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Register Today!
The	World	Allergy	Congress	Registration	is	OPEN!
Register	today	at	the	early	registration	rate:
worldallergy.org/wac2011/registration
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Allergic Diseases, Asthma and Sleep Disturbances
Program
Moderators:	
Richard F. Lockey, MD FAAAAI
University of South Florida
Tampa, FL, USA
	
Mark Ballow, MD FAAAAI
SUNY Buffalo
Buffalo, NY, USA

1.		 Welcome	to	the	World	Allergy	Forum	Symposium	and	Introduction	to	“Allergic	Diseases,	Asthma	and	Sleep	
Disturbances”
Richard F. Lockey and Mark Ballow

2.		 The	Upper	Airway,	Asthma	and	Sleep	Disorders	in	Children
 Athanasios Kaditis
 University of Athens School of Medicine and Aghia Sophia Children’s Hospital

Athens, Greece

3.		 Upper	Airway	and	Sleep	Disorders	in	Adults
 Richard J. Schwab
 University of Pennsylvania

Philadelphia, PA, USA

4.		 Treatment	of	Sleep	Apnea	and	Sleep	Disorders	in	All	Age	Groups
 W. McDowell Anderson
 University of South Florida

Tampa, FL, USA

Upon	completion	of	this	session,	participants	should	be	able	to:	
Discuss the role of airway disease in disordered sleep in childhood
Assess the contribution of airways disease on sleep disorders in adults
Identify the signs and symptoms associated with sleep disorders and how these diseases are treated

2010-2011	World	Allergy	Form	Advisory	Board
Chair
Richard F. Lockey, United States

Vice	Chair
Ruby Pawankar, Japan

Members
Mark Ballow, United States
G. Walter Canonica, Italy
Motohiro Ebisawa, Japan
Sandra Gonzalez-Diaz, Mexico
Jan Lotvall, Sweden
Nelson Rosario, Brazil
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About the World Allergy orgAnizAtion

The World Allergy Organization (WAO) is a global federation of 84 regional and national allergy, asthma and clinical immunology 
societies. Through collaboration with its member societies, WAO provides a wide range of educational and outreach programs to 
WAO individual members around the globe. These programs, relating to the clinical practice of allergy, allergy service provision, 
and physician training in allergy help better understand and address the challenges facing allergists worldwide. 

Mission
WAO’s mission is to be a global resource and advocate in the field of allergy, advancing excellence in clinical care 
through education, research and training as a worldwide alliance of allergy and clinical immunology societies. 

Meetings
World Allergy Congress™ (WAC)
WAO hosts the World Allergy Congress™ (WAC) – its main scientific meeting – biennially in different regions of the 
world. Please join us in Cancún, México in 2011, Rome, Italy in 2013 and Seoul, South Korea in 2015. For more 
details on WAC 2011 in Cancún, please visit www.worldallergy.org/wac2011

WAO International Scientific Conference 
WAO is excited to launch its theme-based scientific conferences alternating with and complementing WAO’s biennial 
Congresses. 

The 1st WAO International Scientific Conference was held in Dubai, UAE from 5-8 December 2010 and was focused 
on Asthma and Co-morbid Conditions.

The 2nd WAO International Scientific Conference will take place in 2012 in India.

WAO	Website
www.worldallergy.org 
As a leading global online destination for allergy, asthma and clinical immunology, www.worldallergy.org supports and 
enhances all WAO educational activities and provides materials specifically designed for continued medical training, 
and reviews of the scientific literature. Popular resources include the specially commissioned educational synopses on 
major topics posted in the Allergic Diseases Resource Center, interactive case studies that challenge allergists to 
diagnose unusual cases, an archive of webinars recorded at major meetings, and audio recordings of interviews with 
key opinion leaders around the world. The WAO website is now HONcode certified.

The	World	Allergy	Organization	Journal
www.waojournal.org 
The World Allergy Organization Journal (WAO Journal) is the official publication of WAO and underscores WAO’s 
commitment to raising awareness and advancing excellence in clinical care, education, research and training. This 
international, peer-reviewed journal covers a broad spectrum of the interdisciplinary fields of allergy and clinical 
immunology. As an online-only journal, the publication process of the WAO Journal is efficient and quick, with articles 
posted each month on schedule. All WAO members have free access to the WAO Journal. 

