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Obstructive sleep apnea syndrome (OSA) affects 1%–3% of children. Children with
OSA can present for all types of surgical and diagnostic procedures requiring
anesthesia, with adenotonsillectomy being the most common surgical treatment for
OSA in the pediatric age group. Thus, it is imperative that the anesthesiologist be
familiar with the potential anesthetic complications and immediate postoperative
problems associated with OSA. The significant implications that the presence of
OSA imposes on perioperative care have been recognized by national medical
professional societies. The American Academy of Pediatrics published a clinical
practice guideline for pediatric OSA in 2002, and cited an increased risk of
anesthetic complications, though specific anesthetic issues were not addressed. In
2006, the American Society of Anesthesiologists published a practice guideline for
perioperative management of patients with OSA that noted the pediatric-related
risk factor of obesity, and the increased perioperative risk associated with adenotonsillectomy in children younger than 3 yr. However, management of OSA in
children younger than 1 yr-of-age was excluded from the guideline, as were other
issues related specifically to the pediatric patient. Hence, many questions remain
regarding the perioperative care of the child with OSA.
In this review, we examine the literature on pediatric OSA, discuss its pathophysiology, current treatment options, and recognized approaches to perioperative
management of these young and potentially high-risk patients.
(Anesth Analg 2009;109:60 –75)

M

anagement of the child known to have or is
suspected of having obstructive sleep apnea syndrome (OSA) is a challenge for the anesthesiologist.
Children with OSA have recurrent episodes of partial
or complete airway obstruction during sleep, resulting
in hypoxemia, hypercapnia, and sleep disruption, and
approximately 1%–3% of all children are thought to
have OSA.1–5 Children who carry the diagnosis of
OSA usually have been evaluated by an otolaryngologist, pulmonologist, or sleep specialist, often in preparation for adenotonsillectomy. However, children
scheduled for other types of surgical procedures may not
be as thoroughly evaluated; OSA in these patients may
be missed by surgeons or primary care providers.6 – 8
Anesthesiologists are aware of the concerns in
caring for children diagnosed with OSA, and 82% of
surveyed anesthesiologists reported that guidelines
would assist them in caring for them.9 The American
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Society of Anesthesiology (ASA) Task Force on Perioperative Management of Patients with OSA suggests
a scoring system to estimate perioperative risk based
on severity of sleep apnea, invasiveness of procedure,
and postoperative opioid requirement. This task force
also supports postoperative admission for children ⬍3
yr-of-age who undergo adenotonsillectomy. However,
medical evidence is lacking as to whether a monitored
bed is required for some patients with OSA. Because specific guidelines are lacking regarding such
patients, local institutional policies often lead to controversies among anesthesiologists, surgeons, and
third-party payers regarding the need for, and level of,
postoperative monitoring.10
This review will summarize what is currently
known about childhood OSA, including diagnosis,
treatment, and strategies for perioperative care of
these patients.

DIAGNOSIS
OSA presents differently in young children than it
does in teenagers and adults (Table 1). Adults and
teenagers with OSA are often obese and have daytime
somnolence; younger children may have normal
weight or failure to thrive and behavior disorders such
as hyperactivity, attention problems, and enuresis.11,12
Both adult and pediatric patients have an increased
risk for complications during or after surgery.10
Vol. 109, No. 1, July 2009

Table 1. Childhood Versus Adult Obstructive Sleep Apnea Syndrome Features
Children
Presentation
Age
Gender
Obesity
Tonsils and adenoids
Daytime sleepiness
Sleep
Obstruction
Sleep architecture
Arousals with obstruction
Treatment
Surgical
Medical (positive airway pressure)

Adults

2–6-yr peak
Male ⫽ female
Few
Often enlarged
Less common than in adults but can be seen

Increased elderly
Males ⬎ females
Most
Rarely enlarged
Common

Obstructive apnea or hypoventilation
Usually normal
May not be seen

Obstructive apnea
Decreased delta and REM
At end of each apnea

Definitive therapy in most patients

Minority of cases with inconsistent
results
Most common therapy

Selected patients

Adapted from Sterni and Tunkel, Pediatr Clin North Am 2003;50:427– 43.
REM ⫽ rapid eye movement.

A history of snoring is a sensitive, though not
specific, symptom that supports the diagnosis of
OSA.13 Primary snorers are those who snore but have
no obstructive apnea, gas exchange abnormalities, or
multiple arousals on polysomnography (sleep study).
Approximately 10% of children have primary snoring.14 –17 Primary snoring does not seem to progress to
OSA and may resolve over time,13,18,19 and although
generally considered benign, it may be associated with
neurobehavioral changes, such as attention disorders,
mild cognitive problems, and anxious or depressive
symptoms.20
OSA in children may manifest with obstructive
apneas or obstructive hypoventilation (OH).21 Children with OH exhibit snoring with continuous partial
upper airway obstruction during sleep, leading to
paradoxical respiratory effort, hypercarbia, and hypoxemia in some.22 As many as 40% of snoring
children who are referred to a sleep clinic or otolaryngologist will have OSA,1–5 and children with OSA
almost always snore and have increased respiratory
effort during sleep.3,23,24
Screening children for OSA is recommended by the
American Academy of Pediatrics as part of routine
health maintenance. Evaluation should be pursued for
children with a history of nightly snoring. Although
several pediatric studies were unable to show that
questionnaires differentiated those with OSA from
those with primary snoring,3,5,25–29 two independent
studies of Chinese children reported validated questionnaires for OSA.30,31 Direct observation of a child
having apnea and labored respirations during sleep
may support the diagnosis of OSA. However, parents
may not be able to distinguish primary snoring from
obstructive snoring; as well, obstructive episodes that
occur during rapid eye movement (REM) sleep may
go unwitnessed.32 Videotapes, audiotapes with pulse
oximetry, questionnaires, and daytime nap studies
may be used but do not exclude OSA when negative.3,5,31,33– 40 Unattended home polysomnography
Vol. 109, No. 1, July 2009

Table 2. Components of Polysomnography Recommended by
The American Thoracic Society
Respiratory effort—assessed by abdominal and chest wall
movement
Airflow at nose, mouth, or both
Arterial oxygen saturation
End-tidal CO2 or transcutaneous CO2 (recommended
specifically for pediatric polysomnography to detect
hypoventilation)
Electrocardiograph
Electromyography (tibial) to monitor arousals
Electroencephalography, electrooculography, and
electromyography for sleep staging
From Standards and indications for cardiopulmonary sleep studies in children. American
Thoracic Society. Am J Respir Crit Care Med 1996;153:866 –78, with permission.

might prove to be a useful testing modality,41,42 but
validation of these studies is needed.
The “gold standard” for making the diagnosis of
OSA in children is use of overnight polysomnography. However, there are significant differences in the
criteria for the performance, scoring, and interpretation of pediatric versus adult polysomnograms; for
complete efficacy, it is essential that polysomnography laboratories have experience in the performance
and interpretation of these studies in children.43 Use
of sedatives and sleep deprivation is not recommended.44,45 If sufficient sleep and REM time are
captured, a single overnight study is usually adequate.
Obstructive events in children with OSA occur
primarily during REM sleep,46 although adult patients
exhibit non-REM preponderance or equal REM and
non-REM obstruction.47 Obstruction is thought to
worsen over the course of a night, however, evaluation of upper airway muscles in children has not
shown clinically significant muscle fatigue.48 The effect of the perioperative period on this process has not
been adequately studied. Postoperative REM rebound
may worsen OSA in some patients.47,49
The components of polysomnography recommended by the American Thoracic Society are listed in
Table 2. Respiratory events that may be seen during
© 2009 International Anesthesia Research Society
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Table 3. Respiratory Events that can be Seen During Polysomnography
Event
Central apnea
Obstructive apnea
Obstructive hypopnea
Mixed apneas
Obstructive
hypoventilation

Definition
Pause in airflow with absent respiratory effort, scored when ⬎20 s or two missed breaths and
a ⬎3% drop in oxygen saturation
⬎90% reduction of airflow despite continuing respiratory effort, scored when event lasts at
least two missed breaths in children
⬎50% reduction of airflow with associated with respiratory effort, scored when at least two
missed breaths and ⬎3% drop in oxygen saturation or arousal
ⱖ90% reduction in airflow, lasting at least two missed breaths, and containing absent
respiratory effort initially (a central apneic pause), followed by resumption of respiratory
effort without a resumption of airflow (an obstructive apnea)
End-tidal CO2 ⬎50 mm Hg for ⬎25% of the total sleep time with paradoxical respirations,
snoring, and no baseline lung disease

polysomnography are listed and defined in Table 3
and depicted in Figure 1.
Often, obstructive apneas and hypopneas identified
during a sleep study are combined to provide the
apnea– hypopnea index (AHI), defined as the number of
discrete obstructive events per hour. Many sleep laboratories will report an AHI or a respiratory disturbance
index (RDI) that will include the number of all scored
respiratory events (including central apneas) per hour.
Indices that combine central and obstructive events
cannot be used to diagnose OSA in children, as normal
children have more frequent central apneas when compared with adults. Only obstructive event indices should
be used to identify pediatric OSA.50,51
Data correlating polysomnography parameters
with clinical outcomes in children are lacking, and
there are no standard guidelines for classifying the
severity of OSA in children. Polysomnography data
from nonsnoring children have defined OSA as more
than one obstructive event per hour.37,52,53 It is important to note that the scoring does not consider the
length of time of the obstructive event. The AHI may
be misleadingly low in children who have OH rather
than discrete apnea. OH is not scored as an event but
diagnosed as shown in Table 3. Thus, children with
OH may have significant disease with a low AHI if the
periods of OH are few but long. For this reason, other
factors must be considered. In our Pediatric Sleep
Laboratory, we classify the severity of OSA based on
total clinical picture, number of obstructive events per
hour, duration of elevated end-tidal CO2, and frequency and severity of oxygen desaturation. We classify OSA as severe if the patient has an AHI of ⱖ10/h
because of the increased risk of respiratory compromise after adenotonsillectomy.54 Oxygen saturation
nadir ⬍80% is also suggestive of severe disease and
postadenotonsillectomy respiratory morbidity55–58
Suggested guidelines for assessing severity of OSA
based on polysomnography are listed in Table 4.

PATHOPHYSIOLOGY
The essential feature of OSA in children is increased
upper airway resistance during sleep.59 Adenotonsillar hypertrophy, allergic rhinitis, turbinate hypertrophy, deviated septum, and maxillary constriction
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cause airway narrowing in children.60 Enlarged tonsils
can lead to collapse of the hypopharynx at the level of
the soft palate because of posterior displacement of
the tongue and descent of the tonsils.61 Although
enlarged tonsils and adenoids are clearly an important
risk factor in children,62 there is no absolute correlation between the size of the tonsils and adenoids and
the presence of OSA.63– 66 Enlarged soft tissues from
obesity or lymphoid tissues contribute to OSA in
many children. Other factors include abnormal central
arousal threshold, abnormal bony anatomy, disordered neural control of airway caliber or sensation,
and decreased pharyngeal tone that may be seen in
certain types of cerebral palsy.67 Dynamic airway
narrowing or collapse occurs at multiple sites in
children with OSA.59 Thus, OSA is often a multifactorial disorder with overlapping influences that
together predispose the patient to obstructed
breathing (Fig. 2).22
Genetics affect the risk of developing OSA. The
incidence of OSA is higher in first-degree relatives of
index patients with OSA.68 Infants of families with
multiple members affected by sudden infant death
syndrome, apparent life-threatening event, and OSA
are more likely to have OSA than those in families
with only one case of sudden infant death syndrome
or apparent life-threatening event; these infants were
found to have OSA in their first year of life.69
Craniofacial abnormalities with altered airway anatomy are associated with abnormal breathing function.70
The combination of enlarged tonsils and craniofacial
abnormalities (Table 5) can predict development of
OSA.71,72
Obesity is an important and increasingly common
risk factor for OSA in children. Deposition of adipose
tissue around the upper airway and external compression from the excess soft tissue around the neck and
jaw lead to upper airway narrowing. Decreased chest
wall compliance and upward displacement of the
diaphragm by the obese abdomen when the individual is supine lead to smaller lung volumes during
sleep, decreased oxygen stores, and increased risk of
desaturation with obstructive events.73 Obese children
continue to have an increased risk of continuing OSA
after adenotonsillectomy.74
ANESTHESIA & ANALGESIA

Figure 1. Typical polysomnographic recordings demonstrating: (A) Obstructive apnea. Note how the nasal thermistor and
expired CO2 tracings flatten while paradoxical respiratory efforts occur. The event is accompanied by a decrease in arterial
oxygen saturations. (B) Obstructive hypopnea. The hypopnea is characterized by a decrease in nasal pressure signal
associated with continuing paradoxical respiratory effort and desaturation. (C) Central apnea is distinguished from
obstructive apnea by the absence of respiratory effort, which leads to the loss of airflow/pressure signals. This tracing shows
one central apnea episode.

