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State of the Art

* Diagnostic Criteria established over 30
years ago and last major revision in 1999

* Recent prevalence figures of 30-50% In
adult males call into question these criteria

« CPAP‘s pre-eminent place in management
IS being questioned by increasing
understanding of complex pathophysiology
and recent negative outcome studies
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Challenges in the Diagnosis and Management of OSA

Ir!’ﬂ,'rn|:|rn::|n1u:=_- Definition: A 'S ™
» New grading criteria to better Diagnostic Methodology:
reflect the clinical syndrome * Role of screening in populations at risk
* Integration of phenotypes in » MNew diagnosticalgorithms based on
diagnustic criteria novel Signal tEChnDlDE'jl'fbiUmarkETE
» Identification of high-risk patients * Surrogates for sleep staging
in syndrome definition * Respiratory assessment h‘E'jl'C‘nd AH |I.I'I|:|D|
C OSA severity and driving risk ) h._- Better methods to assess sleepiness y

Research Topics

in O5A
L T L T,
Co-Morbidity: Management:
* Role of co-maorbidity in O5A * Linking management to phenotype
definition and grading *  Treatment success beyond the AHI
* Primary and secondary prevention * Role of a diagnostic treatment trial in
of co-morbidity in symptomatic o N symptomatic patients
severa 05A *  Dutcomes In non-sleepy OSA patients
*  Predictors of individual co- * Combined modality treatment
X morbldity response to CPAP N * Role of telemedicine in follow-up

McNicholas WT et al. Lancet Respiratory Medicine 2018
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Pathogenesis and
Diagnosis

Pneumo Update Europe 2018



Genetic Basis of OSA

Background:

Increasing evidence that narrowed
oropharyngeal airway iIn OSA has a
genetic/hereditary basis
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Multiethnic Meta-Analysis Identifies RAI1 as a
Possible OSA—related Quantitative Trait Locus in Men.

A B
» Genome-wide association g
tests in 19,733 multi-ethnic § ;
participants. 5
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* 112936587 on chromosome c
17 identified as a possible : asossa H

100

guantitative trait locus for ool
NREM AHI in men

(N=6,737; P=1.7 x1078)
but not in women (P =0.77).
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Chen H et al. Am J Respir Cell Mol Biol. 2018;58(3):391-401
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Non-invasive assessment of
Pharyngeal Collapsibility
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Airflow Shape Is associated with the
Pharyngeal Structure causing OSA

« 31 OSA patients underwent sleep endoscopy, and nasal flow and pharyngeal
pressure recordings
* Negative effort dependence and inspiratory flow differed with site of obstruction

A Posteriorly-located tongue
Inspir tryfl W
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Message: Flow

° shape analysis may
; e ® B isolated palate be a noninvasive tool
40 7 e P [~ N = to help determine the

ce

o et @OGC | 3 pharyngeal structure
3 il causing collapse
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Genta PR et al. CHEST 2017;(3):537-546
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Palatal prolapse as a signature of expiratory flow
limitation and inspiratory palatal collapse in OSA

« Palatal prolapse assessed during sleep endoscopy compared to an expiratory flow
limitation index (EFLI) determined from flow and peak epiglottic pressure

« A cut-off value of EFLI >0.8 detected the presence of palatal prolapse and EFL with
an accuracy of >95% and 82%, respectively. The proportion of breaths with palatal
prolapse predicted isolated inspiratory palatal collapse with 90% accuracy. EFLI
derived from nasal pressure gave similar results.

al b) . .
Tyv v . v o
] 5 R AT M A IR MALMMTE)
X R I A A e ¥ e
v v v, v
] AR A A RS ALY EAA A
1 5 R A S A N MAEL LA
vvvvvvvvvvv e YvwY .
vy vy vy
S T ety Ty ¥
a . ve  Towy
H H LAY Ty
! vy ERTA .
o . v, :
B v
! 1 LY Teoe"
T e YT ey
1 vy AL .
1 0.84 bl 29 . LA N
1 LAA A v e
0 Y v -~
1 [ v, ] Yo 18
] ] uay v’ -y
H H " i H
] i L A
b ]
— A Wi o
1 i - .
1 1 H oy .
1 i - .
H / SR - .
1 1 4
]
1
|}
i 0.64
1 I
H .
| [
] i
o
i
S
- Sessans
1
u
-

Message: Non-invasive assessment can
assess upper airway functional abnormality -
predisposing to OSA il

Trainin g Testing

Azarbarzin A et al. European Respiratory Journal 2018 51: 1701419
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Recognizable clinical subtypes of OSA across
International sleep centers: a cluster analysis

o 972 patients, AHI = 15,
In Sleep Apnea Global
Interdisciplinary
Consortium (SAGIC) 80%-

