Obstructive Sleep Apnea—An Overview of the
Disorder and Its Consequences
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Sleep apnea, and particularly obstructive sleep apnea, is a common disorder
that is characterized by repetitive partial or complete cessation of air flow,
associated with oxyhemoglobin desaturation and increased effort to breath.
Middle-aged obese men are at particular risk but the disorder is also present
in women and young children. Because individuals with narrow airways
and/or craniofacial anomalies may have increased risk for obstructive sleep
apnea/hypopnea syndrome, dentistry can play a pivotal role in the identifi-
cation and possible treatment of patients with this syndrome. This article
reviews some of the basic aspects of this sleep-related disorder, its diagno-
sis, treatment, and consequences in both adults and children. (Semin
Orthod 2004;10:63-72.) © 2004 Elisevier Inc. All rights reserved.

ver the past two decades, medicine and

dentistry have increasingly focused on
breathing disorders during sleep. Although a
number of disorders can be included under the
term “sleep disordered breathing,” this review
will focus specifically on obstructive sleep-disor-
dered breathing, or obstructive sleep apnea. The
characteristics of obstructive apnea have been
described in the medical and classical literature
for decades, as in a 19th century paper by Broad-
bent in an 1877 issue of The Lancet: “There will
be perfect silence through two, three, or four
respiratory periods in which there are ineffec-
tual chest movements; finally air enters with a
loud snort, after which there are several com-
pensatory deep inspirations.”!

Apnea is characterized by a cessation of air-
flow for 10 seconds or longer. Hypopnea, in
contrast, is characterized by a reduction, without
complete cessation, in airflow or respiratory ef-
fort.2 Obstructive sleep apnea/hypopnea syn-
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drome (OSAHS) is known to be a frequent clin-
ical condition in the general population. A
prevalence of 2% in the adult female population
and 4% in the adult male population has been
reported by Young and coworkers.® More recent
figures up to 4%*° established OSAHS as second
only to asthma in the prevalence of chronic
respiratory disorders, depending on the diag-
nostic criteria used.5

The morbidity of OSAHS relates principally
to the cardiovascular system.” Rigorous epidemi-
ologic studies have shown that sleep apnea is a
risk factor for the development of arterial hyper-
tension, independent of associated obesity, alco-
hol intake, sex, and age.®!! Animal studies have
shown that apnea causes arterial hypertension,
which is reversible with treatment.'? OSAHS pa-
tients have significantly more hypertension, isch-
emic heart disease, and cerebrovascular disease
than individuals without OSAHS.7811.13.14 How-
ever, OSAHS patients have a high incidence of
other coexisting cardiovascular risk factors such
as obesity, hyperlipidemia, increased age, smok-
ing history, and excessive alcohol intake, which
potentially confounds the identification of an
independent association of OSAHS with cardio-
vascular disease.!?

The relationship between obstructive sleep
apnea/hypopnea syndrome (OSAHS) and
stroke is still under discussion, but increasing
evidence demonstrates that OSAHS is an inde-

Seminars in Orthodontics, Vol 10, No 1 (March), 2004: pp 63-72 63



64 Jureyda and Shucard

pendent risk factor for stroke.!® The contribu-
tion of repeated apnea-related hypoxic events to
atherogenesis through initiation of oxidative
stress is currently being investigated, hypothesiz-
ing a molecular biological association between
the hypoxia/reoxygenation episodes of OSAHS
and cardiovascular disease.l” However, in rare
cases, OSAHS could be a consequence of stroke,
especially if the strokes are located in the brain-
stem.!6

Among other consequences of sleep apnea,
excessive daytime sleepiness (EDS), cognitive
impairment,'$19 impaired ability to operate a
motor vehicle,2° and an increased automobile
accident rate2°2! have been recently docu-
mented. The patients’ relative risk to have an
accident lies between 2.3 and 7.3 times that of
nonapneic individuals.

A series of recent studies agreed that patients
with OSAHS have a reduced quality of life.?>27
There is a clear association between headache
and sleep disturbances, especially headaches oc-
curring during the night or early morning. How-
ever, the cause and effect of this relation is not
clear.?® Patients with headache also report more
daytime symptoms like fatigue, tiredness, or
sleepiness.?? These symptoms contribute to their
reduced quality of life. Identifying respiratory-
related sleep disorders in chronic headache pa-
tients is worthwhile, as improvement of the
headache may follow treatment of sleep disor-
ders in this group.?®

OSAHS affects mainly middle-aged individu-
als, resulting in increasing health costs and loss
of working days. The medical cost of undiag-
nosed sleep apnea has been evaluated in a case-
control study group of 358 obese patients with
moderate OSAHS.30 In the year before the diag-
nosis, mean annual medical costs were $2720
per patient, compared with $1384 for controls.
The severity of sleep-disordered breathing was
correlated with the magnitude of medical costs.
The additional cost estimation for the entire
USA was calculated at $3.4 billion each year.

