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A Technologist’s Guide to
Performing Sleep Studies

Designed as an introductory resource, the Technologist’s Guide to Performing Sleep
Studies provides step-by-step instructions for collecting sleep study data from patients.
It includes sections that cover suggestions for putting the patient at ease, reviewing
the patient’'s symptoms and medications, attaching the sensors, preparing to record,
biological calibrations, artifact detection and correction, and documentation.

-

Purchase A Technologist’s
Guide to Performing Sleep
Studies eBook in the AAST

Learning Center
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2023 AAST Fellows

The AAST Fellow Program is a means of recognizing those who have made significant and sustained contributions to the field of sleep
technology. Fellowship recipients must be credentialed in sleep technology by a nationally recognized organization for at least 15 years
and have been a regular AAST member, in good standing, for the last 10 consecutive years.

AAST Fellows have also attained distinction through significant professional service to AAST and to the field of sleep technology;
significant professional contributions to the field; or prominent leadership, influence and achievement in clinical practice, education
or science.

The 2023 class of AAST Fellows include:

Joseph Castillo, RPSGT, Andrea Ramberg, Christina Saulys, Stephen Tarnoczy, BSRT,
RST, CCSH, RN, BSN, FAASM MS, RPSGT RST, RPSGT RRT/SDS, RPSGT, CCSH
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2023 Award Winners

AAST Leadership Award

This award honors and recognizes an AAST member who has demonstrated exceptional leadership qualities
through their commitment to AAST.

Winner: Sarah Brennecka, MBA, RPSGT, FAAST

AAST Service Award

This award honors and recognizes an AAST member who has made significant contributions to the growth
and development of the sleep technology profession.

Winner: Joseph Castillo, RPSGT, RST, CCSH, RN, BSN, FAASM, FAAST

AAST Professional Development Service Award

This award honors and recognizes an AAST member who demonstrates exceptional
commitment to advancing education in sleep technology.

Winner: Colton Wiggins, RRT-SDS, RPSGT

AAST Literary Award

This award honors an AAST member who has written an
original article, paper or textbook chapter in the past year that
has been accepted for publication.

Winner: Lisa Endee, MPH, RT, RRT-SDS, RPSGT

AWARDS
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By J. Emerson Kerr, lll, MBA, RRT, FAAST

What an extraordinary year! | am so thankful
for the amazing efforts of our volunteer
members, committees, board members and
management team, who faithfully work to
deliver the best sleep technology education
in the world. The work these teams have
accomplished has brought new solutions
to help promote our efforts to empower the
global community of sleep technologists!

Before highlighting what's to come, |

must reflect and thank those who have
accomplished so much for our community.
We continue to build on the efforts of

the sleep care pioneers who laid our

solid foundation. Most recently, my deep
gratitude is extended to Laree Fordyce,

MS, CCRP, RPSGT, RST, CCSH, FAAST, Julie
DeWitt, RPSGT, RST, RCP, FAAST and Byron
Jamerson, RPSGT, RST, CCSH, FAAST.
These champions of our field have faithfully
served for many years, participating in
textbook writing and publication, guideline
building, daily management and our
incredibly successful educational series —
especially the Certification in Clinical Sleep
Health (CCSH) modules.

| am incredibly thankful for Laree's efforts —
her leadership role began as the program
committee chair in 2016, later serving as a
board member starting in 2018 and finally
taking on the mantle as our most recent
president. This span of time saw many
changes in AAST and sleep technology,
and she volunteered while launching a
very successful sleep diagnostics program
serving both Canada and Columbia. On top
of her significant volunteer role with AAST,

Laree also serves as the accreditation
coordinator for the College of Physicians
and Surgeons of Alberta. It has been a
pleasure to serve by her side as president-
elect! | thank her for her partnership as past
president and many years of service to the
global sleep community.

2023 saw some incredible AAST
achievements. The following highlights our
key efforts:

1. Launched a new website, learning
management system and content
hub (The Sleep Scene) — all designed
to make the user experience across
all its websites more accessible
and streamlined;

2. Developed a simplified approach to
claiming continuing education credits
(CECs) for A,Zzz,

. Updated AAST Technical Guidelines
to reflect split-night protocols for
adult patients;

4. Hosted five community-wide webinars;

. Launched an e-book, “The
Fundamentals of Virtual
Patient Monitoring;”

w
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6. Hosted a very successful Sleep
Technologists Appreciation Week
to kick off our 45th anniversary
celebration; and

7. Welcomed our newest board members,
Kevin Adley, RPSGT, CCSH, Robin
James, RPSGT and Robert Miller,
CRT, RPSGT.

Thank you to everyone who made 2023
so successful!

We continue to build on the ef forts of
the sleep care pioneers who laid our

solid foundation.

Quarter Four 2023

2024 is shaping up to be exciting with

new goals and plans that will continue
advancing membership offerings, education
initiatives and AAST's overall impact on the
sleep industry — more updates to come in
upcoming A,Zzz publications!