Congenital syndromes carry an increased risk of
OSA (Table 6). Patients with Trisomy 21 may be
predisposed to OSA,75–78 particularly those with
midface and mandibular hypoplasia, a small upper
Vol. 109, No. 1, July 2009

airway combined with relatively large and medially positioned tonsils, macroglossia, glossoptosis, increased secretions, obesity, and generalized
hypotonia.79
© 2009 International Anesthesia Research Society
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Figure 1. Continued.
Chronic OSA can have both reversible and irreversible consequences for the airway. Children with OSA
have increased pharyngeal collapsibility and lose normal neuromotor responses to hypercarbia and
negative pressure.22,80,81 This increased collapsibility
occurs with even mild OSA and may predispose these
patients to more severe pharyngeal collapse later
in life.81
Reversible and irreversible effects on the cardiovascular system are also possible. Chronic obstructed
breathing leads to chronic hypoxemia, hypercarbia or
both and, if left untreated, can eventually lead to
pulmonary hypertension.23,24,70 Pulmonary hypertension develops from vasoconstriction of the pulmonary
arterial vessels in response to the chronic nocturnal
hypoxemia, hypercarbia, and acidosis that accompany
severe untreated OSA.82– 86 In a series of 92 children
with adenotonsillar hypertrophy, 3.3% developed
pulmonary hypertension that was reversed with adenotonsillectomy.87 Cardiovascular morbidity is associated with endothelial dysfunction. Gozal et al.88
showed that soluble CD40 ligand levels (sCD40L
triggers inflammatory and procoagulant states) were
elevated in children with polysomnography-proven
OSA; tonsillectomy produced both significant improvements in AHI and sCD40L in all children except
those with significant family histories of cardiovascular diseases.
Cardiac dysfunction associated with OSA may be
manifested by structural and functional changes of
both ventricles. Right ventricular dysfunction develops from chronically elevated pulmonary pressure
and negative intrathoracic pressure created by breathing against a partially closed upper airway over
64
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time.70 If pulmonary hypertension is left untreated,
cor pulmonale is eventual and is diagnosed by echocardiographic findings of right ventricular hypertrophy,
ventricular enlargement, pulmonary and tricuspid
valve insufficiency, decreased ejection fraction, and
dilation of the pulmonary artery.70,89,90 In time, right
atrial pressure increases, and decreased venous return
to the heart results in peripheral edema, hepatic
congestion, and ascites. Fortunately, right ventricular
dysfunction and cor pulmonale may be reversible
with surgical treatment of OSA.83,86,89
Although right ventricular dysfunction is classic,
biventricular hypertrophy can develop. It is more
likely to be seen in patients with severe OSA, but has
been reported in patients with only mild OSA.91
Children with OSA show signs of enhanced sympathetic activity,92 autonomic dysfunction93, and endothelial dysfunction.88 Systemic and diastolic hypertension
or a trend toward higher arterial blood pressures has
been documented in children with OSA.24,94 –96 Higher
blood pressures, especially at night, have been associated with increased severity of OSA that is particularly related to desaturation events,97,98 even though
the blood pressures reported might not have been
high enough to require treatment with antihypertensives. Other studies show evidence of endothelial
dysfunction with OSA but no hypertension.88 In
adults, it has been shown that intermittent hypoxia,
not hypercapnia, is the critical stimulus for OSAassociated sympathetic activation, endothelial dysfunction, oxidative stress and inflammation, which
produce cardiovascular dysfunction.99
Right ventricular dysfunction and overload leads to
bowing of the ventricular septum and subsequent
ANESTHESIA & ANALGESIA

Figure 2. Pathophysiology of pediatric obstructive sleep apnea

increased left end-diastolic pressure that can result in
pulmonary edema and pulmonary parenchymal damage.70,100,101 Chronic hypoxia is an independent risk
factor for the development of left ventricular hypertrophy,91 which is a known risk factor for future
cardiovascular disease.102,103 Severe OSA doubles the
risk of congestive heart failure in adult patients.104
Patients with OSA can also experience postobstructive
pulmonary edema due to either acute airway obstruction and generation of marked negative inspiratory
pressures or in the relief of significant chronic airway
obstruction. In both cases, physical damage to pulmonary capillaries, release of vasoactive mediators, and
hydrostatic forces that result in fluid transudation to
the pulmonary parenchyma may occur.105
Impaired growth has been seen in some children
with OSA23–25 and has been thought to be related to
increased work of breathing during sleep.106 These
children have been shown to have impaired secretion of nocturnal growth hormone.107 Improved
growth has been reported after treatment with
adenotonsillectomy.106 –109

syndrome. The different influences on the airway are additive.
Adapted from Marcus, Respir Physiol 2000;119:143–54.

TREATMENT

Table 4. A Severity Ranking System Based on Polysomnography
Apnea-hypopnea
index
Normal
Mild OSA
Moderate OSA
Severe OSA

0–1
2–4
5–9
⬎10

Oxygen
saturation
nadir
⬎92
⬍80

Peak ETCO2 values and percent of time spent with ETCO2 ⬎50 mm Hg should also be
considered when assessing severity.
OSA ⫽ obstructive sleep apnea syndrome.

Table 5. Facial and Airway Features Suggestive of Obstructive
Sleep Apnea
Small triangular chins
Retro-position of the mandible
Steep mandibular plane
High palate
Long, oval-shaped face
Long soft palate
Large tonsils in association with the above facial features
Adapted from Guilleminault et al., Pediatrics 1996;98:871– 82; Guilleminault et al.,
Otolaryngol Head Neck Surg 2007;136:169 –75.

Table 6. Some Congenital and Medical Conditions Associated
with Obstructive Sleep Apnea Syndrome
Achondroplasia
Apert syndrome
Beckwith–Wiedemann syndrome
Cerebral palsy
Choanal stenosis
Cleft palate patients after repair
Crouzon syndrome
Cystic hygroma
Down syndrome
Hallermann–Streiff syndrome
Hypothyroidism
Klippel–Feil syndrome
Mucopolysaccharidosis
Obesity
Osteopetrosis
Papillomatosis (oropharyngeal)
Pierre Robin syndrome
Pfeiffer syndrome
Pharyngeal flap surgery
Prader–Willi syndrome
Sickle cell disease
Treacher–Collins syndrome
From Sterni and Tunkel, Pediatr Clin North Am 2003;50:427– 43, with permission.
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Adenotonsillectomy is the treatment of choice for
most children with OSA. Improvement in sleeprelated airway obstruction and quality-of-life measures is estimated to occur in more than 75% of
children after adenotonsillectomy.110,111 However,
persistent respiratory abnormalities may be seen in
obese children and children with the most severe
cases of OSA.74,112 Suen et al.26 suggested that a RDI
⬎19.1 may be predictive of persistent OSA after
adenotonsillectomy.
The range of surgical techniques for adenotonsillectomy reflects attempts to reduce the considerable
postoperative discomfort and minimize the risk of
hemorrhage after surgery. The use of radiofrequency
volume reduction or powered intracapsular tonsillectomy can reduce perioperative pain by avoiding
trauma to surrounding peritonsillar tissues. These
procedures provide relief of disordered breathing in
children with OSA, and recovery is more rapid than
with total tonsillectomy techniques113–115; however,
there is a risk of regrowth of tonsillar tissue.116
Children with abnormal craniofacial anatomy or
abnormalities of neuromotor tone may require additional treatment of persistent OSA, including pharyngeal
surgery, craniofacial surgery, and even tracheostomy.117 Uvulopalatopharyngoplasty has been used
for treatment of persistent OSA in children with
neuromotor disease (such as cerebral palsy) or with
craniofacial anomalies (such as those seen with Trisomy 21). Uvulopalatopharyngoplasty includes resection of the uvula, part of the soft palate and tonsillar
pillars, with the goal of reducing upper airway obstruction at the level of the palate and oropharyngeal
and nasopharyngeal levels. Tongue reduction procedures have been used in syndromic children with
© 2009 International Anesthesia Research Society
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obstructive macroglossia, and flap takedown can be
performed for children with sleep-related airway obstruction after pharyngeal flap surgery for velopharyngeal insufficiency.118 Craniofacial procedures, such as
mandibular distraction/advancement, genioglossus
advancement, and midfacial advancement, have been
used to treat OSA that results from craniofacial structural abnormalities.119
Noninvasive nasal positive-pressure ventilation is a
common medical treatment for OSA in children. Continuous positive airway pressure (CPAP) delivers a
constant pressure to the airway; bi-level positive airway pressure (BiPAP) applies pressure that decreases
during exhalation. The positive pressure mechanically
stents the airway open and leads to improved functional residual capacity.120 Both CPAP and BiPAP are
used safely and successfully for children who have
contraindications to adenotonsillectomy, persistent
OSA after adenotonsillectomy, minimal adenotonsillar tissue, or prefer nonsurgical interventions.120 –127
The level of positive pressure required to eliminate
obstructive apneas and normalize ventilation and
night-time oxygen saturation must be determined in
the sleep laboratory. Serial evaluation and adjustment
of CPAP is required for growing children, as their
pressure requirements change with time.121,126 Complications of CPAP and BiPAP are usually minor and
include local discomfort or irritation from poor mask
fit, eye irritation, conjunctivitis, congestion, and skin
ulceration. Children using noninvasive ventilation
should have regular assessment of facial development.
Midfacial hypoplasia has been reported with longterm use.128 Regular evaluation of mask fit can help to
avoid these difficulties. Infrequently, hypoventilation
can be seen; BiPAP with a back-up rate can be used.122
Pneumothorax and clinically significant reductions in
cardiac output have not been reported in children
treated for OSA.121 The greatest limitation to the use of
noninvasive positive-pressure ventilation in children
is poor compliance.121,125
Nocturnal oxygen supplementation has been used
as a temporary treatment for patients with significant
hypoxia associated with OSA until definitive therapy
can be provided.121,129 In most cases, sleep-disordered
breathing is not worsened. However, in some patients,
supplemental oxygen may suppress the hypoxic ventilatory drive and worsen hypercapnia.121 Nocturnal
oxygen therapy for children with OSA should be
initiated only under monitored conditions, including
assessment of CO2 exchange.
The use of orthodontic devices in the treatment of
OSA in children seems promising. Orthodontic maxillary expansion can improve sleep-related airway
obstruction in children with narrow palates,72,130,131
but further studies are necessary to define the indications, proper candidates, and effectiveness of orthodontic treatment in the care of children with OSA.
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Table 7. Key Questions to Ask Parents
Does your child have difficulty breathing during sleep?
Have you observed symptoms of apnea?
Have you observed sweating while your child sleeps?
Does your child have restless sleep?
Does your child breathe through his/her mouth when
awake?
Are you worried about your child’s breathing at night?
Do you have any family history of obstructive sleep
apnea, sudden infant death syndrome, or apparent
life-threatening events?
Does your child have behavioral problems?
Adapted from Li et al., Pediatr Pulmonol 2006;41:1153– 60; Brouilette et al., J Pediatr
1984;105:10 –14; Messner, Otolaryngol Clin North Am 2003;36:519 –30; McNamara and
Sullivan, J Pediatr 2000;136:318 –23; Whiteford et al., Arch Dis Child 2004;89:851–5.

