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Question for MOC

* A60 year old male with PMH of diabetes, hypertension, BMI of 28 and
hyperlipidemia all of which are currently diet controlled presents for
evaluation of OSA. The patient’s family attests to daytime somnolence,
witnessed apneic episodes and some memory problems for which the
patient has insight into. Patient otherwise has been able to continue
exercising including dai}X 30 minute moderate intensity runs. Home
study demonstrates an AHI of 4.5. Arecent echocardiogram
demonstrates normal LVEF, moderate diastolic dysfunction and
decreased right ventricular systolic function with a PASP of 45mmHg.
Physical exam demonstrates no edema, JVD or rales. What is the next
best management choice?

* A. Cardiac MRI to evaluate for presumed heart failure and Holter monitor for
arrhythmia

* B. Coronary CTA to evaluate for obstructive coronary disease and initiating GLP1
agonist for presumed OSA

* C. Repeatin-lab PSG and Coronary artery calcium score
* D. Refer to Cardiology



Why Would | Care about OSA and CPAP?
ESC e o ® o o o
U

European Society  congresses & Events Journals Guidelines Education Research
of Cardiology

Dr Azarbarzin said: "Our findings suggest that CPAP may offer long-term cardiovascular
benefit in people with high-risk OSA but may have unintended harmful effects in those

European Society of Cardioclo The ESC - ESC Press Office Press releases . . i
P Y v without high-risk OSA.

Treatment for sleep apnoea is good
for the heart in some patients but
Press Services & Media bad for others

Alerts

ESC Press Office

06 Aug 2025
ESC Congresses
Topic(s): Sleep Disorders; Risk Factors and Prevention;

Press releases A treatment commonly used for obstructive sleep apnoea (0SA), lowers the risk of
serious cardiovascular events in some patients but not others, according to research

ESC Media and Embargo published in the European Heart Journal [1] today.

Policy

People with OSA often snore loudly, their breathing starts and stops during the night, and
they may wake up several times. Mot only does this cause tiredness, but it can also
increase the risk of high blood pressure, stroke and heart disease.



Key Question
Randomized trials of continuous positive airway pressure (CPAP) have faded to show benefit for secondary cardiovascular outcome
prevention, Does CPAP confer cardiovascular benefit preferentially in patients with high-risk obstructive sloep apnoca (OSA)?

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

Key Finding
In this pooled analysis of three trials, the benefit of CPAP in reducing major adverse cardiovascular and cercbrovascular events was
greater in patients with high-risk OSA compared to those with low-risk OSA. In low-risk OSA, CPAP may increase cardiovascular risk.

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Take Home Message
Assessment of OSA phenotypes may guide the Indication for CPAP to reduce cardiovascular risk.

& Population 3549 Al patients
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How Do | Approach Research?

Why Most Published Research Findings Are False

John P. A loannidis

Published: August 30, 2005 «
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https:iidoi.org/10.137 1journal . pmed. 0020124

Comection
Abstract

Meodeling the Framework
for False Positive
Findings

Bias

Testing by Several
ndependant Teams

Corollaries

Most Research Findings
Are Falze for Most
Research Designs and
for Most Fields

Claimed Research
Findings May Often Be
Simply Accurate
Measures of the
Prevailing Bias

How Can We Improve the
Situation?

Refarenceas

# Correction

25 Aug 2022: loannidis JPA (2022) Correction: Why Most Published Research Findings
Are False. PLOS Medicine 18(8): e 1004085,
https:iidoi.org/10.1371/journal. pmed. 1004085 | View correction

Abstract
Summary

There is increasing concern that most current published ressarch findings are false. The
probability that a research claim is true may depend on study power and bias, the number of
other studies on the same question, and, importantly, the ratio of true to no relationships among
the relationships probed in each scientific fizld. In this framework, 3 research finding is less
likely to be truse whan the studies conducted in a field are smaller; when effect sizes are
smaller; when there is a greater number and lesser preselection of tested relationships; where
there is greater flexibility in designs, definitions, outcomes, and anzalytical modes; when thers is
greater financial and other interest and prejudice; and when more teams are involved in a
scientific field in chase of statistical significance. Simulations show that for most study designs
and seitings, it is more kely for a research claim o be false than true. Moreover, for many
current scientific fields, claimed research findings may often be simply accurate measures of
the prevailing bias. In this essay, | discuss the implications of these problems for the conduct
and intergretation of research.

