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NMaApikn oEUHETPIA

MAsovekTRHaTa

 cheap
* simple
» easy to use

* quick response

MelovekTnpaTa

« perfusion
e false alarms
 motion artefact

 oxygen dissociation
curve



NMpakTikd {NTAHATA OTN XPNON OEUHMETPOU YIa
VUKTEPIVI KaTaypapn

OEupeTpia:

« Machines differ in sensitivity, sampling frequency, artefact rejection and
averaging time

 Analysis differs e.g. > 4% or time below 90%

« Give an indication of arousals (increase in HR > 6bpm)



U hn =

[pakTika (NTNAMATA oTn xpnon oEupe:Tpou
VI VUKTEPIVN KATaypagpn

©¢on: Storage capacity: 8 h

AoBoOc auTioU > dAKTUAO

BaBuovounon

>uyxvoTnTa Anwnc petpnoswy (1-10 Hz)
Averaging time (3 sec)

Motion tolerant

Pretto et al, Respirology 2014; Piper et al, Sleep Med Clin 2014



NMaApikn oEUMETPIA

A pulse oximeter records the arterial oxygen
saturation and the pulse rate
This allows the estimation of the number of apnoeic

Sensormedics Oxyshuttle finger |

episodes that occur during sleep as calculated by
counting the number of acute drops in arterial
oxygen saturation (usually using a threshold of 4%
drop).

Oxygen desaturation index (4%) or ODI
The software also usually calculates the number of

acute spikes in pulse rate ( a 6 beat per minute
threshold is commonly used).
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Sleep Related Hypoxemia
ICD-9-CM code: 327.26
ICD-10-CM code: G47.36

Alternate Names
Nocturnal oxygen (or oxyhemoglobin) desaturation, low nocturnal oxygen saturation, nocturnal
hypoxemia, sleep related hypoxemia, sleep related oxygen desaturation.

AlayvwoTIKA KPITNPIa



Sleep Related Hypoxemia
ICD-9-CM code: 327.26
ICD-10-CM code: G47.36

Alternate Names
Nocturnal oxygen (or oxyhemoglobin) desaturation, low nocturnal oxygen saturation, nocturnal

hypoxemia, sleep related hypoxemia, sleep related oxygen desaturation.

Criteria A and B must be met

A. PSG, OCST or nocturnal oximetry shows the arterial oxygen saturation
(SpO,) during sleep of < 88% in adults or < 90% in children for = 5

minutes.
B. Sleep related hypoventilation is not documented.
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ZUvOpPOHO NayuoapKiac- UrnoaEPIcHUoU
OSA and REM sleep hypoventllatlon
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Yno§uyovaipia oTn VUKTEPIVI OEUHETPIa

"AVIXVEUON VUKTEPIVIIG UTTOSUYOVAIMIOG
OpileTal w¢
- Sp02< 88% yia >5 ouvexn Aetrtd, min SpO2= 85%
- Sp02<90% vyia 1o 30% TOU XPOVOU KaTaypa®png

" A&IKTNG ATTOKOPECHOU alpoo@aipivng (oxygen desaturation index, ODI)
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Nocturnal oximetry under NIV

- Advantages
— Simple
— Inexpensive

 Limitations
« Only partially evaluate the efficacy of nocturnal NIV

« If normal, cannot exclude alveolar hypoventilation (especially if
additional O2 is needed)

« Does not identify the mechanisms of SpO2 abnormalities (apneas,
glottis closure, leaks, asynchronies, hypoventilation)

- Perhaps necessary but not sufficient
(R. Ramsey et al, Chest 2007)
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Figure 1 Interpretation of oxygen saturation measured by pulse oximetry (Spog) patterns in patients using non-invasive ventilation (NIV). (A) Recurrent
oscillations of Spo, in a patient treated with NIV. This pattern is sensitive but not specific and can be associated with (i) central events resulting from
respiratory instability under NIV, (i) persistent obstructive events occurring in upper airways, (iii) intermittent non-intentional leaks. (B) Sustained Spo,
desaturations during NIV {10 min). This non-specific pattern can result from residual hypoventilation or prolonged non intentional leaks