It should be mentioned that there was no
matching on body weight between patients and
controls, so that the cost differences could be
due to obesity and not to OSAHS. In addition,
these cost estimations did not account for med-
ical consequences of apnea-related traffic acci-
dents.3!

Physiology and Pathophysiology

Negative airway pressure is generated by the ac-
tivity of the diaphragm and intercostal muscles
during inhalation. To a large extent, the patency
of the upper airway is dependent on the action
of oropharyngeal muscles. These dilator and ab-
ductor muscles are normally activated in a rhyth-
mic mode in coordination with each inspiration.
When the negative pressure exceeds the force
produced by these muscles, the pharynx will
collapse, occluding the airway.3?

Frequently, sleep apnea patients have con-
stricted upper airways that increase the pharyn-
geal resistance during inspiration. This, in turn,
necessitates an increase in pharyngeal dilator
muscle contraction to maintain airway patency.
Such an increase has been shown in OSAHS
patients during wakefulness,3® but was also
shown to decrease in contraction during sleep,
thus contributing to the development of ob-
structive apnea.?* Interestingly, when compared
with normals, OSAHS patients show greater pha-
ryngeal dilator muscle contraction during sleep,
suggesting that an imbalance between negative
airway pressure and dilator muscle contraction is
responsible for the obstruction, rather than a
primary deficiency in muscle contraction.® A sus-
tained increase in dilator muscle contraction in
OSAHS could predispose these muscles to fa-
tigue,3® possibly aggravating the tendency to
pharyngeal occlusion.®

Although this model explaining OSAHS
pathophysiology needs to be studied much fur-
ther, the role of negative intrapharyngeal pres-
sure as a stimulus to dilator muscle contraction
is reinforced by studies of the impact of nasal
continuous positive air pressure (CPAP) on pha-
ryngeal muscle function.® Nasal CPAP results in
a marked decrease in both tonic and phasic
contraction of the genioglossus muscle.3¢

A clear understanding of the pathophysiology
of the disorder is essential to implementing the
optimal treatment, as well as developing future
therapeutic modalities. Our current treatment
approaches have been based, to a large extent,
on the principle of counteracting the factors
that contribute to OSAHS pathophysiology.®
CPAP therapy is based on counteracting the neg-
ative airway pressure during inspiration, and hy-
poglossal nerve stimulation was suggested to en-
hance pharyngeal dilator muscle contraction.?”
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Other procedures such as uvulopalatopharyn-
goplasty (UPPP) and mandibular advancement
(either surgical or with a mandibular advance-
ment oral appliance) are based on the principle
of pharyngeal enlargement to reduce the degree
of negative intrapharyngeal pressure during in-
spiration.3839 The translation of these basic con-
cepts into realized therapeutic benefits does not
occur consistently, especially in the arena of sur-
gical management.*® These difficulties with re-
mediation emphasize the complex nature of the
disorder.6

Diagnosis

Originally, sleep medicine began in academic
research environments to investigate the physi-
ology and psychophysiology of sleep and dream-
ing. Sleep research was largely the domain of
psychiatry and psychology. During the past 2
decades, the mounting evidence of the signifi-
cance of sleep disorders to health, and thus the
clinical relevance of sleep, spurred growth in the
field of sleep medicine aimed at diagnosis and
treatment of sleep disorders. The historically re-
search-based laboratory studies are still consid-
ered the primary standard for the diagnosis of
sleep apnea.*! The laboratory recording tech-
nique is called polysomnography (PSG), and was
proposed by Holland and colleagues*? in 1974 to
describe the recording, analysis, and interpreta-
tion of multiple, simultaneous physiologic pa-
rameters. As a tool, PSG has been essential in the
diagnosis for sleep-disordered patients and in
the enhancement of our understanding of both
normal sleep and its disorders.*3

Polysomnography is a complex procedure
that should be performed by a trained tech-
nologist. Using electrodes and other sensors, a
routine clinical polysomnogram includes the
monitoring of brain electrical activity (elec-
troencephalogram, EEG), electro-oculography,
electromyography, effort to breath (generally
from both thoracic and abdominal sensors), na-
sal and oral airflow, oxygen saturation (oxime-
try), electrocardiography, and body position.
Other more specialized studies may include ad-
ditional measures, such as endoesophageal pres-
sure.*#