* Analysis of 18 self-
reported symptom
variables, hypertension,
cardiovascular disease,
and diabetes

M Disturbed Sleep Il Minimally Symptomatic Bl Excessively Sleepy
100%

60%

Percentage

40%

20% -

Message: This study 0% - -
. . . .- . . Disturbed Minimal U Al U Ai leepi
identifies distinct clinical Sieep  Symptoms Symptoms with Symptoms®  Dorminant

. Sleepiness Dominant
phenotypes in OSA

Keenan BT et al. Sleep, Volume 41, (3) 1 March 2018, zsx214
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Polysomnographic phenotypes and their

cardiovascular implications in OSA

o 1247 US veterans — can PSG data identify OSA phenotypes (clusters)
» Associations between phenotypes and cardiovascular outcomes

3.0 1.0 g

homogeneity of odds ratios test p-value = 0.269 Log rank P-value < 0.0001

2.5

2.0

15 |
1.0 | |

0.8

Cluster label
mild

(for regular vs. not regular CPAP use)

Probability of avoiding event

Odds ratio of ACS, TIA, stroke or death

0.91 @ 093 06 | PLMS ©
NREM & poor sleep .
o 0.61 & 055 0.60 REM & hypoxia O
0.38 hypopnoea & hypoxia .
0.22 arousal & poor sieep @
0.0 ! . ) combined severe .
mild PLMS NREM & REM & hypopnoea arousal& combined 04
poor sleep  hypoxia & hypoxia poor sleep severe 0 2 4 6 8
. Time to event (years)
Clusters Cluster / number at risk
mild 517 478 407 129 17
PLMS 14 96 82 27
Message: PSG data can predict -
- REM & hypoxia 167 154 129 61

likelihood of future CV events better "7Z70ws . o .
than AHI . combined severe 124 110 95 40
Zinchuk AV et al. Thorax 2018:73:472-480
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Sex differences In the associations
of OSA with epidemiological factors.

o 143,326 females (48-93 years)
from the Nurses' Health Study

al 404 c)

and 22,896 males from the e
Health Professionals Follow-up . .| - ol ol
Study (65—-101 years). / ﬁ s
- OSA prevalence 6.4% in females™ | . // s
and 13.8% in males. PR
e Associations of OSA with - J
physical inactivity, hypertension e
and daytime sleepiness stronger = | ) )
in females. 1 % B, i
« Associations with waist g e LR
circumference and witnessed o
apnoea stronger in males.

v wlessane Cliues] Huang T et al, Eur Resp J Mar
manifestations differ in males

and females with OSA. 2018, 51 (3) 1702421
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Sex differences In the associations
of OSA with epidemiological factors.
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Huang T et al, Eur Resp J Mar 2018, 51 (3) 1702421
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Take Home Messages

e Growing evidence of genetic basis to
OSA

 Non-invasive physiological
measurements can predict upper airway
obstruction

* Important differences between males
and females with OSA — genetics,
clinical presentations
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OSA during REM Sleep and
Cardiovascular Disease — SHHS.

Severe OSA present only during REM sleep is associated with recurrent
cardiovascular events in people with prevalent cardiovascular disease

1.00 A
= 0.90 -
(4]
>
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3 0.80 -
=
=
3 0.70 - B
% REM-AHI (events)
8- <O N
g 0604 ———_50-15.9 T
----15.0-29.9 p < 0.001 by logrank test
0501 — =30
0 2 4 6 8 1o 12 14 16

Years of follow-up

Aurora et al. Am J Respir Crit Care Med. 2018;197(5):653-660
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Breathing Disturbances Without Hypoxia Are
Associated With Objective Sleepiness in OSA

e 1022 subjects (Wisconsin Cohort) — automated PSG analysis for RDI and hypoxia
e Subjective (ESS) and objective sleepiness (MSLT), and hypertension (BP>140/90)

 Hypoxia associated events correlated more with hypertension and ESS but non
hypoxia events associated more with MSLT. »
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Koch H et al. Sleep, Volume 40, Issue 11, 1 November 2017, zsx152
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Take Home Message

e Study supports growing evidence that
cardiometabolic co-morbidities are principally
driven by hypoxia

 Speculation: The finding that non hypoxic
events are associated with objective sleepiness
could indicate that heightened arousal sensitivity
IS a mechanism producing earlier termination of
apnoea but also more sleep fragmentation
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3-dimensional model of OSA disease severity

Acute systemic effect

m
I~
. 8
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1
L |

L

A Respiratory events

Randerath W et al. Eur Resp J 2018
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Polysomnography Is Not Necessary for the
Management of Most Patients with Suspected OSA.