The following is a broad summation of our
plans for 2024:

1. Our 45th anniversary celebrations will
be continuing throughout the year
(members, watch your emails for
anniversary-specific announcements);

2. We will be launching three new
module series:

a. The State of Al and Auto Scoring in
Sleep Medicine

b. A three-part adult scoring series
c. A five-part Fundamentals of Home
Sleep Apnea Testing (HSAT) series
3. Continued A,Zzz publications and
webinars; and

4. Strategic committees to
drive membership, education
and partnerships.

| am very excited about what both AAST
and our field at large has to offer in the
new year. We are in an extraordinary

time for sleep technology, and by coming
together as a community, we can continue
to create the necessary resources to
attract and retain skilled sleep care
professionals across our field. Help us
advance these goals by joining AAST or
renewing your existing membership — the
deadline is Dec. 31, 2023. For current
members, renewals must be made by the
deadline to ensure uninterrupted access to
their member benefits, including the free
CECs that can be earned from reading the
magazine this very message is in.

If you have any questions regarding AAST
membership in 2024, please reach out to

AAST Headquarters at info@aastweb.org
or 312-321-5191.

A Zzz 7


https://www.aastweb.org/Membership
https://www.aastweb.org/Membership/Join-or-Renew
mailto:info%40aastweb.org?subject=
https://www.aastweb.org/
https://thesleepscene.aastweb.org/

Instructions for Earning Credit

AAST members who read A,Zzz and claim their credits online by
the deadline can earn 2.00 AAST Continuing Education Credits
(CECs) per issueg, for up to 8.00 AAST CECs per year. AAST CECs
are accepted by the Board of Registered Polysomnographic
Technologists (BRPT) and the American Board of Sleep
Medicine (ABSM).

To earn AAST CECs, carefully read the entirety of the Q3 issue

of A,Zzz and claim your credits online in the Learning Center.

You must go online to claim your credits by the deadline of
March 31, 2024. After the successful completion of the learning
assessment, your certificate will be available in the My CEC Portal
acknowledging the credits earned.

COST

The A,Zzz continuing education credit offering is an exclusive
learning opportunity for AAST members only and is a free benefit
of membership.

STATEMENT OF APPROVAL

This activity has been planned and implemented by the AAST
Board of Directors to meet the educational needs of sleep-

care professionals. AAST CECs are accepted by the Board of
Registered Polysomnographic Technologists (BRPT) and the

American Board of Sleep Medicine (ABSM). Individuals should only

claim credit for the issues they read in full and evaluate for this
educational activity.
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STATEMENT OF EDUCATIONAL PURPOSE &
OVERALL EDUCATIONAL OBJECTIVES

A,Zzz provides current sleep-related information that is relevant
to sleep-care professionals. The magazine also informs readers
about recent and upcoming activities of AAST. A,Zzz should
benefit readers in their practice of sleep or in their management
and administration of a sleep disorders center.

READERS OF A, ZZZ SHOULD BE ABLE TO DO

THE FOLLOWING:

* Analyze articles for information that improves their
understanding of sleep, sleep disorders, sleep studies and
treatment options

* Interpret this information to determine how it relates to the
practice of sleep care and medicine

» Decide how this information can improve the techniques and
procedures that are used to evaluate sleep disorders patients
and treatments

» Apply this knowledge in the practice of sleep care and medicine

You must go online to claim your CECs by the deadline of
March 31, 2024.
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By Regina Patrick, RPSGT, RST




n the 1980s, computer science students at Carnegie Mellon University (Pittsburgh,

Pennsylvania), frustrated at going to the vending machine and finding it empty of

Coke soft drinks (Coca-Cola Company, Atlanta, Georgia), had the idea of installing

microswitches in the machine so they could track how many bottles were in it. The

switches were hooked up to the main departmental computer’ and the students

wrote a server program that tracked the number of Coke bottles in the machine.
Students could access the information from any computer through a web address on the
internet. This was the first use of internet of things (loT).

loT now refers to the network of physical objects [i.e., “things’], which are embedded with
sensors, processing abilities, software and other technologies, that connect and exchange
data with other devices and systems over the internet or other types of communication
network.2 With these advancements, the use of 10T in the sleep field shows promise in
improving the diagnosis and management of sleep disorders, primarily obstructive sleep
apnea (OSA).

To discuss loT requires first defining a few terms:

Big data: Extremely large and complex datasets that can be used to detect patterns,
trends and associations, but are too large for traditional data processing software, which
may be analyzed by computers to detect patterns, trends and associations. Examples of
big data are e-mails, patients’ records and transaction processing systems. 34

Bluetooth technology: A wireless technology used to exchange data between fixed
devices or mobile devices over short distances via radio waves. Examples of Bluetooth
technology are wireless headsets used to talk on mobile phones and wireless
computer keyboards.®

Cloud computing: The delivery over the internet (i.e., “the cloud”) of computing services
(e.g., server [a machine that computes, stores and manages data, devices and systems
over a network], storage, databases, networking, software, analytics and intelligence). A
provider (e.g., internet service provider) manages and provides cloud computing services
to a client (e.g., consumers). Examples of cloud computing are social media, media-
streaming, personal data storage, productivity software (e.g., Office 365 [Microsoft,
Redmon, Washington] and Google Docs [Google, Mountain View, California], and online
storage (e.g., Google Drive [Google]).®”

