ResMed PAP Solution

Algorithms and Mask features
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Event detection - History

Apnea classifier

Cheyne Stokes detector
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Sleep related Events Detection

@

Flow
limitation
/ The algorithm is able to detect \

multiple flow limitation shapes

e 3 breaths moving average
e Several flow characteristics are
considered to gauge severity

FL Severity
=Tidal volume + Shape of flow curve
+ Inhalation stretching

* Once the event is corrected,
20 minutes pressure decay time

Noise fluctuation(vibrations) are
detected using the pressure sensor in
the flow generator

AW

T ol

Snore superimposeaed on inspiratory
flow time curve

e 1 breath moving average

* |t measures oscillations in the

flow-time curve

* Once the event is corrected, 20

minutes pressure decay time

A way to measure patient resplratory
impedance at the top of the upper
airway and determine if it is
open(detect as a CSA) or
closed(detect as a OSA)

Respiratory

10sec
Flow

/4 Sec A ~N
6 sec

P

Apnea type detected : OSA or CSA or Unknown

* Once the event is corrected,

QOminutes pressure decay timel/




AutoSet

ol ResMed Algorithm has proven in ERS
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TABLE 1 Reponses of automatic continuous positive airway pressure (APAP] devices to

obstructive sleep apnoea simulated by the bench test

APAP device Pmax cmH,0 tmax min Pmean cmH,0 Residual Breathing

Y| =M E AutoSet X 112| S 271 =&, £k 374 2| K| E 0]

210}

AHI events per h normalisation

=

17.9,17.8 22.4,19.0 14.6, 14.6 20,20 Yes , yes

A2 15.4, 15.6 403,57.7 13.4, 135 20,15 ves yes | BIZHE
00, 100 1306 1213 81T —oommo No, no oF
c 13.4,13.9 28.0, 464.1 12.4,12.2 30,30 Yes.yes  AutoSet &1l
D 107,107 75.1, 103.7 97,97 265,325 No, no
E 10.4, 10.4 20.7,18.9 10.2,10.2 35, 25 No, no
F 119, 12.1 34.4, 36.0 10.1, 10.1 115,13 No, no
G 105, 1.0 32.2,83.2 99,99 33, 26.5 No, no

10, response setting; B: Dreamstar; C: Icon; D: Resmart; E: Somnobalance; F: System One; G: XT-Auto.

The two values for each variable correspond to the results obtained in the two test repetitions in each
device. Pmax: maximum positive airway pressure applied; tmax: time to reach Pmax+0.3 cmH;0; Pmean: mean
positive airway pressure; AHI: apnoea-hypopnoea index; Al: AirSense 10, standard setting; AZ: AirSense
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Comparative assessment of several automatic CPAP devices’ responses: a be
ERS open research_2015

nch test study




AutoSet

Algorithms

Soft

AutoSet Response treats
typical flow limitation
(flat peak, Tl stretching,

AutoSet Response does not treat
atypical M-shaped breaths without
significant Tl stretching or drop in

AutoSet Response : Standard vs Soft

Deep M-shapes) tidal volume
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Note:
1. The standard Autoset reacts to all breath shapes(blue line).
2. The AutoSet Response(red line) reacts to the usual flow limitations only.
It is a softer response to flow limitation with an overall lower target pressure range.




AuteseLiti AutoSet for Her

 The Women may present differently(more flow limitation or RERAS).

« Some women may be disturbed by the changes in pressure when using
AutoSet.

* The for Her algorithm : Slower & Lower pressure rise and Slower decay

Female OSA patient
Start with: AutoSet for Her

_ _____ Q'i Q: Is AHI too high?

Respiratory flow

: AutoSet
Responds to each : . : .
: ailored response :

flow-limited breath

Pressure

NO

Clinical evidence Study Of A Novel Automatic Positive Airway Pressure Algorithm For Continue on AutoSet Eor Her

The Treatment Of Obstructive Sleep Apnea In Women, N.McArdle,MD, SLEEP
2015;38(11):1775-1781.

AfH is as effective as the standard AutoSet algorithm in controlling OSA. AfH may | YES
reduce flow limitation more than the standard algorithm and achieve control of - Trial Standard AutoSet
OSA at a lower pressure to the women OSA patients. !
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RERA Detection

Respiratory Effort Related Arousals(RERAs) detector measures the number of
events which disturb the patients breathing during their sleep.

e This is important as many short apneas may not make the threshold to be
identified and logged as an apnea(10sec) or hypopnea, and hence are
overlooked in the overall assessment of sleep quality.

* It alerts the clinician to the presence of residual breathing issues and to
the need to modify treatment.

