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Purpose of review

In recent years several daytime symptoms resulting from

pediatric obstructive sleep apnea have been recognized

that affect neurobehavioral and cognitive functioning. It is

important to identify patients who will benefit from

treatment. Up until now the systematic analysis of

obstructive sleep apnea in children has been hindered by

both variable diagnostic criteria and patient care protocols.

This review examines the effects of obstructive sleep apnea

in children as well as treatment outcomes. Recent data

suggest that some diagnostic modalities may

underestimate the prevalence of sleep-disordered

breathing in children.

Recent findings

A review of the data from the past year shows a significant

correlation between obstructive sleep apnea and daytime

symptoms. It also shows mitigation of these symptoms with

appropriate treatment. The directed history and physical

examination continue to be the most effective means of

diagnosis in most affected children. The polysomnogram is

considered the gold standard for diagnosis but may

underestimate the presence of sleep-disordered breathing

in children. Some children with the diagnosis of primary

snoring will benefit from treatment.

Summary

In view of the profound effects of obstructive sleep apnea in

children, it is vital to develop an accurate and universal

system for diagnosing and treating these patients.

Adenotonsillar hypertrophy is the major cause of

obstructive sleep apnea in children. A directed history and

physical examination followed by tonsillectomy and

adenoidectomy are effective in improving the physical

sequelae and quality of life of affected children.
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Introduction
Several interesting studies during the past year are chang-

ing the way we think about obstructive sleep apnea (OSA)

in children. For too long an adult paradigm has been inap-

propriately applied to diagnosis and treatment of affected

children. This article reviews data from the previous year,

highlighting data that portend a change in the way we

treat children with OSA. Specifically examined is the poly-

somnogram as the gold standard for diagnosing OSA in

children. Also, the neurocognitive and behavioral effects

are addressed.

Definitions
Sleep-disordered breathing is a general term that includes

OSA, upper airway resistance syndrome (UARS), and,

arguably, primary snoring. Sleep-disordered breathing in

children has been plagued by a lack of consensus on the

required criteria for diagnosis. Historically, adult criteria

were applied to children. In recent years, realization has

emerged that this is inappropriate. No universally accepted

pediatric criteria have been agreed on as of yet, however,

making analysis and interpretation of literature challeng-

ing, and patient care protocols variable. In children, OSA is

characterized by partial or complete obstruction of the

upper airway, hypopneas, and apneas.

Obstructive apnea

Obstructive apnea is commonly defined as a cessation of

ventilation despite effort for 10 seconds or two breath

cycles in older children, or 6 seconds or 1.5–2 breaths in

younger infants [1]. Obstructive hypopnea is defined as

a decrease in airflow by 50% despite effort during the

same time or breath cycles, associated with a desaturation

or arousal. The apnea/hypopnea index (AHI) is the same

as for adults: the total number of apneic events plus hypo-

pneas per hour of sleep. An arousal index describes the

number of arousals per hour of sleep. Because muscle tone

decreases progressively from stage 1 through 4 sleep,

reaching a nadir during rapid eye movement (REM) sleep,

patients are particularly vulnerable to airway obstruction

360



during REM sleep. An elevated AHI in REM sleep is

increasingly recognized as an important component of

sleep disruption that can cause daytime symptoms in

children. It is important to note that normal infants and

small children spend more time in REM sleep than older

children and adults.

Upper airway resistance syndrome

Upper airway resistance syndrome was first described by

Guilleminault et al. [2] in 1982. The term upper airway

resistance syndrome was not used until 1993 when adult

literature discussed the importance of daytime symptoms

related to this milder form of sleep-disordered breathing.

A biphasic abdominal respiratory pattern, paradoxical

breathing with paradoxical ribcage movement, and snoring

are usually seen with UARS. A definitive diagnosis can be

made through esophageal pressure manometry, whereas

standard polysomnography may fail to reveal the severity

of the problem. Both adult and pediatric patients with

UARS show effects of sleep-disordered breathing such as

changes in cognitive, behavioral, and psychological func-

tioning. Partial obstruction without measured gas exchange

abnormalities and the presence of sleep fragmentation are

the hallmarks of UARS.