440 Thorax 2011:66:438—445. doi:10.1136/thx.2010.139782

Janssens JP et al Thorax 2011
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Global OSA Prevalence

Russian Federation
AHI>5 =40 M
AHI>15=20 M

Germany
AHIZ5 =26 M
AHIZ15=14 M

W china
AHI>5 =176 M
AHI>15 =66 M

France
AHIZ5 =24 M
AHIZ15=12 M

Japan

AHIZ5 =22 M
AHIZ15=9 M

United States
AHI>5 =54 M
AHIZ15=24 M

Pakistan
AHIZ5 =42 M
AHI215=17 M

India
AHIZ5=52 M

,.’\) W
S
\

Nigeria AHI215=29 M -
Brazil AHI>5=31M R
AHIZ5 =49 M AHIZ15=12 M
AHIZ15=25M

AHI =5 AHI = 15

93613 601 689 4241 63 01028 Benjafield et al, AJRCCM 2018 (abstract)




Why medical
DESTROYED treatments must be
BY DOCTOR made as cost effective
, as possible.

Insured? Confident? Be careful:
BI LLS A Harvard study finds postly

ilinesses are bankrupting

millions of middle-class families

BANKRUPTCY BY THE NUMBERS

m Every 45 seconds, an American family goes bankrupt
® More kids have to endure parents’ bankruptcies than divorces
® Half of all bankruptcies are due to illness and medical bills

Source: Harvard study

7 | THE BRUNNERS, NORMAN, OKLA.
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The future of polysomnography - indications

Hirshkowitz M. Polysomnography Challenges Sleep Med Clin
11: 403-411 (2016)
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~ Other X
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Practice
‘ Sleep Apnea
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MeAETN UNVOU OTO OMNITI
Home sleep apnoea testing HSAT or OOC

JCSM

Journal of Clinical

Sleep Medicine

DOI: 10.5664/JCSM. 1328

Obstructive Sleep Apnea Devices for Out-Of-Center (OOC)
Testing: Technology Evaluation

Nancy A. Collop, M.D."; Sharon L. Tracy, Ph.D.2; Vishesh Kapur, M.D.?; Reena Mehra, M.D., M.S.#; David Kuhimann, M.D.5;
Sam A. Fleishman, M.D %; Joseph M. Ojile, M.D.

!Emory Sleep Center, Atlanta, GA, *The American Academy of Sleep Medicine, Darien, IL; *University of Washington Medicine
Sleep Center, University of Washington, Seattle, WA; ‘Case Western Reserve University, Cleveland, OH; *Botinvell
Regional Health Center; Sleep Disorders Center; Sedalia, MO; *Cape Fear Valley Sleep Medicine Center, Fayerteville, NC;
’St. Louis University and Clayton Sleep Institute, Saint Louis, MO

Guidance is needed to help clinicians decide which out-of-
center (OOC) testing devices are appropriate for diagnosing
obstructive sleep apnea (OSA). A new classification system
that details the type of signals measured by these devices is
presented. This proposed system categorizes OOC devices
based on measurements of Sleep, Cardiovascular, Oximetry,
Position, Effort, and Respiratory (SCOPER) parameters.

Criteria for evaluating the devices are also presented, which
were generated from chosen pre-test and post-test prob-
abilities. These criteria state that in patients with a high pre-
test probability of having OSA, the OOC testing device has a
positive likelihood ratio (LR+) of 5 or greater coinciding with an

sure can be an adequate measurement of respiration with no
effort measure with the caveat that this may be device specific;
nasal pressure may be used in combination with either 2 piezo-
electric or respiratory inductance plethysmographic (RIP) belts
(but not 1 piezoelectric belt); and there is insufficient evidence
to state that both nasal pressure and thermistor are required to
adequately diagnose OSA. With respect to alternative devices
for diagnosing OSA, the data indicate that peripheral arterial
tonometry (PAT) devices are adequate for the proposed use;
the device based on cardiac signals shows promise, but more
study is required as it has not been tested in the home setting;
for the device based on end-tidal CO, (ETCO,), it appears to