This isn’t working at all... I should warn
others not to put their cart before the horse.




Why ELSE would Cardiologists care?
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How does Sleep Apnea affect the Heart

CENTRAL ILLUSTRATION: Potential Etiological Risk Factors for Sleep Ap-

nea and the Downstream Consequences
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Javaheri, S. et al. J Am Coll Cardiol. 2017;69(7):841-58.
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How does Sleep Apnea affect the Heart

Baroreceptors; Peripheral arterial chemoreceptors
Sleep fragmentation; Periodic limb movement

Disinhibition of pulmonary stretch receptors

Peripheral arterial chemoreceptors

I
|

Medullary central chemoreceptors
Peripheral arterial chemoreceptors

Locus ceruleus




How does Sleep Apnea affect the Heart
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How CPAP affects HF with OSA
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CENTRAL ILLUSTRATION: Pathophysiological Abnormalities in Sleep

Disordered Breathing

Sleep Reduction
and Fragmentation
¥ Sleep efficiency
¥ REM ssleep

Cerebral arousal
4 Inflammation

Intrathoracic Pressure Swings

(particularly in 0SA)
4 LV transmural pressure
4 LV afterload
4 RV venous return
4 Leftward shift of IV septum
4 Intra-arterial pressure
4 Aortic wall stress

4 Myocardial 0, demand
¥ Myocardial relaxation
¥ Cardiac output

4 Arrhythmia

_»

Adverse LA and LV
remodeling

Endothelial Dysfunction Increased Thrombosis

Due to:

Systemic inflammation
Oxidative stress
Sympathetic activation

4 Fibrinogen

4 Platelet activation

4 Risk of paradoxical embolism
VPAI-1 activity

Cowie, M.R. et al. J Am Coll Cardiol. 2021;78(6):608-624.

Hypoxemia-Reoxygenation
4 Inflammation
4 VEGF
+ NF-xB
4 Hypoxia-inducible VEGF
Endothelial cell activation
Leukocyte activation
4 Adhesion molecules

;

4 Insulin Resistance

Sympathetic System
Activation

(worsened by co-existing

heart failure)

4 Inflammatory cytokines
4 Muscular sympathetic
activity

4 Catecholamine release
4 Urinary catecholamines
Peripheral vasoconstriction




SDB by BMl and EF
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Cardiorespiratory Fitness Among OSA & DM

Indirect Effect-

Direct Effect-
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Aortic Distensibility and CVD
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INOCA, CMD and OSA

immediate Consequences |+ Intermediate Mechanisms Microarculatory Consequences o Chnical Heart Disease

Rocurront'nogativo
intrathoracic pressure _\

Increased venous return

RV distention .
Leftward septal shift Extramural vessel compression
! Luminal narrowing
fLV transmural pressure
Increased Aftericad
Abnormal cVD
Impaired vascdilation MBF / MFR HFoEF
Iintermittent | | Inflammation Endothelial dysfunction ltl  INOCA /':JINOC A
hypoxia Oxidative stress Vascular remodeling Coronary : :
X - : Microvascular Angina
Microvascular rarefaction microvascular CVD Mortali
Obstructive dysfunction ity
Sleep Apnea RAAS Activation
Stimulation of the HPA
Peripheral vasoconstriction
Blunted vasodilator response.

Autonomic dysfuncuon

Sleep Fragmentahon
&
Recurrent Arousals




Afib and OSA

Risk Factor Modification in Atrial Fibrillation (AF)

AF risk factor (RF)

Modifiable:

Obesity
Hypertension
Hyperlipidemia
Diabetes mellitus
Low cardiorespiratory fitness
Obstructive sleep apnea
Coronary artery disease

Nonmodifiable:
Age
Genetics

RF prevention

and management

Weight loss through
light to moderate exercise
(not high-intensity exercise)
and management of
modifiable RFs

Miller, J.D. et al. J Am Coll Cardiol. 2015; 66(25):2899-906.