RERA will scored as there is a
trend of increasing,
flow limitation, followed by

large step change in ventilation RERA will NOT be scored as

RERA will NOT be scored the flow limitation does not

as there is not trend of have the classic flat/m-shape
increasing flow limitation with Tl stretching
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of 2 flow limited breaths(flat/M-shape)
tude of the these breaths.

Patient Flow

The scoring of a RERA requires
and a reduction i

RERA Detection — Clinical evidence

J. P. Armistead — White paper - AirSense™ 10
Apnea Hypopnea Index (AHI) Scoring and
Advanced Event Detection — 2014

Shows that the RERA scored by the AutoSet
for Her is accurately aligned with what a
human scorer would select as a RERA
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Non-parametric analysis of the data, comparing human
(0.21 £ 0.3) and algorithm(0.22 + 0.27) scoring showed no
significant difference in the outcome, based upon the
scoring method used (p = 0.87).

ResMed
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Cheyne-Stokes Respiration detection further enhances effective therapy AirView _
management by prOViding additional C“nical inSightS Pressure - cmH20 Median:  64.4 95th percentile: 107.2 Maximum: 100.6
Leaks - L/min Medan: 149  95thpercentile: 16.4 Maximum:  18.1
Not all patients with CSR/CSA will initially be diagnosed or prescribed ASV therapy | ;... Y T 189 W 23
* This means that some patients with CSR will end up on CPAP or AutoSet honea dex ok 108 Ohetucive 1076 Unowr W3
* Rellably detectlng CSR will allow for such patlents to be correctly treated Cheyne-Stokes respiration (average duration per night) 2 hours 31 minutes (53%)
The algorithm looks for breathing patterns representative of CSR _

over a minimum of 15 minutes M| el M

Breathing between events Shape of breathing pattern is sinusoidal Eﬁéﬁ?ﬁe 0Ty

pmmmmmmmsmee during a typical CSR period ::EE

. *% ~. g;aﬁge ?_U:

6.0

5.0

4.0

3.0

H 2.0:
E.----...----E ;iEEED!’otaI Usag_e:l hrs 54
Apnea Lengt . 5 = C5R 1 53 mins (47%5)

CSR Detection — Clinical evidence Validation of a Cheyne-Stokes Respiration (CSR) detection algorithm
for a CPAP device] 2014’ ERS congress Abstract ID: 853722 Shows that this novel algorithm for detecting
CSR breathing on the AirSense10 device is highly accurate and can be a useful tool for monitoring therapy.



g AHI Scoring Accuracy

American Journal of Respiratory and Critical Care Medicine 2013;201:A3747

KLINIK

Westdeutsches

Duisburg-Essen, Germany
ZUniversity of New South Wales, Sydney, Australia,
*ResMed Ltd, Sydney, Australia

tungenzentim Gerhard Weinreich!, Wang Yi', Jeffrey Armitstead®2, Peter Bateman®, Glenn Richards®, Helmut Teschler’ Center

roneeane Accuracy of AHI Detection of the S9 AutoSet APAP Device  ResMep \
‘ Science

Department of Pneumology, Ruhrandklinik, West German Lung Center, University Hospital Essen, University

Method :

* 150 subjects, overnight PSG for suspected OSA, during APAP titration.

* PSG: EEG, EMG, ECG, Sp02, position and (RIP) chest and abdomen as
well as APAP device patient flow, leak and mask pressure.

* PSGs were manually scored using device flow for respiratory events
according to the AASM 2007 recommended criteria.

PSG data(n=147)

AHl(per hour) 1.4(0.38-3.62)
Al(per hour) 0.3(0-1.14)
Arousal index(per hour) 9.3(6.6-14.4)
Sleep time(min) 272(230-294)
Sleep efficiency(%) 71(62-81)

Results

We included 147 patients in the study. The AHI was substantially
reduced on therapy(AHI = 1.4/h, range 0.4-3.6/h).

Using a PSG cut-off of AHI>5/h for residual events, a device-
reported value of 7/h was associated with a sensitivity of 93% and
a specificity of 91%.

Device-reported CAl at a value and a specificity of 92% for
detecting residual central sleep apnea.

Conclusions

The AHI reported by the AutoSet device was accurate and showed
a high correlation with AHI determined using laboratory PSG.