The primary goals of the WAO Journal are:
• To be a premier journal of original scientific and clinically relevant information for practicing allergists/

immunologists and other physicians concerned with the practice of allergy and clinical immunology
• To publish state-of-the-art review articles and editorials on translational and clinical medicine in the field of allergy 

and immunology
• To present a forum for scientific interaction between allergists and immunologists worldwide

WAO	Programs	for	
Education,	Research	&	
Patient	Care
Global Resources in Allergy™ 
(GLORIA)
GLORIA promotes best practices in the 
management of allergic disease through 
didactic programs developed by international 
experts. GLORIA is presented at national and 
regional allergy society meetings throughout 
the world and also at regional, state and 
local society meetings within the United 
States. All current GLORIA modules are 
available for free download at   
www.worldallergy.org/gloria 

World Allergy Forum ® (WAF)
WAF brings cutting edge symposia to major 
allergy meetings throughout the world. 
Developed by international expert advisory 
panels, the symposia provide up-to-the 
minute presentations on scientific and clinical 
developments in the field of allergic disease. 
WAF placements attract up to 1,000 
attendees. WAF is supported by an 
unrestricted educational grant from Novartis. 
View presentations for free at   
www.worldallergy.org/waf 

Emerging Societies Program (ESP)
ESP advances the WAO mission by 
supporting developments that enable 
allergists to better serve patients now and in 
the future. ESP aims to disseminate 
information on and share experiences about 
new treatments for allergic disease and 
about new indications for available therapies. 
All ESP meetings and training schools are 
conducted with the help and support of WAO 
Member Societies. The American College of 
Allergy, Asthma and Immunology (ACAAI) 
partners with WAO on ESP. View all ESP 
activities at www.worldallergy.org/esp
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WAO	Projects	and	Publications
www.worldallergy.org/publications
Anaphylaxis: 
• “Epinephrine: the drug of choice for anaphylaxis.” Kemp ST, Lockey RF, Simons FER, was published in 2008 (Allergy, 2008, 63:1061-1070), and 

reproduced as an e-supplement to the WAO Journal. Available at www.waojournal.org
• “Epinephrine auto-injectors: first-aid treatment still out of reach for many at risk of anaphylaxis in the community.” Simons FER, et al, for the World Allergy 

Organization. (Ann Allergy Asthma Immunol, 2009, 102: 403-409) 
• Global availability of medications, supplies and equipment for the assessment and management of anaphylaxis by physicians in healthcare settings. Simons, 

FER, for World Allergy Organization, in preparation, 2010

Cow’s Milk Allergy: The evidence-based WAO global guidelines on the Diagnosis & Rationale for Action Against Cow’s Milk Allergy, authored by the WAO Food 
Allergy Special Committee. (WAO Journal. 2010;3(4):57-161) 

Immunotherapy: Sub-lingual Immunotherapy (SLIT) - WAO Position Paper 2009. SLIT is an exciting therapeutic strategy on the delivery of immunotherapy 
and is gradually being adopted by allergy communities throughout the world. Following a first meeting in Genoa in November 2008 to review experience of US 
trials of SLIT, WAO hosted a meeting in Paris in January 2009 to develop the first global consensus on SLIT. All WAO Regional & Affiliate Member Societies were 
invited to send representative delegates to this meeting and the majority were represented. They were joined by delegates representing non-member organizations 
including NIH, GA2LEN, EFA, ICPRG, and ARIA. A WAO Position Paper based on the Paris meeting will be published in the WAO Journal, and in Allergy. (WAO 
Journal. 2009;2(11):223-281)

The first State of World Allergy Report (SOWAR) appeared in the WAO Journal in June 2008. SOWAR stresses the importance of providing national allergy 
services for the burgeoning numbers of allergy patients in the world. This downloadable, on-line report is a useful resource for allergists and allergy societies 
wishing to make the case for improved local allergy service provision. Available at: www.waojournal.org. (WAO Journal. 2008;1(6):51-517)

