REVIEW

Anesthesiological considerations for children with

To summarize recent evidence-based data regarding outcomes associated with children who have

Internet surveys conducted by pediatric otolaryngologists and pediatric anesthesiologists have reported a
disturbing number of deaths within 24 h of tonsillectomy attributed to postsurgical/anesthesia apnea.
Several occurred in the post anesthesia care unit after routine monitors had been removed. In addition, a
number of deaths also have been attributed to children who have duplicated cytochromes allowing the
rapid conversion of codeine to morphine, thus producing a relative drug overdose. Finally, there is some
human and animal evidence suggesting that repeated episodes of hypoxemia result in altered opioid
receptors causing relative opioid sensitivity. These factors have important clinical implications.

Perioperative deaths in children with OSA occur at a low frequency. Hypoxia-induced opioid sensitivity
combined with an approximate 1-2% incidence of rapid conversion of codeine to morphine suggest the
need for new approaches for providing preoperative assessment of risk, extended postoperative
observation and the need for alternative opioids to codeine. Additionally, new less painful surgical
approaches may help to reduce postoperative opioid requirements and therefore perhaps less risk for
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INTRODUCTION

Tonsillectomy and or tonsillectomy combined with
adenoidectomy is one of the most common surgical
procedures performed in children in the USA
(approximately 500000 per year). Recent studies
have reported a distressing number of children
who have died within 24 h of their surgical procedure
and these deaths have occurred in the post anesthesia
care unit (PACU), on the ward, and at home [1*%,2"].
This review will examine the multiple factors that
contribute to these disturbing outcomes.

OVERVIEW

Children may suffer an adverse outcome following
tonsillectomy because of their underlying associ-
ated medical conditions (e.g., congenital heart dis-
ease), surgical complications (hemorrhage), and
anesthesia mismanagement (inadequate securing
of the airway, anesthetic overdose, among others).
Complications directly related to surgery and
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anesthesia will not be part of this discussion. Rather
this review will summarize patient-related factors,
data regarding opioid-induced sensitivity, genomic
information concerning duplicated cytochromes
resulting in minimal or ultra-rapid conversion of
codeine to morphine or hydrocodone to hydromor-
phone thus placing children with obstructive sleep
apnea (OSA) at particular risk, and recent recom-
mendations regarding perioperative assessment of
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KEY POINTS

e Obesity and ethnicity are specific independent risk
factors for OSA.

e Cytochrome variations inability to convert codeine to
morphine and hydrocodone to hydromorphone may
result in slow metabolism (minimal conversion to active
metabolite therefore minimal analgesia) or ultra rapid
metabolism (resulting in higher blood levels and
possible overdose); similarly, cytochrome variations in
the metabolism of tramadol may lead to drug
accumulation or reduced duration of analgesia.

Chronic hypoxemia alters mu receptors resulting in
patients being analgesic at lower blood levels of opioid
than those who do not have chronic hypoxemia, thus
all doses of opioids should be reduced to one-third or
half of that used for children undergoing tonsillectomy

who do not have OSA.

A careful history and physical examination is
warranted in all children undergoing tonsillectomy so
as to assess those who may be at risk for OSA;
guidelines from the AAP, the Otolaryngology
Association, and the ASA all help to provide assistance
with this evaluation and assessment.

Patients determined to be at risk should be admitted
and appropriately monitored following tonsillectomy
unless opioids can be omitted from their postsurgical
pain management regimen.

children potentially at risk for OSA as well as
possible new surgical approaches that may mini-
mize the need for postoperative opioids.

Obesity

In pediatric patients, obesity appears to be the major
risk factor associated with OSA [3-5]. Although BMI
is frequently used to characterize the extent of
obesity in adults, in the pediatric population, a
weight exceeding the 95th percentile for age and
gender is considered obese. Numerous studies have
shown that obesity is a major cause of OSA and that
unfortunately obesity has become pandemic in the
USA with marked changes in obesity demographics
during the past 25 years [3,4]. There is some sugges-
tion that obesity and OSA are linked to metabolic
syndrome, that is, hypertension, dyslipidemia,
proinflammatory states, insulin resistance, and
other features [3]. It has also been shown that ton-
sillectomy with adenoidectomy is able to reduce
OSA by approximately 70% [6,7]. However that
implies that 30% of children are not cured and that
other measures are needed such as encouraged
weight loss, surgical procedures such as uvulo-
palatopharyngoplasty, mandibular advancement,
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tongue base reduction, and others. Constant
positive airway pressure, bilevel positive airway pres-
sure, and variable positive airway pressure have also
been utilized with varying success [8"].