ANESTHETIC MANAGEMENT
Children with OSA present for all types of surgical
and diagnostic procedures. Although the most studied
procedure for this patient population is adenotonsillectomy, there is evidence that perioperative complications are increased in OSA patients after all types of
surgery.132

Preoperative Assessment
Primary care providers do not routinely screen
patients for OSA, nor do they demonstrate adequate
knowledge about pediatric sleep disorders.6 – 8 The
prudent anesthesiologist should screen patients beginning with the question: Does your child snore? A
history of nightly snoring is a sensitive (91%) but not
completely specific (75%) marker of OSA.32 If a patient
regularly snores, additional focused questions may
help to clinically identify those with OSA (Table 7),
especially in patients with known OSA risk (Table 6).
Children ⬍1-yr-of-age comprise a special group of
patients that has not been adequately studied, but
there is OSA in this age group. Presenting signs are
snoring, apnea, failure to thrive, developmental delay,
and recurrent respiratory infections.133 It is not clear if
infants are in a subset of OSA with more severe
disease, more comorbidities, or genetic predisposition.
Some infants studied at 2-mo-of-age showed resolution of OSA between 6 and 12-mo-old.69
The physical examination should include an airway
assessment: nasal anatomy, ability to breathe through
the nose, presence of elongated facies, oral aperture
size, mandibular size, intermaxillary distance, thyromental distance, tonsillar size, tongue volume, body
habitus, and Mallampati score.134 Guilleminault
et al.71 showed increased risk of sleep-disordered
breathing in children with the physical features listed
in Table 5. The examination of the patient should also
include an assessment of muscle tone, handling of oral
secretions, and observation of facial malformations.
When history, physical examination, and sleep laboratory data are combined, risk assessment is more
accurate.56
Most children presenting for adenotonsillectomy
do not need cardiac evaluation. However, adult patients with multiple episodes of severe hypoxemia,
ANESTHESIA & ANALGESIA

Table 8. Clinical Features that Predict Respiratory Compromise
After Adenotonsillectomy and, in Some Cases, Persistent
Obstructive Sleep Apnea
Severe obstructive sleep apnea on polysomnography
History of prematurity, especially with respiratory disease
Age ⬍3 yr
Morbid obesity
Nasal problems (deviated septum, enlarged turbinates)
Mallampati score 3 or 4
Neuromuscular disorders/disordered pharyngeal tone
Genetic or chromosomal disorders
Craniofacial disorders
Enlarged lingual tonsils
Upper respiratory infection within 4 wk of surgery
Cor pulmonale
Systemic hypertension
Marked obstruction on inhalational induction
Disordered breathing in the postanesthesia care unit
Difficulty breathing during sleep
Growth impairment due to chronic obstructed breathing
Adapted from Blum and McGowan, Paediatr Anaesth 2004;14:75– 83; Guilleminault et al.,
Otolaryngol Head Neck Surg 2007;136:169 –75; Gerber et al., Arch Otolaryngol Head Neck
Surg 1996;122:811–14; McGowan et al., Pediatr Pulmonol 1992;13:222– 6; Fricke et al.,
Pediatr Radiol 2006;36:518 –23.

defined as oxygen saturation ⬍70%, are at risk of left
ventricular dysfunction135 and childhood OSA is
associated with hypertension and arterial blood pressure dysregulation.136,137 Patients with cardiac involvement are at increased risk of perioperative
cardiopulmonary complications.70,82,83 Although the
available data are somewhat limited in the pediatric
population, we recommend cardiac evaluation for any
child with signs of right ventricular dysfunction, systemic hypertension, or multiple episodes of desaturation below 70%. Electrocardiogram and chest radiograph
are not sensitive evaluation tools; echocardiography is
recommended.102,138 Routine blood gas analysis is not
recommended, but a basic metabolic panel can identify a
patient with compensatory metabolic alkalosis in
response to chronic hypercarbia, and a hemoglobin
level may identify the patient with severe chronic
hypoxemia.139
Preoperative CPAP has been used to reduce the
postoperative complication rate and increase airway
patency in adult OSA patients,140,141 and may be
beneficial for certain pediatric patients.121 In our practice, children with very severe OSA who are at risk for
persistent OSA (Table 8) and those with cardiovascular complications from OSA are considered for preoperative CPAP/BiPAP therapy. Effective CPAP/BiPAP
therapy may improve pulmonary hypertension and
reduce the patient’s surgical risks.142 This therapy is
usually initiated by a pediatric pulmonologist, and the
pressures required to treat the patient’s OSA are
determined in the sleep laboratory. The child’s preoperative CPAP/BiPAP regimen can also be used in
postoperative care, and the patient’s response to adenotonsillectomy and need for long-term CPAP can be
determined several weeks postoperatively.
Vol. 109, No. 1, July 2009

Intraoperative Management
Studies that compare one anesthetic to another for
adenotonsillectomy are few, and no technique is preferred. Sedative and anesthetic medications alter the
CO2 response curve, theoretically placing OSA patients at higher risk of sedation and anesthesiainduced respiratory complications.143 Patients with
OSA rescue themselves during obstructive episodes
by arousal from sleep, but sedatives or residual anesthetics may make it impossible for patients to arouse
themselves during obstructive episodes. Consequently, short-acting anesthetics should be chosen.
The use of sedatives in pediatric OSA patients has
not been well studied, and the few studies that exist
do not include control groups. Preoperative administration of midazolam 0.5 mg/kg to 70 children undergoing adenotonsillectomy for OSA (diagnosed as
severe in 40% of subjects by polysomnography) resulted in two children having respiratory events; one
had a self-limited desaturation event before surgery,
and one had postoperative obstruction with desaturation, requiring a nasal airway.144 In another small
series, patients with Trisomy 21 were successfully
sedated for magnetic resonance imaging studies with
dexmeditomidine and ketamine without airway instrumentation.79 Sedatives used before the induction
of general anesthesia may delay emergence in patients, especially for short cases.145,146 Without more
evidence, we conclude that patients with OSA can
receive sedatives but require monitoring until recovery can be demonstrated.
There is no consensus regarding a best anesthetic
induction strategy in OSA, but common sense dictates
that some patients with OSA require approaches different from those used with normal patients. Children
with altered bony anatomy or syndromes are at higher
risk for having a difficult airway. Induction of anesthesia with volatile anesthetics results in airway collapse from relaxation of the genioglossus muscle, thus
placing the OSA patient at high risk for airway
obstruction.147–149 Positioning in an upright or lateral
position, use of a jaw thrust maneuver, delivery of
positive pressure by face mask and placement of an
oral airway may aid in relieving the obstruction.150,151
In cases when the patient is only partially anesthetized
and suffering from airway collapse, an airway device
may not be tolerated. If the patient remains in a state
of obstruction, desaturation ensues. Severe airway
obstruction in a spontaneously breathing patient may
result in a very high negative inspiratory force generated although the patient is inhaling against the
collapsed pharynx or closed glottis; the increased
pulmonary blood flow and pulmonary microvascular
pressure that ensues can result in postobstructive
pulmonary edema.70,117 IV induction can be used to
rapidly induce a deep plane of anesthesia ready for
airway instrumentation. This technique may be preferable for patients with very severe OSA. Children
with simple adenotonsillar hypertrophy with normal
© 2009 International Anesthesia Research Society
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body habitus and without maxillofacial malformations are often easily mask-ventilated once an oral
airway is placed, and endotracheal intubation is likewise usually straightforward. Children with OSA in
addition to craniofacial abnormalities or other significant airway disorders must be evaluated for potential
difficult intubation. A recent study of 40,000 adults
showed OSA to be an independent predictor of impossible mask ventilation (Kheterpal S et al. Incidence,
predictors, and management of impossible mask ventilation; A review of 40,000 anesthetics, 2008 ASA
annual meeting, abstract A1243). Whether this association applies to the pediatric population with OSA is
not known.
Laryngeal mask airways are used by some anesthesiologists for adenotonsillectomy,152–154 but studies
are lacking regarding their use in patients with OSA
for this procedure. They can also be used in OSA
patients with bony abnormalities for the purpose of
managing a difficult airway.155,156
Upon completion of the procedural anesthetic, patients should be awake and have adequate strength to
maintain the upper airway before tracheal extubation.
We do not recommend deep extubation; patients with
severe OSA and those with comorbidities are at risk of
persistent OSA after surgery (Table 8). Extubation
should take place in a controlled environment with
appropriate personnel and equipment available; once
stable, the extubated patient can be transported to the
appropriate care unit. Before extubation, we sometimes place nasal airways in patients with severe OSA.
The child who continues to have significant obstructive episodes after extubation can be positioned in the
lateral decubitus or prone position to help relieve the
obstruction. CPAP or BiPAP can be used to assist
ventilation and relieve airway collapse. The placement
of a nasal airway before extubation might be considered in more severe cases. Reintubation may be required in an occasional patient.
Efforts are made to reduce the risk of postoperative
vomiting and pain after adenotonsillectomy. A study
that compared anesthetic techniques using sevoflurane and propofol with muscle relaxant and fentanyl
showed no statistical difference in postoperative vomiting.157 Steroids have been shown to improve postoperative oral intake and reduce pain and vomiting.158–161 A
dosing study of IV dexamethasone for adenotonsillectomy showed that low dose (0.0625 mg/kg) is just as
effective as high dose (1 mg/kg) in reducing postoperative pain and vomiting.162 In another study, adult
tonsillectomy patients who were treated with steroids
had less pain, less nausea, and vomiting and improved healing as compared with those who were not
treated.163 Although nasal steroids have been used to
treat pediatric OSA, with improvement in sleepdisordered breathing,164 no studies have examined the
use of nasal steroids to reduce perioperative swelling.
A review and meta-analysis of antiemetics showed
that antiserotonergic drugs and dexamethasone were
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most effective for reducing postoperative vomiting after tonsillectomy. A randomized, double-blind
study comparing the antiemetic effects of metoclopramide (0.5 mg/kg) versus ondansetron (0.1 mg/kg) in
children after tonsillectomy showed ondansetron to be
superior.165,166 Antibiotics are often given to children
perioperatively to reduce postoperative complications
of adenotonsillectomy. A meta-analysis examining the
use of antibiotics for these patients showed an associated 1-day reduction in time required for return to
normal oral intake.167

Postoperative Management and Analgesia
Children with OSA usually need pain medication
after surgery, yet chronic hypoxemia renders them
more susceptible to the respiratory depressant effects
of opioids.168,169 OSA patients have been shown to
have a higher incidence of apnea after administration
of 0.5 g/kg of fentanyl, and diminished minute
ventilation during spontaneous ventilation under general anesthesia with inhaled anesthetics, when compared with non-OSA patients.170 OSA patients may
also be more sensitive to the analgesic effects of
opioids. Children with oxygen saturation nadir of
⬍85% on polysomnography required half the morphine dose as those with less desaturation to achieve
the same level of analgesia.171 If high doses of opioids
are required for an OSA patient after a surgical
procedure, intensive postoperative cardiopulmonary
monitoring must be considered. When possible, regional anesthesia and/or analgesia should be used.
For short procedures, one approach is to minimize
opioids intraoperatively and then titrate them to effect
when the child is awake, tracheally extubated, and in
a monitored setting.70 Less painful procedures may
only require non-opioid analgesics, such as acetaminophen or nonsteroidal antiinflammatory drugs
(NSAIDS).
Methods for managing posttonsillectomy pain
without opioids have been studied. Surgical options to
spare the tonsillar bed have been shown to reduce the
need for pain medications.172,173 Mixed results have
been reported with the use of local anesthetic infiltration to the tonsillar bed, and this strategy carries the
risk of intravascular injection.174,175 One group reported administering ketamine to the tonsillar region,
finding it to be an effective analgesic with no sedating
side effects in patients without OSA.176,177 Tramadol, a
synthetic selective mu1 agonist, is an alternate medication for moderate pain management with potentially less respiratory depression, but it is not currently
approved by the Food and Drug Administration for
pediatric patients in the United States. In an Australian study, tonsillectomy patients with moderate OSA
who received morphine had a significantly higher risk
of desaturation than those given Tramadol, although
they were more comfortable.178 The use of NSAIDS in
posttonsillectomy patients has been avoided because
of reports of associated postoperative bleeding139,179;
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Figure 3. Algorithm for risk assessment and disposition planning.