« Effectiveness of home respiratory polygraphy (HRP) protocol
assessed by ESS is not inferior to that of PSG
» Efficacy assessed by HRQL and ABPM similar between protocols

» Cost effectiveness relationship favours HRP (savings average €416)
A

5 % 5 2 4§ 1 2 5

—50 A

-100 -

—150 A

o 4

—200 -

—250 -

-3004
% 2 4

Incremental cost (€ year 2015)

=550
Incremental effectiveness (ESS)

Message: Home studies are as effective as SLAB PSG and cheaper.

Corral et al. Am J Respir Crit Care Med. 2017;196(9):1181-1190.
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Nocturnal Oximetry—based Evaluation of
Habitually Snoring Children.

e 4191 children from 13 sleep laboratories worldwide
e Automated neural network algorithm of single-channel nSpO2 recordings

« High agreement with AHI from PSG (correlation coefficient, 0.785)
1

0.9 -
. . 0.8 A
Message: Oximetry Is a
suitable screening tool for el
OSA in children especially . 06
for more severe disease % G ]
%
® 0.4 4
0.3
0.2 4
—— AHI =10 e/h, AUC =0.913
. 0.1 - —— AHI= 5e/h, AUC =0.854
Hornero et al. Am J Respir AHI = 1 e/h, AUG = 0.788
Crit Care Med. 2017 Dec 0 : o o o o !
15;196(12):1591-1598 1-Specificity
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In-home, Over-the-counter OSA Sensor on
the Horizon.

Abbasi J. JAMA. 2017:317(22):2271.
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https://jamanetwork.com/searchresults?author=Jennifer+Abbasi&q=Jennifer+Abbasi

Treatment of OSA

« CPAP has been the cornerstone of OSA therapy for
decades

* Increasing recognition of the role of other factors
relating to respiratory control, muscle function, and
arousal has increased the potential role of other
management options

 Personalised approach to management that
recognises the range of potential factors in optimum
choice of management - single or multiple options.
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Personalized Management Approach
for OSA

Muscle function therapies

Anatomical
therapies

targeted
therapies %*

Arousal threshold
therapies

Loop gain
therapies

Carberry J et al. CHEST 2018; 153, Issue 3, Pages 744—755
Pneumo Update Europe 2018




CPAP
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Effect of Telemedicine Education and
Telemonitoring on CPAP Adherence in OSA.

556 OSA patients prescribed CPAP randomised to 1] usual care, 2] Tel-Ed,
3] Tel-TM, 4] Tel-Ed and Tel-TM. Monitored for 90 days.
o Tel-TM improved CPAP adherence but not Tel-ED; ESS reduction similar.

100%

80%

Message: Telemedicine
education and telemonitoring
improve CPAP compliance but
do not produce greater
iImprovements in sleepiness

60%

0-360 Days: Days CPAP Used, %
4 Combined Telemonitoring Arms

Combined Telemonitoring Arms

u (Messaging continued after 90 days); N =73

A Combined Telemonitoring Arms
(Messaging stopped at 90 days); N = 190

® Combined Non-Telemonitoring Arms

Hwang et al. Am J Respir Crit e 5
Care Med. 2018; 197(1):117-126. & P P &
D Q/qs &

Y & &
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Trajectories of Emergent Central Sleep
Apnea During CPAP Therapy

A

e US telemonitoring of 133,000
patients with OSA started on =  endent 5K
C P AP Persistent CSA

20 Emergent CSA

 3.5% developed central sleep
apnoea on CPAP

Average AHI
T

—_
o
1

 Emergence of CSA on CPAP
associated with more CPAP | T
discontinuation .

 Patients older, higher residual o
AHI, more mask leaks "

11-20
21-30 4
31-40
51-60
61-70
71-80
81-90

Liu et al. Chest 2017;152(4):751-760
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Trajectories of Emergent Central Sleep
Apnea During CPAP Therapy

—— OSA —— Transient CSA Persistent CSA Emergent CSA

1.00
%
= 0.95
£
2 0.90
=
g 0.85 Median CPAP Usage (h/d):
o 6.02 (IQR: 4.47-7.26)
£ 0.80
- 5.75 (IQR: 4.27-7.03)
8 0.75 5.83 (IQR: 4.17-7.19)
o 5.68 (IQR: 3.95-7.11)

0.70

T T T T
100 150 200 250 300
Day

Message: CPAP emergent CSA is more likely in older patients and
diminishes compliance

Liu et al. Chest 2017;152(4):751-760
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Association of PAP Therapy with
Cardiovascular Events and Death in OSA.

« Background: SAVE trial concluded that CPAP therapy Iin
non-sleepy OSA patients was ineffective in secondary
prevention of cardiovascular morbidity and mortality but
was limited by poor treatment compliance. (McEvoy et al.
NEJM 2016).