The major polysomnographic measurement
used to determine if a patient is clinically diag-
nosed with sleep-disordered breathing has been

the frequency of the respiratory events per hour
of sleep. This measure provides the major index
of severity of the disorder and generally is a
combination of the number of apneas and hy-
popneas per hour of sleep. The apnea-hypopnea
index (AHI), or more recently the respiratory
disturbance index (RDI), has been shown to be
a reproducible measure within a patient as well
as a predictor of associated cardiovascular dis-
ease.*® The severity of the accompanying oxygen
desaturation and sleep fragmentation during
polysomnography are combined with the clini-
cal symptoms to assess the immediate conse-
quences to the individual from the sleep-disor-
dered breathing.*®

While the definition of apnea is generally
agreed on, the definition of hypopnea has been
inconsistent. A duration of at least 10 seconds in
adults was generally agreed on for both apnea
and hypopnea. However, the inconsistency in
the definition of hypopnea has been due to the
inclusion or exclusion of different parameters,
and the different methods used to measure
them, eg, the degree of airflow or respiratory
effort reduction, degree of oxyhemoglobin de-
saturation, and arousal from sleep.24! An impor-
tant recent development in the definition of
various sleep apnea syndromes has been the re-
port of a working group of the American Acad-
emy of Sleep Medicine,*¢ which laid out the
clinical criteria necessary for the diagnosis of a
clinically significant sleep apnea syndrome and
also proposed a grading of severity.®

Itis now accepted that a diagnosis of clinically
significant OSAHS should be accompanied by
compatible signs and symptoms, and not based
simply on an arbitrary AHI/RDI threshold.347:48
The syndrome should be defined when an index
of abnormal obstructed breathing events, or
arousals caused by them, exceeds a threshold in
a patient with clinical features or symptoms re-
lated to the abnormal respiratory pattern during
sleep.#! A recent suggestion by Kryger#! stated
that patients with daytime sleepiness who have
more than 5 abnormal respiratory events per
hour of sleep should be treated, or at the very
least receive a clinical trial of nasal CPAP, is in
agreement with the previously published con-
sensus statement in 1999.49

The formulation of clear-cut guidelines for
the assessment, management, and follow-up of
OSAHS patients is essential.5 In the near future,
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the assessment of these patients will likely in-
volve clinicians outside major sleep centers. The
high prevalence of OSAHS, and the increasing
availability of new simplified limited diagnostic
systems, suggest this likelihood.® An expert con-
sensus is required to establish the ideal combi-
nation of variables to be recorded by the new
limited diagnostic systems; the oxygen saturation
is still the only consistent variable common to
such devices. The efficacy of home-based sleep
studies has been recently reviewed. While offer-
ing improved sleep quality and cost savings, the
risk of technically unsatisfactory results is still
high due to the lack of technician supervision.5!
The benefits and limitations of these approaches
need further evaluation.

Positive Airway Pressure Therapy

The first reported use of nasal continuous airway
pressure (nCPAP or CPAP) for OSAHS in adults
was by Sullivan and colleagues® in 1981. Their
device consisted of intranasal tubes attached to a
blower unit. In 1983, the nasal mask delivery
system, similar to contemporary systems, was in-
troduced.?® Fundamentally, the application of a
therapeutic level of CPAP results in immediate
relief in the upper airway obstruction.

This benefit has been attributed to the CPAP
functioning as a “pneumatic splint” for the up-
per airway.>* Additional physiologic benefits of
CPAP application have been shown to include
improvement in the function of pharyngeal di-
lator muscles,5® ventilator drive,>¢ and upper air-
way morphology.5” CPAP rarely results in serious
side effects. However, about 25% of patients may
develop nasal congestion with chronic use.?®

The benefit of CPAP in treating the sleepiness
associated with OSAHS has been well estab-
lished.>9-63 The patient’s perceived quality of life
showed a significant increase after treat-
ment.5%6% Interestingly, the spouses of OSAHS
patients also gained from CPAP therapy, as it
eliminated the impairment of their own sleep
due to the snoring and sleep disruption caused
by bed partners.®* Furthermore, data from a
large uncontrolled study suggested a strong ben-
efit from CPAP in reducing the frequency of
driving accidents.®® The reduced sleepiness, and
the improved ability to steer a motor vehicle,
were positive outcomes of CPAP therapy as
shown in a recent prospective randomized pla-

cebo-controlled clinical trial (controlled with
subtherapeutic CPAP administration).53.66

