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2UvOpouo Anrvoiwyv oTov YTmvo
(ZAY)

Xapaktnpiletar  ammd  emmavaAauBavoueva  €TEICOdIa
OIAKOTTAG TNG PONC TOU aEPA KATA Tn OIAPKEIQ TOU UTTVOU
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QEPOAYWYOU pE atroTéAeopa OIOAEITTOUCO UTTOCUYOVAIUia,
OUXVEC QQUTTVIOEIC KAl KATAKEQUATIOUO TOU UTTVOU
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EmonuioAoyia

Spain
AHI =10

« 19% males

« 15% females

Hypersomnolence®

AHIZ15/h
*10-17% avopecg
*3-9% Yuvaike

Newcastle

AHI =15
« 25.9% males
« 1.7% females

USA India

AHI =10 Brazil AHI =15

« 10.5% males AHI =15 « 5.4% males
‘Sleep disorder clinic’ criteria® « 25% males Hypersomnolence
» 3.3% in males » 9.6% females + 5.4%

Patrick Lévy, Nature Reviews, 2015



2ZUVOTITIKA XOPaAKTNPIOTIKA
TOU 2ZAY

= Polysomnography (PSG)-gold standard

Treatment;

=  Mild OSA with symptoms or comorbid diseases or moderate-severe
OSAS: CPAP

Social aspects:
» Traffic accidents, reduced work productivity (Absenteeism, Presenteeism)

Comorbidities
= CVD (Afib, HTN, CHF, Stroke, Pulmonary hypertension)
= DM, Dyslipidemia, Metabolic syndrome
* Neurologic (Cognitive disorders)
= CKD-Renal function decline

Patrick Léevy, Nature Reviews, 2015
Ruth E, J Clin Sleep Med 2006
Nena E, JOEM 2010



NMveuvupovikn Ymépraon

OPIZMOZ:

 Pulmonary hypertension is defined as a mean
pulmonary artery pressure (mPAP) at rest 225 mm_Hg
by right heart catheterisation (RHC)

 Based on pulmonary artery wedge pressure (PAWP)
— precapillary (PAWP <15 mm HgQ)
— postcapillary (PAWP >15 mm Hg)

« Based on pathophysiological, clinical, and therapeutic
aspects PH:
— pulmonary arterial hypertension
— due to left-sided heart disease
— due to lung disease or hypoxia
— CTEPH
— unclear or multifactorial mechanisms

Hoeper M, Lancet Respir Med 2016



Tasivopnon NMvevpovikng YméEpraong

Pulmonary hypertension

v

v

v

.

WHO group 1 WHO group 2 WHO group 3 WHO group 4 WHO group 5
Pulmonary arterial Pulmaonary hypertension Pulmonary hypertension Chronic thromboembaolic Pulmonary hypertension
hypertension due to left-sided heart due to lung disease or pulmanary hypertension with multifactorial
disease hypaia and other pulmonary mechanisms
artery obstructions
+ |diopathic + Left ventricular systolic Chronic obstructive Chronic thromboembolic * Haematological disorders
« Heritable dysfunction pulmonary disease pulmaonary hypertension (eq, sickle cell disease)
+ Drug and toin induced + Left ventricular diastolic Interstitial lung diseases Other pulmonary artery « Systemic disorders
Associated with: dysfunction Other mixed restrictive or obstructions (eq, (eq, sarcoidosis, Langerhans
+ Connective tissue disease « Valvular heart disease obstructive lung disease angiosarcoma, other cell granulomatosis)
« HIV infection « Specific congenital Sleep-disordered breathing intravascular tumaours, + Metabolic disorders

« Portal hypertension

« (Congenital heart disease

« Schistosomiasis

« WHO Group I' (pulmonary
veno-occlusive disease and
pulmonary capillary
haemangiomatosis)

WHO Group I" (persistent
pulmonary hypertension of
the newborn)

abnormalities

Abeolar hypoventilation
disorders

Chronic exposure to high
altitude

Developmental lung diseases

arteritis, congenital stenoses,

and parasites)

(eg, Gaucher's disease)
« Others (eqg, renal disease)

Hoeper M, Lancet Respir Med 2016




NMveupovikn Yriépraon o€ aocOeveic pe ZAY
EmonuioAoyika Sedouéva

* The prevalence of pulmonary hypertension in patients
with moderate to severe OSA is approximately 20-30%

« Estimates may be inaccurate; many patients also
have COPD and/or left-sided heart disease,
contributing to PH

* With coexistent obesity hypoventilation syndrome
mms) 58%

* PH when present in OSA patients without coexisting
lung disease, Is typically mild