however, a systematic review did not find an increased risk of reoperation for bleeding and, additionally, found less vomiting when NSAIDS were part of
the analgesic regimen.180 A different meta-analysis
showed that a significant risk of perioperative bleeding is associated with the use of aspirin for analgesia
but no increased risk with other NSAIDS.181 Furthermore, a large retrospective review on the subject
concluded that ibuprofen should be used for the relief
of pain after adenotonsillectomy.182 Others have written that the use of NSAIDS after attainment of hemostasis
is reasonable, given the evidence and pharmacokinetics of
the nonaspirin NSAIDS.183 Consequently, the bulk of
evidence supports the use of nonaspirin NSAIDS for
postoperative analgesia.
Numerous authors have demonstrated that pediatric patients with OSA are at increased risk for postoperative respiratory complications.17,56,184 –186 Rates of
complications range from 6.4% to 27% but depend on
age, severity of OSA, uniformity of diagnosis, and
comorbidities.17,57,186,187 Children ⬍3-yr-of-age have
twice the risk of children who are 3– 6 yr of age.186
Children with OSA had a 23% rate of respiratory
difficulties after adenotonsillectomy, with the greatest
risk seen in children ⬍3 yr and those with preoperative RDI ⬎10.54 Nursing intervention was required to
treat complications in 60% of children with severe
OSA; complications included oxygen desaturation
⬍90%, increased work of breathing and changes on a
chest radiograph (edema, atelectasis, infiltrate, pneumothorax, pneumomediastinum, or pleural effusion).55,57,187 Other complications associated with
severe OSA include laryngospasm, apnea, pulmonary
edema, pulmonary hypertensive crisis, pneumonia,
Vol. 109, No. 1, July 2009

and perioperative death.54,56,188,189 Although adenotonsillectomy improves most patients, children with
disorders of pharyngeal tone or craniofacial anatomy
may have residual airway obstruction during the
postoperative period and require close observation to
assess the need for intervention.134 The surgeon and
anesthesiologist must agree on the discharge plan
(Fig. 3).
We recommend that polysomnography be performed to help determine the postoperative disposition of patients with OSA. Without objective evidence
of the severity of OSA, patients cannot be discharged
with confidence. Polysomnography is essential for
patients with comorbidities and high-risk features
(Table 8). Children with OSA who are identified as
high risk for respiratory compromise require overnight inpatient monitoring after surgery in a setting
where signs of respiratory depression and airway
obstruction can be recognized and prompt intervention can occur.54,120,190 Two study groups have reported the onset of respiratory compromise during
sleep ⱖ5 h postoperatively in children with OSA, and
those with severe OSA had significantly more overnight obstructive episodes on the first postoperative
night when compared with children who had mild
OSA.187,191 Because REM rebound is a possibility
beyond the first postoperative night,192 careful
thought must also be given to whether it is safe to
discharge patients with severe OSA on day 2, especially if opioids are needed to control pain.171 Postoperative intensive care unit admission is reserved for
very severe OSA, very young children and those with
comorbidities that cannot be managed on the floor
(Fig. 3).
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Table 9. American Society of Anesthesiologists Risk
Assessment, Scoring System
Points
Severity of sleep apnea
None
Mild
Moderate
Severe
Invasiveness of surgery and anesthesia
Superficial surgery/local anesthesia and no
sedation
Superficial surgery/moderate sedation or
general anesthesia
Peripheral surgery with regional anesthesia
and moderate sedation
Peripheral surgery with general anesthesia
Airway surgery with moderate sedation
Major surgery/general anesthesia
Airway surgery/general anesthesia
Requirement for postoperative opioids
None
Low-dose oral opioids
High-dose oral, parenteral, or neuraxial opioids
Total score

0
1
2
3
0
1
1
2
2
3
3
0
1
3

This table is a possible format developed by the ASA Task Force. It has not been subjected to prospective
study, especially in the pediatric population. Risk stratification was determined by a panel of experts; a
score of 4 suggests possible increased risk, and scores of ⱖ5 suggest significantly increased risk. From
Gross et al., Anesthesiology 2006;104:1081–93, with permission.

Patients with mild-to-moderate obstructive disease
(defined as AHI ⬍10) and no comorbidities can usually be discharged home the same day if they are
⬎3-yr-of-age. Polysomnography performed on otherwise healthy children with mild OSA on the first night
after adenotonsillectomy showed that the number of
apnea events decreased, and oxygen saturation during
sleep improved immediately after surgery.139,193 If a
child with OSA is to be discharged on the day of
surgery, an early morning operative time has been
recommended by some,191 and the ASA practice
guidelines suggest monitoring patients longer than
those without OSA.10 We recommend a 2-h minimum
postanesthesia care unit stay. Research is greatly
needed in this area.
Determining which patients are at high risk for
postoperative respiratory complications is a challenge
because polysomnography is not a standard preoperative test for patients with suspected OSA, even though
it is recommended by the American Thoracic Society
and the American Academy of Pediatrics.120,194 One
study showed that ⬍12% of school-aged children who
underwent adenotonsillectomy for OSA had prior
polysomnography.195 Furthermore, it is clear that although sleep studies may be improved by tonsillectomy, they do not return to normal immediately after
surgery, and certain patients continue to be at high
risk of perioperative complications.187 The ASA OSA
Task Force attempted to use a scoring system identify
patients at highest risk (Table 9); however, this system
uses scoring of the severity of sleep apnea, which may
not be available because of lack of polysomnography
testing.10
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Patients with significant OSA are clearly at higher
anesthetic risk in the perioperative period than are
patients with normal upper airways. Anesthesiologists should routinely screen patients for snoring,
airway dysfunction, airway anatomic disorders and
other coexisting diseases that can increase risk from
OSA in the postoperative period. Rational, safe, costeffective decision making for individual patients
hinges on accurate risk assessment in the preoperative
period. Preoperative diagnostic techniques that are
affordable and readily available are needed. Anesthesiologists, along with pulmonologists and otolaryngology surgeons, should strive to develop and evaluate ways
of identifying children at high risk to determine safe
disposition in the postoperative period.
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Background. Scores to predict the occurrence of postoperative vomiting (PV) or nausea and
vomiting (PONV) are well established in adult patients. The aim of this survey was to evaluate the
applicability of risk scores developed and tested in adult patients in 983 paediatric patients (0–12 yr)
undergoing various surgical procedures.

Results. The cumulative incidence of PV was 33.2% within 24 h. The discriminating power was
low and insufficient in all models tested (0.56–0.65). Furthermore, the predicted incidences of the
scores correlated only vaguely with the actual incidences observed.
Conclusion. Specialized scores for children are required. These might use the history of PV,
strabismus surgery, duration of anaesthesia >45 min, age >5 yr and administration of postoperative opioids as independent risk factors.
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Life-threatening complications associated with anaesthesia
have become very rare. This safety record has encouraged
anaesthetists to focus attention on minor morbidity. Of these
symptoms, postoperative nausea and vomiting (PONV) is the
‘big little problem’ after general anaesthesia.1 PONV may
decrease satisfaction, increase the use of resources, including
medical and nursing care, i.v. fluids, drugs and other supplies.2–5 Furthermore, in the ambulatory setting PONV is a
major cause of unanticipated admission.6
The incidence of this distressing problem can be reduced by
using an i.v. anaesthetic technique instead of inhalation agents
and by administering antiemetics prophylactically. However,
routine efforts to prevent PONV are not indicated because of
the potential for adverse effects and increased costs, and the
lack of evidence that patient satisfaction is affected.7
For these reasons, tools to predict an increased risk of
developing nausea and vomiting are certainly useful in clinical practice. Several scores have been developed for adults in

#

the past, and external validation has demonstrated acceptable
predictive properties.8 9 However, such an evaluation has not
been performed in paediatric patients. Therefore, in this prospective observational survey, five published risk scores10–14
were compared with respect to their ability to predict postoperative vomiting (PV) in children.

Material and methods
Data from 1150 children (0–12 yr old) included in this prospective survey were collected during a period of 22 months
at a University hospital, a community children’s hospital and
an outpatient surgical centre. The local ethics committee
approved the study and the parents gave informed consent
and were asked about the susceptibility of the child with
regard to motion sickness when driving in a car and the
occurrence of PV when previous surgery had been performed.
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Method. The predictive properties of five models were compared with respect to discriminating
power (measured by the area under a receiver operating characteristic curve) and calibration
(comparison of the predicted and the actual incidences of the disease by weighed linear regression
analysis).

Applicability of adult PONV scores in children

Discriminating power
For each patient, two probabilities of PV11 12 and four probabilities of PONV10 12–14 were calculated. Using these predicted probabilities and the actual incidences of PV, a
receiver operating characteristic (ROC) curve was drawn.
The ROC curve can be constructed correlating true- and
false-positive rates (sensitivity and 1–specificity, respectively) for a series of cut-off points for a test. Here the cutoff point is a predicted risk. In the case of a child exceeding the
cut-off point, it is classified as suffering from PV. The area
under the ROC curve (AUC) represents the probability that a
random pair of test results will be ranked correctly as to their
disease state.17 Theoretically, a 45 bisector is a score that
predicts no better than a random guess. Thus, the area under
this ‘random score’ would be 0.5. A score predicts significantly better than randomly when the lower limit of the 95%

confidence interval for the AUC exceeds 0.5. All statistical
calculations were performed using MedCalc (MedCalc
Software, Mariakerke, Belgium).

Calibration curves
The calibration curves were constructed by correlating the
predicted incidence of PV (or PONV) with the actual incidences of PV. To allow comparison of the different scores, the
predicted risk of PONV or PV was clustered into four or five
groups. The simplified scores10 12 provided these risk groups
without further calculation. For the other three models,11 13 14
the predicted risks were categorized into five groups: 0–20%,
20–40%, 40–60%, 60–80% and 80–100%. This approach
resulted in unequal numbers of children in each of the five
groups, since most were predicted to have a low to moderate
risk. Therefore, weighted linear regression analysis was used
to compare the predicted and real incidences (Fig. 1).
To investigate the differences in prediction between the
different scores, we performed an additional logistic regression analysis. For this purpose, all risk factors used in any of
the available models and the types of surgery were included in
a backward logistic regression procedure using the maximum
likelihood method. Continuous data (age, duration of anaesthesia and surgery) were dichotomized using a cut-off value
that provided the optimal discrimination in a univariate analysis. The significant risk factors remaining in the regression
model are presented with their odds ratio (OR) and the 95%
confidence interval. The goodness of the fit of the regression
model was judged using Nagelkerkes’s R2. The latter calculations were performed using SPSS 11.0 for Windows.