Normal sleep parameters
Traeger et al. [3••] described normal childhood polysomno-

graphic values in children aged 2–9 years. None of the

patients had neurologic problems, symptoms of OSA,

growth problems, prior adenotonsillectomy, lung disease

other than asthma, or craniofacial abnormalities. Apnea

was defined as cessation of airflow for two respiratory

cycles and hypopnea was described as reduction of airflow

by 50% over the same interval. The study found a mean

index of 0.08 central apneas, 0.01 obstructive apneas,

and 0.3 obstructive hypopneas. The respiratory distress

index was 0.4 and an O2 saturation nadir of 92% was docu-

mented (n = 66 patients). This study illustrates that nor-

mal patients without sleep apnea have virtually no evidence

of obstructive breathing or desaturations during sleep.

The question of whether snoring as an isolated finding has

deleterious effects on children has been raised in recent

years. Snoring has, until recently, been considered a benign

entity; however, recent studies have challenged this notion.

It is estimated that about 10–30% of children snore, and of

those, 1–3% meet criteria for sleep apnea. In a recent

study in Singapore [4], it was noted that 28% of 11 000

school children aged 4–7 years snore. Of the snoring

children, 6% were habitual snorers (three episodes per

week or more). The study also noted that snoring was

more common in boys and in obese and atopic children.

An association with maternal smoking was also noted.

The neurobehavioral effects of primary snoring have been

evaluated [5]. Eighty-seven children who met criteria for

primary snoring (AHI < 5 and obstructive index < 1)

were compared with nonsnoring children who met the

same criteria. Children with attention deficit/hyperac-

tivity disorder or parentally reported hyperactivity were

excluded from the study. It is interesting to note that both

groups had no objective evidence of OSA; mean AHI was

0.5 and obstructive apnea index was 0. The primary snor-

ing group, however, had significantly worse measures

related to attention, social problems, and anxious/depres-

sive symptoms. Although both groups had overall normal

cognitive abilities, the primary snoring group scored lower.

A statistically significant reduction in REM sleep was

found in the primary snoring group. The quality of sleep

in the group may be reduced compared with nonsnorers

despite ‘negative’ polysomnographic findings, suggesting

that primary snoring should be considered a disorder on

the continuum of obstructive sleep-disordered breathing.

Pathophysiology
In children, enlarged tonsils and adenoids play a major role

in OSA. In addition to anatomic obstruction, upper airway

patency is regulated by neuromotor input. During sleep,

muscle tone decreases continuously with increased stage

of sleep, reaching a nadir during REM when muscle activ-

ity is barely detectable. Chemoreceptors sense changing

levels of CO2 and oxygen, resulting in a compensatory

increase in respiratory muscle activity. In a recent study

[6•], pressure-flow values were used to assess the upper

airway neuromotor response in sleep apnea patients versus

control subjects. The airway neuromotor response to induced

hypercapnea and decreased pressure were measured.

Non-OSA patients were noted to have a 90% increase in

airflow for a given pressure when exposed to hypercapnia

compared with only 27% in the OSA patients. A subset of

the OSA patients had a posttonsillectomy and postaden-

oidectomy pressure-flow study that demonstrated a trend

toward returning to normal with an increased muscle tone

with induced hypercapnia. The upper airway dynamic

response is reduced in patients with OSA, possibly due

to habituation or mechanical damage, and tends to return

to normal after the obstruction is removed.

Effects of obstructive sleep apnea in children
It is important to identify the far-reaching effects of OSA

in children. These problems include metabolic changes,

sleep fragmentation, growth inhibition, pulmonary hyper-

tension, and cor pulmonale. During the past year, behav-

ioral and cognitive effects have been examined. These

data add validity to the increased awareness of potential

serious daytime consequences of untreated OSA.

Psychological effects

In adults, depression and deficiencies in the perceived

quality of life are related to sleep-disordered breathing [8].