WAO Position Papers support and promote the specialty of allergy and help set standards for clinical practice and training: 
• “What is an allergist? A position statement of the WAO Specialty and Training Council.” 2008 Available at: www.waojournal.org
• “Requirements for physician competencies in allergy: key clinical competencies appropriate for the care of patients with allergic or immunologic diseases—a 

position statement of the World Allergy Organization.” 2008 Available at: www.waojournal.org
• “Recommendations for competency in allergy training for undergraduates qualifying as medical practitioners – a position paper of the World Allergy 

Organization.” 2009
 Available at: www.waojournal.org

WAO White Book on Allergy is being prepared for launch in 2010. The WAO White Book will be an important resource to help individual allergists and allergy/
immunology societies promote allergic diseases as a major global public health issue.

WAO	Member	Society	Surveys
WAO’s federal structure provides a unique network to conduct effective global surveys about allergy. A number of projects have taken place over the last two years:
• The WAO Specialty and Training Council conducted surveys on general/adult and pediatric clinical allergy services and training to obtain global information on current 

and future allergy service provision.
• Building on the WAO’s 2007 international survey on the availability of epinephrine auto-injectors worldwide, in 2008 the WAO Special Committee on Anaphylaxis 

conducted a survey of Member Societies to gather data on how anaphylaxis is diagnosed and treated in healthcare settings in their respective countries. The combined 
results of these surveys will form the basis of the WAO international guidelines for the assessment and management of anaphylaxis, which was introduced at WAC 2009 
and will launch in 2010. 

• The Asthma Special Committee conducted a survey of Member Societies to find out about the major allergens involved in exacerbations of severe and chronic asthma, 
and to learn whether national definitions of severe asthma exist. The information obtained will form a WAO educational program based on the 2009 World Health 
Organization’s definition of Severe Asthma. 

• The Drug Allergy Special Committee conducted a survey on in-vivo methods used in the diagnosis of allergic reactions to major drug classes. The information obtained 
will be the first step to reaching a global consensus about the best way to diagnose drug hypersensitivity reactions, and to sharing expertise on this clinical problem.

• The Evidence Based Medicine and Methodology Special Committee developed a survey to establish allergists’ educational needs in evidence based medicine. 

World	Allergy	Organization  •  555 E. Wells St., Suite 1100  •  Milwaukee, WI 53202-3823  •  USA
Phone: +1 414 276 1791  •  Fax: +1 414 276 3349  •  E-mail: info@worldallergy.org  •  www.worldallergy.org
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WAo MeMber SocietieS

Albanian Society of Allergology and Clinical Immunology
American Academy of Allergy, Asthma and Immunology
American College of Allergy, Asthma and Immunology
Argentine Association of Allergy and Clinical Immunology
Argentine Society of Allergy and Immunopathology
Australasian Society of Clinical Immunology and Allergy
Austrian Society of Allergology and Immunology
Azerbaijan Society for Asthma, Allergy and Clinical Immunology
Bangladesh Society of Allergy and Immunology
Belgian Society of Allergology and Immunology
Brazilian Society of Allergy and Immunopathology
British Society for Allergy and Clinical Immunology
Bulgarian National Society of Allergology
Canadian Society of Allergy and Clinical Immunology
Chilean Society of Allergy and Immunology
China Allergology Society and Chinese Allergists
Colombian Allergy, Asthma, and Immunology Association
Croatian Society of Allergology and Clinical Immunology
Cuban Society of Allergology
Czech Society of Allergology and Clinical Immunology
Danish Society for Allergology
Dutch Society of Allergology
Egyptian Society of Allergy and Clinical Immunology
Egyptian Society of Pediatric Allergy and Immunology
Finnish Society of Allergology and Clinical Immunology
French Society of Allergology
Georgian Association of Allergology and Clinical Immunology
German Society for Allergology and Clinical Immunology
Hellenic Society of Allergology and Clinical Immunology
Honduran Society of Allergy and Clinical Immunology
Hong Kong Institute of Allergy
Hungarian Society of Allergology and Clinical Immunology
Icelandic Society of Allergy and Immunology
Indian College of Allergy, Asthma and Applied Immunology
Indonesian Society for Allergy and Immunology