Atrial electroanatomic
remodeling

AF

AF outcomes

Recurrence of AF
AF-related symptoms
Impaired quality of life

Stroke and
systemic thromboembolism

Increased mortality
Increased morbidity

Rising health care-
associated expenses




Risk of new AF among OSA/COPD
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OSA and SCD
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OHS and CVD
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Incidence of Afib by OSA severity and BMI
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Impact of OSA on mortality in HF
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CPAP for OSA receiving CABG

Table 2. Unadjusted and Adjusted OR for CABG complications for patients with OSA and CPAP

Unadjusted OR P value Adjusted OR P value
(OR) (aOR)
Complications
Table 1. Primary and Secondary Outcomes in Patients with OSA with CPAP undergoing CABG ETS:::OT%I 1.00 0.99 0.63 0.07
Mortality LOS (Days) Total Healthcare Total Hospital
Charges (US$) Cost (USS) Mechanical 1.19 0.63 1.06 0.87
Crude Odds Ratio (P value) Ventilation <24
hours (%)
OSA with 0.47 (P: 0.21) 0.04 (P:0.90) 5, 752.49 (P: 0.68) 4,413.08
CF(’:AA';g"d (P:0.046) Mechanical 1.15 0.64 0.84 0.60
Ventilation 24 — 96
Adjusted Odds Ratio (P value) hours
CPAP ; b ; i
CAB?;Ind Ventilation >96
hours
Tracheostomy 0.60 047 0.19 0.12
Post Procedure 0.91 0.75 0.72 0.32
Shock
Post Procedure VTE 1.09 0.92 1.04 0.96




Summary So Far

* OSAis arisk factor for most Cardiac Pathologies

* Mechanisms are likely related to sympathetic activation,
iIncreased LV and RV afterload, and ultimately changes in cardiac
fibrosis

* This is likely directly associated with AHI
* CPAP probably helps but data is classically inconsistent

* How can we be sure? Is there a manner to detect positive or
negative effects of cardiac pathologies?



Advanced Cardiac Imaging and OSA/OHS




Cardiac MRI



Short axis (SAX) 4 Chamber

What is Cardiac MRl

Dark Blood LGE

Bright Blood LGE




Classic OSA CMR patterns

Normal
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Left ventricular mass index, g/m™
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LV and RV remodeling in OSA by CMR
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Left ventricular mass index (LVMI), g/m*’

Indexed cellular volume (iCV), mL/m?*’

LV and RV remodeling in OSA by CMR
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LV mass/height

MESA: OSA and LV structure
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Sphericity by CMR and OSA

Obstructive sleep apnoea but not
central sleep apnoea is associated
with left ventricular remodelling
after acute myocardial infarction.

8D Graphic Abstract
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HCM, OSA and LGE mediating Arrhythmia

LGE% of LV mass
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OSA and RVEF among HOCM

Apnea hypoxia index, 1/h
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PAP on
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CPAP effect on BNP and LAVI by CMR

NT-proBNP LA Vol. Index
p P<0.0001 . p=0.155
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CPAP reduces RVEDV in severe OSA by CMR
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Short CPAP improves Remodeling