These problems have also been linked to childhood

OSA. Both obese and nonobese children can exhibit these
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neurocognitive sequelae of OSA. In a recent study of 85

patients with sleep apnea (AHI > 1) [8••], obese (body

mass index > 95%) and nonobese subjects were assessed.

These two groups were compared with 35 asymptomatic

control subjects. Perceived quality of life and depressive

symptoms, especially anhedonia, were worse in both obese

and nonobese OSA subjects compared with controls as

measured by the Children’s Depression Inventory and

the Pediatric Quality of Life Inventory (PedsQL).

Cognitive effects

There has been recent interest in an association between

attention deficit/hyperactivity disorder and OSA in chil-

dren. Other cognitive effects are being discovered. Day-

time sleepiness is not as prevalent in pediatric OSA

patients as it is in adult patients, and in fact, hyperactivity

is often seen. Daytime sleepiness and hyperactivity were

recently evaluated in a group 108 children with suspected

sleep-disordered breathing [9••]. Subjects were referred

to the study from a sleep clinic and were believed to have

sleep-disordered breathing secondary to adenotonsillar

hypertrophy. Seventy-two control subjects were screened

for OSA symptoms (Brouillette’s scoring system [10]) and

were found not to have OSA. The Epworth sleepiness scale,

a measure of a person’s general level of daytime sleepiness,

and the Connor’s Abbreviated Questionnaire for Hyper-

activity, which tests attention, distractibility, and over-

activity, were employed. The mean AHI among suspected

sleep-disordered breathing subjects was 8, and REM-

specific AHI was 17. Control subjects did not have a poly-

somnogram. Children with suspected sleep-disordered

breathing had higher scores on the Epworth sleepiness

scale and Connor’s test than control subjects Twenty-

eight percent of subjects had excessive daytime sleepiness

compared with 12% of control subjects. In a subgroup

analysis, subjects who had suspected sleep-disordered

breathing, but who did not qualify for OSA defined as

one or more obstructive events per hour, were examined.

This group comprised about half of the study population.

This subgroup’s scores on both tests were statistically sim-

ilar to the other half of the study group – those with OSA.

This study reveals two important points. Patients with

suspected sleep-disordered breathing exhibit more day-

time sleepiness and hyperactive symptoms than control

subjects; and patients who have suspected sleep-disordered

breathing, but who do not meet criteria for OSA as pres-

ently evaluated, exhibit the same effect.

Tonsillectomy and adenoidectomy have previously been

shown to be effective in improving sleep apnea in children

[11]. The effects of tonsillectomy and adenoidectomy on

cognitive functioning in children with OSA were assessed

in a prospective, controlled study [12]. The study popu-

lation consisted of 19 low-income children deemed

unlikely to seek medical treatment with a control group

of 19 matched children. OSA was defined as an AHI

greater than 5. The subjects showed improvement in their

AHI from a mean of 10.1 to 1.0 after tonsillectomy and an

increase in delta sleep (stage 3 and 4) from 23.5% to 28.8%

total sleep time. Both results were statistically different

from pretonsillectomy and preadenoidectomy values.

Changes in cognitive outcomes were measured in these

patients using the Differential Abilities Scales (DAS),

which measure conceptual abilities as well as verbal

and nonverbal skills. The neuropsychological assessment

(NEPSY) was also employed, which measures phonologic

processing and sentence comprehension and naming. DAS

scores were lower for OSA patients prior to tonsillectomy

and adenoidectomy, and higher postoperatively. The post-

operative values did not differ from the control group’s

scores. Analysis of NEPSY scores was limited due to

administrative difficulties but did show an improvement

trend for verbal fluency in the OSA group after tonsillec-

tomy and adenoidectomy.

In a corroborating study [13], 32 children with polysom-

nography-documented sleep apnea and 17 control sub-

jects were studied for performance on the NEPSY scale.

The OSA group was substratified into three groups: pri-

mary snorers (AHI < 1); mild OSA (AHI > 1 < 5);

and moderate/severe OSA (AHI > 5). A trend analysis

was performed for values on the NEPSY comparing con-

trols with the three groups of subjects. Worsening trend

results were observed for worsening OSA classification

in word reading speed, visual attention, and verbal fluency.