Introduction of SCOPER: Sleep, Cardiovascular, Oximetry, Position, Effort, Respiratory



Table 1—SCOPER Categorization System

Sleep Cardiovascular Oximetry Position Effort Respiratory
S,-Sleepby 3EEG | C,—more than 1 O, — Oximetry (finger | P, - Video or E, - 2RIP belts R, —Nasal pressure
channels* with ECG lead - can or ear) with visual position and thermal
EOG and chin derive events recommended measurement device
EMG sampling
S, - Sleep by less C, - Peripheral 0O,, — Oximetry (finger | P,-Non- E, - 1RIP belt R, —Nasal pressure
than 3 EEG* with arterial or ear) without visual position
or without EOG tonometry recommended measurement
or chin EMG sampling
(per Scoring
Manual) or not
described

S, — Sleep surrogate:
e.g. actigraphy

C, - Standard ECG
measure (1 lead)

0, - Oximetry with
alternative site
(e.g. forehead)

E, — Derived effort
(e.g. forehead

VErsus pressure,

R, —Thermal device

FVP)
S, — Other sleep C, — Derived pulse O, — Other oximetry E, — Other effort R, — End-Tidal CO,
measure (typically from measure (ETCO,)
oximetry) (including piezo
belts)

C, — Other cardiac
measure

R, — Other respiratory
measure

SCOPER (Sleep, Cardiovacular, Oximetry, Position, Effort, Respiratory) criteria

Collop et al. JCSM 7:531-548 (2011)

Proper oximetry sampling is defined as 3 s averaging and a minimum of 10 Hz sampling rate (25 Hz desirable).’*3 EEG channels defined as frontal, central
and occipital. EEG, electroencephalography; EOG, electrooculography, EMG, electromyography; ECG, electrocardiography; RIP, respiratory inductance
plethysmography.
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AASM classifies sleep recording techniques into 4 types (*)

ype 1: full attended PSG (= 7 channels) in a laboratory setting
Type 2: full unattended PSG (= 7 channels)

Type 3: limited channel devices (usually using 4 — 7 channels)

'ype 4: 1 or 2 channels usually including oximetry

ASDA 1994
Chesson AL et al. SLEEP 2003, 26:907-13
Kapur VK et al. JCSM 2017, 13:479-504



MeAETN UNVOU OTO ONITH

Airflow

Respiratory effort / snoring
Oxygen saturation

Pulse rate / heart rate
Body position

Nox: T3

Somnomedics: Somnotouch

Itamar: Watch-PAT
Resmed: Apnealink




MePIPEPEIAKOC APTNPIAKOC TOVOG

Parameter:

e Peripheral arterial tone
e Pulse oximetry

e Actigraphy

Thorakale Atmungsbewegung

SV sty VY

WW UUU\WMWW\,“\,

I A}MWMWMWW MWM\M il M

PAT

LT P —

ECG

it et e \,-.—-'—.—-v-v.-.--.-..-.li- ot

PAT

ECG *
cafeey ithprectpabe st

Schnall RP et al. Sleep 22:939-946 (1999)
Lavie P et al. Nature Medicine 6:606 (2000)
Penzel et al. Physiol. Meas. 25: 1025-1036 (2004)



Accuracy of Monitors and
Questionnaires - ACP Guideline

Tool

Type Il monitor
Type Il monitor

Type IV monitor
22 channels

1 channel/oximetry

Berlin Questionnaire
Epworth Sleepiness Scale
STOP-BANG Questionnaire

AHI Cutoff,
events/h

15
15
15

15
15
15
15

Sensitivity, %

79-100
64-100
67-98

39-100
40-83
21-50
44-99

ACP

AMERICAN COLLEGE OF PHYSICIANS
TER (EDICINE | Doctors for Adulis

Specificity, %

71-100
41-100
50-100

32-100
20-97
43-83
11-77

Annals of Internal Medicine 2014; 161: 210



Simple screening: airflow or SaO, Is not enough

Micromesam recorded signals:

+ Airflow (pressure changes)
« Snoring (pressure changes)
« only one sensor: nasal prongs

Oximetry:
¢ OXygen saturation
Product Highlights
* pulse rate Yo paririinc I

SEEPEIT
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F1cure 1. Typical examples of oximetry recordings demonstrating regular Spo, falls that are suggestive
of SRBDs. Top, A: the symmetry of the desaturation/resaturation pattern suggests CSA. Bottom, B: a
slow desaturation pattern is followed by a rapid increase in Spo, characteristic of OSA.