Pulmonary Hemodynamics in the
Obstructive Sleep Apnea Syndrome*

Results in 220 Consecutive Patients

Ari Chaouat, MD; Emmanuel Weitzenblum, MD; Jean Krieger, MD;
Monique Oswald, MD; and Romain Kessler, MD (CHEST 199: 104906

220 OSA patients underwent RHC

 PH was diagnosed in 17%, but the mPAP in the PH group
was only mildly elevated at 26:6mmHg

* PH strongly correlated with a higher daytime PaCO, lower
daytime PaO, and lower mean SpO, during sleep

« BMI was higher in the OSA-PH group vs OSA without PH



Frequency and Impact of Pulmonary Hypertension in Patients
With Obstructive Sleep Apnea Syndrome

Omar A. Minai, MD*™%#_Basma Ricaurte, MD*®, Roop Kaw, MD¢,
Jeff Hammel, MS™®, Mary Mansour, MD®, Kevin McCarthy. RPSGT*", Joseph A. Golish, MD*",

and James K. Stoller. MD*®
Am J Cardiol 2009,;104:1300-1306

83 subjects with OSA underwent RHC within 6 months of
PSG

The occurrence of PH was 70%
MPAP=40.3+11 mm Hg

Correlates of PH: female, age<49 years, BMI=226Kg/m?
and RVSP 230 mm Hg on echocardiogram



m

However...

referral bias (all patients were
referred for a RHC because of high
clinical suspicion for PH) -
elevated PCWP(>15 mm Hg) (if
excluded, prevalence drops from 70%
to 22%)

*iIncomplete exclusion of pulmonary

disorders I __

R
== 30} 30 -40) = 40
Body Mass Index

Relative Frequency of OSA (%)

Relative Freguency of PH (%)

Minai O; Am J Cardiol 2009;104:1300-1306



NapdayovTeg KivOUVOU YIa TIVEUHOVIKI
ummEpTaon o€ aocBeveic pe ZAY

Daytime hypoxemia
Severe OSA (AHI230/h)
Comorbid lung disease-COPD (overlap syndrome)

Comorbid obesity hypoventilation syndrome-OHS



2AY og aocOeveig e mmveupoviki
UTIEPTAON
EmonuioAoyika dedouéva

« SDB is common In patients with PH

« CSA/CSR prevalls in younger patients with severe PH
and right-sided heart failure

« OSA predominates in older patients with PH,
especially men with higher BMI; which are
confounders predisposing to OSA

Ismail K, Chest 2015; 147 ( 3): 847 - 861



AHI in 38 patients with precapillary pulmonary hypertension

= Central
60 - m Obstructive

AHI=10/h

0 in 45% of PH
patients
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Apnea/hypopnea index, 1/h

[
o
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o
|
N

1 6 11 16 21 26 31 36
Patient number

Ulrich S, Chest 2008; 133: 1375-1380
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CHEST Original Research

SLEEP DISORDERS

High Occurrence of Hypoxemic Sleep
Respiratory Disorders in Precapillary
Pulmonary Hypertension and Mechanisms

p
|
N

Fadia Nicolas Jilwan, MD; Pierre Escourrou, MD, PhD; Gilles Garcia, MD, PhD;
Xavier Jais, MD; Marc Humbert, MD, PhD; and Gabriel Roisman, MD, PhD

CHEST 2013; 143(1):47-55

* [1pOOTITIKI MEAETN TTAPATAPNONG
* 46 clinically stable patients with IPAH (n =29) or CTEPH (n =17)
* PSG with transcutaneous capnography

« BMI<35 kg/m?, FEV,>60% predicted



A

MN=
Alveolar hypoventilation-0%A l 3%:1 e

CSA-VA/O Mismatch - 10%: 4

e 41 PH patients
I

He | | (89%) had sleep
0% 10% 20% 30% 40%: 50 apnea

VASO Mismatch

B
Severe AHI
Moderate AHI 39%: 18
Mild AHI
no SAS
0% 10% 20% 31?;96 4(;96 5[;%

Jilwan F, Chest 2013; 143(1):47-55



NEW RESEARCH JCsM
Journal of Clinical
Sleep Medicine

http://dx_doi.org/10_5664/jcam 3528

Sleep Disordered Breathing in Group 1 Pulmonary Arterial

Hypertension
Milan Minic'; John T. Granton, M.D _2; Clodagh M. Ryan, M.D 2

* Avadpopuikn HEAETN emmiTTOAQOPOU (Retrospective, cross-
sectional study)

« 52 consecutive subjects with known WHO group 1 PAH
« Assessed for possible SDB

* Polysomnography within 6 months of RHC

Minic M et al, J Clin Sleep Med, 2014



Table 1—Baseline characteristics

Age (years)
Gender

Male
Female

Body mass index (kg/m?)