In another component of the study, a parent and teacher

questionnaire showed an association of impulse control

and behavioral inhibition among OSA subjects. These

combined data add to the growing evidence that OSA

affects the daily functioning of these children.

Diagnosis
The history and physical examination continue to be themost

useful diagnostic tools for most children. There has been

debate as to which elements of the history and physical

examination are most predictive of OSA. Studies exist that

praise or disparage the various criteria. A few elements of

the history and physical examination continue to show a

positive correlation with OSA. These include the pres-

ence of loud snoring, witnessed apnea, frequent nighttime

arousals, and chronic mouth breathing. Because enlarged

tonsils and adenoids are responsible for most childhood

OSA, the presence of small tonsils and adenoids alerts

the treating physician to an atypical patient. Enlarged ton-

sils and adenoids associated with OSA are less prevalent in

patients over the age of 7 years [14]. As mentioned pre-

viously, daytime somnolence is an infrequent feature of

childhood obesity and sleep apnea. It is more common for

school-aged patients to exhibit poor sleep hygiene and

behavioral and attention abnormalities. Neonates and

infants show failure to thrive as a common feature of OSA.

362 Pediatric otolaryngology



A question has been raised in recent years: is the polysom-

nogram as we currently use it the standard for determining

who will benefit from tonsillectomy and adenoidectomy?

Recent data suggest that we should reconsider how we use

polysomnography in determining the need for interven-

tion for children with OSA. In a meta-analysis examining

the sensitivity and specificity of the history and physical

examination in diagnosing OSA [15••], a poor correlation

was noted in 11 of 12 papers reviewed when polysomnog-

raphy was used as the gold standard. High false positives

and low specificity were commonly noted comparing poly-

somnography findings with a variety of clinical criteria.

This meta-analysis noted that four of the 11 papers define

OSA as greater than 5 or even greater than 15 AHI, how-

ever. These adult values for AHI may underestimate the

presence of symptomatic OSA in children. An additional

paper in this meta-analysis did not specify polysomno-

graphic criteria, and yet another is not controlled. Thus,

six of the 11 papers may not be correlating the correct poly-

somnographic data to findings on history and physical

examination, thus leading to incorrect conclusions regard-

ing correlation. The conclusion of the paper, however, is

that history and physical examination, when used alone,

overdiagnose OSA based on polysomnographic data.

As mentioned previously, some articles show that despite

negative polysomnographic findings, the benefits of tonsil-

lectomy and adenoidectomy are still observed. In a recent

study [16••], a group of patients were identified by history

and physical examination and questionnaire as having

probable OSA. A clinical score minimum had to be met

that included assessment of abnormal sleep factors, day-

time symptoms, presence of enlarged tonsils among other

physical factors, a sleep tape, and a lateral neck radio-

graph. All patients then underwent polysomnography.

Patients with positive polysomnographic findings were

scheduled for tonsillectomy and adenoidectomy. Patients

with an AHI of less than 5 were considered not to have

OSA. These patients were then randomly assigned to either

a tonsillectomy and adenoidectomy group (n = 15) or a

nontonsillectomy and nonadenoidectomy group (n = 14).

Patients were then reassessed 6 months postoperatively.

Patients with abnormal and ‘normal’ polysomnograms in

the tonsillectomy and adenoidectomy group had a statis-

tically significant reduction in clinical score after surgery

compared with nonsurgical controls, suggesting significant

benefit from surgery. Because of the positive surgical out-

come in patients with ‘normal’ polysomnographic findings,

the role or interpretation of polysomnography in childhood

sleep apnea may need to be reassessed.

In another study [17], 34 children with sleep-disordered

breathing based on clinical assessment who were scheduled

for tonsillectomy and adenoidectomy underwent polysom-

nography. Results were scored by three different criteria:

obstructive apnea greater than one (two breaths or longer)

per hour of sleep; more than five apneas or hypopneas per

hour of sleep; or more than one apnea, hypopnea, or respi-

ratory event-related arousal per hour of sleep. OSAwas diag-

nosed in as few as 18 and as many as 30 of the 34 patients

depending on the criteria used. Among symptom studies

the absence of both mouth breathing and habitual snoring

correlated with negative polysomnography by these crite-

ria. This study documents the challenge of interpreting

polysomnographic results and the need for better defined

criteria for polysomnography.