 However, small but significant reduction in blood pressure.

 Recent meta-analysis of reports on cardiovascular
outcomes of CPAP therapy concluded that CPAP does not
prevent cardiovascular events or death. Yu J et al.
JAMA. 2017;318(2):156-166.
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Diurnal BP Pattern in OSA — loss of
normal nocturnal dipping
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Nocturnal
Hypertension

Strong association with drug-resistant hypertension
Crinion, Ryan, McNicholas. Eur Resp J 2017. 49 (1): 1601818
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BP response to CPAP in OSA: predictive
value of 24-h ambulatory BP monitoring

» 88 patients with severe OSA having 24-hr ABPM, biomarkers and
HR measured at baseline and after 6 months CPAP

« Baseline nocturnal hypertension and low HR predicted the best BP
response to CPAP.
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Message: 24-hr BP monitoring helps predict BP response to CPAP

Castro-Grattoni AL et al. European Respiratory Journal 2017 50: 1700651
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Effect of CPAP on determinants of BP control

o 32 OSA patients with newly diagnosed HTN randomised to CPAP/ sham.

» Assess effects of CPAP on peripheral chemosensitivity, RAAS activity, sympathetic
tone, and endothelial biomarkers in patients with isolated nocturnal hypertension or
day—night sustained hypertension.

 CPAP reduced nocturnal increase in chemosensitivity only in isolated nocturnal
hypertension patients

al 35~ _ b] 354

p=0.002

30 p=0.010 p=0.005 301 - p=0.004

AVI %
AVI %

p=0.023

. - il 0=0.301
257 f p=0.132 257

Baseline
= CPAP

20

20

Before sleep After sleep Before sleep After sleep

Message: CPAP benefits to BP control mechanisms seen only in isolated
nocturnal hypertension

Casitas R et al. European Respiratory Journal 2017 50: 1701261
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Chronotherapy for hypertension in OSA - RPCT

e 85 patients AHI>15 and HTN
given perindopril in AM or PM

« AM perindopril produced greater
reduction in daytime BP and
similar reduction in sleep BP as
PM perindopril

« Addition of CPAP caused further
reductions in BP, similar with AM
and PM medication

Mean SBP mmHg +i/- SE

Message: AM BP medication
superior to PM and CPAP addition
added further benefit.

Mean DBP mmHG +/- SE

Serinel Y et al. Thorax 2017:72:550-558
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BP post Adenotonsillectomy in Hypertensive
and Nonhypertensive Children with OSA

204 non-obese children with OSA undergoing adenotonsillectomy.
Hypertensive children showed improvement in systolic and diastolic BP
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SBP Before PSG, mm Hg
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Message: Hypertensive children with OSA should be screened for
adenotonsillar hypertrophy and have surgery where appropriate

Nonhypertension Hypertension

Nonhypertension Hypertension
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@ Before surgery |
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Nonhypertension Hypertension

Lee CH et al. JAMA Otolaryngol Head Neck Surg. 2018;144(4):300-307.
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Outcomes In coronary artery disease
patients with sleepy OSA on CPAP

 Revascularised coronary
artery disease patients with
AHI >15 and ESS >9
(N=155) treated with CPAP o
compared with 112 similar
patients without OSA. Both
groups followed long term.

e No difference in time to
onset of first major adverse 0.251
cardiovascular and r—
cerebrovascular event.

L . 0.00-

« Limitation: Observational ; = 3 - .3 - = 8 —~
and “pOSitive” flndlng based Time since randomisation months
on the premise that OSA  Atrskn

. Sleepy OSA 155 139 134 116 89 53 31 7 0
patients expected to have  noosa 112 105 102 88 67 47 31 13 0

worse outcome.

1.00+

Sleepy OSA on CPAP
No OSA

0.50+

Probability

Peker Y et al. European Respiratory Journal 2017 50: 1700749
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Effects of CPAP on left ventricular
diastolic function

1.07

0.51

—

 3-month randomised sham-controlled
trial in 52 patients with severe OSA.