Group 1PH
IPAH
CTD
HIV
CHD

Group 1'PH
PVOD

Total Group (n=92)

b3+ 15

2 (42.3%)
3 (57 7%)

0SA (n=29)

SHER L)

11 (50.0%)
18 (60.0%)
309476

CSA(n=8)
59+ 13

4(18.2%)
4(133%)
67 +64

OSA is highly prevalent among PAH patients

NSA (n = 15)
14+15

7(318%

B (26.7%)
284+128

Minic M, JCSM, 2014



AvedpTnTol MPOYVWOTIKOI Mapayovreg yia ZAY
OTNV TIVEUHOVIKI) UTTEPTAON

Variables Beta p-value
ESS>10 0401 0.003

Age 0.3 0.011
BMI > 30 {).266 0,042

Minic M, JCSM, 2014



Ap@idpoun ox€Eon MVEUHOVIKNG
ummEpTaong - ZAY

During normal sleep, there is a fall in heart rate and
systemic arterial blood pressure with lowest values in
deep NREM

In REM pulmonary arterial pressure becomes unstable
and increases compared to NREM sleep

Nocturnal hypoxemia may induce PH through hypoxic
and/ or hypercapnic pulmonary vasoconstriction and
sympathetic activation

Precapillary PH associated with right ventricular failure
may promote instability of ventilatory control leading
to sleep apnea



NabowuoioAoyia MVEUNOVIKIC UTIEPTAOCNS
oTo 2ZAY

Intermittent hypoxia
o Hypoxic and Hypercapnic Pulmonary Vasoconstriction

Negative pleural pressure

o Increased venous return leading to increased right ventricular
(RV) preload

o Elevates LV afterload by increasing LV transmural pressure

Endothelial dysfunction

o sympathetic overstimulation in OSA patients induce vascular shear
stress and promote endothelial dysfunction

Genetic susceptibility

Thurnheer R; Respiration 2017;93:65-77



AlaAgirouocda ummogia

 Hypoxic pulmonary vasoconstriction (HPVC)

v normal regulatory mechanism designed to limit blood
flow to hypoxic alveoli and preserve ventilation-
perfusion matching

v Both alveolar hypoxia and peripheral arterial
hypoxemia may contribute to HPVC

v Its effect on pulmonary vascular pressure depends on
the duration of the hypoxia

Thurnheer R; Respiration 2017;93:65-77



Intermittent Hypoxia

Pulmonary Circulation

Hydrostatic Vasoreactive
Hypoxic vasoconstriction

o LVEDP W NADPH-oxidase/ROS

Pulmonary venous f Serotonin
hypertension T Angiopoietin-1 ?

T Endothelin-1

T Rho-kinase activati on
J Nitric oxide

I |
Pulmonary vascular remodeling
Prol iferation of vascular smooth

muscle cells
Asymmetric neointimal hyper plasia

|

Pulmonary Hy perten sion
Right heart dysfunction

Kholdani C, Pulm Circ 2015



KAIVIKN €1IKOVO

Signs and symptoms of PH are nonspecific
Delay in diagnosis very common

Early — dyspnea with activity.

Late symptoms:

— syncope

— chest pain / chest pressure

— leg edema (signs of right heart failure)
— abnormal findings on chest X ray or ECG

Right heart failure is a late complication of untreated OSA
and accompanied by other confounders (COPD,OHS,CHF
etc.)

Wong HS, Curr Opin Pulm Med 2017



The presence of pulmonary hypertension may have
prognostic importance in patients with OSA

100 pe——rs %
--.i- i-.-‘ I Q0
. 93 eadeag :
80 - ;86 76
—— : ' "?-5.5 ----------------
3¢ : :
f_:_b_ﬁ €0 — :
s
=3
w : : 2 R
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D E : :
-
S
20 — No PH
' . . PH
2 0 1 2 4 8
Time (years)

« 83 patients with OSA with and without PH

« The survival rate at 1, 4, and 8 y was 100%, 90%,and 76% in
the non-PH group and 93%, 75%, and 43% in the PH group

Minai OA, Am J Cardiol 2009



Screening for PH and OSA

1. In the evaluation of patients with PAH. an
assessment of SDB is recommended. Qual-
ity of evidence: low:; net benefit: small~wveak:
strength of recommendation: C.

2. In the evaluation of a patient with PAH for

SDB. polyvsomnography is recommended if

OSA is suspected as the etiology., if a

screening test result for OSA is positive. or

ulmonary pressures wi ©-
crease, although they mav not normalize,
particularly when PAH is more severe.
Quality of evidence: low; net benefit: small/

weak: strength of recommendation: C.