When examining new patients with a history of transplan-

tation, it is important to remember that immunosuppres-

sive medications target T cells specifically. B cells can

proliferate unchecked and can lead to a lymphoprolifera-

tive disorder or lymphoma. It is important to send tonsils

from these patients for pathologic assessment.

In summary, the history and physical examination con-

tinue to be important in identifying most pediatric

patients with OSA secondary to adenotonsillar hypertrophy.

Most these patients will benefit from surgery without doc-

umentation by polysomnography, which remains the com-

munity standard [18]. The benefit of tonsillectomy and

adenoidectomy in the polysomnography-negative patient

should be considered, as the reported data show improve-

ment in clinical factors in these patients when history and

physical findings indicate significant OSA. In 1996, the

American Thoracic Society Consensus Committee [1]

recommended polysomnography prior to tonsillectomy

and adenoidectomy to differentiate primary snoring from

OSA. Since this recommendation, we have realized that

adult criteria for OSA are not applicable to children and

that patients with ‘primary snoring’ often benefit from

intervention. This suggests a need to reassess the inter-

pretation of polysomnography in children and not to rely

on adult criteria. An elevated global AHI is not the only

indication of sleep-disordered breathing in children.

REM-specific data may be more important to analyze in

certain patients, as clinical improvement may be noted

after intervention in these patients. The arousal index

and number of stage shift changes as an indicator of sleep

fragmentation are likely to be important factors to con-

sider when assessing these patients for the presence of

sleep-disordered breathing. The cost and effort involved

in obtaining a polysomnogram make it an impractical test

for all pediatric patients for OSA diagnosis prior to adeno-

tonsillectomy. A compelling history with evidence of

obstruction (snoring, apnea) and evidence of sleep disrup-

tion (restless sleep, arousals, daytime symptoms) and sug-

gestive physical findings are adequate to proceed with

intervention such as tonsillectomy and adenoidectomy in

most patients. Polysomnography remains important as a

diagnostic test when the results on polysomnography will

strongly influence treatment recommendations. A poly-

somnogram is most helpful in high-risk surgical patients,
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patients with unclear history and physical examination

findings, and those in whom continuous positive airway

pressure or nonsurgical intervention is likely to be

indicated.

Treatment
Tonsillectomy and adenoidectomy remains the most com-

monly recommended treatment for pediatric patients

with OSA. Although the benefits of tonsillectomy and

adenoidectomy have been described for decades, the

improvements in behavior and cognition have recently

been formally documented. The effects of tonsillectomy

and adenoidectomy on daytime behavior were examined

in a recent study of 42 OSA patients who had surgery

[19••]. These patients were compared with 41 control

subjects without OSA undergoing elective surgery. The

OSA-18, a discriminative measure of sleep-disordered

breathing among children, and the Child Behavior Check

List (CBCL) were used before and after tonsillectomy

and adenoidectomy. OSA patients we found to have more

behavioral and emotional difficulties than control patients.

The OSA group exhibited a statistically significant decrease

in OSA-18 and CBCL scores after tonsillectomy and

adenoidectomy as compared with control subjects. Large

improvements in disease-specific quality-of-life scores

were also noted after surgery.

Adenoid hypertrophy alone can be the most significant

cause of OSA in infants. In a study of 24 infants between

5 and 12 months of age [20•], the effect of adenoidectomy

alone was evaluated. All participants met three criteria:

OSA by polysomnography defined as an AHI greater than 1;

upper airway symptoms including snoring, respiratory

distress, or witnessed apnea; and physical finding of ade-

noid enlargement causing greater than 50% narrowing of

the nasopharynx. Fifteen patients had polysomnography

before and after adenoidectomy. The mean AHI of these

patients was 19.6 before and 1 after adenoidectomy.

