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Clinical Presentation and Diagnosis of SDB

Identification of At-Risk Individuals

People reporting to a sleep medicine clinic have often been
screened for risk of a sleep-related medical disorder. Aware
providers, such as dentists, anesthesiologists, primary care
doctors, and nurse practitioners, observe behavior &/or ask
screening questions to determine whether a referral for a
diagnosis is appropriate. Untrained people may also observe
excessive sleepiness, drowsy driving, or breathing disorders,
such as snoring. The person at risk might notice cognitive
difficulties ("brain fog") or feeling unrefreshed in the morning.
There are physical signs that the astute clinician can use to
guide the history and physical examination, but none are
pathognomonic for sleep-disordered breathing.

People may appear sleepy for several reasons. It is common in
many cultures to have self-restricted sleep time through
lifestyle choices, leading to an insufficient amount of sleep.
Poor sleep quality also contributes to excessive daytime
sleepiness. If sleep is disturbed by frequent interruptions to
normal respiration, the patient is diagnosed with a sleep-
related breathing disorder.

Determining the source of the symptoms is first a matter of
clinical protocols for screening, then diagnosis of those judged
atrisk, and finally treatment determined by the diagnosis. This
document will focus on sleep-related breathing disorders, but
itis important that the clinician realizes there are 3 main
categories of sleep disorders: Insomnia, hypersomnia, and
unusual sleep-related behaviors. These categories encompass
59 distinct diagnoses listed in the International Classification
of Sleep Disorders, version 3 (ICSD-3).The International
Classification of Disease (ICD-11) has many more. Coding.and
descriptions overlap but often do not directly relate between
these 2 systems.

Symptoms of Sleep-Related Breathing
Disorders

A patient with easily observable symptoms, such as falling
asleep in inappropriate circumstances or demonstrating
apnea during low-level anesthesia, is sent to physicians trained
in the diagnosis of sleep disorders. Most of these are board-
certified sleep physicians, a subspecialty of medicine with a 1-
year fellowship program added to a primary specialty. Most
sleep physicians are pulmonologists or neurologists, but any
physician can enrollina sleep fellowship..Many people have
symptoms suggesting poor sleep quality but. do not consider
themselves to have a medical disorder. Snoring, for example,
is a common sign but is uncommonly associated with serious
medical risk despite connections to chronic problems, such as
carotid atherosclerosis and fatty liver disease. Snoring is often
considered a lifestyle problem, low risk if left untreated. For
others, the social discord that can accompany loud snoring is
the motivating factor for assessment and diagnosis. It is
important to determine whether the patient recognizes their
level of risk, denies it, or is unaware.

Many clinicians are similarly unaware of obstructive sleep
apnea, the most serious level of the sleep-related breathing
disorders, or the connection between snoring and medical
risk. The figure most often cited is > 80% of adults with
moderate to severe obstructive sleep apnea remain
undiagnosed despite regular visits to medical and dental
providers.

Symptoms of compromised breathing during sleep vary
widely, making simple observation unreliable for assessing the

severity of medical risk. There are many validated screeners
available to the provider to determine risk. The ones most
common in use include the Epworth Sleepiness Scale, the
Berlin Questionnaire, and the STOP-BANG screener.

Screener Tools

The Epworth Sleepiness Scale is perhaps the most universally
recognized screener available. It consists of 8 questions
providing a subjective self-assessment of drowsiness. Berlin
and STOP-BANG screeners are more oriented toward sleep-
related breathing disorders in adults. The fact that every
screener available is subjective does not make their results
meaningless, but it does require clinical assessment to
provoke more specific diagnostic testing. Often the best use
of a screener is to move a person from "unaware" to "aware"
so they will acknowledge their condition and take action
toward their health. It is encouraged to pick a screener that
fits the office workflow, ask every adult patient to complete it,
and have a diagnosis plan for those identified to be at risk.

Epworth Sleepiness Scale

This screening tool asks the patient the following question:
How likely are you to doze off or fall asleep in the situations
described below in contrast to feeling just tired? This refers to
their usualway of life in recent times. Even if they have not
done some of these things recently, they can envision the
effect they would have. The patient uses the following scale
to choose the most appropriate number for each situation: 0 =
would never doze; 1 = slight chance of dozing; 2 = moderate
chance of dozing; 3 = high chance of dozing.

e Sjtting and reading
Watching TV
Sitting inactive in public place (e.g., theatre or meeting)
As passenger in car for 1 hour without break
Lying down to rest in afternoon when circumstances
permit
Sitting and talking to someone
Sitting quietly after lunch without alcohol
e |n car while stopped for a few minutes in traffic