Fog computing: A way to prevent network congestion, data is processed from devices
without reducing said data's quantity. This is done by introducing a new processing
unit between the cloud and the user to enhance reliability, energy efficiency and privacy
maintenance and reduce latency.®

Internet: A global system of interconnected computer networks that uses a set of rules,
called protocols (e.g., hypertext transfer protocol secure [HTTPS]) that allows a group of
interconnected computing devices to exchange information with each other. Protocols
may be processed by hardware (i.e., the physical part of a computer such as a central
processing unit [CPU]), software or a combination of these. 910

Patients often find the sensors
uncomfortable and may struggle with
going to sleep n a sleep center, which
may impact a PSG recording.
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loT and Sleep

Polysomnography (PSG) is the gold
standard for assessing people with
suspected OSA. However, a PSG study
involves applying several sensors on a
person to record brainwaves, airflow,
thoracic and abdominal movements,

leg movements and blood oxygen
saturation. Patients often find the sensors
uncomfortable and may struggle with
going to sleep in a sleep center, which may
impact a PSG recording.

The ability to wirelessly record brainwaves,
airflow, thoracic and abdominal
movements, leg movements and blood
oxygen saturation throughout a study and
relay the information to the cloud so that
sleep physicians can access it would be
ideal for counteracting the drawbacks of
PSG that patients experience. However, a
fully wireless PSG study that records all of
this information is not available at this time.

Wireless technology used in home PSG
studies is more suited to screening for OSA
than screening for other sleep disorders
such as restless legs syndrome (RLS). A
home PSG study involves attaching various
sensors (e.g., thoracic belt, abdominal

belt, sleep position sensor, oximeter) into

a device, which is attached to a patient.
Signals from the sensors are relayed from
the device to a smart phone or computer
via radio waves (i.e., Bluetooth technology)
for processing, and from there they are
relayed to the internet. A sleep physician
can then access the data to determine
whether a person has OSA.

Benefits of Increased loT
in the Sleep Field

loT could make long-term ambulatory
monitoring possible. Surrel et al.’ recently
developed a wearable system that can

be used to monitor a patient for OSA

over several days. The system contained
a wearable electrocardiogram device
(INYU sensor) that detects and predicts
cardiovascular pathologies via monitoring
electrocardiogram signals in real time."
Surrel designed an online algorithm (i.e.,

a specialized mathematical formula)

that can be used to process changes in
heart rate frequency to predict OSA. The

AZzz 10



system had a classification accuracy of 83.2% (i.e., the number of correct predictions
divided by the total number of input samples), when compared with manual scoring, and
the algorithm had low utilization of the device's battery resources, which equated to the
battery being able to provide 46 days of continuous OSA monitoring. The wearable device
uploads its analysis to an online web service for continuous monitoring, thereby allowing
tracking of the evolution of OSA over time.

loT could make possible home-based monitoring of sleep disorders and treatment
outcomes, especially for patients for whom visiting a sleep center would be difficult (e.g.
elderly patients). To this end, Yacchirema-Vargas'® developed a system that combines fog
and cloud computing, IoT and big data analysis and storage. This combination allows data

to be seen in real time, thereby overcoming the delay from data collection until a diagnosis.

At the fog level, a smart loT gateway device acts as a router by transmitting (i.e., routing)
data between loT devices and the cloud and preprocesses loT data to detect events in
real-time. Once the data is transmitted to the cloud, it is managed, stored and injected into
a big data analyzer for further processing and analyzing. Yacchirema-Vargas believes that,

With quicker access to data, health
professionals could improve their
decision-making when monitoring and
guiding sleep apnea treatment.

with quicker access to data, health professionals could improve their decision-making
when monitoring and guiding sleep apnea treatment.

Finally, IoT could be used to improve a person’s sleep quality and sleep behavior. Takeuchi

et al."* developed a cloud-based health care loT (HIT) system that continuously acquires
health-related information via activity monitors on participant's non-dominant wrists such as
momentary symptoms, biological signals and surrounding environmental information. The
HIT system consists of a cloud server and a smartphone app that is set up to collect data
on a person's daily thoughts and behavior in their normal environment at or close to the time
of the behavior. Additionally, the HIT app can connect with various l0T devices via Bluetooth
technology to allow data to be transferred from the I0T devices to the HIT server, which

can then store, integrate and manage data uploaded from the app and send personalized
messages (i.e., push-type feedback messages) to app users.

In the feedback messages, a person is given information to improve their performance. In the
Takeuchi study, participants were assigned to a feedback group or non-feedback group (i.e.,
control). Personalized sleep feedback messages were sent to participants in the feedback
group, based on the sleep data. A sample message was, “You accumulated X minutes of
sleep debt yesterday. Your current overall debt is X minutes. Sleep debt has adverse effects
on physical and mental health. Adjust your daytime behavior to cancel your debt.”

Questionnaires were then used to ask the participants, who were office workers, to
indicate their current mood (e.g., depressed, anxious, stressed) and physical symptoms

Quarter Four 2023

(e.g., sleepiness, fatigue and neck and
shoulder stiffness) five times a day via a
smartphone app.