Eighty-seven percent had gastroesophageal reflux disease

(GERD) before intervention, and none required postade-

noidectomy GERD treatment based on symptoms at

1 month. The presence of failure to thrive decreased in

this patient population from 79% to 37%. This study dem-

onstrates the significant role of the adenoid in infant OSA.

A presurgical option for these young patients is to treat

with nasal steroids. A recent study [21] again documented

polysomnography and clinical improvement in OSA with

topical budesonide. The risk of requiring subsequent ton-

sillectomy after prior adenoidectomy has recently been

assessed [22]. In a review of 2462 patients who had a pre-

vious adenoidectomy, only 108 patients underwent subse-

quent tonsillectomy. The risk of needing a subsequent

tonsillectomy was increased with increasing tonsil size at

the time of adenoidectomy, decreased with advancing age,

and nearly doubled in patients who underwent adenoidec-

tomy for OSA.

Other modalities of treatment include uvulopalatophar-

yngoplasty, radiofrequency ablation of the base of the

tongue or palate, nasal surgery, the base-of-tongue tacking

stitch, maxillofacial surgery, or even tracheotomy. These

techniques are directed at anatomically specific findings

in affected patients. Oxygen has been documented to

improve OSA in some patients, and continuous or biphasic

positive airway pressure remain options even in young

children. A review of these modalities has previously been

set forth and will not be reexamined here.

Conclusion
The diagnosis and treatment of OSA in children remain

challenging for physicians due to evolving standards. Com-

plicating this problem is the fact that no universally

accepted criteria for OSA in children exist. Recent data

suggest that polysomnography, as currently used, may

not identify all patients who will benefit from treatment.

Important features of the polysomnogram that are some-

times overlooked include REM-specific sleep data and the

arousal index. It is increasingly clear from recent data that

significant cognitive, behavioral, and functional deficits

can occur in pediatric patients with OSA.

A directed history and physical examination followed by a

tonsillectomy and adenoidectomy are appropriate in most

pediatric patients with obvious OSA, reserving polysom-

nography for patients with an unclear history, incongruent

examination findings, or high risk for surgery. For appropri-

ately selected pediatric patients, tonsillectomy and

adenoidectomy for OSA is extremely beneficial, with res-

olution of signs and symptoms of OSA, a return to normal

of polysomnographic sleep parameters, and improvement

in daytime performance.

References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
• of special interest
•• of outstanding interest
Additional references related to this topic can also be found in the Current World
Literature section in this issue (pp. 376——377).

1 American Thoracic Society. Standards and indications for cardiopulmonary
sleep studies in children. Am J Respir Crit Care Med 1996; 153:866——878.

2 Guilleminault C, Winkle R, Korobkin R, Simmons B. Children and nocturnal
snoring: evaluation of the effects of sleep related respiratory resistive load
and daytime functioning. Eur J Pediatr 1982; 139:165——171.

••
3 Traeger N, Schultz B, Pollock AN, et al. Polysomnographic values in children

2——9 years old: additional data and review of the lecture. Pediatr Pulmonol
2005; 40:22——30.

This study illustrates that normal patients without sleep apnea have virtually no evi-
dence of obstructive breathing or desaturation during sleep.

4 Chng SY, Thiam Goh DY, Wang XS, et al. Snoring and atopic disease:
a strong association. Pediatr Pulmonol 2004; 38:210——216.

5 O’Brien LM, Mervis CB, Holbrook CR, et al. Neurobehavioral implications of
habitual snoring in children. Pediatrics 2004; 114:44——49.

364 Pediatric otolaryngology



•
6 Marcus CL, Latz ES, Lutz J, et al. Upper airway dynamic responses in children

with the obstructive sleep apnea syndrome. Pediatr Res 2005; 57:99——107.
The upper airway dynamic response is reduced in patients with OSA, possibly due
to habituation or mechanical damage, and tends to return to normal after the
obstruction is removed.

7 Flemons WW, Tsai W. Quality of life consequences of sleep-disordered
breathing. J Allergy Clin Immunol 1997; 99:750——756.