Thurnheer R; Respiration 2017;93:65-77
Atwood C, Chest 2004; 126:72S-77S



Continuous Positive Airway Pressure Treatment
Improves Pulmonary Hemodynamics in Patients
with Obstructive Sleep Apnea

DIMITAR SAJKOV, TINGTING WANG, NICHOLAS A. SAUNDERS, ALEXANDRA J. BUNE, and R. DOUGLAS McEVOY

Am J Respir Crit Care Med, 2002

mean PAP (mm Hg)
g

BL 1 MCnith <4 hMonths

 Doppler echocardiography in 20 patients with OSA

« After 4 months of CPAP, mPAP decreased from 16.8 £1.2 mm Hg to 13.9 £ 0.6 mm Hg
(p<0.05)



Emidpaon Tng Oepameiag Tov
2AY OoTnV MVEUHOVIKI) UTTEPTAOCT)

60

| P <0.0001 |

50 1

I
4%

o
o
1

(el
1

0

Sham CPAP CPAP

PASP:28.9 £ 8.6 mm Hg to 24.0 + 5.8 mmHg after 12 wk of CPAP (p<0.0001)

Arias MA, Eur Heart J. 2006



Heart Fail Rev (2016) 21:591-598
DOI 10.1007/s10741-016-9548-5

' CrossMark

Effect of continuous positive airway pressure treatment
on pulmonary artery pressure in patients with isolated obstructive
sleep apnea: a meta-analysis

. y . b - . 3 . . 3
Tasnim F. Imran’ - Marya Ghazipura? + Spencer Liu® + Tanzib Hossain® -

Hormoz Ashtyani3 - Bernard Kim® - J. Michael Gaziano' - Luc Djuuss;él

a

Model Study name

Chaouat et al. 1997
Alchanatis t al. 2001
Arias etal 2006
Duchna et al. 2006
Colish etal. 2012
Shehata et al. 2013
Marvisiet al. 2015
Fixed

Difference

in means
-4.000
-6.100
-4.900
-9.800
-15.000
-8.000
-17.600
-13.333

Statistics for each study

Standard
error

1.2719
1.178
1.590
1.501
0.526
1458
0.600
0.333

Variance

1.636
1.387
2527
2254
0277
2125
0.361
0111

Lower
limit
-6.507
-8.408
-8.015

-12.742

-16.031

-11.857

-18.777

-13.985

Upper
limit
-1.493
-3.792
-1.785
-£6.858

-13.969
-6.143

-16.423

-12.680

Difference in means and 95% Ci

_'_
—_—
+
+
——
p-Value =
0.0001 +
-20.00 -10.00 0.00 10.00 20.00
Decrease in PA pressure Increase in PA pressure

Effect of CPAP therapy on PA pressure in patients with isolated OSA - fixed effects model

Statistics for each study

b
Study name
Difference  Standard
in means error
Chaouatetal. 1997 -4.000 1.279
Alchanatis et al. 2001 -6.100 1.178
Arias etal. 2006 -4.900 1.580
Duchna etal. 2006 -9.800 1.501
Colish etal. 2012 -15.000 0.526
Shehata etal. 2013 -9.000 1.458
Marvisi et al. 2015 -17.600 0.600
-9.588 2.074

Variance

1.636
1.387
2527
2254
0.277
2125
0.361
4.301

Difference in means and 95% CI

Lower Upper

limit  limit

6.507 -1.493 —_—

8408 -3.792 —

8015 -1785 S

12742 -6.858 —_—

-16.031 -13.969 +

-11.857 -6.143 —t—

18777 -16.423  P-Value -+

13653 -5523 0.0001 N
-20.00 -10.00 0.00 10.00 20.00

Decrease in PA pressure Increase in PA pressure

Effect of CPAP therapy on PA pressure in patients with isolated OSA - random effects model

Fig. 3 Meta-analysis of pulmonary artery pressure pre- and post-CPAP therapy, fixed effects model (a), and random effects model (b)



ZUHUTIEPUOTHATIKA

* AUQidpoun oxeon YETALU 2AY Kal TIVEUUOVIKNG
UTTEPTAONG

* H TTveupoVvIKN uTTéEpTacn OgV ival ouxvn oT1o 2AY

* H Bepatreia ye CPAP gival atroTeEAECHATIKA OTN

OepaTtreia TTVEUUOVIKNG UTTEPTAONC TTOU OXETICETAI UE TO
2 AY

* [1pOCUUTITWHATIKOC EAEYXOC VIO DIATAPAXEC TNG
avartrvong otov utrvo (CSB, OSA) og 0Aouc Toug
veodlayvwoBevtec aoBeveic ue precapillary PH

* ATTQUTEITAI CUVEPYOTIQ JETAEU TTVEUOVOAOYWYV,
KAaPOIOAOYWV (€10IKWV 1aTpegiwyv 1Y) Kal 10IKWV ToU
UTTVOU



EUuXapioTw TTOAU