Israel Association of Allergy and Clinical Immunology
Italian Association of Territorial and Hospital Allergists 
Italian Society for Allergology and Clinical Immunology
Japanese Society of Allergology
Korean Academy of Allergy, Asthma and Clinical Immunology
Latvian Association of Allergists 
Lebanese Society of Allergy and Immunology
Malaysian Society of Allergy and Immunology
Mexican College of Allergy, Asthma and Clinical Immunology
Mexican College of Pediatricians Specialized in Allergy and Clinical Immunology
Mongolian Society of Allergology
Norwegian Society of Allergology and Immunopathology
Panamanian Association of Allergology and Clinical Immunology
Paraguayan Society of Immunology and Allergy
Peruvian Society of Allergy and Immunology
Philippine Society of Allergy, Asthma and Immunology
Polish Society of Allergology
Portuguese Society of Allergology and Clinical Immunology
Romanian Society of Allergology and Clinical Immunology
Russian Association of Allergology and Clinical Immunology
Serbian Association of Allergologists and Clinical Immunologists 
Allergy and Clinical Immunology Society (Singapore)
Slovenian Association for Allergology and Clinical Immunology
Allergy Society of South Africa
Spanish Society of Allergology and Clinical Immunology
Allergy & Immunology Society of Sri Lanka
Swiss Society of Allergology and Immunology
Allergy, Asthma and Immunology Society of Thailand
Turkish National Society of Allergy and Clinical Immunology
Ukrainian Association of Allergologists and Clinical Immunologists
Uruguayan Society of Allergology
Venezuelan Society of Allergy and Immunology
Vietnam Association of Allergy, Asthma and Clinical Immunology
Zimbabwe Allergy Society

For WAO membership information please contact the Secretariat
World	Allergy	Orgnanization	(WAO)

555 East Wells Street, Suite 1100 • Milwaukee, WI 53202-3823 USA
Tel: +1 414 276 1791 • Fax: +1 414 276 3349

e-mail: info@worldallergy.org
Web site: www.worldallergy.org

ASSociAte MeMber SocietieS
National Association for Private Algerian Allergists
Ecuadorian Society of Allergology and Affiliated Sciences
Ecuadorian Society of Allergy and Immunology
Jordanian Society for Allergy and Clinical Immunology

Kuwait Society of Allergy and Clinical Immunology
Moroccan Society of Allergology and Clinical Immunology
Swedish Association for Allergology

regionAl orgAnizAtionS AffiliAte orgAnizAtionS
Asia Pacific Association of Allergology and Clinical Immunology
Commonwealth of Independent States (CIS Society)
European Academy of Allergy and Clinical Immunology
Latin American Society of Allergy, Asthma and Immunology

Global Allergy and Asthma European Network (GA2LEN)
International Primary Care Respiratory Group (IPCRG) 
International Association of Asthmology
Southern European Allergy Societies (SEAS)

All active members of dues-paying Member Societies are Individual Members of the World Allergy Organization (WAO).
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March 19, 2011

Dear Colleagues,

A warm welcome to the 38th symposium in the World Allergy Forum (WAF) series: Allergic	Diseases,	Asthma	and	Sleep	Disturbances. 

San Francisco is a historic venue for WAF; the first symposium in the series was presented at the AAAAI Annual Meeting in San Francisco in 1997. Since then, WAF has 
flourished and become the longest continuing educational program of World Allergy Organization (WAO). This world federation of allergy, asthma and immunology societies 
is proud and grateful that the program is hosted annually by the AAAAI. The series was launched in 1997 with a symposium on the cellular mechanisms and treatment of 
rhinitis, with a first rate faculty – Larry Lichtenstein, Bill Busse, Estelle Simons, Peter Howarth, and Alkis Togias. They set a precedence for the many cutting edge symposia 
that have been presented since that time.

Today’s program considers the sleep disturbances that affect individuals with allergic airways diseases. Disturbed sleep impacts the quality-of-life, both for those directly 
afflicted and for their families. Disturbed sleep affects academic and work performance, the ability to participate in sports or play activities, and leads to daytime tiredness 
and somnolence which can be extremely dangerous. Parents, partners, siblings or caregivers who are woken at night are also affected by interrupted sleep, resulting in 
added tension and distress. 