CPET data. Changes in cardiac MRI parameters in O3A group patients after treatment with CPAP. Changes in cardiac MRI parameters in O5A group patients after treatment with CPAP,
Before Treatment 3 Months after CPAP Treatment Value s Before Treatment (n = 17) 3 Months after CPAP Treatment (n = 17) p-Value # Before Treatment (n = 17) 3 Months after CPAP Treatment (n = 17) p-Value *
p-Value
=17 =17 oer
(n=17) (n=17) Mean (Standard Deviation) Mean (Standard Deviation)
- b ) 7986 (15.8) 855 (16.33) 0.083 LA and LV parameters RA and RV parameters
Maximum load 170.36 (30.25 174.20 (45.18 0.662
— — ! . LVEDV (mL) 182.68 (43.81) 197.93 (30.28) 0.102 I RV EDV (mL) 164.82 (32.57) 180.16 (39.09) 0.042* I
VO, (max. load) (L/min) 2,14 (0.41) 2,23 (0.44) 0.706 =
LV EDVI (mL/m~) 75.92 (17.51) 81.79 (10.67) 0136 pyEDVI I[I:nL,!rmz:] 68.82 (12.74) 74,81 (14.74) 0.067
VO, (max. load) (%) 84.36 (18.08) 87.21 (17.48) 0.706
LV ESV (mL) 70.03 (21.58) 77.66 (16.17) 0.163 RV ESV (mL) 78.33 (23.64) 77.45 (21.77) 0.846
VO, (max. load) (mL,/kg/min) 17.52 (3.79) 18.6 (3.40) 0.255 -
AT TS 29.12 (8.86) 32.26 (7.04) 0193 pvEswI {mL/m?) 32.53(9.27) 32.04 (8.21 0.791
V02 fkg (max. load) (%) 83.77 (18.68) 88.92 (18.36) 0.195
LV 5V {mL) 114.43 (26.31) 122.47 (20.14) 0.210
RV EF (%) 53.35 (9.36) 57.09 (7.51) 0.151
VCO, (max, load) (L) 2,61 (0.61) 2,67 (0.67) 0.889 5
- LV SVI (mL/m?) 47.49(10.14) 50.63 (7.26) 0.246 = ? 7 7 7
VCO, (max. load) (%) 93 (20.21) 93,86 (18.63) 1 RA (em?) ZRSS[Z68) ZiAH]() o129
LV EF (%) 61.78 (4.89) 62.08 (5.94) 0.906
HR rest (beats/min) £6.08 (10.10) 88.83 (12.47) 0.006 RV GLS (%) -24.21 (7.37) -27.31(5.19) 0.480
LV mass 125.65 (30.39) 120.39 (26.13) 0.266 I
HR max (beats/min) 135.5 (20.66) 132.38 (18.13) 0.432 - | RAGLS(%) 21.04 (7.14) 26.18 (7.17) 0.043% I
LA (em®) 21.61 (0.16) 25.65 (5.13) 0.724
HR max (% 90.25 (12.74 88 (12.14 0.283 . .
(8) . ) ( ) LV GLS (%) -23.76 (4.10) -24.29 (3.91) 0.081 Cardiac MRI parameters of control and O5A group patients.
0, pulse (max. load) (mL/beat) 16.60 (3.11) 16.46 (3.66) 0.925
LV GCS (%6) -35.42 (4.79) -34.88 (3.51) 0.850
0, pulse (max. load) (%) 72.64 (16.57) 72.14 (16.53) 0.826 0SA Control
I LA GLS (%) 2045 (7.25) 26.05 (14.00) 0.043 % I p-Value #
I VE,r (L/mimn) 44,51 (10,59) 38,60 (7.52) 0.03* (n=32) (n=17)
| Cardiac MRI parameters of control and OSA group patients.
I VE,r (%) (reference value) 43.21 (21.19) 37.86 (17.77) 0.028+ Mean (Standard Deviation)
VE max load 74.53 (20.04) 69.81 (17.77) 0.51 0SA Control RV parameters
p-Value #
VE max load (%) 68.84 (22.18) 66.36 (24.24) 0.615 (n=32) (n=17) RV GLS (2%4) -25.72 (10.93) -21.54 (5.87) 0.096
VE/VCO, slope (peak value) 23.47 (2.73) 20.63 (3.52) 0.042 % Mean (Standard Deviation) RV EDVI {mL/m") 70.46 (14.77) 58.65 (14.31) 0.042*
RER max. load 1.18 (0.14) 1.21 (0.09) 0.109 LV parameters RV ESVI 33,56 (11.67) 22,88 (2.19) 0.069
LV EDVI (mL/m®) 79.44 (21.02) 71.58 (15.539) 0.438 RV EF (%) 53.60 (8.91) 61.35 (9.08) 0.016*
LV ESVI (mL/m%) 30.89 (11.69) 27.47 (10.84) 0.438
LV EF (%) 61.62 (5.28) 62.71 (9.45) 0.506
LV GLS (94) -24.86 (4.85) -23.64 (4.89) 0,532

IV S F0RY 3514 (4 67 2011 701 nnagz



Cardiac CTA



What is Cardiac CT? Is there an OSA phenotype?
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EAT attenuation, HU

CCTA evaluation of EAT inflammation in OSA
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Arousals among OSA and CAD by CCTA
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Mechanism of CAD — Calcified vs. Noncalcified
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: | ' 1 ¥
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OSA and Calcium scoring

Table 1. Odds ratio, confidence intervals and AUC for 0S4 severity and other CAD risk factors

Adjusted hazard ratios for CAC scores and cardiovascular disease events stratified by sleep apnea
in predicting CACS=400.

severity (binary; AHI = or < 13 events /h).

