragm is lower than the genioglossus,* a differential
sensitivity which increases pharyngeal collapsibility. Loss
of lung volume acts to displace the trachea in a rostral
direction, thereby decreasing the longitudinal tension of the
upper airway and increasing the collapsibility of the pha-
ryngeal airway both in wakefulness>® and during anesthe-
sia.*’

Pharmacologic effects

Muscle relaxants

The muscles of respiration display a differential sensi-
tivity to sub-maximal neuromuscular blockade such that the
geniohyoid muscle is more sensitive than the diaphragm.>’
Residual neuromuscular blockade will selectively depress
the function of the upper airway dilators relative to the
diaphragm, promoting collapse of the pharyngeal airway.
Residual neuromuscular blockade was present in the major-
ity of patients even 2 hours after administration of interme-
diate duration muscle relaxants.®® Although studies specific
to the patients with OSA are lacking, it seems likely that
these patients would be very sensitive to residual neuromus-
cular blockade. Full reversal of neuromuscular blockade is
strongly recommended prior to extubation of the patient
with OSA."

Anesthetic/sedative agents

A differential sensitivity of the muscles of respiration
was reported for halothane.®' This differential sensitivity
has subsequently been reported for most anesthetic and
sedative agents.*>* Glycine and gamma amino butyric acid
(GABA) are inhibitory neurotransmitters to the genioglos-
sus muscle, a major upper airway dilator.** Sedative and
anesthetic agents, acting as agonists at these receptors, pref-
erentially inhibit the activity of the pharyngeal dilator mus-
cles,®® favoring collapse of the pharyngeal airway during
sedation/anesthesia.

Adults

Although the focus of this discussion is pediatric OSA,
studies in adults which assess the effect of sedative and
anesthetic agents on the airway are instructive (see article in
this issue by Dr. Hillman). In healthy adult volunteers, mild
to moderate levels of sedation with midazolam were asso-
ciated with a greater tendency for upper airway obstruction
than equivalent levels of sedation with propofol. Recovery
was more rapid following termination of the propofol infu-
sion.®> Although propofol inhibits activity of the upper
airway dilators, at low doses there is some preservation of
activity.®® This is in contrast to the abolition of phasic
activity at even low concentrations of isoflurane.*” It is not
known whether there is a clinical advantage of propofol, or
any other sedative/anesthetic agent for that matter, in chil-
dren with OSA. Indeed, consensus opinion does not advo-

cate any particular general anesthetic agent in patients with
OSA."

Children

Studies of children with normal airways show a graded
reduction in airway caliber with increasing concentrations
of sevoflurane.>® Propofol administration is associated with
a dose-dependent decrease in pharyngeal cross sectional
area, due primarily to a decrease in the anterior—posterior
dimension.®” Magnetic imaging studies of children with
OSA, during sedation, indicate that the level of airway
obstruction occurs in the upper two-thirds of the pharyngeal
airway and the smallest pharyngeal dimension is in the area
of overlap between the adenoids and tonsils.**

The selective sensitivity of the upper airway muscles to
the physiologic and pharmacologic effects of anesthesia/
sedation result in a reduction of pharyngeal dimension and
an increase in pharyngeal collapsibility. In patients with
OSA, this collapse will occur at supra-atmospheric pres-
sure.” Support of the pharyngeal airway during anesthesia/
sedation may require bypass of the pharyngeal airway by
insertion of endotracheal tubes, oro/nasopharyngeal air-
ways, or laryngeal masks. Since most sedation protocols
aim for light levels of sedation, the sedated child may not be
sufficiently deep to tolerate insertion of these airways. In
addition, the patient with OSA has a higher incidence of
intubation difficulties because of anatomical features which
reduce the skeletal confines of the tongue present in both the
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patient with OSA and the difficult airway®® (see article in
this issue by Drs. Stearns and Stierer).

Alternately, the airway may be stabilized by the appli-
cation of continuous positive airway pressure (CPAP).
Small increments in CPAP between 5 and 10 cm H,O result
in a marked increase in the dimension of the pharyngeal
airway.”®®® The important role of CPAP in maintaining
pharyngeal caliber is illustrated by the fact that the propo-
fol-associated loss in airway caliber was reversed with the
application of CPAP.””