Athanasios Kaditis will begin the symposium by discussing the issues affecting the upper airway, asthma and sleep disorders in children. He will be followed by Richard 
Schwab who will review these same issues as they relate to adults. Mac Anderson will conclude the symposium with a discussion on sleep apnea and sleep disorders in all 
age groups. There will be an open discussion following the formal lectures. 

The WAO Board hopes that you enjoy today’s program and if and if you would like to access the faculty materials after the session they will be available at:   
http://www.worldallergy.org/educational_programs/world_allergy_forum/

WAO gratefully acknowledges the unrestricted educational grant from Novartis that supports educations programs such as this conjoint program at the AAAAI meeting.

With best regards,

	 	
Richard F. Lockey, MD, FAAAI     Mark Ballow, MD, FAAAI
President        President
World Allergy Organization     American Academy of Allergy, Asthma and Immunology	 	
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The Upper Airway, Asthma and Sleep Disorders in Children

Athanasios	Kaditis,	MD
First Department of Pediatrics
Pediatric Pulmonology Unit, Sleep Disorders Laboratory
University of Athens School of Medicine and Aghia Sophia Children’s Hospital
Athens, Greece

Snoring is the most common clinical manifestation of obstructive sleep-
disordered breathing (1). Moreover, wheezing is the most characteristic 
symptom of lower airway obstruction, a disorder that is frequently virus-
induced and with or without an asthmatic component (2). This presentation 
will summarize published evidence on the interaction between obstructive 
sleep-disordered breathing and recurrent wheezing or asthma in childhood, 
and their effects on sleep quality.

Obstructive	sleep-disordered	breathing	and	its	effects	on	
sleep	quality
The term “obstructive sleep-disordered breathing” describes a spectrum 
of abnormal breathing patterns during sleep characterized by snoring and 
increased respiratory effort (3). Enlarged tonsils and adenoid, or obesity, 
are common abnormalities that can increase resistance to airflow and the 
tendency of the pharyngeal airway to collapse during inspiration (pharyngeal 
collapsibility) (4, 5). Although EEG arousal is an important defence 
mechanism against airway obstruction, it has also a negative impact on sleep 
architecture and quality (6). As a result, increased frequency of daytime 
sleepiness, inattention, hyperactivity, cognitive problems and academic 
difficulties have been demonstrated in children with obstructive sleep-
disordered breathing (7, 8). 

Effects	of	wheezing	on	sleep	quality
In a cross-sectional pediatric study, subjects with parental report of wheezing 
in the last 12 months had a 2-fold higher risk for difficulty falling asleep, 
a 4-fold higher risk for restless sleep and a 5-fold higher risk for daytime 
sleepiness as compared to those without wheezing (9).

Association	of	sleep-disordered	breathing	with	recurrent	
wheezing	or	asthma	
Several studies have demonstrated more frequent snoring in asthmatic 
children when compared to non-asthmatic control subjects (10-12). Redline 
and colleagues have shown that usual cough, occasional and persistent 
wheeze, and doctor-diagnosed asthma are significant risk factors for the 
presence of an apnea-hypopnea index greater than 10 episodes/h (13). 
Tonsillar hypertrophy mediates at least in part the relationship between 
recurrent wheezing or asthma and obstructive sleep-disordered breathing in 
childhood (14).

Pathogenic	links	between	obstructive	sleep-disordered	
breathing	and	recurrent	wheezing	or	asthma
It has been speculated that the epidemiologic association between recurrent 
wheezing or asthma and obstructive sleep-disordered breathing is the result of 
both conditions sharing common pathogenic pathways (13). Airway oxidative 
stress and inflammation related to leukotrienes have been implicated in the 
pathogenesis of both obstructive sleep-disordered breathing and recurrent 
wheezing. Increased concentrations of leukotriene B4, cysteinyl leukotrienes 
and isoprostane-8, a marker of oxidative stress, have been found in the 
exhaled breath condensate of children with episodic or persistent asthma 
(15-18). Similar findings have been demonstrated in pediatric patients with 
obstructive sleep-disordered breathing (19, 20). 