The total for all these situations would be tallied and
compared to the following scores.

e (0-10=normal range

e 10-12 =borderline

e 12-24 =abnormal

Common Symptoms of Sleep-Related Breathing Disorder
Include
e Snoring loud enough to disturb bed partner or be heard
outside bedroom
e Observed apnea events: Person stops breathing or
obviously is attempting to breathe, unsuccessfully
e Excessive daytime sleepiness not otherwise explained,
e.g., too short of sleep period
e Hypertension, especially if refractory to antihypertensive
medications
e Feelings of cognitive difficulty
e Waking unrefreshed
e Frequent wake periods during sleep (sleep maintenance
insomnia)
e Nocturia unexplained by other conditions, such as
prostate hypertrophy or pregnancy
e Bruxism
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Signs to Look For in Clinic

Physical signs of sleep-related breathing disorders are similarly
difficult to connect with the disease due to lack of specificity.
An example: Worn teeth may be from bruxism, gastric reflux,
diet, another cause specific to that person, or a combination
of several factors. Bruxism may have its etiologic roots in sleep
disturbances, stress, chronic pain, muscle pattern memory, or
aneurologic cause. Researchers generally conclude it is
multifactorial. If the clinician observes a crowded upper
airway, a more detailed medical history and behavioral
assessment may prove productive.

e Nasal obstruction: Inability to breathe through the nose
for at least 2 minutes, keeping lips together entire time

e Macroglossia: Either true tongue enlargement or normal
size tongue surrounded by deficient maxillary and
mandibular development

e Narrow palate: Not formed to shape of dorsum of
tongue

e Indentations on lateral borders of tongue ("scalloped
tongue"), indicating excessive activity of genioglossus
muscle pulling tongue forward to clear oropharynx and
pressing it against lingual surfaces of teeth

e Excessive overjet and overbite: Clinician must assess
position of maxilla and mandible in relation to airway;
not stop at alignment of arches of teeth

e Crowded oropharynx: Either from excessive tissue (e.g.,
tonsillar hypertrophy) or underdeveloped skeletal
support from poorly shaped &/or positioned craniofacial
bones

e Increased neck circumference (> 40 cmin men, > 35cm
in women)

e Maxillary position: Using observed.convex profile, lateral
cephalogram, or advanced.imaging, judge
anteroposterior position and lateral development of
maxilla

e Mandibular position: Often, face is judged."retrognathic”
while considering only:mandible; lower jaw mustbe
assessed from its:angle to relative position to hyoid bone
to influence it has on facial profile, all in context-of how it
contributes to support of eropharynx

e Allergic shiners, or venous pooling under eyes, is most
seenin children with-deficient nasalbreathing &/or
retrognathic maxilla but may persist into adulthood and
support deeperhistory inquiry; dermatologist and
allergist literature rarely mentions skeletal problems, as
they address esthetic and inflammatory etiologies

e Worn teeth: If sleep bruxism is etiology, sleep-related
breathing disorders belong on differential diagnosis and
should be considered prior to recommending night
guard

e Obesity: Higher BMI raises risk of narrow oropharynx, but
clinician is cautioned that normal and even low BMI
people can have sleep-related breathing disorders

Testing

Once the person is judged at risk for breathing disorders
during sleep and accepts the referral to the diagnostic facility,
the trained physician interviews them with more specific
questions to determine the nature of the next set of tests.
The technology of gathering biosignals during sleep is rapidly
changing.

Traditional polysomnography (PSG) provides a specialized
environment where the subject sleeps supervised by a

registered polysomnographic technologist. Up to 20
biosignals are gathered during the test period, providing the
most detailed assessment of the subject's physiology. PSG
provides consistently reliable brainwave signals unavailable
with any other sleep testing method. People are generally
tested during their normal sleep periods and asked to arrive at
the testing center prepared for sleep like they might be at
home. Dinner, drinks, exercise habits, all to be carried out as if
they were going to their own bedroom for sleep, but in this
case, the sleep center. The technologists affix the sensors to
the patient: Electroencephalogram (EEG) tabs to the skull,
effort belts around the abdomen and chest, oxygen sensor on
the finger, electromyogram (EMG) tabs on the submental
space and adjacent to the eyes, nasal cannula &/or thermistor
to measure airflow through the nose, and a microphone to
record sleep sounds and body position, all connected to the
computer through a wire bundle. The test subject is instructed
to sleep normally and disregardthe camera mounted on the
wall recording them. This invasive testing system works well
for the very sleepy person, but for those who have restless,
unsatisfying sleep to'begin with, the foreign circumstances
often result in misleading sleep study outcomes, confusing
the diagnosis.