Comparison

table

Appendix

S9 AutoSet AirSense AutoSet AutoSet Response AutoSet for Her
Flow limitation v v v v
Moving average 3 breaths 3 breaths 3 breaths 1 breath
Pressure increase cap 0.6 cmH20 per breath 0.6 cmH20 per breath 0.5 cmH20 per breath
Decay 20 minutes 20 minutes 20 minutes 60 minutes
Snoring 4 v v v
Moving average 5 breaths 1 breaths 1 breaths 1 breaths
Pressure increase cap 0.6 cmH20 per breath 0.5 cmH20 per breath
Decay 20 minutes 20 minutes 20 minutes 20 minutes

Apnoeas

Pressure response

Pressure increase cap

Decay

Reacts to obstructive only

Standard

3 cmH20 per increment

40 minutes

Reacts to obstructive only

Standard

3 cmH20 per increment

40 minutes

Reacts to obstructive only

Standard

0.6 cmH20 per breath
3 cmH20 per increment

40 minutes

Reacts to obstructive only

Standard

0.5 cmH20 per breath
2.5 cmH20 per increment

40 minutes

ResMed



Leak Detection Algorithm

Algorithm path : Estimating Respiratory Flow(with Flow Sensor)

Total Flow(Device) = Patient Flow + Vent Leak +Unintentional Mask Leak
‘ ' ’ Vent leak
Leak data(L/min) =

Estimated Vent

Flow " 4
- Unintentional

Estimated i

Measured Mask Estmated mask leak
Elow Respiratory

Pressure Flow
Measured 4 Estimated
Pressure Unintentional == | FAK ELOW

Leak



Leak Compensation

The AutoSet is capable of compensating for leaks up to 1 L/s

For leaks above 0.5L/s, as flow curve becomes harder to read, algorithm responsiveness is de-weighted
and pressure response to any event softened to prevent waking up the patient by increasing the leak.

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00

Leak onset

Pressure New base flow

V v V V Base flow
A

M N ﬂ . Patient

v
s
Leaks ] MW W Lﬂw -

Vsync responds

ResMed



B Comfort Feature 1 : RAMP

RAMP
Designed to make the beginning of therapy more comfortable,

Ramp Time is the period during which the pressure increases

from a low start pressure to the prescribed treatment pressure.

Ramp Time
e Setting options : OFF, 5-45min, AUTO
* Ramp Time : 5 to 45 minutes

 AutoRamp : detect when you have fallen asleep (<30min),
then automatically rise to the prescribed treatment pr.

— 3 OA or OH events within 2 minutes
— 5 consecutive snore breaths
— 30 stable metronomic (consistent) breaths

20

16 |— — — i et —— s et i e ——

Pressure

/ RS MR
((\

2

Start 4

Time




B AutoRamp with Sleep Onset Dectection

Patient always get to their therapy pressure within 30 minutes

Sleep onset detected increases pressure 1cm per min
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Respiratory flow

Pressure

No Sleep onset detected increases 1 cm per min to reach pressure within 30 minutes

J.’l” ML,_ “gll h .,h’.. Init’l"l'l ‘ llw .] Lylll 'll ! lm l l “ nn Ao n ﬂﬂﬂnnnnﬂMﬂﬂM JM
L ww vvwvvvvvvwvvvvwvvvvvvw i

Low start pressure To ensure that the prescribed pressure (or AutoSet Min) hed within 30 minut
pressure will automatically begin to ramp up if sleep onset has not been detected in time. :

Respiratory flow

Pressure
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R Comfort Feature 2 : EPR

EPR with Easy-Breathe technology

Provides three levels of pressure relief to choose from
and a variety of customizable comfort features

* Enhanced comfort
* Smoother, a more naturally pressured delivery

* Three predictable levels of pressure relief

EPR
* Setting option : RAMP ONLY, FULL TIME ,OFF

* Canbesettoalevelofl,2or3cmH,O

KEY .
Device pressure

Patient flow

EPR level 1

M

EPR level 2

P @

EPR level 3

A A

Mild pressure relief: Level 1 reduces
pressure upon exhalation by 1 cm H,0

Medium pressure relief: Level 2 reduces
pressure upon exhalation by 2 cm H,0

Maximum pressure relief: Level 3 reduces
pressure upon exhalation by 3 cm H,0

ResMed



Comfort Feature 3 : Humidification

Why is Humidification Essential?

Humidification gives optimal comfort to the patients and it
makes improvement of compliance.

ResMed Humidification System

* Default setting of 27°C and automatically target of 85% RH
* Delivering range between 75% - 95% RH

e Keeping clear of 100% avoiding rainout

SRR
STV

@M

m ClimateLineAir




Connected Care Solution

SCREENING




ResMed Monitoring Solutions

Connected Care; Integrated Care
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Compliance Check

AirView Data Utilization
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AirView Data Utilization

Pressure Check
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ResMed makes choosing the right mask easy!

ResMed offers a portfolio of high-performing, comfortable mask options

to meet the needs of every patient.