Results
Patient characteristics and surgical data are shown in Tables 2
and 3. Of the 1150 patients included in the survey, 128 children receiving total i.v. anaesthesia with propofol or prophylactic antiemetics, including corticosteroids, had their data
withdrawn. A further 39 patients were lost to follow-up or
were excluded from analysis due to incomplete data. Of the
983 children included in the final analysis, 326 suffered from
PV within the first 24 h postoperatively (33.2%; 95% confidence interval 30.2–36.2%). Table 1 shows the values of the
area under the ROC curve for the models that were evaluated.
Regardless of the predicted end-point (PV or PONV), all five
scores predict significantly better than could be expected
from chance, and even in the worst case (assuming the
lower limit of the 95% confidence interval) the AUC was
above 0.5.
Comparing the discriminating power of the different
scores, the best results were achieved with the models published by Koivuranta and colleagues12 and Sinclair and
colleagues.14 Both had significantly higher AUC values than
the scores from Palazzo and colleagues13 (P<0.001) and the
two scores published by Apfel and colleagues10 11 (P<0.003).
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Older children answered these questions themselves and
were asked if they smoked regularly. Children were fasted
2–4 h before surgery from clear fluids and at least 6 h from
milk and solids. All received oral premedication with midazolam. The anaesthesia technique was not standardized but
carried out according to the local standards. After surgery, the
first oral intake was allowed depending on the length and site
of operation. In most cases, this was within the first 4 h after
surgery. All children received a non-opioid analgesic (paracetamol, metamizole and=or diclofenac) intraoperatively or
immediately after operation. Intravenous piritramid or oral
codeine was given on demand at the discretion of the anaesthetist or the nursing staff to treat postoperative pain. These
children were classified as receiving postoperative opioid
administration.
After surgery, vomiting or retching was assessed in the
postanaesthetic care unit (PACU) by specially instructed
nurses or anaesthetists. The children and=or their parents
were interviewed 24 h after surgery. Additionally, all medical
recordings were screened and the nursing staff were asked not
to miss an emetic episode. The parents of patients having daycare surgery were interviewed by telephone using a structured
interview on the first postoperative day. The main end-point
of the survey was the cumulative incidence of PV within 24 h
after surgery.
Several risk models to predict PV or PONV have been
published (see references 9 and 15 for an extensive overview). Of these models, a selection was made covering
five models that were published as a full paper and allow
calculation of an exact risk of PV or PONV during the first
24 h after surgery.10–14 Table 1 provides an overview of these
identified models. PV was chosen as the main end-point of
the survey because nausea is a subjective phenomenon, and
the smaller child often may not be able to describe it.16
The five scores were judged according to the practicability,
e.g. ease of use in daily practice, and the predictive properties
(discriminating power and calibration).
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1999

1999

Sinclair14

Apfel10

1997

Koivuranta12

1998

1993

Palazzo13

Apfel11

Year of
publication

PONV

PONV

PV

PONV PV

PONV

Intended to
predict

4

12

5

5

5

Number of risk
factors used
for calculation
Postoperative opioids, previous PONV, female gender, motion sickness,
female gender AND motion sickness
Risk=1=(1+e logit(p)) where P= 5.03+2.24·[postoperative opioids]+3.97·[previous sickness
history]+2.4·[female gender]+0.78·[motion sickness] 3.2·([female gender·motion sickness])
Female gender, previous PONV, duration of surgery >60 min, non-smoking, motion sickness
Risk of PONV is 17, 18, 42, 54, 74 and 87% and risk
of PV is 7, 17, 25, 38 and 61% when 0–5 risk factors are present
Age, female gender, duration of surgery, previous PONV
or motion sickness, non-smoking
Risk=1=(1+e logit(p)) where P=1.28·[female gender] 0.029·[age] 0.74·[smoking]+0.63·[history
of PV or motion sickness]+0.26·[duration of surgery] 0.92.
Age, female gender, non-smoking, previous PONV, duration of surgery,
several types of surgery (details listed below)
Risk=1=(1+e logit(p)) where P= 0.014·[age] 1.03·[male gender] 0.42·[smoking]+1.14·[previous
PONV]+0.46·[Duration of surgery]=30+2.36+1.48·[ENT surgery]+1.77·[ophthalmic
surgery]+1.9·[plastic surgery]+1.2·[gynaecological surgery non-D&C]+1.04·[orthopaedic
knee surgery]+1.78·[orthopaedic shoulder surgery]+0.94·[orthopaedic surgery not
involving knee or shoulder]) 5.97
Female gender, postoperative opioids, previous PONV or motion sickness, non-smoking
Risk of PONV is 10, 21, 39, 61 and 79% when 0–4 risk factors are present

Risk factors
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First
author

0.59 (0.56–0.63)

0.65 (0.61–0.69)

0.58 (0.54–0.62)

No

Yes

0.61 (0.58–0.65)

0.56 (0.52–0.60)

Area under the ROC curve obtained
in the present analysis with the 95%
confidence interval (in brackets)

No

Yes

No

Simplified
calculation

Table 1 Overview of the five risk models evaluated in this survey. In the rightmost column the areas under the ROC curve for children are listed. The higher the value the better the discriminating power of the risk model to forecast
whether a child will vomit

Eberhart et al.

Applicability of adult PONV scores in children

Other comparisons across the different scores did not show
statistical differences.
The calibration curves (Fig. 1A–F) compare the predicted
with the actual incidences of PV=PONV. This type of analysis is useful when a group of patients rather than a single
child is concerned. The curve is expressed by the slope and the
offset, where y is the actual incidence of PV observed in the
described paediatric population and x is the predicted incidence of PV or PONV calculated according to the risk score
(Fig. 1).
Koivuranta’s score to predict vomiting (Fig. 1E) shows the
best calibration properties of all evaluated models. However,
even with this risk score, the equation of the calibration curve
yactual risk of PV=1.18xpredicted risk of PV+8 underestimates the
actual risk by up to a quarter (e.g. the actual incidence of PV
may be 80% when the predicted risk is 61%).
The explorative logistic regression analysis of potential
relevant risk factors for the occurrence of PV in our paediatric
population revealed that five variables were independent predictors of PV in children. These five risk factors are listed in
Table 4 with their odds ratios and 95% confidence interval.

Ophthalmic procedures, duration of anaesthesia >45 min,
previous PONV or a positive history of motion sickness, and
postoperative use of opioids were risk factors that were also
used in risk scores for adults, and are thus responsible for the
discriminating properties of the adult models in children.
Female gender was removed at an early stage of the stepwise
procedure as not being statistically significant. Young age
(<6 yr) was a protective factor in children in contrast to adult
patients.11 14

Discussion
Prediction of PV or PONV is now widely accepted to be
useful in clinical practice. Identifying patients with a high
baseline risk allows goal-directed use of antiemetic measures
that may not be indicated for routine practice. For instance, a
recent consensus conference outlined that patients at low risk
are unlikely to benefit from antiemetic prophylaxis and would
be put at unnecessary risk from potential side-effects of antiemetics. Thus, prophylaxis should be reserved for patients at
moderate to high risk of PONV.18
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Fig 1 (A–F) Calibration curves of the six prediction models drawn using weighted linear regression analysis. The relative number of patients in a single risk
group (predicted incidence of PV 0–20%, 20–40% . . . ) is characterized by the size of the plots.

Eberhart et al.

Table 2 Patient characteristics. Normally distributed data are shown as arithmetic means and standard deviation, otherwise as median and 25th and 75th
percentiles (in brackets). Dichotomous data are expressed as absolute and relative
frequencies

ENT surgery
Adenotonsillectomy
Adenectomy
Adenectomy and myringotomy
Middle ear surgery=tympanoplasty
Fistula repair
Others
Ophthalmic surgery
Strabismus surgery
Others
Urological surgery
Circumcision
Orchidopexy
Hypospady repair
Phimosis
Others
Abdominal procedures
Inguinal hernia repair
Other abdominal procedures
Bone and joint surgery
Dental procedures
Diagnostic procedures
Plastic=aesthetic surgery
Catheter implantation (oncological procedures)
Miscellaneous procedures

676 (63.6%)
387 (36.4%)
6 (4; 9)
118 (104; 135)
21 (16; 31)
15.9 (14.6; 17.9)
351 (33.0%)
60
112 (10.5%)
101 (10.3%)
83
18
40 (20; 65)
60 (45; 90)
276 (26.0%)
387 (36.4%)
193 (18.2%)
144 (13.6%)
86 (8.1%)
253 (23.8%)

Children with 2 types of surgery
Children with 3 types of surgery
Children with >4 types of surgery

247 (23.2%)
497 (46.8%)

413 (42.0%)
74
56
164
69
32
18
154 (15.7%)
143
11
233 (23.7%)
63
94
20
48
8
101 (10.3%)
89
12
28 (2.8%)
48 (4.9%)
35 (3.6%)
33 (3.4%)
18 (1.8%)
9 (0.9%)
1072
61
14
5

292 (27.5%)
268 (25.2%)
42 (4.0%)
602 (56.6%)
300 (28.2%)
161 (15.1%)

Table 4 Risk factors obtained in the present population of children by logistic
regression analysis. The five risk factors account for approximately 31% of the
variance within the data (Nagelkerkes’s R2=0.314). As a result of univariate
analysis, the incidences of PV are listed when the risk factor is present or not

150 (14.1%)
39 (3.7%)

All risk scores that were evaluated in the present trial allow
calculation of an exact risk. Previous external evaluations of
these models using data from adult patients suggested that the
discriminating power of the scores should exceed 0.65–0.7
before it can be judged as useful for clinical practice.8 9
Furthermore, it has been pointed out that it is of great importance that a risk model could be used easily in clinical practice
to guarantee widespread use and acceptance by clinicians. In
this context, two criteria are of great importance. First, there
should be as few factors as possible that need to be remembered when the score is applied to a patient. Secondly, the
recorded risk factors must be easily translatable into the
patient’s individual risk without complicated calculations.
Only the score of Koivuranta and colleagues12 and the simplified score of Apfel and colleagues10 meet these requirements. To calculate both risk models, five factors must be
explored. According to the number of factors present, the
predicted risk can be determined (Table 1). For instance,
using Koivuranta’s score in adults, the expected incidence of PONV is 17% if no risk factor applies, and 18,
42, 54, 74 and 87% if one to five factors are present

Risk
factor

Odds ratio in
multivariate
analysis (95%
confidence interval)

Incidence of PV when
risk factor present=not
present (univariate
analysis)

Strabismus
surgery
Duration of
anaesthesia >45 min
Previous PONV
or positive history
of motion sickness
Administration of
postoperative
opioids
Age >6 yr

3.6 (2.5–5.7)

Present: 63.1%
Not present: 27.8%
Present: 40.7%
Not present: 18.4%
Present: 52.8%
Not present: 30.3%

2.8 (2.0–3.8)
2.6 (1.7–3.9)

1.8 (1.2–2.7)

Present: 44.6%
Not present: 32.4%

1.6 (1.2–2.1)

Present: 41.6%
Not present: 23.4%

respectively.12 The other scores11 13 14 use a logit equation
that cannot be calculated without the aid of a pocket calculator and thus hamper their clinical usefulness. The use of the
model of Sinclair and colleagues14 is further complicated
by the large number of factors (12) and the use of logical
Boolean arithmetic.
Comparing the five available scores for predicting the
probability of PV in paediatric patients undergoing general
anaesthesia revealed that all models predict the occurrence
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Boys
Girls
Age
Height
Weight
Body mass index
Children with previous
surgery
Children with previous surgery
and previous PV
Children with known motion
sickness
Children receiving postoperative opioids
Piritramid
Codeine
Duration of surgery
Duration of anaesthesia
Induction of anaesthesia by inhalation
Maintenance of anaesthesia
Halothane
Enflurane
Isoflurane
Sevoflurane
Using desflurane
Opioid supplementation
Fentanyl
Alfentanil
Neuromuscular blockers
Vecuronium
Atracurium
Succinylcholine
Airway device
Endotracheal tube
Laryngeal mask
Face mask
Additional regional anaesthesia
Infiltration=field blocks
Caudal block

Table 3 Surgery performed in the 983 children used to validate the risk models
for PONV and PV respectively. Data are absolute and relative frequencies (in
brackets)