Takeuchi found that compared to the
control group, the feedback group had more
stable sleep timing and less sleepiness,
fatigue and neck and shoulder stiffness.
Thus, the push feedback messages

seem to promote sleep self-management
and help individuals to address sleep
behavior problems.

Limitations of loT

Despite such encouraging findings, IoT has
some limitations. The first is that although
big data can be encrypted, large volumes
of data are highly vulnerable to security
threats, data breaches and cyberattacks.
Thus, patients’ health information and
sensitive data can be misappropriated by
cybercriminals.

A second limitation of the increased use

of loT is total reliance on the technology. If
any part of a loT system (e.g., a fog device
or the Internet) were to crash, no backup
alternatives exist to prevent a disruption in
the collection, analysis and transmission

of sleep data. A third limitation is that
implementing loT and keeping the software
needed for loT updates is expensive.

Nevertheless, scientists continue to work
to determine how best to incorporate

|oT into the sleep field to improve the
diagnosis and treatment of sleep disorders
to a greater extent than is possible with
current technology. €

REGINA
PATRICK,
RPSGT, RST, has
been in the sleep
field for more than
30 years. She is
also a freelance
writer/editor.
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JOIN AAST TODAY

Stop struggling with questions and challenges about the ever-
changing sleep field on your own, and embrace the strength of
the benefits and knowledgeable community that comes from
membership in AAST.

Earn free continuing Connect with Access the most
education credits to help 2,700+ fellow sleep relevant sleep education
maintain your certification professionals through articles and
and build your knowledge online courses

and so much more!

Learn more and join at S\
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Revenge Bedtime Procrastination

By Susan Hoefs, RPSGT, CCSH

Revenge bedtime procrastination (BP)' is defined as going to bed later than intended
despite the absence of external reasons. It can be described as the decision to sacrifice
sleep to stay up late and engage in free time activities in spite of the risk of being overly
tired in the morning.

Procrastination is nothing new. For generations, human beings have put off starting

or completing tasks, whether it is schoolwork, cleaning, paying bills or working out. BP

is a newer phenomenon and appears to be on the rise, being seen as a way of getting
“revenge” on daytime hours with little or no free time. The English term “revenge bedtime
procrastination” emerged as a translation of an expression in Chinese reflecting frustration
tied to long, stressful work hours that left little time for personal enjoyment. Social media
has allowed the idea to spread globally and has finally given a name to a practice that
many were already engaging in.

Those working in sleep medicine should be aware of BP as it affects many patients — and
the nature of working long and stressful night shifts means many sleep-care professionals
regularly engage in BP themselves.

Why is revenge BP increasing? It can be partially accredited to the overscheduled
lifestyles many people lead. Working hard all day, trekking children to various activities and
participating in regularly scheduled social activities leads to a loss of feeling in control.
Often, someone’s day is controlled more by work or school schedules, meetings and
appointments rather than the person themself. This leads individuals to attempt to regain
some personal time by making the decision to delay sleep to engage in unstructured

activities such as reading, surfing the
internet and social media, watching
television or even just chatting with others
in the household who are still awake.

BP is still an emerging concept in sleep
science and there are debates going

on about the psychology behind it. One
explanation? is a failure in self-regulation
or self-control. By the end of a busy and
overscheduled day, the capacity for self-
control is already at a lower point — which
may facilitate sleep procrastination.
However, not everyone agrees with this
explanation; some argue it places too
much emphasis on self-control. Instead,
sleep procrastination may result from
people who have an evening chronotype
(night owls) and are forced to try to adapt
to schedules designed for the nine to five
work schedule common in the United
States. Sacrificing sleep for leisure time
may also be seen as an attempt to find
recovery time in response to stress rather
than failure of self-control.

Quarter Four 2023
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Revenge BP also appears to be tied

to significant daytime stress. For

many, sleep procrastination may be a
response to extended work hours that,
if combined with a full night’s sleep,
leave virtually no time for entertainment
or relaxation.®

Further research is needed to better
understand BP, which most likely is the
result of interacting factors. Naming
the practice was an important step

in moving forward with research and
treatment for it.

People who engage in BP know they are
doing it and generally want to receive
enough sleep but fail to do so. This is
known as an intention-behavior gap.
Their intention may be to go to bed
earlier, but subsequent behavior doesn't
reflect that.

Understanding BP can help sleep-care
professionals realize when they are
engaging in it. Clinical sleep educators
should be knowledgeable about BP as
many of their patients who are tired
despite being treated for sleep disorders
may be delaying their sleep. Knowing
the symptoms, possible causes and
consequences are vital to recognize
when patients are delaying bedtimes.

Three factors are required for a late
sleep time to be considered BP:

1. Adelay in going to sleep that reduces
one’s total sleep time.

Thelr intention
may be to go

to bed earlier,
but subsequent
behavior doesn't
reflect that.
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Having set routines can help make
behaviors feel almost automatic.