Of interest, sleep apneic children have increased activity and content of 
cysteinyl leukotrienes in adenoid and tonsils (21, 22). Cysteinyl leukotrienes 
induce a proliferative response in tonsillar cell cultures and they may be 
implicated in the pathogenesis of adenotonsillar hypertrophy (23). Airway 
inflammation and especially oxidative stress, could enhance the biosynthesis 
of cysteinyl leukotrienes within the pharyngeal lymphoid tissues promoting 
adenotonsillar enlargement and deterioration of upper airway obstruction.

Key	words: leukotrienes, 8-isoprostane, oxidative stress, snoring, 
wheezing
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The Upper Airway and Sleep Disorders in Adults

Richard	J.	Schwab,	MD
Professor of Medicine
Division of Sleep Medicine
Pulmonary, Allergy and Critical Care Division
University of Pennsylvania
Philadelphia, PA, USA

Goals
• To understand and define the spectrum of sleep disordered breathing
• To review the pathogenesis and clinical presentation of obstructive sleep 

apnea
• To highlight the diagnostic algorithm in obstructive sleep apnea
• To discuss medical consequences of obstructive sleep apnea

Spectrum	of	Sleep	Disordered	Breathing
Sleep disordered breathing should be considered a continuum of abnormality, 
i.e., a spectrum of diseases from snoring to UARS (upper airway resistance 
syndrome – snoring related arousals without reductions in airflow) to 
obstructive sleep apnea (combination of apneas {complete airway obstruction} 
and hypopneas {partial airway obstruction) to obesity-hypoventilation 
syndrome (Pickwickian syndrome):

Snoring ó UARS	ó	Hypopneas	ó	Obstructive	Apneas	
ó	Hypoventilation

Factors that can move individual patients down this spectrum include weight 
gain, increased age, sleep deprivation, alcohol (preferentially suppresses the 
activity of upper airway dilator muscles) and sedative use. Snoring should not 
be considered normal; it is often the first manifestation of sleep-disordered 
breathing. 

Upper	Airway	Resistance	Syndrome
The upper airway resistance is characterized by recurrent arousals secondary 
to increased upper airway resistance (or crescendo snoring). In this syndrome 
repeated arousals are noted secondary to snoring or increased upper airway 
resistance. These arousals may result in significant sleep fragmentation and 
daytime sleepiness. The upper airway resistance syndrome has also recently 
been associated with hypertension.

In order to accurately diagnose the upper airway resistance syndrome a 
polysomnogram with an esophageal balloon is necessary. Since most sleep 
laboratories do not use esophageal balloons a less invasive method of 
diagnosing the upper airway resistance syndrome is by counting arousals 
associated with episodes of snoring. It is likely, although unproven, that using 
snoring related arousals to diagnose the upper airway resistance syndrome 
underestimates the prevalence of this disorder. If the snoring related arousal 
index is > 5-10/hour, treatment should be considered for the upper airway 
resistance syndrome. The treatment of choice currently for the upper airway 
resistance syndrome is nasal CPAP although oral appliances and possibly upper 
airway surgery may be effective therapeutic interventions.

Epidemiology	and	Risk	Factors	for	Obstructive	Sleep	Apnea
Sleep apnea is an extremely common disorder. The Wisconsin Sleep Cohort 
Study found that 9% of middle-aged males and 4% of middle-aged females 
had evidence for sleep apnea. If night-time and daytime symptoms (excessive 
sleepiness) were included in the definition of sleep apnea, 4% of middle-aged 
males and 2% of middle-aged females fulfilled this criterion. Epidemiological 
studies show a male predominance, i.e., obstructive sleep apnea is twice as 
common in males than females.

The major risk factor for obstructive sleep apnea, at least in adults, is 
obesity. Not surprisingly, it is fat in the neck that plays the largest role. In 
population studies, neck (or collar size) is the best predictor of the presence 
of sleep apnea. Approximately 30% of snoring males with a collar size > 17 
inches will have obstructive sleep apnea. Neck size in women is less well 
investigated, but > 15 inches increases the risk for sleep apnea. Obesity is 
not the only risk factor for obstructive sleep apnea. Upper airway anatomy 
(enlargement of the tongue {macroglossia}, tonsils (palatine and lingual), 
adenoids, soft palate, and lateral pharyngeal walls; and reduction in the size 
of the mandible {retrognathia}/maxilla), genetic factors, endocrine disorders 
(hypothyroidism, acromegaly) and substances that reduce upper airway 
muscle tone (alcohol, sedatives or hypnotics) also play a role. 