« CPAP increased the early diastolic
mitral annular (e') velocity, pulse wave -0.59 T
velocity, 24-h mean diastolic BP, and - J p=0.014
night-time diastolic BP. Sham CPAP

Change of e'velocity cm-s-!
o

0.57
« Message: CPAP improves measures
of LV function and also BP

-0.51

_l_
101 1

-1.54 p=0023

Shim CY et al. Eur Resp J 2018; 51: 1701774 Bham CPAP
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ATS Report: Morbidity and Mortality of CHF
Patients with CSA treated by ASV (FACE)

« Background: SERVE-HF trial demonstrated increased mortality in CHF

patients with CSA treated with ASV — RCT (Cowie et al. N Engl J Med.
2015;373(12):1095-105).

o 391 CHF patients with CSA (69%) or CSA-OSA (31%) treated with ASV
and followed for two years. 76% had AHI>30.

e 66% compliant with ASV and outcomes compared to non-compliant
patients

 ASV associated with improved outcomes overall but ischaemic
cardiomyopathy worse

» Benefits of ASV particularly seen in non-ischemic CHF and more
hypoxaemic patients

Message: Benefits of ASV may be confined to specific sub-
populations of CHF patients

Pepin JL et al. ATS Conference 2018.
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Predictors of sleepiness in OSA at baseline
and after 6 months of CPAP therapy

« 1105 OSA patients randomised to active/sham CPAP for 6 months
e All had baseline and follow-up MWT
 Younger age, depression, and higher AHI predicted baseline sleepiness

 Active CPAP associated with reduced sleepiness, especially >4hr/night but
high baseline sleepiness associated with more residual sleepiness.

45+

41.7%
40-

Message: CPAP improves = 3 “\
subjective and objective £ - S
sleepiness g 25 \\W

“— 21.3%

; 20- 19.2% e

%'CS 15- =

E 10 \\?'1%
Rohit Budhiraja R et al. B
European Respiratory U
Journal 2017 50: 1700348 0-1 -2 »2-3 s34 45 A5 s6-7  >7-8 -8

Average daily CPAP use h
n=24 n=30 n=31 n=44 n=73 n=70 n=64 n=47 n=11
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Auto-adjusted vs fixed CPAP for OSA
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Other OSA Therapies
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Pharyngeal volume changes after maxillomandibular
advancement surgery. Overview of systematic reviews

After surgery Eefore surgery Mean Difference Mean Difference
Study or Subgroup Mean D Total Mean 5D Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 MMA only (OSA patients)
Bianci et al 2014 207 315 10 12.9 4 10 244% T7.80([4.51, 11.09] —_—
Faria gt al 2013 <14 12.94 20 1683 3862 2 = % 453 [-€.54, 11.8d] —]
Hsieh et al 2014 £3.2 8.6 1€ 17.1 7.2 16 8% &.10[0.60 11.60]
Subtotal (95% CI) 46 46 3B.5% 6.97 [4.34, 9.59) & 4
Heterogenegityt Chi® = 0.79, off = 2 (P = 0.67); |* = O

Test for owverall effect; 2 = 520 (P < O.00001)

1.1.2 MMA only (non=054& patients)

Brunettio et al 2014 3463 5596 20 28362 9673 20 82% 627[0.60 11.94]
Hernandez-Afaro et al 2011  23.7593 8231 10 14532 5.095 10 74% 927[3.27 15.27]
Subtotal (95% CI) 30 30 15.6% 7.68 [3.56, 11.80) e

Heterogeneity, Chi® = 051, off = 1{P = 0.48); * = 0%
Test for overall effect, £ = 2,65 (P = 0.0002)

LL3 MMA +/- GTA or genioplasty (O5A and non-0%A patients)

Agransom et al 2011 £0.6 8.7 11 12.8 51 11 F5% T.HO0[184, 13.76]

Buntarfield 2015 17.538 7.195 1% 972 3285 15 15.@% 7.82 [3.74, 11.90) —_—
Raffaini & Pisani 2013 22.623 V337 10 15.25¢ 6. 486 10 728 7.3T[1.30, 13.44] —
Schendel et al 2014 19679 5 837 10 8918 3.2498 10 153% 10.76[6.61, 14.92] ———
Subtotal (95% CI 46 46 459% 8.73 [6.33, 11.13) .

Heteragensiny Chif = 1.40, off = 2 (P = 0.71): 1T = 0%
Test for overall effect; 2 = 7.12 (P < 0.00001)

Total (95% CI) 122 122 100.0% 7.89 [6.26, 9.51) L 3
Heterogeneity, Chi* = 3.65%, df = B{P = 0,89, ' = 0% + —3 : | t
Test for overall effect: Z = 9.50 (P < 0.00001) 20 i%{,mm'*,nmm 19 20

Test for subaroup differences: Chi* = 0.95, df = 2 (F = 0.62), P = 0%

Message: Maxillomandibular advancement surgery produces consistent increases in
pharyngeal volume in OSA and nonOSA patients.
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Role of common hypnotics on the phenotypic
causes of OSA: paradoxical effects of zolpidem

a 0.0 ;

I .......... =2 1

» Effects of 3 hypnotics on
respiratory arousal threshold,
genioglossus muscle
responsiveness and upper airway
collapsibility during sleep in 21
subjects with/without OSA.