2. The absence of a valid reason for staying up later than intended, such as an external
event or an underlying illness.

3. An awareness that delaying one's bedtime could lead to negative consequences.

BP can also take different forms. The first involves delaying the act of getting into bed,
which is what revenge BP is. Another is delaying the time of trying to fall asleep once

in bed, a problem that has been associated with rising rates of electronic device use. A
person may engage in one or both forms of procrastination, each of which can reduce
nightly sleep. According to a study done in 2020,* men have a higher occurrence of in-bed
BP while another study® showed that women have a higher rate of BP while not in bed.
This study also showed that students had higher rates of BP than non-students.

Like other poor sleep hygiene practices, BP can result in poor outcomes, including

the increased risk of accidents due to inattentiveness or falling asleep while driving

or operating machinery and health risks like worsening hypertension, heart disease,
respiratory illness, obesity and more. Without proper rest, the immune system may
become compromised. Lack of exercise due to tiredness or fatigue leads to worsening of
health issues and can be stressful.®

Revenge BP may also be on the rise because of the COVID-19 pandemic, which
increased stress due to stay-at-home orders so not as many enjoyable activities could
be participated in outside the home. Part of BP is trying to reclaim the time at night that
was missed out during the day. While outside the home social activities have returned
to normal, the BP engaged in during the pandemic hasn't returned to normal. Working
remotely has increased® since the pandemic and projections show it will continue to
increase which further reduces social interaction in the workplace or following work.”

The initial remedy for BP is healthy sleep hygiene° which involves creating good sleep
habits and an environment conducive to sleep. Having set routines can help make
behaviors feel almost automatic. For this reason, a nighttime routine can reduce the
impulse to stay up later.

Improving sleep hygiene is unlikely to fully resolve BP, but cognitive behavioral therapy

for insomnia (CBT-I) and working with a clinical sleep educator (i.e., a sleep coach) on a
regular basis may help. While research specifically for treating revenge BP is not available
yet, CBT-I has been shown to be effective on the long-lasting effects of insomnia and some
of the same tenets may apply to addressing BP®

Revenge BP is on the rise and more research needs to be done to determine how best
to treat it. People’s mental energy resources are depleted by the end of the day, making
it challenging to engage in healthier behaviors. Citing good sleep hygiene practices

to patients hasn't been shown to be effective on its own — most patients know they
are engaging in a poor bedtime practice. Understanding potential causes of BP and
professional help may help change this harmful behavior. €
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By Snorri Helgason

This is a sponsored article from Nox Medical. This article originally appeared in the Sleep
Lab Magazine and on rtsleepworld.com.

Sleep apnea has been identified as a serious health issue for most countries. It exerts a
substantial influence on individuals’ physical and mental health, impairing daily function
and overall quality of life if left untreated. Moreover, sleep apnea imposes a substantial
burden on society, leading to extensive health care costs, absenteeism, presenteeism,
reduced productivity, heightened personnel risks and an increased likelihood of motor
vehicle accidents and injuries.

Since sleep apnea was defined in the 1970s as a disease, the definition of the disease and
how to measure its severity has been categorized through the application of the apnea
index, then later the apnea-hypopnea index (AHI)." Over the years, sleep medicine has
established its diagnostic approach for sleep apnea predominantly using the AHI."2 This
metric holds significant influence as regulatory bodies, payors and providers rely on it

to make crucial patient diagnostic decisions. The AHI plays a pivotal role in categorizing
patients according to the severity of their condition and determining whether they receive
treatment for obstructive sleep apnea (OSA).

However, throughout the years, a question has been raised by many in the field: Is the AHI
truly the optimal metric for these purposes?

Per the American Academy of Sleep Medicine (AASM) scoring manual, obstructive apneas
involve complete upper airway collapse with a 90% or more drop in airflow for at least 10
seconds, accompanied by continued respiratory effort. Central apneas lack respiratory
effort throughout the event, while mixed apneas start with no respiratory effort but resume

The severity of sleep apnea 1s defined
by the AHI, a ratio of the sum of all
respiratory events divided by the total
hours of sleep.

despite absent airflow. The AASM recommends that hypopneas be identified using a
definition that is based on a =30% decrease in airflow associated with a 23% reduction in
the oxygen saturation or an arousal (H3A) for diagnosis of OSA in adults.?

The severity of sleep apnea is defined by the AHI, a ratio of the sum of all respiratory
events divided by the total hours of sleep. Currently, AHI is the sole indicator of OSA
severity recognized by scientific societies. By this convention, an AHI of five to 15 events
per hour defines mild sleep apnea, an AHI of 15 to 30 events per hour is moderate sleep
apnea and an AHI of 30 or more events per hour is severe sleep apnea.*® Historically, the
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AHI has been favored for its simplicity in
calculation and objective measurement of
events like apnea and hypopnea,® helping
physicians to classify the severity of

the disease.

The correlation between the AHI and
clinical outcomes has been found to be
inadequate.”?%’ Since the AHI threshold
is based on population averages, it fails
to account for the unique characteristics
of individual patients. This means that
symptomatic patients may exhibit a low
AHI, while asymptomatic individuals
may be diagnosed with a high AHI. In
such cases, health care providers face a
challenge in determining the appropriate
course of action.