Clinical	Presentation	of	Obstructive	Sleep	Apnea
Obstructive sleep apnea is not a difficult diagnosis to make and should be 
considered in all overweight or retrognathic (recessed jaw) patients who 
complain of habitual snoring and/or daytime sleepiness.

Symptoms
The cardinal symptoms of sleep apnea are excessive daytime sleepiness, 
sleep fragmentation and loud habitual snoring. Witnessed apneic episodes 
(nocturnal grunting/gasping) are frequently reported. Patients may fall 
asleep at inappropriate times, such as while watching television or reading, 
in the middle of a conversion, or while operating a motor vehicle. Patients 
with sleep apnea have a 3-7 fold greater rate of motor vehicle accidents than 
subjects without sleep apnea. Other common symptoms include personality 
changes (especially irritability), nocturia, morning headaches (this suggests 
hypercapnia and concomitant obesity-hypoventilation syndrome), intellectual 
impairment, reduction in libido, palpitations and memory loss. 

Physical	Examination
All patients with sleep apnea should have a careful head and neck 
examination paying particular attention to the size of the bony and soft tissue 
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oropharyngeal structures. Neck size measured at the cricothyroid membrane 
should be obtained (>17 inches in men and >15 inches in women increases 
the risk for sleep apnea). Craniofacial risk factors for sleep apnea include 
retrognathia, micrognathia, a narrow hard palate, nasal obstruction, an overjet 
(greater than a 3 mm anterior-posterior distance between the upper and lower 
incisors during occlusion) and overbite (greater than a 3 mm vertical distance 
between the upper and lower incisors during occlusion). The nares should be 
examined for nasal polyps and nasal septal deviation. Retrognathia is defined 
as a > 0.5 cm retroposition of the gnathion (the most inferior point in the 
contour of the chin) relative to the plane of the nasion (the deepest point of 
the superior aspect of the nasal bone, i.e., the base of the nose). In general, 
the forehead, maxilla and mandible should be aligned; if the mandible is 
behind these structures, retrognathia is present. Upper airway soft tissue risk 
factors for sleep apnea include macroglossia, tonsillar hypertrophy (palantine 
or lingual) and enlargement of the soft palate/uvula and lateral pharyngeal 
walls. The tongue is considered enlarged if it is above the level of the 
mandibular occlusal plane. Tonsillar enlargement is defined as the presence of 
lateral impingement of greater than 50% of the posterior pharyngeal airspace. 
The uvula is considered enlarged if it is >1.5 cm in length or >1.0 cm in 
width. Lateral peritonsillar narrowing is defined as impingement of greater 
than 25% of the pharyngeal space by the peritonsillar tissues, excluding the 
tonsils. Recent studies using volumetric MRI have demonstrated enlargement 
of the tongue and lateral pharyngeal walls are important anatomic risk factors 
for sleep apnea. In addition, recent studies have demonstrated heritability 
and family aggregation of these upper airway anatomic risk factors for sleep 
apnea. Such data provide strong evidence for the genetic basis of sleep apnea.

Diagnosis	of	Obstructive	Sleep	Apnea
The gold standard for making the diagnosis of obstructive sleep apnea is with 
an overnight polysomnogram demonstrating recurrent episodes of cessation 
of respiration (apnea) or decrements in airflow (hypopneas) during sleep 
associated with arousals and arterial oxyhemoglobin desaturations. Patients 
with sleep apnea show respiratory effort (i.e., chest wall and abdominal wall 
movement), unlike patients with central sleep apnea in whom there is no 
respiratory drive. An apnea is defined as cessation of airflow for at least 10 
seconds. An apnea can be obstructive (no airflow but continued respiratory 
effort), central (airflow and respiratory effort are both absent), or mixed. 
A mixed apnea is one which starts as a central event but then becomes 
obstructive during the same episode. Most patients with obstructive sleep 
apnea have both obstructive and mixed apneas. In addition, hypopneas (a 
decrement in airflow of 50% or more associated with a 4% fall in oxygen 
saturation and/or an electroencephalographic arousal) can produce similar 
clinical consequences as apneas. Therefore the apnea/hypopnea index 
(AHI: the number of apneas plus hypopneas per hour of sleep) has become 
the metric to define and quantitate the severity of obstructive sleep apnea. 
The apnea/hypopnea index is calculated from the number of apneas plus 
hypopneas per hour. An AHI of 0 - 5 events/hour is considered normal; an AHI 
5 - 15 events/hour is considered mild sleep apnea; an AHI 15 - 30 events/
hour is considered moderate sleep apnea and an AHI > 30 events/hour is 
considered severe sleep apnea. In the hospitalized patient nocturnal oximetry 
demonstrating recurrent oxyhemoglobin desaturations has been used as a 
screening test for sleep apnea. During an apnea the PO2 will often decrease 
and the PCO2 will increase slightly.