••
8 McLaughlin Crabtree V, Varni JW, Gozal D. Health-related quality of life and

depressive symptoms in children with suspected sleep-disordered breathing.
Sleep 2004; 27:1131——1138.

Perceived quality of life and depressive symptoms are worse in both obese and
nonobese OSA subjects compared with controls.

••
9 Melendres MAS, Lutz JM, Rubin ED, Marcus CL. Daytime sleepiness and

hyperactivity in children with suspected sleep-disordered breathing. Pediat-
rics 2004; 114:768——775.

This study illustrates two important points. Patients with suspected sleep-
disordered breathing exhibit more daytime sleepiness and hyperactivity symptoms
than controls, and patients suspected of having sleep-disordered breathing, but
failing polysomnographic criteria, exhibit the same results.

10 Brouillette R, Hanson D, David R, et al. A diagnostic approach to suspected
obstructive sleep apnea in children. J Pediatr 1984; 105:10——14.

11 Schechter MS. Technical report: diagnosis and management of childhood
obstructive sleep apnea syndrome. Pediatrics 2002; 109:e69.

12 Montgomery-Downs HE, Crabtree VM, Gozal D. Cognition, sleep and respi-
ration in at-risk children treated for obstructive sleep apnoea. Eur Respir J
2005; 25:336——342.

13 Beebe DW,Wells CT, Jeffries J, et al. Neuropsychological effects of pediatric
obstructive sleep apnea. J Int Neuropsychol Soc 2004; 10:962——975.

14 Valera FCP, Avelino AG, Pettermann MB, et al. OSAS in children: correlation
between endoscopic and polysomnographic findings. Otolaryngol Head
Neck Surg 2005; 132:268——272.

••
15 Brietzke SE, Katz ES, Roberson DW. Can history and physical examination

reliably diagnose pediatric obstructive sleep apnea/hypopnea syndrome?
A systematic review of the literature [review]. Otolaryngol Head Neck Surg
2004; 131:827——832.

The conclusion of this review is that history and physical examination overdiagnose
OSA based on polysomnographic data.

••
16 Goldstein NA, Pugazhendhi V, Rao SM, et al. Clinical assessment of pediatric

obstructive sleep apnea. Pediatrics 2004; 114:33——43.
Patients in whom polysomnographic criteria do not show OSA, but who are sus-
pected of having OSA on clinical criteria, show improvement in clinical symptoms
after tonsillectomy and adenoidectomy.

17 Weatherly RA, Ruzicka DL, Marriott DJ, Chervin RD. Polysomnography in chil-
dren scheduled for adenotonsillectomy. Otolaryngol Head Neck Surg 2004;
131:727——731.

18 Weatherly RA, Mai EF, Rizicka DL, Chervin RD. Identification and evaluation
of obstructive sleep apnea prior to adenotonsillectomy in children: a survey of
practice patterns. Sleep Med 2003; 4:297——307.

••
19 Tran KD, Nguyen CD, Weedon J, Goldstein NA. Child behavior and quality of

life in pediatric obstructive sleep apnea. Arch Otolaryngol Head Neck Surg
2005; 131:52——57.

Patients with OSA show an improvement in OSA-18 scores, behavioral factors,
and quality of life after tonsillectomy and adenoidectomy.

•
20 Shatz A. Indications and outcomes of adenoidectomy in infancy. Ann Otol

Rhinol Laryngol 2004; 113:835——838.
An enlarged adenoid plays a key role in infant sleep apnea. Symptoms of sleep
apnea, GERD, and failure to thrive improve after adenoidectomy.

21 Alexopoulos EI, Kaditis AG, Kalampouka E, et al. Nasal corticosteroids for
children with snoring. Pediatr Pulmonol 2004; 38:161——167.

22 Kay DJ, Bryson PC, Casselbrant M. Rates and risk factors for subsequent
tonsillectomy after prior adenoidectomy: a regression analysis. Arch Otolar-
yngol Head Neck Surg 2005; 131:252——255.

Obstructive sleep apnea Ray and Bower 365