Furthermore, the usefulness of the AHI

as a metric in clinical settings is called
into question when it is not strongly linked
to symptoms or the risk of developing
comorbid chronic diseases, such as
cardiovascular disease, and does not
provide information on the severity of the
single events as they occur?® presence

of significant oxygen desaturation,
electrocardiogram (ECG) abnormalities or
sympathetic activation, that may imply more
significant pathology than the AHI alone.5’

Over time, there have been changes in
the definition of the AHI, including notable
modifications in how oxygen saturation
and breathing cessation are defined, as
well as the inclusion of arousals with
hypopnea events.

The AHI alone cannot help evaluate
symptoms like cognitive impairment,
daytime sleepiness or cardiovascular
complications. Additionally, the methods
employed in deriving the AHI can vary
significantly in clinical practice. The
measurement and scoring techniques used
to calculate the AHI differ among sleep
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laboratories and devices, resulting in potential inconsistencies and inter-laboratory variability.
These variations can compromise the accuracy and reliability of the AHI as a metric, making
it challenging to draw direct comparisons between studies and treatment outcomes.?

To truly understand individual risks and predict treatment outcomes, it is crucial to delve
deeper into the intricacies of this condition. Achieving a comprehensive understanding of
the complexity of OSA is imperative for advancing precision medicine and personalized
care within this field.” 1014

As a response to this enlightened understanding, new, advanced polysomnographic
metrics are starting to be developed, like hypoxic burden (HB),"* pulse wave amplitude drop
(PWAD),"® adjusted AHI'® and others, to characterize the full impact of the disease.

The HB aims to capture the total amount of respiratory event-related hypoxemia over the
sleep period. It is defined as the total area under the respiratory event-related desaturation
curve,'® and has a better association with cardiovascular disease than the AHI.™®

PWADs are typically observed concomitantly with cortical arousals, which occur
spontaneously or after nocturnal events such as sleep apneas/hypopneas and leg
movements. The PWAD events reflect transient vasoconstriction followed by vasodilation
that occurs in response to surges in sympathetic activity. This is then followed by a
compensatory parasympathetic response.’”” PWA drops associated with respiratory events
were correlated to cortical activity, suggesting that PWA drops could be used to indicate
the brain's response to respiratory events.’®™

Utllizing these newly derived metrics...
will significantly bolster our ability to
identify various OSA subtypes

The a-AHI adds an obstruction severity parameter that includes durations of each
individual apnea and hypopnea and areas of related desaturation normalized for total
time analyzed. It also provides valuable information to the AHI, potentially enhancing
the identification of patients with OSA who are at the greatest risk of mortality or
cardiovascular complications.?

Utilizing these newly derived metrics, extracted from extensive information obtained
through polysomnography (PSG), will significantly bolster our ability to identify various
OSA subtypes. Additionally, these metrics will facilitate the exploration of the underlying
mechanisms of the disease in relation to specific comorbidities, leading to the discovery of
improved treatments for OSA.

To comprehensively address the patient journey of individuals with sleep apnea and
enhance their outcomes, it is imperative to identify more effective tools for personalizing
the treatment pathway. It is crucial to reevaluate the approach of condensing an entire
night's sleep into a single numerical value, particularly when this value, such as the AH],
exhibits weak correlations with symptoms and clinical outcomes.

While the sleep field has made significant strides in making sleep diagnostic studies more
accessible, relying solely on the AHI and even employing various approaches to calculate
the AHI raises valid concerns (e.g., using derived, indirect signals that correlate with AHI
but do not measure airflow or effort directly?"). In some cases, the ease and accessibility
offered by simplified or oversimplified tests may come at the expense of more detailed
and thorough diagnostic assessments.®
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Though these tests can provide initial
screening or basic insights into sleep
disorders, they may not capture the
intricacies needed for accurate diagnosis
and personalized treatment planning. A
broader perspective is needed to ensure
that sleep apnea care and diagnosis are
approached holistically, considering a
range of factors beyond a single metric to
achieve better patient outcomes. €
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By Joseph Castillo, RPSGT, RST, CCSH, RN, BSN, FAASM, FAAST

Editor’s Note: The thoughts expressed by
the author in this article are not reflective
of AAST.

From Hans Berger’s first recording of
human electroencephalogram (EEG) in
1924" until the mid-1990s, sleep records
were recorded on paper. Scoring sleep
stages throughout time was based on
the Rechtschaffen and Kales manuscript
published in 1968 that standardized the
process (commonly referred to as R&K).2

In the late 1980s, however, sleep scoring
began to change with the introduction of
computers. With this, paper recordings
became obsolete as sleep studies were
able to be done digitally. This was followed
by the implementation of rule-based
auto scoring in the early 1990s, which
was adopted by the sleep labs in the
U.S.3% Additionally, in 2007, the American
Academy of Sleep Medicine (AASM)
published its scoring manual in 2007,
which became the defining reference for
sleep scoring.®