During the night; the sleep technologist monitors the data
and corrects any leads that might be disrupted. Sleep events,
such as apnea, hypopnea, movement disorders, and EEG
changes, are "scored" by the technologist first, and the scoring
isreviewed by the sleep physician later. The camera provides
visual correlation, mostly for the body position and limb
movements, while the microphone records sleep sounds, such
as snoring and bruxism.

The biggest advantage the supervised PSG has is the EEG
biosignal. Characteristic brainwaves identify when the patient
begins sleep and their normal sleep cycles: How long they
remain in 3.non-REM and REM sleep stages. Disruptions to
normalsleep cycle patterns, called arousals, are correlated in
time with other events, such as respiratory (apnea, hypopnea)
and limb movements, to present the clinician with a picture of
how the brain is allowed to cycle from wakefulness through
deep sleep to REM sleep and back, 3 or 4 cycles per sleep
period unless disrupted.

Respiratory parameters that are measured include the
number of times (events) airflow is completely interrupted by
a blockage in the upper airway, called apnea, or is restricted to
a 30% or more reduction in airflow, called a hypopnea, lasting
10 seconds or longer. Oxygen saturation (SpO2) is also
recorded, noting the number and depth of desaturations, with
a 3% or 4% drop from the patient's mean counted as an
event. Professional organizations have defined hypopnea
using different criteria, thus, most systems report using the 2
desaturation criteria. The number of events are added and
divided by the sleep time to produce 3 key indices: Apnea-
hypopnea index (AHI), nadir SpO2, and oxygen desaturation
index (ODI). Obstructive sleep apnea was defined as a disease
based on the AHI, but most sleep physicians today consider it
only one of several details used to describe sleep. The PSG
report includes many more biosignal data, which the physician
correlates with the clinical signs and symptoms to derive a
diagnosis.

The AHI represents the average number of apneas and
hypopneas experienced each hour during sleep. It is measured
by dividing the total number of apneic and hypopneic events
by the total number of hours of sleep. To register as an event,

wn
o
2
o
N
23]
cT
®
a
c
o
o
®
=
o
™
(%]
O,
=
23]
cT
o
=
<
_‘
bl
23]
(@)
T
9
23
Q
>
o
0n
®
0n




(%]
w
()
o
c
S
A0
(@]
<)
1
e
—
|
)
-
o
<+
@
o=
(=%
(%)
[
o
—
w
Q
(=%
)
§e)
Q
<+J
K]
w
a4
aa]
(@]
0

Clinical Presentation and Diagnosis of SDB

an apnea or hypopnea must last at least 10 seconds or longer.
Children are less likely to have sleep apnea episodes. Most
specialists see an AHI above 1 as unusual for them. A child
typically needs treatment if their AHI is higher than 5. Scores
for adults are divided into 3 categories, which correspond to
different levels of OSA severity.
e Mild sleep apnea: 5-14 apnea and hypopnea events/hour
e Moderate sleep apnea: 15-29 apnea and hypopnea
events/hour
e Severe sleep apnea: > 30 apnea and hypopnea
events/hour

Home sleep apnea testing (HSAT) is the most used modality
due to portability and low cost. Devices are deployed by the
test subject and collect biosignals ranging from simple pulse
oximetry to complex air flow measurements and
plethysmography data. Since these units are used in the
home, people must be trained to apply sensors accurately,
which renders HSAT unreliable. Estimates of up to as much as
25% of home sleep tests lack 1 or more biosignals when the
data is accessed. Nearly all of them lack the EEG signal that
allows the software to determine true sleep time, so events
are divided by the total test time. Since the denominator of
the equation is usually larger than a true sleep time would
provide, the AHI and ODI are often smaller, thus, HSAT is
generally thought to undervalue sleep disruption measures.
Data is collected from the home testing device by
downloading or through a cloud-based portal:Algorithms
developed from machine learning and decades of PSG data
convert the biosignal information into summaries used by
physicians to assess patient sleep in amore familiar
environment. Because there is no need fora specialized
facility or a sleep technologist, HSAT is a fraction of the cost of
in-lab PSG.

The industry is driven by more capable technology, pressure
to reduce health care costs, simplifying the process, and the
desire for patients to be tested at home. New devices to
assess sleep quality, breathing patterns, blood oxygen levels,
and autonomic nervous system response appear regularly. It
seems likely that technology will provide increasingly accurate
assessment of sleep with less complex means. One
manufacturer of a sleep assessment device, using data
gathered from over 67,000 people and 11.6 million sleep

App-Based Sleep Rating

nights, determined the presence of obstructive sleep apnea
was over 22% of the global population and that single-night
testing misdiagnosed the disease between 20-50% of the
time. To gain a true description of a person's sleep may
require more than 1 night of testing, whether prediagnosis or
when assessing treatment efficacy. Relatively inexpensive
diagnostic technology enables clinicians to apply precision
medicine principles to their patients.