* Muscle activity increased during
airway narrowing with zolpidem
and differential effects on arousal
threshold but no change in upper
airway collapsibility during sleep.

sponsiveness
% maximum EMG/Pepi cmH,0

Muscle re

o
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Carberry JC et al. Eur Resp
J 2017 50: 1701344
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Role of common hypnotics on the phenotypic
causes of OSA: paradoxical effects of zolpidem

_ O O
g O
- C.J o0 Oo o
= o]e)] CeO
2 o 01 -P90®°-i--Coy,u0 T ¥OeqUO L T 5,007,
2o T e0 o° % o~ Oe0
£ E -5 ke ° . o
o) £ =
n “ S
§ = -10 ° @
<
-15 ® o
-60 - r T T 1 -20 |
Placebo  Temazepam  Zolpidem Zopiclone Placebo Temazepam  Zolpidem Zolpiclone

Message: Zolpidem selectively benefits genioglossus muscle responsiveness
but no significant changes in Pcrit or arousal threshold

Carberry JC et al. Eur Resp J 2017 50: 1701344
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Acetazolamide reduces blood pressure and
SDB In hypertensive OSA patients

13 male hypertensive patients with AHI>15 given acetazolamide (250mg tid),
CPAP, or both for two weeks.

« AZT and AZT/CPAP significantly reduced mean arterial BP compared to CPAP
and all therapies reduced AHI.

CPAP Acetazolamide Acetazolamide CPAP Acetazolamide

Plus CPAP Unadjusted  Adjusted Unadjusted  Adjusted
G - T

= 130 - P=69 = 130 - P=.001 = 130 = P=.001
x ) = . . .
£ 125+ E 1254 E 1254
E 120- E 120 . E 1204
‘5' 1154 g 115 4 g 115 4
3 1104 i 2 110 2 110+ -107
£ 105+ £ 1054 £ 105+
= 1004 s 1004 = 1004
g 95 ¢ 954 o 95+ = -T-
% 904 5 904 % 904 ‘\ .20
§ 85+ § 85 § 854 g
s B0 T T s 80 s 80 T T E_

Baseline Follow-up Baseline  Follow-up Baseline Follow-up =

< .30~
E

¥ 100+ £ 100+ & 100+ £
Il P=.40 E’ P=.010 s P=.020 =
5 804 5 80- 5 80+ g '
3 3 i B a0 NS
el —. £ s0- § s0{ T = 1
§ 40 % HEE % § 40 ' :
E / E £ -50 s
5§ 20+ § 20~ — S 204
< 0 T T < 0 T < 0 T T

Baseli Follow-up Baseline  Follow-up Baseline Follow-up 0

Eskandari D et al. J Clin Sleep Med. 2018 Mar 15;14(3):309-317
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https://www-ncbi-nlm-nih-gov.ucd.idm.oclc.org/pubmed/29510792

Acetazolamide reduces blood pressure and
SDB In hypertensive OSA patients

-10-

r=.663
P=.013

Change in Venous Standard Bicarbonate (mmol/L)

-12 T T T T T T
50 -40 -30 20 A0 0 10 20
Change in AHI (events/h)

Message: A combination of carbonic anhydrase inhibition and CPAP therapy
may provide benefits on top of AHI reduction in hypertensive OSA patients.

Eskandari D et al. J Clin Sleep Med. 2018 Mar 15;14(3):309-317
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https://www-ncbi-nlm-nih-gov.ucd.idm.oclc.org/pubmed/29510792

Predicting response to oxygen therapy in OSA
patients by testing awake ventilatory chemoreflex

« 20 patients with OSA given 2 months of O2 treatment.

* AHI changes correlated with baseline CO2 ventilatory response
threshold (VRT) and chemosensitivity.

al b)

40 - 40 4

Change in PSG AHI
Change in PSG AHI

r=-0.48, p=0.04 r=0.50, p=0.03

_40 T T T T T T _ZIO T T T T T
35 40 45 50 55 60 0 2 4 6 8
Ventilatory response threshold

10
Chemosensitivity

Message: Data provide further evidence of significant role for
respiratory control mechanisms in pathophysiology of OSA

Wang D et al. Eur Resp J 2018; 51: 1701587
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Personalised Management of OSA

| 0sA |
Clinical ]/\[Pathaphwiulogi@al
Phenotypic Traits | kPhenntypicTraiu
_ Pharyngeal - Phawngeal Muscle Arousal Loop
[Insmma][ anatomy ][Comorbtdw] collapse respunse [threshuld] Gain]

. ru urgica .
[Llfestyle ][thiragp.r][ CPAP ][ ;tin: ] [,q :;:i::”e

Randerath et al. ERJ 2018
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Non-Apnoeic Respiratory
Sleep Disorders
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Impact of Sleep on Respiration

Respiratory
Control: Respiratory Lung
eCortical Inputs Muscle Mechanics:
eChemoreceptor Function: *Airflow resistance

sensitivity Diaphragm - *FRC
eRespiratory *\//Q matching

motor neurons

Upper Airway
Muscles

McNicholas WT. Chest. 2017 Dec;152(6):1318-1326.
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COPD and Sleep
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Sleep disruption as a predictor of quality
of life in COPD.