Flash forward to today, machine learning
auto scoring (artificial intelligence [Al])

is now pertinent on the sleep scene

since Ensodata was cleared by the U.S.
Food and Drug Administration (FDA) in
2017 for a software-only medical device,
used under the supervision of clinicians,
to analyze physiological signals and
automatically score sleep study results.’
The device challenged rule-based auto
scoring and “augment(ed] the expert
evaluation of sleep data including human
scoring process.”®® Another example is the
“WatchPAT, which significantly improves
workflow by automatically rendering a fully
scored report from a unique set of signals,
most notably the Peripheral Arterial Tone
(PAT®) signal, which is used to stage sleep
without requiring any sensors on the face
or head to record EEG.""® With this, multiple
companies, vendors and manufacturers
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have now become the scorers during sleep studies — or rather their sleep products and
digital systems — versus individual sleep technologists. While this change has streamlined
processes, the different Al scoring tools require sleep-care professionals to learn how to
use and understand different platforms and software. And while some of these tools go
as far as to offer their own certifications as “master scorers,” which might be awarded with
some bias, is this enough to get everyone and everything (human and machine) to be in
total agreement on scoring sleep studies?

I was lucky to learn how to read EEG in the early 1990s when | was living and becoming
a medical doctor general practitioner (MD) in El Salvador, back when EEG was printed

in squares on paper. The amplitude of various waveforms depended on the electrode
sensitivity used during the recording, and the different sizes and measurements of sleep
activity was easy to visualize (e.g., identify 0.5 sec or 75 pV peak to peak).

When | immigrated to the U.S.in the mid-2000s, | learned and adapted to score sleep
studies on computers in a private sleep laboratory. The sleep studies were scored by two
experienced registered polysomnographic technologists (RPSGTs). But despite being
experts at scoring, they were never 100% in agreement with each other and often had to
defer to the AASM scoring manual and R&K rules for final calls.

I share this tidbit from my training days 16 years later, as despite becoming an
experienced scorer myself, | have not seen any two sleep scoring masters, seniors,
experts, professionals or newbies be in 100% agreement with each other. But with all the
scoring advancements, will the sleep community now become 100% in agreement on
scoring? Will we be able to determine what is the best and most accurate way to assess
sleep stages, as well as who (human or machine) and what should be referred to as the
master rule and gold standard?

To answer these questions, we need to collectively review sleep studies of patients from
many backgrounds (e.g., ages, genders,'" special populations, different geographic global
locations, diseases and medications') to gather more information about the complexity of
human brain activity overall. Additionally, we need to better define various muscle artifacts,
such as the transient muscle artifact found from new, hypoglossal nerve stimulators in
overnight titration studies, because upper airway stimulation (UAS) — like Inspire — has
become a viable treatment alternative for well-selected patients with obstructive sleep
apnea (0OSA)."™ In doing this, we can collectively strengthen the industry’s knowledge of
sleep stages and in turn be more in agreement across all types of scorers on what should
be considered standard.™#?3

At the time of this publication, rule-based auto scoring and Al scoring are about 85% in
agreement to the K&R rules and professional sleep scorers.™?3 |s 85% good enough for
a standard base autoscoring? Will the machines ever reach 100%? Is 100% agreement
among machines utopia compared to an average agreement among human scorers?

Only time will tell. For now, it's about adaptation. The sleep industry needs to adapt to the
scoring rules of the present — both human and Al — and should adapt to and integrate
with the new technologies that are coming and evolving to be more in alignment with one
another and achieve a sleep scoring agreement of 100%. €

AZzz 21



. Zhang Z, Sowho M, Otvos T, et al. A comparison of automated and

. Gavidia R, Whitney DG, Hershner S, et al. Gender identity and transition:

. Gavidia R, Emenike A, Meng A, et al. The influence of opioids and

. Huntley C, Chio E, Soose R, et al. Real-world Evaluation of Upper Airway

. Ensodata performance document. 2021 https://www.accessdata.fda.

. Punjabi NM, Shifa N, Dorffner G, et al. Computer-Assisted Automated

. Fiorillo L, Puiatti A, Papandrea M, et al. Automated sleep scoring: A review

. Malhotra A, Younes M, Kuna ST, et al. Performance of an automated

. Allocca G, Ma S, Martelli D, et al. Validation of ‘Somnivore’, a

JOSEPH CASTILLO, RPSGT, RST, CCSH, RN, BSN,
FAASM, FAAST, is a gold standard member for the autoscoring
third party sleep stage certification by the AASM. Fellow by AASM
and Fellow by AAST who scored 44,000 sleep studies.

References

1. Britton JW, Frey LC, Hopp JL, et al. Electroencephalography (EEG): An
Introductory Text and Atlas of Normal and Abnormal Findings in Adults,
Children, and Infants [Internet]. Chicago: American Epilepsy Society; 2016. Appendix 6. A Brief
History of EEG. Available from: https://www.ncbi.nlm.nih.gov/books/NBK390348/

Moser D, Anderer P, Gruber G, et al. Sleep classification according to AASM and Rechtschaffen & Kales:
Effects on sleep scoring parameters. Sleep. 2009 Feb;32(2):139-49. doi: 10.1093/sleep/32.2.139
Stanley, N. The Future of Sleep Staging, Revisited. Nature and science of sleep. 2023;15:313-322.
10.2147/NSS.S405663. https://www.researchgate.net/publication/370634344_The_Future_of_
Sleep_Staging_Revisited