Applicability of adult PONV scores in children

difficult to assess or do not usually apply in children. For
instance, smoking has been identified as a protective factor
in several investigations.11 12 14 Among our paediatric
patients there was only one 12-yr-old boy who admitted
smoking regularly. However, we did not ask about passive
smoking. Younger age is a risk factor identified in adults;11 14
this applies in reverse to children. In agreement with previous
findings,19 our data demonstrate that toddlers are less susceptible to emetic stimuli than schoolchildren.19 The odds ratio
(OR) for developing PV is 1.6 in children aged >6 yr compared with younger children. Furthermore, even in older
children sex does not play a major role in the occurrence
of PV.20 In our stepwise logistic regression analysis, gender
was removed from the model early as not being significant.
Certain types of surgery have often been considered to be
associated with an increased risk of PV or PONV. However,
of the risk models that were evaluated in the present analysis,
only that of Sinclair and colleagues included some of these
types of surgery.14 Of these, only ophthalmic procedures
were identified as relevant in our paediatric patients. Since
more than 90% of these procedures were strabismus surgery,
a second analysis with this specific procedure revealed that, in
our population, strabismus surgery but not eye surgery per se
was associated with an increased risk (odds ratio 3.6). This is
comparable with the result of Sinclair’s model, with which
ophthalmic procedures had an odds ratio of 5.9. Obviously,
this agreement is one reason why the Sinclair score provided
the best discrimination power of all tested risk scores.
Despite these limitations of the scores initially developed
for adults, there are also several parallels between risk factors
in children and adults. One example is a positive history of
PV after previous surgery or motion sickness, which was
observed in all but one model for adults. Obviously, the
incidence of patients who had undergone previous surgery
is lower than in an adult population. Thus, children are more
likely to be classified as having a negative history of PV than
adult patients. Furthermore, a history of motion sickness may
be difficult to elicit in smaller children. Nevertheless, in the
explorative logistic regression analysis, a history of previous
PV or motion sickness was identified as an independent risk
factor present also in children (odds ratio 2.6).
The administration of postoperative opioids and a longer
duration of anaesthesia are two further examples of risk factors present in children and in adults. As in other investigations,10 11 we did not differentiate between different kinds of
opioid analgesics. This was done for practical reasons but also
under the assumption that there is no relevant difference in
the emetogenic effects of different opioids.21 Administration
of postoperative opioids was associated with an odds ratio of
1.8. The duration of anaesthesia was an even stronger risk
factor for PV in children. Although duration of anaesthesia
and surgery are highly correlated, previous risk models
uniformly use duration of surgery to describe a higher risk
in adults.11 12 14 In our patients, 45 min was the optimal cut-off
that achieved the best prediction. The odds ratio for this risk
factor was 2.8.
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of PV better than a random guess. This feature of a prognostic tool is called discrimination. It is represented by the
area under a ROC curve that can be constructed correlating
true- and false-positive rates (sensitivity and 1–specificity,
respectively). In all evaluated models this value exceeds 0.5
(even if the worst scenario is assumed, e.g. the lower limit of
the 95% confidence interval is used). This 50% chance is the
pre hoc probability that a random pair of two children (one
child who will vomit after surgery and the other one will
not) will be correctly classified as to their disease state.
However, though statistically significant, a model that
improves this pre hoc probability from 50% to values
between 56%13 and 65%14 is far from being clinically relevant, even though surveying the five risk factors is not very
time-consuming, and no invasive or expensive diagnostic
procedures are needed. The two simplified scores have a
discriminating power of 0.5810 and 0.6112 respectively and
are thus not useful in children despite their ease of use.
In addition to discriminating power, calibration is the other
feature of a prognostic score. Calibration is defined as the fit
of the predicted incidences of a group of patients with the
actual incidence of an event. As seen in Fig. 1, there is evidence that an increased risk, as predicted by the different
scores, correlates with the actual incidence of PV. However,
calculating a linear equation indicates that the calibration of
all models was far from optimal. An optimal fit of this curve
would result in a slope of 1.0 with no offset (e.g. resulting in
the linear equation y=1.0x+0). The slope of most evaluated
models was flat between 0.51 and 0.64,10 11 13 14 indicating
that these scores overestimate the increase in PV when more
risk factors are present. Only the PV model of Koivuranta and
colleagues had a slope greater than 1.0,12 resulting in systematic underestimation of the actual rate of PV. All scores
had a positive offset of 8–30%, indicating that a notable
incidence of PV was present, even though these scores predicted a low risk.
This means that extrapolation of the risk that has to be
expected for children with a certain mix of risk factors is
far from being exact. At best, this information can be used
to prepare guidelines when antiemetic prophylaxis is advisable. For instance, if there is agreement that children who
have a risk of PV of 50% or even higher should receive
antiemetic prophylaxis, this should be performed in children
who present with four or more of the risk factors identified in
the simplified model of Koivuranta and colleagues (Table 1).
Using the latter example, this decision criteria would result
in a sensitivity of only 5% but the specificity would be 98%.
This means that only a few children would be falsely classified as vomiters, and thus the likelihood that a child receives
an antiemetic without indication would be very low. On the
other hand, many children will be falsely classified as nonvomiters but will develop PV.
There are several reasons for the disappointing predictive
properties when the scores developed for adult patients
were applied to children. Some of the risk factors used in
the available risk scores to predict PV or PONV in adults are

Eberhart et al.

Because of the ease of calculation, only the models of
Koivuranta and colleagues and Apfel and colleagues are of
potential clinical relevance. However, none of the scores discriminated sufficiently in our study. Thus, specialized scores
for children are required. These future risk models should
consider the history of PV and of motion sickness, strabismus
surgery, duration of anaesthesia, school age and the administration of postoperative opioids as potentially highly relevant
risk factors. Furthermore, additional attention should be paid
to other environmental and genetic factors, e.g. passive smoking and the susceptibility of close relatives to PONV.
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This randomized,
double-blind,
parallel-group,
multicenter study evaluated the safety and efficacy of ondansetron (0.1 mg/kg to 4 mg intravenously)
compared
with placebo in the prevention of postoperative
vomiting in 429 ASA status I-III children 1-12 yr old undergoing outpatient
surgery under nitrous oxide- and
halothane-based
general anesthesia. The results show
that during both the 2-h and the 24-h evaluation periods
after discontinuation
of nitrous oxide, a significantly
greater percentage of ondansetron-treated
patients (2 h
89%, 24 h 68%) compared with placebo-treated
patients
(2 h 71%, 24 h 40%) experienced complete response (i.e.,
no emetic episodes, not rescued, and not withdrawn;
P < 0.001 at both time points). Ondansetron-treated
patients reached criteria for home readiness one-half hour
sooner than placebo-treated
patients (P < 0.05). The age

P

nausea and vomiting are common
adverse effects of surgery and general anesthesia
in children (1). Consequences of postoperative
emesis include dehydration and electrolyte imbalance
(2-4). Even when these sequelae do not occur, recovery during the acute postsurgical period may be delayed as the result of vomiting. Postoperative nausea
and vomiting are the major reasons for unexpected
ostoperative
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of the child, use of intraoperative
opioids, type of surgery, and requirement
to tolerate fluids before discharge may also have affected the incidence of postoperative emesis during the 0- to 24-h observation period.
Use of postoperative
opioids did not have any effect on
complete response rates in this patient population.
We
conclude that the prophylactic
use of ondansetron
reduces postoperative
emesis in pediatric patients, regardless of the operant influential
factors. Implications: Postoperative
nausea and vomiting often occur
after surgery and general anesthesia in children and are
the major reason for unexpected hospital admission after ambulatory surgery. Our study demonstrates
that
the prophylactic
use of a small dose of ondansetron
reduces postoperative
vomiting in pediatric patients.
(Anesth Analg 1997;85:53845)

hospital admission after ambulatory surgery in both
children and adults (5-7), suggesting that postoperative emesis may prolong time in the recovery room
and delay the time to discharge. Factors reported to
influence postoperative vomiting include age (1,&S),
use of opioids @-lo), anesthetic technique (9), surgical
procedure (9), postoperative analgesia (9), and requirement to tolerate fluids before hospital discharge
(11).
An effective antiemetic should decrease the incidence of postoperative vomiting, thereby reducing the
use of health care resources
devoted
to its management. Ondansetron, a selective serotonin (5-HT3)
antagonist, is effective in preventing postoperative
vomiting
in adults (12-16) and in preventing
chemotherapy-induced vomiting in children (17). This
double-blind, randomized, placebo-controlled study
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evaluated the safety and efficacy of ondansetron
for
the prevention
of postoperative
vomiting in children
undergoing
outpatient
surgery under nitrous oxideand halothane-based
general anesthesia. The doses of
ondansetron
selected for evaluation
in this study,
0.1 mg/kg
for children weighing
40 kg or less and
4 mg for children weighing
more than 40 kg, were
based on the efficacy of ondansetron
in adult surgical
patients (15-X3), the pharmacokinetic
profile of ondansetron in children (19),l and the established safety
profile of ondansetron.
This study also evaluated the
effects of ondansetron
on the time taken to meet criteria for home readiness and retrospectively
analyzed
factors that were predictive of postoperative
vomiting.

Methods
ASA physical status I-III patients 2-12 yr of age scheduled for outpatient strabismus
surgery, tonsillectomy
(with or without
adenoidectomy),
herniorrhaphy,
or
orchidopexy
were eligible for the study. Patients who
had received any medication with antiemetic properties within 24 h before surgery or who were scheduled
to receive any of these medications
during the 24-h
postoperative
period (for reasons other than rescue
antiemetic therapy)
were excluded from the study.
Patients with known liver or renal disease or with a
history of vomiting
or retching within 24 h before
surgery were also excluded from the study.
The protocol for this study was approved by institutional review boards for each of the five study sites.
Parents of all participating
children gave written,
informed consent. During the screening visit, which occurred within
7 days of surgery,
medical histories
were
obtained,
and physical
examinations
were
performed.
On the day of surgery, patients were randomly assigned to receive either ondansetron
intravenously
(IV), 0.1 mg/kg
for children weighing
540 kg, 4 mg
for children weighing >40 kg, or placebo in a doubleblind fashion. The choice of premeditation
and the
method of induction
of anesthesia were left to the
discretion of the anesthesiologist,
with the exception
that propofol could not be used for induction or maintenance of anesthesia.
Anesthesia
was maintained
with nitrous oxide/oxygen
(maximum
70% NzO) and
halothane as needed. Opioids, local anesthetics, and
muscle relaxants were used as appropriate.
After the
induction of anesthesia and before the onset of surgery, ondansetron
(0.1 mg/kg up to 4 mg, undiluted)
or placebo (total volume 0.05 mL / kg to a maximum of
2 mL) was injected IV over at least ,30 s. Heart rate and
1 Bryson
JC, Pritchard
JF, Shurin S, et al. Efficacy,
pharmacokinetics, and safety of ondansetron
in pediatric
chemotherapy
patients [abstract].
Clin Pharmacol
Ther 1991;49:161.