Consensus (anesthetic) opinion is that general anesthesia
with a secured airway is preferable to deep sedation, and is
equivocal regarding whether general anesthesia with a se-
cured airway is preferable to moderate sedation for super-
ficial procedures. General anesthesia with a secured airway
is preferable for procedures involving the upper airway
including endoscopy. The guidelines for the perioperative
management of patients with OSA assign equivalent risk
scores to superficial surgery with general anesthesia and
airway surgery with moderate sedation.'® Implied in these
consensus guidelines is a recommendation that patients with
moderate/severe OSA be excluded from sedation programs
delivered by non-anesthesiologists.

Extubation practice

Extubation strategy has been highlighted as important to
outcome in patients with OSA. A diagnosis of OSA was a
risk factor associated with death/brain damage following
extubation.'®”! Although awake extubation is recom-
mended,'® wakefulness in patients with OSA may not en-
sure full return of the pharyngeal dilator muscle function if
suppression of the upper airway dilator musculature contin-
ues into the post-operative period. Therefore, delayed
awake extubation may be advantageous, especially if the
tracheal intubation has been difficult. The use of a tube
exchanger during the extubation is invaluable, and it may
be prudent to perform extubation in an OR setting with the
otolaryngologist ready for rigid bronchoscopy or tracheos-
tomy, should airway obstruction occur.

Postoperative period

Pharmacologic support

Two drugs, atropine and naloxone, have the potential to
augment the function of the upper airway and may prove
useful in the management of children with severe OSA.
Endogenous acetylcholine modulates activity of the genio-
glossus muscle, the major muscle responsible for anterior
displacement of the tongue. Muscarinic blockade of the
hypoglossal nucleus, in the rat model, enhances activity of
the genioglossus muscle.”? Atropine may enhance the func-

tion of the upper airway dilator muscles in children with
severe OSA.

Opioid receptors are widely distributed throughout the
brainstem, including the neural networks which control the
pharyngeal dilator muscles. Opioids modulate respiratory-
related activity of the pharyngeal dilator muscles. Mu opi-
oid stimulation depresses the activity of the pharyngeal
dilator muscles including the genioglossus muscle, thereby
promoting upper airway collapse.’®’®> A heightened sensi-
tivity to both the analgesic and respiratory effects of exog-
enously administered opioids has been reported in children
with severe OSA (see below). It is probable that this height-
ened sensitivity to exogenous opioids also extends to the
respiratory-related activity of the pharyngeal musculature.
In children with OSA, there is a role for naloxone to support
pharyngeal patency during recovery from anesthesia/seda-
tion if exogenous opioids have been administered. Rela-
tively low doses of naloxone alleviate upper airway obstruc-
tion in this clinical scenario.

Non-pharmacologic support

Support of the OSA airway during recovery from anes-
thesia/sedation is primarily non-pharmacologic. Studies
specific to the patients with OSA are emerging, and small
manipulations in the determinants of pharyngeal collapsibil-
ity make a large difference to the pharyngeal dimension.>?
These determinants include the position of the head and
neck and airway pressure support.

Positioning

During recovery from anesthesia and surgery, while
pharmacologic and physiologic inhibition of the upper air-
way dilators may be present, meticulous attention to the
position of the head and neck is important to optimize
pharyngeal dimension.”* The triple airway maneuver (neck
extension, the sniffing position, and mouth opening with
anterior advancement of the mandible) maximizes the cal-
iber of the pharynx**’> (see article in this issue by
Dr. Isono). In addition, lengthening of the pharyngeal air-
way, ie, by extension of the cervical spine or caudal dis-
placement of the trachea, alters the longitudinal tension of
the pharynx and decreases the collapsibility of the upper
airway.’®

The lateral position with OSA markedly increases the
dimension of the pharynx.?® In normal children sedated with
propofol, the loss in airway caliber in the supine position
was reversed in the lateral position.”” During induction of
anesthesia for pediatric adenotonsillectomy, the lateral po-
sition relieved the signs of upper airway obstruction.”*
There is an interaction between passive caudal tracheal
displacement and anterior displacement of the tongue such
that the increase in pharyngeal caliber was greatest with the
combined maneuver.’®
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CPAP support