SF12-Mental SF12-Physical St. George QOL

B Block 4: Poor sleep quality
Block 3: Sleep apnea risk

B Block 2: Disease severity
Block 1: Demographics and smoking

| | | | 1 1 |

|

10 20 30 40 50 60 70 80

Percentage of explained variance

0

Zeidler M et al. Sleep 41(5),May 2018, zsy044
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Analysis of nocturnal sleep actigraphy in COPD

and association with daytime physical activity

Multicentre study of 932 COPD patients - More severe COPD associated with
worse sleep better sleep assouated with greater daytlme phyS|caI act|V|ty
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Spina G et al. Thorax 2017;72:694-701.




COPD-0OSA Interactions

Rostral Fluid Shift
Cigarette Smoking
Skeletal muscle weakness
Medications - Corticosteroids

Promoting
Factors for L y
OSA

COPD

Protective
Factors for
Low BMI
OSA oW

Lung Hyperinflation
Diminished REM sleep
Older Age
Medications - Theophylline

McNicholas WT. Chest. 2017 Dec;152(6):1318-1326.
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Oxygen desaturation patterns in
OSA, COPD and Overlap.
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McNicholas WT. Chest. 2017 Dec;152(6):1318-1326.



Research Priorities in Pathophysiology
of SDB in COPD. ATS Document

WMMMMWMM 'I . MWMMMMW e U

s 8 o5 e SV — M O ———— ;
S —
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Malhotra et al. AJRCCM 2018;197:289-299
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Oximetry in screening for OSA in COPD

e COPD patients from
Pulmonary Clinic and non-
COPD patients from Sleep
Clinic, all with clinical features
suggestive of OSA — 407 total.

o Sleep lab and home oximetry
analysed using a specially
developed automated
analysis system

 Message: Oximetry shows
similar ability to predict OSA
in COPD and non COPD
patients but home testing is
less accurate

Andres-Blanco et al. PL0S
ONE 12(11): e0188094

A AHI = 15 events/h B , AHI = 30 eventsfh
: — s .
0.8 'DI_-_rll_'_l_l_‘ 0.8
p-value = 0.411 p-value = 0.696
0.6 0.6
o @
oy
0.4 0.4
non-COPD non-COPD
0.2 AUC=0.968 (0.916-0.992) 0.2 AUC=0.972 (0.921-0.994)
_____CoPD _____COPD
% AUC=0.945 (0.861-0.986) AUC=0.982 (0.916-0.999)
ox : : : ok : : : :
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
1-Sp 1-Sp
\ AHI = 15 events/h D 1 AHI = 30 events/h
ﬂ.ﬂ [ 0.8 .
0.6 sl p-value = 0.859
; J- p-value = 0.573 : o
0 @
0.4 041
non-COPD non-COPD
0.2 b AUC=0.898 (0.826-0.948) 0.2 AUC=0.865 (0.787-0.923) |
COPD COPD
) AUC=0.797 (0.682-0.885) ) AUC=0.855 (0.749-0.829)
oL : - ; : ok - - s :
0 0.2 04 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
1-Sp 1-Sp

Pneumo Update Europe 2018



Obesity Is Associated With Increased
Morbidity in Moderate to Severe COPD

« 3,631 participants from the prospective COPDGene study with spirometry-

confirmed COPD
 Increasing obesity independently associated with worse respiratory-specific
and general quality of life measures

A 6MWD SF-36 SGRQ
& 0- 154
s 0- {
92 T
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€ -100 1 ¢ 4 J 10 4 )
(8] | |
8 1 —5- i (-
3 -200 - } A
B - 54 ; l
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Message: Obesity is an
independent risk factor
for a range of COPD
outcomes.

Question: Could occult
OSA be a contributing
factor?