The usefulness of CPAP in reducing the car-
diovascular consequences of OSAHS is still be-
ing determined.®7:58 However, the posttreatment
improvement of potential surrogate markers for
cardiovascular mortality such as blood pressure,
endogenous catecolamine levels, and muscle
sympathetic neural activity has been shown.%9:7
There is now convincing evidence of an inde-
pendent association of OSAHS with hyperten-
sion,”%11 and this association has been rein-
forced by recent randomized placebo-controlled
studies demonstrating a reduction in blood pres-
sure levels with CPAP therapy.”’72 More re-
cently, emerging evidence suggests that CPAP
therapy reduces long-term morbidity and mor-
tality from cardiovascular causes.”74

While current effective management of mod-
erate to severe sleep apnea is largely dependent
on nasal CPAP, the process is still cumbersome.
Study data demonstrate only moderately satisfac-
tory patient compliance.””6 The recent review
by Engleman and Wild”7 addressed the issue of
compliance and stressed the importance of a
multidisciplinary approach to the initiation and
maintenance of CPAP therapy involving educa-
tional, behavioral, technological, and medical
components. The authors advocated “high inter-
vention” support for certain atrisk patients, as
well as those where poor CPAP compliance is
documented.

The introduction of automatically adjusting
CPAP devices (auto-CPAP) over the past several
years represents a significant advancement in
CPAP technology since its inception in 1981.
The device continuously adjusts the applied air-
way pressure to an “optimum” level throughout
the night and appears to improve compliance.
Upper airway resistance is influenced by many
dynamic factors that may change, such as body
position, sleep stages, sleep deprivation, body
weight, and fluctuations of nasal congestion.
Some of these factors may change within a single
night.32 Alcohol intake can also depress the tone
and contractility of the pharyngeal muscles, re-
sulting in higher pressure requirements to main-
tain pharyngeal patency.”® Therefore, a single
pressure level, as with standard CPAP, could
result in a situation in which the pressure is
excessive for parts of the night, but may be
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insufficient at other times, particularly after al-
cohol consumption.®

After having been shown to improve compli-
ance in comparison to standard CPAP,” auto-
CPAP is expected to become more popular in
the future as it facilitates the initiation and fol-
low-up of the treatment, especially the process of
optimal initial pressure titration, and the elimi-
nation of repeated titrations over prolonged
years of therapy.®

Pediatric Aspects

Children can develop a sleep apnea syndrome
similar to that seen in adults. Epidemiological
reports suggest a relatively high prevalence of up
to 2% of all children.808! The frequency of snor-
ing in the general pediatric population ranges
from 8% to 27%.8%%5 Snoring is considered the
hallmark of OSAHS in children. The definition
of what constitutes pathology in a snoring child
still needs to be clearly defined in terms of the
clinical significance of a given index (AHI/
RDI).86 However, the decision to treat OSAHS is
dependent on a thorough understanding of the
morbidity associated with this problem. The pre-
vention or cessation of morbidities constitutes
the primary rationale for the treatment. In the
pediatric patient, 3 major categories of morbid-
ity can be defined: neurobehavioral, cardiovas-
cular, and somatic growth.87

Neurobehavioral Aspects

Sleep fragmentation is considered to be rela-
tively unusual in OSAHS pediatric patients.8
Parental observations and objective sleep latency
testing do not report excessive daytime sleepi-
ness as a major symptom; thus it cannot be con-
sidered a predominant feature, in contrast with
adult patients.89-9° The major concern is the as-
sociation of the OSAHS, and even snoring, with
significant and at least partially reversible behav-
ioral and learning deficits.?1-1% Gozal and col-
leagues®”-19° found higher OSAHS rates in a fail-
ing group of first graders, and that their school
performance was improved significantly 1 year
after surgical treatment of adenotonsillar hyper-
trophy. They also found that children who snore
loudly and frequently during sleep are at a
higher risk for lower grades in school years after
the sleep-disordered breathing had resolved.

They suggested that OSAHS imposes adverse
and sustained neurocognitive deficits and dimin-
ished academic achievement, especially when it
occurs during critical phases of brain growth
and development. Early recognition and effec-
tive treatment of the disorder is thus very impor-
tant.