Long-term application of CPAP during sleep has become
the mainstay of OSA therapy in the adult population. Ap-
plication of CPAP to the upper airway acts as a pneumatic
splint to increase its caliber.”” Of equal importance, CPAP
increases lung volume and thereby the longitudinal tension
on the pharyngeal airway, thus decreasing the collapsibility
of the upper airway.>%5°

The use of CPAP has a role in the perioperative man-
agement of patients with OSA. Application of CPAP fol-
lowing extubation promotes upper airway stability in the
immediate post-extubation period. In children, use of
the Mapleson circuits may confer an advantage because of
the ease with which CPAP may be applied and titrated to
effect. Unlike the home application, the use of CPAP in the
postoperative period may be indicated both during sleep and
wakefulness. Indeed, the continuous use of nasal CPAP in
adult patients with OSA, in the initial postoperative days,
allowed the unrestricted use of sedative, opioid, and anes-
thetic drugs.®!

Analgesia: opioids

Severe OSA is characterized by recurrent episodes of hyp-
oxia and hypercarbia during sleep. Exposure to intermittent
hypoxia (IH) during development, in animals, affects two
neurotransmitter systems important to anesthesia and seda-
tion, namely the opioid system and the glutaminergic sys-
tem. Exposure to [H during development is associated with
an increase in the density of mu-opioid receptors in the
brainstem. The cellular mechanism whereby this increased
density is achieved is unknown, but it may represent an
adaptive response to the effects of recurrent hypoxia which
allows the influence of mu-opioid respiratory effects to
predominate **-3%84

Children with severe OSA exhibit recurrent hypoxemia,
and the severity of the hypoxemia correlates with the sen-
sitivity to exogenously administered opioids.®>%¢ Indeed,
the morphine dosage required to achieve a uniform analge-
sic endpoint in children with OSA, whose preoperative
saturation nadir was less that 85%, was half that required in
children whose saturation nadir was greater than 85%.%°
Forty-six percent of children with severe OSA characterized
by a low saturation nadir experienced apnea following a
uniform dose of fentanyl, compared with 4% of controls.®’
A heightened sensitivity to the respiratory effects of fenta-
nyl is supported by the fact that exposure to IH in develop-
ing rat pups was associated with an exaggerated respiratory
depression to subsequent administration of a uniform dose
of fentanyl.®®

In addition to the opioid system, hypoxia activates other
neurotransmitters important to respiratory control and
arousal, including neuromodulators which stimulate (gluta-
mate) and inhibit (GABA and adenosine) respiration. Stim-
ulation of the glutaminergic system by exposure to IHH

during development activates the N-methyl-D-aspartate
(NMDA) pathways,?*° which are widely distributed in
areas of the brainstem involved with cardiorespiratory ho-
meostasis. The anesthetic implications of this activation are
unstudied.

Guidelines for the perioperative management of OSA'®
assign a higher risk score if opioids are used for postoper-
ative analgesic regimens in patients with OSA. The notion
that opioid administration increases risk in children is sup-
ported by reports of a decreased opioid dosage to achieve a
uniform analgesic endpoint,*>¢ coupled with a heightened
respiratory sensitivity to a uniform dose of fentanyl in
children with OSA.®” An unforeseen advantage of untreated
severe OSA may be that analgesia is easily obtained with
minimal opioid dosage. However, there is also great risk for
respiratory depression with standard opioid dosing, high-
lighted by anecdotal reports of neurologic injury and death
associated with the use of opioids in patients with OSA.%!
Although the mechanism of the heightened sensitivity of
opioids is unknown, treatment of OSA may reset opioid
sensitivity since patients with severe OSA (untreated OSA
saturation nadir 65%) for whom nasal CPAP was instituted
pre-operatively (treated OSA saturation nadir 88%) toler-
ated the unrestricted use of sedative, opioid, and anesthetic
drugs without respiratory morbidity.®'

Although the guidelines for the perioperative manage-
ment of OSA'® suggest that the use of low-potency oral
opioid analgesia carries a reduced risk, the use of codeine,
a low-dose oral opioid commonly used in the ambulatory
setting, may be problematic in children with OSA. Codeine
is metabolized by the cytochrome P450 desbrisoquine 4
hydroxylase (CYP2D6) to its active analgesic metabolites
morphine-6-glucuronide and morphine-3-glucuronide. The
CYP2D6 gene displays polymorphism including gene du-
plication. Gene duplication results in ultrarapid metabolism,
which for prodrugs like codeine results in a higher fraction
of the active opioid agonist metabolites. Respiratory arrest
with codeine in a patient who demonstrated ultrarapid me-
tabolism of codeine has been reported.””