AirTouch’[Fzo

Minimalist Freedom =
Small, | . Sleep in any < = -~
& Light, _ . position 2o
| Airfitlee)  Afitesl  AirFit ) S'm?_l?_,_:/: AirFit [vesr AirFit ez
: ResMed :
':\ Mask portfolio ;
Ultra soft O Universal it \/_\ )
e e \ y
Patented memory | . Classic designs R/ \’% TR
foam offers unique | | that fit nearly =g ! Lo
comfort every face AirFit (720 AirFit o]




Q Minimalist

SmaII Light. Simple.

\
\

\

|
|
ResMed
Mask l
Portfolio ’
/
/
/

For many users, their primary driver for mask choice is simple: less mask on their face. Small,
lightweight, less footprint, easy to use and minimal noise — that’s the identity of the minimalist
category.

Masks in this category are as streamlined as they come. They’re designed to fit more seamlessly
into people’s lives and to allow for minimal disruption to their normal sleep routine.

S s

3-Part simplicity

QuietAir™ woven-
mesh venting system
S

4 N
QuietFit™ elastic
headgear
\ S
4 N
Lightweight integrated
flexible tube




Q Freedom These masks allow users to sleep closer to their partner and in whichever position they prefer.
With a modern look that breaks all the stereotypes of CPAP, this category can also help in the
\ ongoing fight against CPAP mask stigma.

\

\ . e
\ Airfit [veoi ] AirFit

oo°.“.'
il 2 s ‘
ResMed £ 2 =X Pinhole vent
Mask l (quiet system)
Portfolio ’

Flexible, ribbed
Frame for
conformity to
different head sizes

o’ [ QuietAir™ woven- h

- W mesh venting

L system )




. . Tried and true — any patient, any pressure. As the CPAP mask space becomes increasingly specialized
O Unlversal Flt with niche products, the AirFit20 series will continue to endure as an indispensable part of our HMEs’
\‘ businesses.
\ With a near 97% fit range across various nationalities,!3 these are the masks RTs will continue reaching
\ for with confidence.

\

\ AirFit'[Fo]  AirFit Neo]
ResMed

Mask ' ) - - .
Portolio ’ Infinity Seal Cushion

(optimal stability and fit)

A frame with built in
plush foam and soft
headgear

Strong Magnetic clips

1 ResMed AirFit F20 internal Australian fitting study of existing CPAP patients conducted between March—April 2016. 2 ResMed AirFit F20 internal USA fitting study of existing CPAP patients conducted April 2016. 3 ResMed AirFit F20 internal EU and APAC fitting study of existing 5
CPAP patients conducted June 2016. 00®

ResMed



Design

3 @
©-0

Asian Fit

98%

of Asian
- participants
~. sealed on N20

N20 conducted in Japan (n=25) & Singapore (n=24)

of participants
sealed on
AirFit N20

100%

of Asian
participants
sealed on F20

F20 conducted in Japan (n=21) & Malaysia (n=30)

96%

of participants
sealed on
Airkit F20



Minimalist category Freedom category Ultra Soft category Universal Fit category

Small. Light. Simple. Sleep in any position. Patented memory foam Classic designs that fit
offers unique comfort. nearly every face.

mouth open:

A Fullface AirFit (7o) AirFit (o] AirTouch (70

Full face mask Full face mask Full face mask

UltraSoft Memory Foam

£ N

\J

mout h AirfFit"(nso]

Nasal cracle mask

B

AirFit’ AirFit"

Nasal cradle mask

Closed:

Nasal mask

& Nasal

Pillow

AirFit’

Nasal pllows mask
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ResMed PAP Therapy Solution

AirCurve 10
AirSense 10 AirSense'10 AirSense 10 AirCurve'10
AUTOSET for Her

CPAP
APAP(AutoSet)

APAP(AutoSet for Her)




AirSense10 AutoSet Algorithms

Pressure changes
per Breath

AutoSet algorithm is a special ‘auto-titrate’ algorithm to calculate

PRESSURE

and adjust the treatment pressure as required

MAX
Flow limitation
Obstructive
MIN Apnoeas



Appendix

Noise fluctuations (vibrations) are detected using the pressure sensor in the flow generator.

Snore is measured on a relative scale using “units.”

Limited to 30-300 Hz

Snore Index Threshold

1.0

0.8

0.6

0.4

0.2

Very Soft

Soft Moderate Loud

=» If the device records and
increase in tidal volume,
pressure won’t increase as
this is likely to be a sigh
rather than snoring

8 10 12 14 16 18 20

Mask Pressure

What is the pressure increase per unit of snore?

Answer: 1.5 cm H,O per unit above the threshold
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