Population Health Implications

Addressing the global population of people at significant risk
to their health and quality of life will require more awareness
by every healthcare provider and increased diagnostic
efficiency. The market for testing and treatment devices only
grows when more people are identified, providing economic
incentive to develop the technology. As more tests are done,
the total costs of diagnosis.and sleep-breathing treatment
rises. The American Academy of Sleep Medicine estimated the
financial burden of sleep-related breathing disorders is over
$150 billion annually. Sleeping without breathing disruptions
decreases disease and the need forits management. Along
with an improved quality of life, the resulting savings in
healthcare dollars will be many multiples of the cost of sleep
testing and treatment.
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Wearable Health Monitor

(Left) Thereare dozens of
smartphone apps to help
people gauge sounds and
sleep data. These can be used
to motivate toward diagnosis
and give objective data about
therapy. This one shows
snoring levels in decibels
(Right) 24/7 health tracking
with heart rate, temperature,
sleep data, oxygen levels, and
other biosignals are now
possible with sophisticated
monitors and powerful apps.
This ring has sensors [=] to
gather biosignals, and the app
interprets them for ongoing
monitoring of sleep




Clinical Presentation and Diagnosis of SDB

Traditional Home Seep Apnea Test Device

Home Sleep Apnea Test

Detailed Therapy Monitoring

Plethysmography

Innovative Sound-Based Monitor

Muscle Movement-Based Diagnosis

(Left) The NoxT3 flow- and
effort-based sleep testing
device has 2 effort belts
that distinguish central vs.
obstructive apnea events.
(Right) Clinical photograph
shows a type of home sleep
apnea test that has an effort
belt =] a nasal canula to
measure flow =] and an
oximeter. It is FDA cleared to
provide data fora sleep apnea
diagnosis.

(Left) Clinical photograph
shows a device that combines
2 body-worn patches and
oximetry to provide sleep
position, sounds, oxygen
levels, and other biosignals to
both the user and providers.
(Right) This device has a finger
probe [=]with a sophisticated
bladder that senses changes in
blood pressure waves through
small vessels. This is not an
airflow-based measurement,
but it still provides an
assessment of sleep apnea
events along with other
details

(Left) Photograph shows an
at-home sleep apnea test [=]
that uses soundwaves of
respiration to assess breathing
performance. (Right)
Photograph shows a device
that captures movement of
the mandible. Software
determines sleep stages and
interruptions to breathing via
Al algorithms from movement
patterns.
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These boxes color code from
green to red to help clinicians
and patients visualize results

These measure various
amounts of sleep conditions
based on cardiopulmonary
coupling

Cycling time is measure of
arousal threshold; the higher
the number, the more sleep
time has been spent reacting
to changes in CO2 levels

Cycling severity represents
loop gain, measure of
ventilatory instability

Fragmented sleep is measure
of autonomic nervous system
balance and predictor of
patient sleep perception; more
fragmented yields more
daytime sleepiness

(Top) A report from software interpreting high-resolution pulse oximetry (HRPO) shows some of the ways data from overnight oximetry
can be used to assess sleep physiology. Graphs are helpful for patients to visualize their conditions. The 2 columns on the right measure
loop gain, or ventilatory instability, and low arousal threshold. HRPO is one of the least expensive and easiest ways to assess sleep.
(Bottom) This report shows typical sleep data from software using biosignals, such as cardiopulmonary coupling and oximetry data,
gathered by a ring on the thumb. Note the color codes to help patients comprehend complex data to engage with their therapy. Sleep
quality is a compilation of multiple biosignals. This device also can be used to diagnose sleep apnea.




Note brain responses in
various EEG channels and how
they correlate with breathing
perturbations

Straight line on airflow signal
is apnea event; note excessive
response as body returns to
breathing

Key sleep numbers

Changes in blood oxygen
levels Follow apnea events as
deoxygenated blood makes its
way from lungs to measuring
site on index finger

Colorful chart for at-a-glance
assessment

(Top) This epoch, or segment, of an overnight sleep study shows some of the data available for diagnosis. A polysomnography study
provides the clinician with up to 20 channels of data. Al and trained sleep professionals interpret data from many hours of sleep to
assess sleep, which can vary through the night, depending on sleep stages. (Bottom) This is a summary page of one company's home
sleep apnea testing (HSAT). It has convenient color bars and other data with additional details available. Summary pages often are
useful to improve patient engagement with their sleep data.
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