Clinical signs and symptoms

Loud snoring, gasps, pauses in respirations, night
terrors, sleeping in odd positions such as the neck
hyperextended, enuresis (after 6 months of conti-
nence), cyanosis, morning headaches, daytime som-
nolence, and poor school performance (learning
problems, attention deficit disorder or hyperactivity
disorder) are all associated with OSA [9"]. Physical
examination may reveal either failure to thrive
(underweight) or obesity. Tonsillar hypertrophy,
adenoidal facies, micrognathia, high arched palate,
reactive airway disease, and hypertension have all
been associated with OSA [9"]. A careful preoperative
history must elucidate these factors and to help
clarify which children may be at risk for OSA. The
gold standard however is a formal sleep study (poly-
somnogram) and assessment of the apnea/hypo-
pnea index (the number of pauses in breathing for
10s or longer or partial obstructions to breathing per
hour) (Table 1). However, it is the minority of chil-
dren that have had these studies and therefore it is
exceedingly important for the clinician to ask
appropriate specific historical questions described
above so that appropriate perioperative pain man-
agement and monitoring can be prospectively
organized. The American Society of Anesthesio-
logists (ASA) has recently published an updated
guideline for the perioperative assessment and
management of such patients (see below) [10™].
An alternative screening tool is overnight pulse
oximetry, the McGill oximetry score (Table 2)
[11%%]. Severity of the desaturation during sleep
determines the score. Episodes of desaturation
below 80% are considered to be consistent with
severe OSA. The pattern of desaturation events

Table 1. Assessing severity of OSA with polysomnography
with the apnea/hypopnea index

Number of apneas®/hypopneas®

OSA severity per hour*
None 0
Mild 1-5
Moderate 5-10
Severe >10

OSA, obstructive sleep apnea.

9Apnea is defined as a cessation of breathing for 10s or longer.
PHypopnea is defined as a partial airway obstruction.

°Each polysomnography facility may have a similar but different scoring
system.
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Table 2. The McGill Oximetry score for assessing
obstructive sleep apnea

Score Severity of nocturnal
desaturation events®

1 =No risk No desaturations <90%

2 =mild risk Desaturations <90%

3 =moderate risk Desaturations <85%

4 = severe risk Desaturations <80%

“Note that this most often takes a ‘saw tooth’ pattern correlating with
obstruction/apnea/desaturation followed by arousal and resaturation.

is usually ‘saw tooth’ in nature corresponding
to obstruction/apnea/desaturation followed by
arousal, relief of obstruction, and re-saturation.
The assessment of severe OSA has now been added
to the guidelines from the American Academy of
Pediatrics (AAP) [9"], the ASA, and that of the
pediatric otolaryngologists [12] (see further).

Ethnicity

Several studies have confirmed greater risk for OSA
in African-American and Hispanic children com-
pared with Caucasians [13-16]. One study has
shown that Hispanic children with excessive day-
time somnolence were three times more likely to
have frequent snoring and nearly six times more
likely to have witnessed apnea events during sleep
[17]. African-American children may have inde-
pendent genetic factors predisposing to both obesity
and OSA; reactive airway disease, and low socio-
economic status are other associated factors [18,19].

Analgesia

The following subsections will review new informa-
tion regarding the nuances of providing postopera-
tive analgesia to children with OSA following
tonsillectomy.

Opioid sensitivity

There is increasing evidence that repeated episodes
of desaturation result in altered mu receptors with
the net effect of analgesia occurring at lower blood
concentrations of opioids than in patients or animal
models who have not experienced repeated episodes
of desaturation [20"",21-23]. Thus, in children with
severe OSA, it would seem that at least some of them
would be analgesic with much lower doses of
opioids compared with children undergoing the
same procedure but for the indication of recurrent
tonsillitis; this has been demonstrated in children
with OSA who underwent tonsillectomy [20%,24""].
Thus, the standard dose of opioid may in fact be a
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relative overdose in children with OSA. It is there-
fore recommended that the initial dose of opioid be
one-third to half that of the standard dose. A
possible means for assessing this risk that I have
used but is not scientifically validated with a
randomized trial may be the administration of
low-dose opioid during anesthesia with spon-
taneous respirations and then observation for result-
ing effects on respiratory rate. If a low dose of opioid
results in a significant reduction in respiratory rate,
then this is suggestive of potential opioid sensitivity.