Lambert A et al.
Chest. 2017:151:68-77
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Home NIV with Oxygen vs Oxygen alone on
Readmission or Death after a COPD Exacerbation

o 124 COPD patients with persistent hypercapnia after AECOPD
randomised to NIV+0O2 or O2. Co-morbid obesity and OSA excluded
* Primary end-point: time to readmission or death

100+

Unadjusted hazard ratio, 0.54 (0.34-0.84); P=.007
Adjusted hazard ratio, 0.49 (0.31-0.77); P=.002

(o]
o
1

60
Home oxygen plus home NIV

40

Admission-Free Survival, %

N
o
1

Home oxygen alone

0 2 4 6 8 10 12
Time, mo
No. at risk
Home oxygen plus home NIV 57 37 28 26 25 24 16
Home oxygen alone 59 23 11 10 8 8 6

Message: Adding home NIV to oxygen therapy in COPD patients with

persistent hypercapnia following an exacerbation prolonged the time

to readmission or death.
Murphy P et al. JAMA. 2017;317(21):2177-2186
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Obesity-Hypoventilation
Disorders
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CPAP vs non-invasive ventilation for initial
treatment of obesity hypoventilation syndrome

60 patients with OHS randomised to Bi-PAP or CPAP for 3 months

 No difference in treatment failure or adherence, ESS or HrQoL
30

El Bi-lewel PAP
1 CPAP

25

20 1

10+

Percentage of participants
o

Treatment  Usage  Hospital PaCO,>60 PaCO, >60
failure <Z2hournight admission 1 month 3 months

Howard ME et al. Thorax 2017;72:437-444
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CPAP vs non-invasive ventilation for initial
treatment of obesity hypoventilation syndrome
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Message: CPAP and NIV produces similar outcomes in OHS relating to
adherence, symptomatic benefit and PaCO2 reduction.
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ATS Report: CPAP vs NIV for long-term
treatment of OHS with OSA: Pickwick Trial

o 215 patients with OHS and OSA (AHI>30) randomised to NIV or CPAP and
followed for median 5.4 years

* No difference in outcomes between two groups

..................

Message: CPAP and NIV have similar long-term outcomes
Sanchez Quiroga MA et al. ATS Conference 2018.
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Echocardiographic changes with non-invasive ventilation

and CPAP in obesity hypoventilation syndrome

NIV superior to CPAP in improving PHT, LV hypertrophy and 6-minute walk

Systolic
PAP, mm Hg

DT, ms

LVEF, %

Septum, mm

LVPW, mm

LV mass, g

LV mass
index, g/m?2

Baseline, mean (SD)

NIV n=71
41

(9.2)

232

(71)

66
(7.6)

13
2.1)

12
@)

225
(52)

108
@7)

CPAP n=80
38

(12)

218

(63)

62
(11)

12
(2.4)

11
@)

211
(63)

98
(29)

Control n=70
41

(10)

212

(58)

63
(7.9)

13
(2.6)

12
(2.5)

237
(73)

102
@7

distances

Intragroup differences, mean (95% ClI)

NIV
-3.4

(5.3 to —1.5)**
-1.3

(-18 to 16)

-1.9
(-4.1 to 0.23)

-0.52

(~0.96 to -0.08)*

-0.38
(~0.76 to 0)*

-13
(-24 to -2.1)*

-5.7
(-11 to -4.4)*

CPAP

0.02
(-1.7to 1.7)

-13
(-31 to 4)

1.6
(0.6 to 3.8)

0.29
(~0.08 to 0.67)

0.29
(~0.35 to 0.41)

55
(-5.1to 16)

2.9
(-2.1to 8)

Control

-0.44
(-2.7 to 1.9)

15
(0.3 to 30)*

0.49
(-1.2to 2.1)

0.15
(-0.16 to 0.46)

0.20
(~0.20 to 0.60)

8
(-3.1t0 19)

3.5
(-1.5t0 8.6)

P value of intergroup

differences

Unadjusted

0.021t
0.008%
0.0158

0.027%

0.003t
0.017%

0.042%

0.016t
0.008%

0.017t
0.014%

Adjusted

0.040t
0.033%

G
0.0218

NS

0.033t
0.031%

0.011%

Corral J et al. Thorax 2018:73:361-368
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OSA and related comorbidities In
Incident Idiopathic Pulmonary Fibrosis

» 45 patients with newly diagnosed IPF had PSG, coronary artery calcification from
HRC T, and biomarkers.

e 18 pts had AHI >15 and no correlation of AHI/ODI with BMI, baseline SaO2 or PFT

e Cardiovascular comorbidity more common in severe OSA and IHD independently
associated. Coronary artery calcification also greater in severe OSA.

e« 8-OH-DG and MMP-7 serum levels highest in patients with severe OSA

a) 160 p=0.31 b) 160 p=0.12
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Gille T et al. European Respiratory Journal 2017 49: 1601934
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OSA and related comorbidities In
Incident Idiopathic Pulmonary Fibrosis
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Message: Severe OSA independently predicts ischaemic heart disease
In incident IPF and is associated with higher levels of IPF biomarkers

Gille T et al. European Respiratory Journal 2017 49: 1601934
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