N= 50, home pulsoximetry and polysomnography

Home oximetry had a 85% sensitivity and a 93% specificity (p<0.001) for
SRBD.

Desaturation pattern cannot distinguish OSA and CSA

Series / Bradley Chest 2005;127;1507-1514



PSG will be substantially transformed
by the digital revolution




Smartphone Applications

Movement analysis
Microphone analysis
Other single use sensors

Instructions « Wednesday 03-04 Oct

Sleepcycle zum Wecken

()

FIGURE1 Sleep Cycle uses the accelerometer in smartphones to detect movement. The app uses these readings to attempt to graph a
user's sleep patterns. The screenshots show (a) the recommended placement of the smartphone, (b) the user’s sleep statistics, and

Grifantini K. IEEE Pulse Magaz/ne, 56pt 2014 (c) sleep quality graphs. (Image courtesy of Sleep Cycle.)
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Estimating sleep using smartphone apps

Number of Published Studies by Fitbit Data Type as of 09/23/2016

Polysomnography Presente d vy fitabase
, 1u| H JM ﬂ _Mr] ’||F1 L l L WH (

o | I Ul

Stage 1: 37 min (9.2% TST)

Stage 2: 185 min (46.2% TST) 24 2

Stage 3: 92 min (23 % TST) ., .

REM sleep: 85.5 min (21.6% TST) - .- IR ﬁ
Distance Enﬁ;g“yure Floors Food Goals

Wake after sleep onset: 69.4 min
Expe

Heart Intensity Sleep Steps Weight
Rate

o SleepApps raise interest
e Valdation against reference (PSG)

Light sleep: 432 min

Deep Sleep: 229 min
Fietze: Sleep Medicine Clinics 11: 461-468 (2016)

Awalte for: 22 min



Smartphone apps for sleep apnea

BEST IPHONE APPS FOR SLEEP APNEA
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CLINICAL PRACTICE GUIDELINES

Clinical use of pulse oximetry: Official guidelines from the
Thoracic Society of Australia and New Zealand

JEFFREY J. PRETTO,"? TEANAU ROEBUCK,® Lutz BECKERT*® AND GARUN HAMILTON®’

Table 1 List of clinical applications for pulse oximetry and issues to consider relevant to each application

Use oximeter in ‘sleep” mode or with alarms disabled

Set averaging time to 3 s or less

Set data sampling and storage rate to a minimum of 10 Hz
Ability to output data in real time to capture on
polysomnograph system

Detection of nocturnal Sleep laboratory
breathing disorders in
the laboratory

Detection of nocturnal Overnight domiciliary monitoring = Use oximeter in ‘sleep” mode or with alarms disabled
breathing disorders in * Set averaging time to 3 s or less
the home setting + Set data sampling and storage rate to a minimum of 1 Hz

« Adequate data storage capacity (minimum of 8 h)
= Download/analysis software required for report generation

Respirology (2014) 19, 38-46
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Overlap syndrome — COPD and OSA




> @ https://www.thoracic.org/professionals/clinical -resources/sleep/sleep-fragments/2012-september.php & % &3
# HOME = FOUNDATION I CONFERENCE = GUIDELINES & JOURNALS ™ STORE
Clinical Resources A 77 year old man underwent overnight oximetry to assess severity of nocturnal desaturations after discontinuing CPAP
Career Development therapy due to intolerance, His underlying medical conditions include ischemic cardiomyopathy, with left ventricular
Education ejection fraction estimated at 35%, obesity, and hypertension. A sleep study greater than one year ago demonstrated

severe sleep disordered breathing with AHI of 103 and oxygen saturation nadir of 67%. On examination in clinic, notable
findings inciuded presence of obesity, irregular heart beat, and trace peripheral edema.