Cytochrome snippets, codeine, hydrocodone,
and risk

In the last several years, increasing evidence has
demonstrated marked ethnic variations in the cyto-
chromes responsible for drug metabolism. In
particular, the defect in a specific cytochrome
(CYP 2D6) has been shown to result in a fairly high
percentage of children being unable to convert
codeine to morphine (approximately 8-10%); in
these children, virtually no analgesia results from
the administration of codeine. Conversely, on aver-
age 0.5-2.0% of children may have a duplication of
the cytochrome snippet responsible for this conver-
sion, thus resulting in rapid conversion of codeine
to morphine and thus producing a much higher
blood level than in children with normal cyto-
chromes. Thus, in these children, a relative overdose
is possible and when combined with the child who
has OSA could and has resulted in fatalities
[25,26,27%"]. This tragic interaction cannot be diag-
nosed at present preoperatively and thus the Food
and Drug Administration has published a warning
admonishing against the use of codeine, particularly
‘around the clock’ rather than ‘as needed’ in chil-
dren following tonsillectomy. The incidence of such
duplicated cytochromes is quite variable and defi-
nitely ethnically related, for example, as high at
29% African/Ethiopian, 3.4-6.5% African-American,
and 1-2% Northern Europeans (http://www.fda.gov/
Safety/MedWatch/Safetylnformation/SafetyAlerts
forHumanMedicalProducts/ucm315627.htm). Simi-
larly, data suggest that hydrocodone is also subject
to marked variability in conversion to the active
opioid metabolite hydromorphone and also likely
to result in minimal analgesia for those with poor
conversion, whereas ultra-rapid metabolism will
result in up to an eight-fold greater plasma concen-
tration [28].

Alternative approaches to analgesia

Alternative approaches to provide analgesia would
be to use oral opioids, which are less subject to
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variable metabolism such as oxycodone or hydro-
morphone [29,30], the use of lower than normal
opioid dosing in children with OSA (1/3-1/2 the
usual dose), or avoidance of opioids altogether.
Some practitioners advocate alternating oral acet-
aminophen with oral ibuprofen on an ‘around-
the-clock’ basis. A randomized double-blind trial
using this approach in children concluded that such
an approach was more effective than monotherapy
alone for the treatment of childhood fever, but no
controlled trials have examined this practice for
postoperative analgesia [31]. It should be noted that
tramadol is also subject to variable metabolism and
that slow metabolizers could theoretically encoun-
ter drug accumulation in those with poor CYP2D6
activity and shortened or reduced analgesia in those
that are rapid metabolizers [32].

Surgical considerations

It has been shown that the degree postoperative
pain relates in part to the surgical approach for
tonsillectomy, for example, radiofrequency versus
dissection versus guillotine versus microdebrider
[33-38] with extensive use of electrocautery result-
ing in the most postoperative pain. A recent sugges-
tion has been to perform partial tonsillectomy to
reduce airway obstruction while avoiding complete
tonsillectomy and thus significantly reducing post-
operative pain and therefore reducing the need for
postoperative opioids [36,39]. It is unclear whether
using this approach will later result in regrowth of
tonsillar tissue and therefore recurrence of OSA. It
should also be noted that airway obstruction may
become worse during the first postoperative night
despite the fact that the enlarged tonsils have been
removed [40]. Thus, the apparent reduction in the
cause of airway obstruction may not result in a
clear airway.

GUIDELINES

A number of guidelines have been published regard-
ing the evaluation and management of children at
risk for OSA. The AAP issued a practice guideline for
the diagnosis and management of such children
with a review of over 3000 articles [9"]. They recom-
mended that all children should be screened for
snoring, polysomnography should be performed
in children with signs and symptoms of OSA, recom-
mended tonsillectomy as a first-line treatment,
stated that ‘high risk’ patients should be monitored
as in-patients postoperatively, and then re-eval-
uated to determine whether additional treatment
is needed. They defined high-risk patients as those
younger than 3 years, those having severe OSA
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documented by polysomnography (oxygen satur-
ations <80% during polysomnography or postsur-
gery or apnea/hypopnea index >24 per hour), those
having cardiac complications related to OSA (right
ventricular hypertrophy, pulmonary hypertension),
those having significant hypercapnia during poly-
somnography (PECO, >60mmHg), and those with
failure to thrive or obesity, craniofacial anomalies,
neuromuscular disorders and current respiratory
infection [9"]. It is unclear to me how the AAP
committee chose an apnea/hypopnea index of
greater than 24 as being at high risk when most
laboratories define risk as having an apnea/hypo-
pnea index of greater than 10 as being at high risk.
This emphasizes the importance of knowing the
parameters used by the evaluating facility.

The American Academy of Otolaryngology Head
and Neck Surgery Foundation has issued a practice
guideline regarding the indications for polysomno-
graphy prior to tonsillectomy in children [12]. They
made the following recommendations for pre-
operative polysomnography: children with obesity,
Down syndrome, craniofacial abnormalities, mus-
cular disorders, sickle-cell disease, and those with
mucopolysaccharidoses. They also recommended
polysomnography in children without the above-
mentioned conditions wherein there is discordance
between tonsil size and the severity of reported sleep
disordered breathing. They further stated that
clinicians should report the results of such studies
to the anesthesiologist prior to the induction of
anesthesia, that clinicians should admit children
with polysomnogram documented OSA if they are
younger than 3 years or have severe OSA (an apnea-
hypopnea index of >10 or oxygen saturation <80%
or both). They further clarified that in children for
whom polysomnography is indicated; these labora-
tory-based studies should be conducted preopera-
tively.