ONDANESTRON

PEDIATRIC
ANESTHESIA
PREVENTS
VOMITING

PATEL ET AL.
IN CHILDREN

539

blood pressure were measured 1 min after administration of the study drug.
Gastric decompression
and suctioning
were performed via gastric tube on each patient before he or
she awakened.
Patients were observed in the facility
for 2 h after discontinuation
of nitrous oxide. In the
postanesthesia
care unit (PACU),
an independent
blind observer
recorded vital signs, adverse events
(defined as any untoward
medical occurrence, potentially drug-related
or not), and number of emetic episodes experienced by each patient. An emetic episode
was defined as a single episode of vomiting (expulsion
of any stomach contents through the mouth) or retching (attempts to vomit without
expulsion of stomach
contents) or any number of continuous vomits and / or
retches. Rescue antiemetic therapy was administered
if a patient had three emetic episodes within a 15-min
period, if a physician ordered it, or if a patient, parent,
or guardian requested it. The choice of rescue medication was left to the discretion of the physician, but
the use of IV ondansetron
as a rescue medication was
prohibited. Any patient who had one or more emetic
episodes during the study period, required rescue
therapy, or withdrew
from the study for any reason
was classified as a treatment failure.
Every 15 min after entry into the recovery room,
patients were evaluated to determine whether they
met the following
six criteria for home readiness: consciousness according to the developmental
level; appropriate,
stable vital signs; presence of cough and
gag reflex; ambulation consistent with developmental
age; absence of respiratory
distress; and absence of
nausea, vomiting, and dizziness. The patient was considered home ready when all of these home readiness
criteria were met during the same evaluation period.
The requirement
to tolerate fluids before discharge
was based on the standard practice of each individual
institution. Before the patient was actually discharged
from the facility, a parent or guardian was instructed
in the use of a diary to record the number and time of
emetic episodes and adverse events during the 24-h
period after discontinuation
of nitrous oxide. Study
personnel also contacted the patient’s parent or guardian by phone at the end of this 24-h period.
All statistical tests were two-sided.
P values ~0.05
were considered to be statistically
significant.
The demographic
variables
of age, weight,
and
height were compared between groups using t-tests.
2 tests were used to compare groups with respect to
gender, ethnic origin, susceptibility
to motion sickness, and previous anesthesia experience.
The primary efficacy variable was the proportion
of
patients with complete response (no emetic episodes,
not rescued, and not withdrawn).
Analyses were performed based on two time periods: the initial 2-h
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period after discontinuation
of nitrous oxide (representing the inpatient period) and during the 24-h period after discontinuation
of nitrous oxide. Power calculations
revealed that assuming
65% of placebo
patients would vomit, 207 patients per group were
required to provide 85% power to show a 15% difference with respect to the proportion
of patients with
complete response (ondansetron
50% versus placebo
35%). An analysis of complete response rate was stratified by study site to avoid the possibility
of site bias
and to adjust for the expected site-to-site variations.
Mantel-Haenszel
tests were used to compare groups
with respect to the proportion
of patients with complete response during each study period; CochranMantel-Haenszel
tests were used for stratification
by
study site.
The 2 test was used to detect between-group
differences in the proportions
of patients satisfying each
of the criteria for home readiness at 15, 30, 45, 60, 90,
105, 120, and >120 min after discontinuation
of nitrous oxide.

Results
Four hundred thirty-three
(433) patients were enrolled
in the study, and 4 patients were withdrawn
before
receiving the study drug (2 due to inability to establish
required IV access; 1 due to inability to acquire pretreatment blood samples; and 1 due to emesis before
surgery). Protocol violations resulted in the exclusion
of 10 of the remaining 429 patients from the efficacy
analyses of the 2-h period after nitrous oxide discontinuation and in the exclusion of an additional 4 patients from efficacy analyses of the 24-h period after
nitrous oxide discontinuation.
Protocol violations included administration
of a medication excluded by the
protocol (2 ondansetron
patients; 3 placebo patients),
age other than that specified for the study (1 ondansetron patient; 1 placebo patient), use of propofol (2
ondansetron
patients), surgical procedure other than
that specified for the study (1 placebo patient), and
lack of data regarding
patient status after discharge
from the facility (3 ondansetron
patients; 1 placebo
patient). All 429 patients who received the study drug
were included in the demographic
analyses.
Demographic
characteristics
did not differ significantly between treatment groups (Table 1). The majority of patients in each group had no prior history of
general anesthesia or prior motion sickness (Table 1).
Similarly, the type of surgery, the duration of anesthesia, and the time to recovery did not differ between
groups (Table 1). Concomitant
opioid use is presented
by treatment group in Table 2.
During the 2-h period after discontinuation
of nitrous oxide, significantly
more ondansetron-treated
patients than placebo-treated
patients
experienced
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Table

1. Demographic and Patient

Placebo
(n = 216)

Characteristics
Mean t SE age (yr)
Mean ? SE weight (kg)
Gender n(%)
Male
Female
Ethnicity n(%)
Caucasian
Black
Hispanic
Oriental
Other
Susceptibility
to motion
sickness n(%)
Yes
No
Previous anesthetic
experience n(%)
None
Without nausea/vomiting
With nausea/vomiting
Type of surgery n(%)
Herniorrhanhv
Strabismus’surgery
Tonsillectomy
with or
without adenoidectomy
Orchidopexy
Mean + SE duration
of anesthesia (min)
Mean 2 SE time to
recovery (min)
a Mean time to recovery
nitrous
oxide administration

Characteristics

5 0.2
-c 0.7

5.3
22.4

Ondansetron
(n = 213)
5.3
21.6

?
?

135 (63)
81 (38)

136(64)
77(36)

166(77)
31(14)

168(79)
28(13)

12 (6)

0.2
0.6

5 (2)

6 (3)

3 (1)
4 (2)

6 (3)

16(7)
200(93)

22 (10)
189(89)

155 (72)

146(69)
50(23)

50(23)
ll(5)

17(8)

67(31)
66(31)
65(30)

70(33)
79 (37)
47(22)

17(8)
56.4 k 1.9
33.2

?

1.2

17(8)
58.0 +

1.8

+

1.5

34.0

is defined
as the interval
between
and response
to command/touch.

stop

time

of

complete response (P < 0.001, Table 3). Significantly
more placebo-treated patients required rescue medication during the 2-h period compared with patients
in the ondansetron group. During the 0- to 2-h observation period, 8% of patients in the placebo group and
2% in the ondansetron group received rescue medication for nausea and vomiting (P = 0.006, P = 0.008
stratified by study site).
Data for the 24-h period after discontinuation of
nitrous oxide were obtained for 99% of patients in the
total population via diary and/or a phone call. During
the 24-h period after discontinuation of nitrous oxide,
significantly more ondansetron-treated patients than
placebo-treated patients experienced complete response (P < 0.001, Table 3). During this period, 29% of
patients in the placebo group and 7% of patients in the
ondansetron group received rescue medication for
vomiting (P < 0.001).
Complete response rates with and without opioids
were consistently and significantly higher with ondansetron compared with placebo over the 0- to 2-h
and the 0- to 24-h observation periods (P < 0.001
based on Cochran-Mantel-Haenszel test stratified by
receipt of opioids). Complete response rates over the
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Table

ONDANESTRON

2. Concomitant

Opioid

Point of use/ type of
opioid
Intraoperative
Any opioid use
Morphine
Fentanyl
Alfentanil
Initial study period
(O-2 h)
Any opioid use
Morphine
Fentanyl
Acetaminophen
and
codeine
Meperidine
Codeine
Outpatient
(2-24 h)
Any opioid
Acetaminophen
and
codeine
Hydrocodone
bitartrate
and acetaminophen
Codeine
Morphine
Meperidine
Oxycodone and
acetaminophen
Data

are presented

Use
Placebo
(n = 213)
66
51
15
1

(31)
(24)
(7)
(<I)

67 (31)
51 (24)

Ondansetron
(n = 216)
43
29
14
0

(20)
(14)
(7)
(0)

10 (5)

62 (29)
47 (22)
11(5)
5 (2)

1 (<I)
0 (0)

0 (0)
1 (<I)

43 (20)
38 (18)

51 (24)
43 (20)

5 (2)

5 (2)

1 (Cl)
0 (0)
0 (0)
0 (0)

3 (1)
3 (1)
2 (<I)
1 (<I)

12 (6)

as n(%).

0- to 2-h period in patients who received intraoperative opioids were 91% (39 of 43) in patients receiving
ondansetron compared with 64% (42 of 66) in patients
receiving placebo. Complete response rates over the Oto 2-h period in patients who did not receive intraoperative opioids were 89% (151 of 170) in patients receiving ondansetron compared with 74% (111 of 150)
in patients receiving placebo.
Complete response rates over the 0- to 24-h observation period in patients who received intraoperative
opioids were 50% (21 of 42) in patients receiving ondansetron compared with 15% (10 of 66) in patients
receiving placebo. Complete response rates over the Oto 24-h period in patients who did not receive intraoperative opioids were 73% (122 of 168) in patients
receiving ondansetron compared with 51% (76 of 149)
in patients receiving placebo. Complete response rates
over the 0- to 24-h period in patients who received
postoperative opioids were 64% (51 of 80) in patients
receiving ondansetron compared with 21% (17 of 82)
in patients receiving placebo. Complete response rates
over the 0- to X-hour period in patients who did not
receive postoperative opioids were 71% (92 of 130) in
patients receiving ondansetron compared with 52%
(69 of 133) in patients receiving placebo.
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(82%) and the ondansetron group (76%). The most frequently reported adverse event, wound problems associated with drainage or bleeding from the surgical site,
occurred in 33% of patients in each treatment group.
The overall incidence of adverse events assessedby
investigators as being potentially related to administration of the study drug was significantly (P = 0.026)
lower in the ondansetron group compared with the
placebo group. The most frequently reported of these
adverse events included drowsiness/sedation (2% ondansetron patients, 4% placebo patients), anxiety/
agitation (2% ondansetron patients, 4% placebo patients), and headache (2% ondansetron patients; 3%
placebo patients).
A total of 20 children required hospitalization after
surgery: 6 received ondansetron and 14 received placebo. In the ondansetron group, 5 of the children had
undergone tonsillectomy with adenoidectomy and
1 had strabismus repair. In the placebo group, 12
children had tonsillectomy with adenoidectomy, 1 had
undergone tonsillectomy, and 1 had herniorrhaphy.
Nausea, vomiting, and inadequate fluid intake were
the reasons for hospital admission for 2 of the children
who received ondansetron and for 8 of the children
who received placebo. All of these children had undergone tonsillectomy or tonsillectomy with adenoidectomy. Two children in the placebo group were admitted due to posttonsillectomy
bleeding. Other
reasons for admission were respiratory complications
(2 ondansetron, 3 placebo), sedation (1 ondansetron),
wound infection (1 placebo), and postoperative pain (1
ondansetron). None of the events leading to hospitalization were assessedby investigators as being related
to the administration of study drug.

Time to Reach Home-Readiness Criteria
patients,
When compared with placebo-treated
ondansetron-treated patients required significantly
(P < 0.05) less time to reach home-readiness criteria
(ondansetron 155.7 + 86.4 min, placebo 183.2 t
144.9 min, mean t SD).
Table 3. Complete Response
Rescued, and Not Withdrawn)
Periods After Discontinuation

(No Emetic Episodes, Not
During the 2- and 24-Hour
of Nitrous Oxide
Placebo

Ondansetron

n

(%)

n

W)

response
failure

153/216
63/216

(71)
(29)

190/213
23/213

(89):
(11)

response
failure

86/215
129/215

(40)
(60)

143/210
67/210

(68)
(32)

Adverse Events

O-2 h
Complete
Treatment
O-24 hours
Complete
Treatment

There was no significant difference in the overall incidence of adverse events between the placebo group

*I’ < 0.001 based
on Mantel-Haenszel
test and on
Haenszel
test stratified
by study
site comparing
treatment
spect to complete
response
rates.

Cochran-Mantelgroups
with

re-

542

PEDIATRIC
ANESTHESIA
ONDANESTRON
PREVENTS

PATEL ET AL.
VOMITING
IN CHILDREN

ANESTH
ANALG
1997;85:53845

4. Patients Meeting DischargeCriteria at Each Time Point of Measurement

Table

Time (min)

Consciousness Vital signs

15
Ondansetron
Placebo

71 (34)
60(28)

Respiratory distress

206(98)
211(98)

198(94)
203(94)

Gag reflex
118(56)
113(52)

Ambulation
1 (0.5)
2 (1)

Emesis
204(97)
197(91)

60

196(92)

(100)
215(100)

208(98)

10 (5)

215 (100)

14(6)

200(94)
192(89)

212

(100)
214(99)

212 (100)
216 (100)

28(13)
34(16)

202(95)
191(88)

(100)
215(100)

210 (100)
214 (100)

72(35)
86(40)

202(96)t
190(88)

Ondansetron
Placebo

209(99)
215 (100)

211

202(94)

Ondansetron
Placebo

205 (97)
209(97)

210(99)
215 (100)

208(99)

208(99)

210

214 (100)

214(100)

90

120

Ondansetron
Placebo
Data are presented
as n(%).
* P < 0.05, t P < 0.01.