Professional Accreditation

ATS Podcasts

ATS Webinars Images:

Caiendar of Events Below is a portion of his home based overnight oximetry. Hash-marks denote S minute time increments.
Ethics ond. O Figure 1: Oximetry on supplemental oxygen alone

job Board

Figure 1. Oximetry on supplemental oxygen slone

Pulmonary Function Testing

Research B e e
ATS Resources o :g
ATS Store : A, : L H 3
ipais TR R Y
Pediatric Division Directors dhemeeaes B ¢ ‘ L {10
=08 ' ==

LRRES

. -

Wellbeing Collaborative

Figure 2: Oximetry after intervention
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Interaction of Sleep Apnea With Cardiovascular
Disease

Aug 01, 2014 | Faisal Naguddn Syed, ME CUB. FALC; Seth M Sngidan, MD, FACC: Seen Caples. 0O

woeve IEIEEIED @0 Fom Size 4 A A

A 67-year-olg man presents with a three-month history of pauses in breathing during sieep.
witnessed by his wife. There & no history of snoring or difficulty falling ssleep. atthough he
has been waking up occasionally due to shortness of beeath which resolves several minutes

after sitting Lpright, He has recently been diagnosed with heart fallure and his medications
are aspirin, lisinopril, atorvastating and metoprolol Vitals: temperature 36.6 “C (97.9 *F) left
am BP 128/78 mm HE. pulse rate 88imin, respiration rate 16/min, body mass index 14
kg/m2. Cardiorespiratory examination demonitrates regular pulse, an $3 without aay
murmurs, JVP & om. bibasilar crackies and trace bipedal edema, Overnight sleep oximetry
reveals baseline saturations of 34% on room air with frequent desasturations (Figure 1). On
polysomnography. there is charactenstic Cheyrne.S1okes ventilation.

MId\dunfo!mmkft&u&?snpgggm
" A, Continuous positive airways
pressure (CPAP).

. B. Adaptive servoventilation (ASV).
' C. Diuretic therapy.

' D. Nocturnal oxygen.

. E. Theophyliine.




onciusions — which sleep study: I,
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Forced to conclude that the type of sleep study
may not be that important

Oximetry alone with expert interpretation and a
clinical assessment seems to be as good as any
other approach

There are important caveats however:-

Young, thin individuals can have significant OSA
with very little desaturation and may be
overlooked

Cheyne Stokes breathing can look like OSA

Nocturnal hypoxia in COPD can sometimes look a
bit like OSA

Extra channels and video prevent these errors



EvOei&eic HEAETNG UNVOU OTO ONITH

Who should use portable monitoring: certified sleep physicians
Indications for portable monitoring: sleep apnea
High pre-test probability for sleep apnea: daytime symptoms

Therapy control studies in sleep disordered breathing

Strategy for easy portable monitoring decision

AHI or ODI or sleepiness
>

AHI=5 AHI=40




AvTevOEi&eic HEAETNG UNVOU OTO ONITI

No use of portable monitoring:

« comorbid and other sleep disorders
» exclusion of sleep disordered breathing
 population screening




M.M.2. IaTpikn TOU 'Ynvou

“"Evapén: 10-12 OkTtwppn 2013

195 kUkAoOG: 19/19 anogoiTtol - 100%
10 unownpiol 318aKkToPEeC — 2 oAokAnpwoav To PhD

295 KUKAOG: 22/22 anogoiTtol - 100%
3 unowngiol 310akTopeG — 1 oAokAnpwoe 1o PhD
1 MSc

396 KUKAOG: 21 pOITNTEG — 6 ANOPOITOI

2 unoyngiol S10AKTOPEG
2 MSc

*4°5 kUKAOG: 8 poITNTEG (I €€aunvo Znoudwv)

596 KUKAOG: 9 (POITNTEG



Euxapiotw yia Tnv
NnPoooxn odc