Exposure to IH and IHH during development in experi-
mental models is associated with an increase in the arousal
latency to hypoxia®***> and may be mediated by central
inhibitory neurotransmittors.”> A prior history of IH and
IHH may impair arousal to both hypoxia and hypercarbia
during sleep.®* Morphine obtunds arousal.”” If the height-
ened sensitivity to both the analgesic and respiratory effects
of exogenously administered opioids reported in children
extends to arousal mechanisms, the use of opioids in pa-
tients with severe OSA may impair arousal mechanisms. In
an experimental rat model, activation of the glutaminergic
system by exposure to IHH is linked to excitotoxic cellular
injury and apoptosis. Subsequent hypoxic episodes such as
might occur during anesthesia/sedation may be associated
with greater neurologic injury in children with severe
OSA.*
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Figure 2  Proportioning of the tidal volume while breathing from

a sleep apnea device. Most of the tidal volume inspired by the
patient comes from the breathing tube connecting the face mask to
the CPAP device (Dead Space). Only a minor portion is derived
from atmospheric (fresh air) through the exhalation port. Washout
of exhaled gases is achieved by the flowrate generated by the sleep
apnea device.

Discharge criteria

The guidelines for the perioperative management of OSA'°
suggest that the patient whose OSA is treated with a domi-
ciliary sleep apnea therapy device may be managed in
ambulatory programs. Fundamental to this recommendation
is the assumption that the physiologic control and arousal
mechanisms of patients are intact in the post-operative pe-
riod. Sleep apnea therapy devices are not classified as life-
sustaining, and therefore are not equipped with the alarm
and safety features of ventilators. Rather, they rely on phys-
iologic control and arousal mechanisms to awaken the pa-
tient.’® Sleep apnea therapy devices deliver the therapeutic
positive pressure to the patient by imposing airflow through
a resistive exhalation port located in the mask. The inspired
and exhaled gases share a common pathway, namely the
breathing tube connecting the mask to the flow generator in
the sleep apnea device. Elimination of exhaled carbon di-
oxide from the breathing tube depends primarily on gas flow
from the sleep apnea device (Figure 2). In the absence of
airflow, as might occur during electrical power failure, re-
breathing may occur and the patient must rouse from sleep
to remove the mask.””®

Discharge criteria based on street fitness during wake-
fulness are poorly suited for children with OSA. Sleep
onset may be associated with sleep disordered breathing
which may worsen under effects of residual sedative/
anesthetic/analgesic medication. Furthermore, the refer-
ence breathing pattern for the parents of children with
untreated OSA is one of heavy snoring, confusional
arousals, witnessed apnea, and struggling respiratory ef-

forts.*'? They are ill-prepared to detect and monitor
changes in the respiratory status of their children during
recovery from sedation/anesthesia.

Summary and conclusion

The OSA syndrome is indeed the Achilles heel of sedation
protocols and acute pain services. The disease prevalence is
high. Clinicians must have a very high index of suspicion
for OSA since the apparently healthy child with undiag-
nosed severe OSA is difficult to identify by clinical criteria.
He/she may have pulmonary hypertension, lower respira-
tory disease, and cardiac dysfunction, all of which increase
the risk of respiratory complications. There is evidence that
exposure to [H/IHH during development, as is seen in chil-
dren with severe OSA, profoundly alters central neuro-
modulator systems, including the opioid system. Preopera-
tive assessment for children must include an assessment for
sleep disordered breathing in order to judge opioid dosage.
The airway of the child with OSA becomes difficult to
manage once sedative and opioid medications have been
administered. An excessive tendency for airway collapse
during anesthesia/sedation may be the first sign of severe
OSA. These children have a higher incidence of airway
complications and intubation difficulties during anesthesia
and sedation. Appropriate post-procedure monitoring and
care for these children must be secured. Recently published
consensus guidelines may help clinicians in the decision-
making process.'”
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