In terms of the specific home readiness criteria that
were assessed,there were no statistically significant
differences between the ondansetron and placebo
groups for absence of respiratory distress, ambulation,
absence of gag reflex, consciousness, or vital signs at
any of the measured time points (15,30,45, 60,75,90,
105, 120, or >120 min after discontinuation of nitrous
oxide) (Table 4). In contrast, there was a statistically
significant difference between the ondansetron and
placebo groups with respect to the proportion of patients reaching the criterion for no emesis at six of the
nine measured time points (15, 60, 75, 90, 120, and
>120 min) (Table 4).
Although considered to be home ready, not all
patients were discharged at the time when homereadiness criteria were met. For this reason, a post hoc
analysis of the time from response to spoken command until discharge from the facility was conducted.
The results indicate that the time between responsiveness to spoken command until discharge from the
facility was significantly less (P < 0.05; t-test) for
ondansetron-treated patients (175.6 5 98.0 min) than
for placebo-treated patients (214.8 + 132.1 min).
Significantly (P < 0.001) more patients who were
treated with ondansetron experienced complete response over the 0- to 2-h evaluation period compared
with patients who received placebo, regardless of
whether they had received intraoperative opioids. Similarly, significantly more patients who were treated with
ondansetron experienced complete response over the Oto 24-h evaluation period compared with patients who
received placebo, regardless of whether they had received intraoperative or postoperative opioids.
Analysis of the effect of opioid analgesic use during
the outpatient portion of the study (2-24 h) revealed
that significantly (P = 0.001) more patients who received outpatient opioids (57 of 93 [61%]) were treatment failures over the 24-h evaluation period compared with patients who did not receive outpatient
opioids (139 of 332 [42%]).

A post hoc analysis of factors possibly affecting the
incidence of complete response was conducted. Factors evaluated included age, type of surgery, use of
intraoperative and postoperative opioids, premedication with midazolam, and requirement to tolerate liquids before discharge. Given the observed variability
of complete response rates among study sites in this
multicenter trial, analysis of these possible predictive
factors used Cochran-Mantel-Haenszel tests to control
for intersite variability. In this patient population, children undergoing orchidopexy or tonsillectomies with
or without adenoidectomies were more likely to experience emesis during the 0- to 2-h study period. During the 0- to 24-h study period, older children, those
undergoing tonsillectomies, those receiving intraoperative opioids, and those not required to tolerate liquids before discharge were more likely to experience
emesis (Table 5).

Discussion
This study is the first large-scale, multicenter trial to
examine the therapeutic efficacy and safety of ondansetron in the prevention of postoperative vomiting in
children, as well as to evaluate the role of antiemetic
therapy on the time to readiness for hospital discharge. Additional information is also provided that
evaluates factors that may influence postoperative
vomiting in children. The results demonstrate that
ondansetron (0.1 mg/kg to 4 mg) prevents postoperative vomiting over both the 2- and 24hour periods
after the administration of inhaled general anesthesia.
Over the 24-hour period, 68% of ondansetron-treated
patients compared with 40% of placebo-treated
patients experienced complete response. Fewer
ondansetron-treated patients compared with placebotreated patients required rescue medication for vomiting throughout the 24hour study period, and
ondansetron-treated patients met hospital discharge

5. Factors Potentially

Influencing

Emesis

Data are presented
as n (%).
* P value based on Mantel-Haenszel
test comparing
complete
response
rates for each potential
influencing

0.056t
0.162t

1531187 (82)
190/242 (79)
242/292 (83)
lOO/ 136 (74)

influencing

0.762t

1261163 (77)
217/266 (82)

potential

0.877t

0.031t

0.051t

0.009*

P

O-2 h

81/ 109 (74)
2621320 (82)

(86)
(68)
(84)
(71)

118/ 137
23 134
1221145
79/ 112

(83)
(73)
(88)
(76)
(56)
(85)
(76)

118
I64
120
111
/16

response

171/202
172/227

98/
47
105/
84/
9

Complete

complete
response
rates for each
factor stratified
by study site.

Study site
1
2
3
4
5
Age 64
<5
25
Type of surgery
Herniorrhaphy
Orchidopexy
Strabismus
Tonsillectomy
without or without
adenoidectomy
Use of intraoperative
opioids
Yes
No
Use of postoperative
opioids
Yes
No
Premeditation
with midazolam
Yes
No
Required to tolerate fluids before discharge
Yes
No

Table

factor

(18)
(21)

unstratified

50/292 (17)
36 / 136 (26)

34/187
52/242

37/ 163 (23)
49/266 (18)

28/ 109 (26)
58/320 (18)

191137 (14)
11 /34(32)
23/ 145 (16)
33/112 (29)

(74)
(59)
(55)
(25)

(63)
(46)

site; t P value

based

180/288 (63)
49 / 136 (36)

103/ 186 (55)
126/239 (53)

68 / 162 (42)
161/263 (61)

31/ 108 (29)
198/317 (62)

lOO/ 135
20 /34
80 / 145
28/ 110

125/200
104/225

(69)
(30)
(66)
(40)
(40)

response

31/202 (15)
531227 (24)

Complete
81/117
19 /64
79/119
44/110
6 /15

by study

failure

20/118 (17)
17 /64 (27)
15/ 120 (12)
27/ lll(24)
7 /16 (44)

Treatment

on Co&ran-Mantel-Haenszel

0.008t

0.106t

0.158t

<o.o01t

<o.o01t

0.003t

<0.001*

P

O-24 h

(26)
(41)
(45)
(75)

(37)
(54)

(31)
(70)
(34)
(60)
(60)

failure

test comparing

108/288 (37)
87/ 136 (64)

83/ 186 (45)
113/239 (47)

94/ 162 (58)
102/263 (39)

77/ 108 (71)
119/317 (38)

35/ 135
14 /34
65 / 145
82/110

75/200
121/225

36/117
45 /64
40/ 119
66/ 110
9 /15

Treatment

5%
254
g
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criteria sooner than patients who received placebo.
These 24-hour data show that the beneficial effects of
ondansetron
persist beyond patients’ discharge from
the surgical facility.
The results of this study support
those of other
pediatric studies evaluating the effects of ondansetron
in postoperative
vomiting (21-25). For example, in a
double-blind
study reported by Ummenhofer
and colleagues (21) involving 200 2- to lo-year-old
surgical
patients,
10% of those treated with ondansetron
(0.10 mg/kg
administered
IV after the induction of
anesthesia) experienced nausea, retching, or vomiting
during the four-hour
period after entry into the
PACU. In contrast, 40% of placebo-treated
patients
experienced nausea, retching, or vomiting. Although
the study conducted by Ummenhofer
et al. differed
from that reported herein in a number of respects,
including the duration of the postsurgical
observation
period and the content and format of the vomiting
rating scale, the results of both studies demonstrate
that ondansetron
prevents
vomiting
in pediatric
patients.
In a study by Davis et al. (25) comparing the prophylactic use of ondansetron,
droperidol,
and placebo
in children undergoing
dental surgery without opioid
anesthetics, ondansetron
effectively prevented vomiting in children and decreased the length of hospital
stay compared with droperidol.
There was no difference in the length of hospital stay between patients
treated with ondansetron
and those treated with placebo. However,
the small sample size of the study may
have precluded the determination
of differences between the two treatment groups.
The high incidence of vomiting in the placebo group
in our study, in which more than 60% of patients
experienced vomiting during the 24-hour period after
discontinuation
of nitrous oxide, is consistent
with
rates previously
observed
in pediatric surgical patients (22-24). Rose and colleagues (22), for example,
reported that 67% of 2- to 17-year-old placebo-treated
patients undergoing
strabismus
surgery experienced
vomiting during the 24-hour postsurgical
period. Similarly, Litman and colleagues (23) found that 73% of
placebo-treated
patients (mean age seven years) experienced postoperative
vomiting on the day of tonsillectomy with or without adenoidectomy.
The cause of
the high incidence of postoperative
nausea and vomiting in children is probably multifactorial.
Specific factors, such as age (1,8,9), type of surgical
procedure (9), use of opioids @-lo), and requirement
to tolerate fluids (ll), may affect the incidence of
postoperative
vomiting in children, as confirmed by
the present study. Despite these risk factors for emesis,
significantly
more patients in this study who were
treated with ondansetron
experienced a complete response (no emetic episodes) compared with patients
who received placebo. This was true regardless
of
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whether they had received intraoperative
or postoperative opioids.
In examining
the possible predictive
factors for
emesis, we observed significant
differences
in complete response rates among the different study sites.
Consequently,
comparisons
of complete
response
rates for these predictive factors used statistical methods that correct for differences
among study sites.
Even after accounting for the variability
contributed
by intersite differences, there was statistical evidence
of differences in complete response rates over the 0- to
24hour observation
period based on age, type of surgery, use of intraoperative
opioids, and requirement
to tolerate fluids before discharge.
The high incidence of vomiting in placebo-treated
pediatric
patients reinforces
the need for effective,
well tolerated prophylactic
therapy in this patient
population for certain surgical procedures.
Although
an antiemetic drug that can be used prophylactically
to prevent postoperative
nausea and vomiting is desirable, it is important
that such a drug not have
significant side effects. The results of this study demonstrate that ondansetron
is well tolerated in pediatric
patients undergoing
surgical procedures
associated
with a high risk of postoperative
vomiting; ondansetron has also been shown to be well tolerated in pediatric patients undergoing
chemotherapy
(17). The
most frequently
reported potentially drug-related
adverse events were drowsiness
/ sedation,
anxiety /
agitation, and headache. This profile is consistent with
that observed in adult patients given ondansetron
for
the prevention
of postoperative
nausea and vomiting
(12-15).
In analyzing the results of this study, we retrospectively identified some possible shortcomings
in the
study design that may restrict the applicability
of our
findings. For example, data regarding the incidence of
vomiting
were analyzed only for the 0- to 2-hour
inpatient treatment period and for the overall incidence of vomiting during the 0- to 24-hour observation period. Comparisons
of the incidence of vomiting
were not made at interim time points. We chose these
time points because they were clinically relevant time
points for patients undergoing
ambulatory surgery. In
addition, data concerning the reasons for the actual
length of hospital stay were not collected. Without
ascertaining
the reasons for the longer hospital stays
of placebo-treated
patients, we cannot attribute the
shorter stays of ondansetron-treated
patients to benefits of the drug. However,
in determining
the times for
home readiness, emesis was the one factor that delayed the time to discharge in the placebo group.
The need in antiemetic research to examine the effects of drugs on other variables in addition to the
incidence of emesis has recently been highlighted (26).
Increasingly,
health care decision makers weighing
the value of a treatment will seek to know whether
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drug effects on vomiting rates are manifested in, for
example, reductions
in recovery period and in duration of recovery room stay. In his recent editorial (26),
Fisher argues that a demonstration
of reductions
in
recovery
room stays and shorter recovery
periods
would
provide
an excellent indicator
of the costeffectiveness
of antiemetic
therapy
and questions
whether insurance companies and hospital administrators would be willing to pay more for medications
that reduce the incidence of nausea and vomiting
without
decreasing
the duration of recovery
room
stays, thereby offsetting the cost of the drug.
This study included end points that allow the health
care professional
to assess the efficacy of ondansetron
in the terms proposed by Fisher (26). This is the first
study to demonstrate
that the safety and efficacy of
ondansetron
are realized in reductions
in the time to
reach criteria for home readiness and in the time to
discharge from the facility. On average, ondansetrontreated patients met home-readiness
criteria one-half
hour earlier than placebo-treated
patients, and they
were discharged
from the facility nearly 40 minutes
earlier. However,
the economic ramifications
to both
the patient and the outpatient surgical facility require
further assessment.
Considered together, these data demonstrate
that IV
ondansetron
0.1 mg/ kg to 4 mg effectively prevents
postoperative
vomiting in pediatric patients undergoing outpatient surgical procedures
associated with a
high risk of postoperative
vomiting. In addition, prophylactic use of ondansetron
was found to reduce the
time to reach criteria for home readiness and time to
discharge from the facility.
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