Figure	1: Obstructive apneic episode in a patient with sleep apnea syndrome. 
The polysomnography traces from the top down are as follows: three EEG channels 
(C3-A2, C4-A2, OZ-A2); two EOG channels (R and L); submental EMG (EMG); right 
and left anterior tibialis EMG (RAT, LAT), electrocardiogram (EKG); nasal and oral 
airflow; chest and abdominal motion (chest & abd). During the apneic episodes, 
airflow is abnormal (both oral and nasal) with paradoxical motion of the rib cage 
and abdomen. At the end of the apneic episode, a burst of EMG activity occurs at the 
arousal. After arousal, respiration resumes with synchronous movements of the rib 
cage and abdomen.

Consequences	of	Obstructive	Sleep	Apnea
Consequences of obstructive sleep apnea can be broadly divided into those 
related to the excessive sleepiness and those related to the cardiovascular 
system. Excessive daytime sleepiness produces a number of different 
problems for patients with sleep apnea, among which the most serious is 
vehicular crashes. Studies in driving simulators indicate that sleep apnea 
impairs driving ability. Recently it has been demonstrated that patients with 
sleep apnea can be as impaired in driving skills as those who are over the 
legal blood alcohol concentration. Cardiovascular risks associated with sleep 
apnea include hypertension, myocardial infarction, cardiac arrhythmias and 
stroke. The sleep health heart study (6000 adults had sleep studies and were 
followed for cardiovascular morbidity) has demonstrated that patients with 
sleep apnea are at increased risk for hypertension. Obstructive sleep apnea 
has also been demonstrated to be an important risk factor for myocardial 
infarction and cerebral vascular accidents. Nocturnal cardiac arrhythmias 
including sinus bradycardia/tachycardia (most common arrhythmia), atrial 
fibrillation, atrial and ventricular tachycardia, heart block and sinus pauses 
have been reported during apneic episodes (the nocturnal arrhythmias are 
often a clue to the diagnosis). These arrhythmias often resolve with treatment 
of the obstructive sleep apnea so a pacemaker may not be indicated. 
Pulmonary hypertension and right heart failure develop in approximately 10 
to 15% of patients with severe sleep apnea. 
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Management of patients with allergic diseases of the nose, sinuses and lungs, 
has a great impact on their sleep quality and daytime functioning. This further 
complicates the treatment of obstructive sleep apnea (OSA). Avoidance of 
irritants, oral and nasal antihistamines as well as steroids are the mainstay 
of therapy. Bronchodilators are coupled with the steroids in the patient with 
asthma. These techniques may work well until the patient is found to have 
significant OSA and must begin therapy with a nasal interface for continuous 
positive airway pressure (CPAP). We find that these patients are often lifelong 
mouth breathers and often present with no prior evaluation or treatment for 
nose or sinus disease. Careful attention to the various mask interfaces for 
CPAP may improve their adherence to CPAP therapy. Furthermore, studies 
have shown that maximizing heat and humidity to the nose and pharynx may 
enhance therapy for allergic disorders as well as prove imperative to successful 
CPAP therapy of even the most severe cases of OSA. In children, we find that 
these same interventions are also necessary, however, obstruction by enlarged 
tonsils and adenoids may be the predominate cause of airway obstruction. 
This may require surgical resection in addition to the drug therapy described 
above. Careful follow-up of the child with OSA is needed however, as surgery 
may not be curative.
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