Cardiovascular Aspects

Despite the paucity of studies addressing this
area in children, the current evidence suggests
children with OSAHS have elevated diastolic
blood pressure that persists during wakeful-
ness,!°! in addition to changes in left ventricular
wall thickness, indicating elevated afterload and
systemic blood pressure elevations.!?2 Additional
studies are needed to assess the implications of
recurrent upper airway obstruction in children
on autonomic regulatory mechanisms, and the
possible development of more severe hyperten-
sion.87

Somatic Growth

Children with OSAHS have a higher risk for
failure to thrive. The incidence of this conse-
quence has not been systematically assessed;
however, increased awareness and early diagno-
sis have reduced this problem in recent years.?!
The mechanisms underlying the process of
growth retardation in OSAHS are not fully un-
derstood. Dysphagia and loss of appetite are
possible reasons in a minority of cases. Marcus
and coworkers!%® postulated that the increased
respiratory effort during sleep leads to increased
metabolic expenditure and slower weight gain in
these children. OSAHS treatment has been as-
sociated with decreases in energy expenditure
and weight gain. A hormonal mechanism has
been recently suggested to explain this effect.
Decreased insulin growth factor-1 may account
for the slower growth in some OSAHS chil-
dren.1%t Weight gain has been reported after
treatment, even in obese subjects.!0°

Intervention

Although the full extent of the morbidity of
OSAHS in children has not been determined,
our current knowledge of the adverse conse-
quences necessitates early and effective interven-
tion to treat this condition. It is widely accepted
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that once the diagnosis of OSAHS has been
established, the first line of treatment is the
surgical removal of the enlarged tonsils and/or
adenoids. However, the effectiveness of this
treatment needs to be further established.8” The
exact influence of preoperative severity on the
effectiveness of the surgical procedure still
needs clarification. One study suggested that
children from certain ethnic minorities, obese
children, and those with a family history of sleep-
disordered breathing were at a higher risk for
having residual OSAHS after tonsillectomy and
adenoidectomy.!%¢ The establishment of pediat-
ric criteria such as the RDI threshold at which
tonsillectomy and adenoidectomy are indicated,
and the identification of patient groups in need
of postsurgical polysomnographic evaluation,
are important clinical goals.

As for nonsurgical approaches, steroids do
not appear to have a significant role in the man-
agement of pediatric OSAHS. On the other
hand, noninvasive mask ventilation emerges as a
viable secondary line of treatment. CPAP inter-
vention in children appears to be safe but re-
quires extensive behavioral training to achieve
reasonable compliance. It is usually reserved for
children with OSAHS in association with other
medical conditions, and also for a few otherwise
normal children, in whom a failed tonsillectomy
and adenoidectomy procedure had culminated
in residual postoperative severe OSAHS.9!

A variety of conditions involving children have
been associated with OSAHS: Down syndrome,
Crouzon and Apert syndromes, Treacher-Collins
syndrome, Pierre-Robin syndrome, cerebral palsy,
and multiple other rare craniofacial disorders
are included. The degree of obstruction in many
of these conditions could be so severe as to
warrant tracheotomy. The approach to the treat-
ment of these patients is usually a highly individ-
ualized surgical approach to correct the cranio-
facial abnormalities and relieve the airway
obstruction to prevent the need for tracheot-
omy. A variety of surgical techniques have been
implemented to achieve these goals; they in-
clude maxillomandibular advancement, distrac-
tion osteogenesis, septoplasty, and turbinectomy.
In addition to tonsillectomy and adenoidec-
tomy, soft tissue procedures could include uvu-
lopalatopharyngoplasty, uvulectomy, epiglotto-
plasty, and tongue reduction.

There seems to be an agreement that sleep

studies need to be an integral part of the pre/
postoperative workup to measure the success of
the OSAHS treatment. Although the literature
has a plethora of case-series studies of various
conditions, 07122 only few offered critical postop-
erative outcome assessment with polysomnogra-
phy. In a prospective study of 18 cerebral palsy
and OSAHS patients, surgery decreased the RDI
from 7 tol.4, increased the lowest recorded ox-
ygen saturation from 73.7% to 88.2%, and
required tracheotomies in only 17% of the
cases.!19 More recently, Cohen and colleagues!®
also reported outcomes of a variety of individu-
alized procedures in 70 children. The average
RDI was decreased from 25.9 to 4.4 postopera-
tively. The lowest recorded oxygen saturation
increased from an average of 61% to 92% after
surgery, while the tracheotomy rate was lowered
to 9.6%. A prospective analysis of a subgroup
from this study has suggested that surgery is
most effective at ages greater than 12 months.109

Summary

Obstructive sleep apnea is a disorder that has
significant medical and psychosocial conse-
quences. As discussed in this review, this is a
common, underdiagnosed disorder that affects
both adults and children. Although recognized
for centuries, its importance for individuals and
society has only recently been appreciated. Be-
cause individuals with narrow airways and/or
craniofacial anomalies may have increased risk
for obstructive sleep apnea/hypopnea syn-
drome, dentistry can play a pivotal role in the
identification and possible treatment of patients
with this syndrome.
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