The ASA recently updated their guideline for the
assessment and management of patients with OSA
[10™]. In that guideline, there are two key tables.
Table 1 in that guideline helps the clinician to assess
the signs and symptoms that may indicate that the
patient is at risk for OSA (both adults and children).
Table 2 in that guideline assesses the invasiveness of
the surgical procedure (e.g., body cavity), the nature
of the surgical procedure (peripheral versus central),
the type of anesthesia administered (general versus
regional), involvement of the airway (e.g., tonsillec-
tomy), and the need for postoperative opioids on an
extended basis; a score of 5-6 indicates likely OSA
and the need for appropriate perioperative manage-
ment [10*]. Although these risk assessment tables
have not been systematically validated, when placed
in perspective with the guidelines from the AAP and
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the otolaryngologists, it would seem that the ASA
guideline is quite useful in estimating potential for
OSA and perioperative risk (see also below).

RECENT SURVEYS

Two recent surveys (Otolaryngology and Anesthesi-
ology) warrant discussion:

(1) The Patient Safety and Quality Improvement
Committee of the American Academic of
Otolaryngology-Head & Neck Surgery [2*] in
a 32-question survey reported 40 pediatric
deaths: six were attributed to bleeding, nine
to ‘med-narcotic’, and 16 described as ‘unex-
plained cause’. Of these, one was in hospital and
the remaining 15 occurred ‘out of hospital’ [2*].
The otolaryngology survey implicated opioid
overdose as the cause in eight deaths. Most
importantly 10 deaths occurred in children
labeled as having OSA and these deaths were
unrelated to hemorrhage.

(2) T conducted a similar Internet-based 42-ques-
tion survey to all 2377 members of the Society
for Pediatric Anesthesia (SPA), which was sent
out three times at 2-month intervals; approxi-
mately, 30% of the surveys were returned [1*].
In addition, we queried the ASA Closed Claims
Project database for otolaryngology cases
involving children. Out of the 731 surveys
returned and in the 45 possible cases from the
Closed Claims Project, 111 reports comprised
the final database. We used the ASA-OSA guide-
line criteria [10™] (ASA guideline Tables 1 and 2)
to assess those children who might have been at
risk for OSA. Those children assessed to be at risk
for OSA were more likely to be obese (P < 0.001),
to have a higher ASA physical status (P < 0.001),
and as previously reported [41] to be highly
related to ethnicity (African-American, Hispanic
versus Caucasian) (P <0.001). There was a stat-
istically significantly higher incidence of mor-
bidity and mortality related to hemorrhage in
the children assessed to be not at risk for OSA
(P=0.006), whereas a greater fraction of the
children described as at risk for OSA had the
event attributed to apnea (P=0.016). What
was most disturbing about our survey is that
10 deaths occurred at home, three in a hospital
ward after discharge from PACU, and two in the
PACU after monitors were removed (one child
felt to be ‘asleep’ on his father’s lap and the
other ‘asleep’ on the stretcher alongside her
mother). It was astonishing that two children
died while still in the PACU, thus illustrating the
insidious way that apnea may occur in children
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with OSA following tonsillectomy. All of these
deaths were attributed to apnea and likely were
preventable [42,43].

CONCLUSION

Obesity has become pandemic in the USA and with
this a rising increase in the incidence of children at
risk for OSA. With the institution of the Affordable
Care Act, there will be increasing pressure on hos-
pitals and clinicians to provide care more efficiently
and at lower cost. Thus, there will be great pressure
on clinicians to avoid postsurgical hospital admis-
sions. This in fact may create the ‘perfect storm’ in
the sense that it will be easy to overlook or to not
take adequate time to obtain a complete detailed
history to determine which children require post-
surgical/anesthesia admission to the safety net of
medical supervision. Unfortunately, even when
admitted, without continuous monitoring and
observation, these events may still occur; simple
admission without proper safeguards may result in
a false sense of security. It is unacceptable for
children to die or become neurologically injured
following an elective surgical procedure particularly
when we have the tools to help predict those who
are at risk and to protect those who are determined
to be at risk. Therefore, despite the pressure to
reduce costs, both surgeons and anesthesiologists
are obligated to improve screening procedures,
perhaps develop alternate surgical approaches,
and to provide adequate postoperative analgesia,
which is least likely to add to risk [42,43].
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