Silber MH, Ancoli-Israel S, Bonnet MH, et al. The visual scoring of sleep in adults. J Clin Sleep Med.
2007 Mar 15;3(2):121-31. Erratum in: J Clin Sleep Med. 2007 Aug 15;3(5):table of contents

Penzel T, Glos M, Garcia C, Schoebel C, Fietze |. The SIESTA database and the SIESTA sleep analyzer.
Annu Int Conf IEEE Eng Med Biol Soc. 2011;2011:8323-6. doi: 10.1109/IEMBS.2011.6092052

Berry RB, Budhiraja R, Gottlieb DJ, et al. Rules for scoring respiratory events in sleep: Update of the 2007
AASM Manual for the Scoring of Sleep and Associated Events. J Clin Sleep Med. 2012;8(5):597-619
EnsoSleep White Paper 081821. Retrieved from https://www.ensodata.com/white-paper/2021-
ensosleep-white-paper/

Bandyopadhyay A, Goldstein C. Clinical applications of artificial intelligence in sleep medicine: A
sleep clinician's perspective. Sleep Breath. 2023 Mar;27(1):39-55. doi: 10.1007/s11325-022-02592-
4. Epub 2022 Mar 9

Goldstein CA, Berry RB, Kent DT, et al. Artificial intelligence in sleep

19.

20.

21.

22.

23.

of Polysomnography Data. Frontiers in
Neuroscience. 2019;13:207. doi: 10.3389/
fnins.2019.00207

Cesari M, Stefani A, Penzel T, et al. Interrater
sleep stage scoring reliability between
manual scoring from two European sleep
centers and automatic scoring performed
by the artificial intelligence-based Stanford-
STAGES algorithm. J Clin Sleep Med. 2021 Jun
1;17(6):1237-1247. doi: 10.5664/jcsm.9174
Lee YJ, Lee JY, Cho JH, Choi JH. Interrater
reliability of sleep stage scoring: a meta-
analysis. J Clin Sleep Med. 2022 Jan
1;18(1):193-202. doi: 10.5664/jcsm.9538

Biswal S, Sun H, Goparaju B, et al. Expert-
level sleep scoring with deep neural
networks. J Am Med Inform Assoc. 2018
Dec 1;25(12):1643-1650. doi: 10.1093/
jamia/ocy131

Bakker JRP, Ross M, Cerny A, et al. Scoring sleep
with artificial intelligence enables quantification
of sleep stage ambiguity: Hypnodensity based
on multiple expert scorers and auto-scoring,
Sleep. Feb 2023;46(2)zsac154. https:/doi.
org/10.1093/sleep/zsac154

Penzel T. Sleep scoring moving from visual
scoring towards automated scoring. Sleep.
2022 Oct 10;45(10):zsac190. doi: 10.1093/
sleep/zsac190

medicine: an American Academy of Sleep Medicine position statement. J
Clin Sleep Med. 2020;16(4):605-607. https://doi.org/10.5664/jcsm.8288

manual sleep staging and respiratory event recognition in a portable
sleep diagnostic device with in-lab sleep study. J Clin Sleep Med. 2020
April 15;16(4). https://doi.org/10.5664/jcsm.8278

i

ACHC,

relationships with sleep disorders in US youth. J Clin Sleep Med.
2022;18(11):2553-2559. doi:10.5664/jcsm.10158

nonopioid central nervous system active medications on central sleep
apnea: A case-control study. J Clin Sleep Med. 2021 Jan 1;17(1):55-60.
doi: 10.5664/jcsm.8826. PMID: 32964833; PMCID: PMC7849633

Stimulation system survival using post-market surveillance data.
Sleep. May 2023;46(Issue Supplement_1):A197-A198. https://doi.
org/10.1093/sleep/zsad077.0445

gov/cdrh_docs/pdf21/K210034.pdf

Scoring of Polysomnograms Using the Somnolyzer System. Sleep.
2015 Oct 1;38(10):1555-66. doi: 10.5665/sleep.5046

of the latest approaches. Sleep Medicine Reviews. 2019;48: 101204. ISSN
1087-0792. https://doi.org/10.1016/j.smrv.2019.07.007. (https://www.
sciencedirect.com/scienc/earticle/pii/S1087079218301746)

polysomnography scoring system versus computer-assisted manual
scoring. Sleep. 2013 Apr 1,36(4):573-82. doi: 10.5665/sleep.2548

Machine Learning Algorithm for Automated Scoring and Analysis

Quarter Four 2023

&, SLEEP

GET MORE FROM
ACCREDITATION

SOLUTIONS FOR HOME
AND IN-LAB TESTING

v Educational Focus
v No Annual Fees

v Exceptional Service

Discover more at achc.org.

@ ISO 9001:2015 CERTIFIED. ACCEPTED BY CMS.

ACCREDITATION COMMISSION
for HEALTH CARE

AZzz (22


https://achc.info/3A9r3Au

	AAST Website 4: 
	AAST Website 3: 
	Page 2: 

	AAST Website: 
	Page 4: 

	Forward 12: 
	Page 9: 

	Read More: 
	Page 9: 