OR 95% Cl P-value AUC
Age 1.13 1.04-1.22 <0.01 0.78
CvD
OSA severity 1.04 1.01-1.08 <0.01 077
AHI = 15 events/h (n = 92) AHI = 15 events/h (n = 68)
Gender 0.83 0.19-3.71 0.81 0.53
BMI 1.05 0.95-1.17 0.33 0.57 HR* (95% CI) P HR* (95% CI) P
Hypertension 22.14 1.24-296 0.04 0.77 CAC density 0.309 (0.323-0.801) 0033 0.783 (0.434-1.410) 4146
Diabetes Mellitus 318 085155 o.16 0.57 Agatston score 1.427 (1.238-1.644) =.01 1.447 (1.221-1.715) =.01
Hyperlipidemia 20 0.55-7.42 0.29 0.59
CAC volume 1.786 (1.478-2.158) <.01 1.617 (1.270-2.058) <.01
Smoking history 345 0.67-17.77 0.14 0.61
Current smoker vs Never smoked 3 0.5%-15.23 018

Ex-smoker vs Never smoked

::l
-
=]

Family history of CAD 0.70 0.11-4.28 0.54



CENTRAL ILLUSTRATION: Sleep Duration and Quality Versus Subclinical

Atherosclerotic Burden

SLEEP DURATION SLEEP FRAGMENTATION
NONCORONARY PLAQUE BURDEN NONCORONARY PLAQUE BURDEN
p value : p value

ALL 5™ quintile - - 0.048

ALL <6 h - i 0,008 e ] R =0
B ¢ Women 57 quentile = by 047
en <G h o —_— 0.08 ALL 4™ quintile - —— 033
Women<fih < EO—.-‘ 0.02 Meon 4™ quantile = D—é—‘ 095
ALL 6-7 h 4 ro—t 0.25 Women 4™ quintile 0—0—? 0.07
Men 67 h < -t 0.23 ALL 3" quintile - —— 023

' Men 3% quntils - -
Women 6-7 h 4 —— 0.90 den 3 quintl o o) 0.76
USaR ' 2 Women 3™ quintile — A 010
> E F’—‘—-l‘ . .

' ALL 2™ quintile - bt 025
Mens»>in -~ '—+.—‘ O.R7 Moy ’x" t.‘ll'“'l,‘ - M. 0_29
Women >8 h 4  —— 0.02 Women 2™ quentile - 0—05—4 064
s e e e e e o3 v e o v e .

01 1 10 01 1 10

Odds Ratlo Odds Ratio

<6 h: Very short sleep duration
6+7 h: Short sleep duration

7-8 h: Reference sleep duration

»8 h: Long sleep duration

Dominguez, F. et al. J Am Coll Cardiol. 2019;73(2):134-44.

57 quintile: Most fragmented sieep
Mauintile

3" quintile
2™ quintile
" quintile: Less fragmented sleep (reference)




Association for AH

dn

(A)
18::1 ::t:::n(:ear) ?::: thl)nv:;r l‘:l':“ pletr Z-value p-Value Odds ratio and 95%ClI 'T:::;:
Kim (2020) 1424 1.174 1.729 3.58 <.001 - 33.59
Bikov (2019) 2917 0.791 10.761 1.61 0.108 - 4.31
Lutsey (2015) 1.811 1.451 2.261 525 <.001 . 32.06
Luyster (2014) 1.731 0.917 3.265 1.69 0.090 i — 13.49
Arik (2013) 2.029 0.582 7.078 1.1 0.267 B — 4.66
Sorajja (2008) 4443 2214 8916 4.20 <.001 —— 11.89
Pooled 1.896 1.423 2.526 437 <.001 ’
0.01 0.1 1 10 100

Heterogeneity test: AHI<5 AHI = 5

Q-value = 11.498, df=5, p-value= 0.042, |-square=56.51%

(8)

f,'.":i:::"(;ear) ?:;: ']"’n"":' ”""n’,’i‘:' Z-value p-Value Odds ratio and 95%Cl 'tf;‘l’;';’:
Kim (2020) 1.815 1427 2.308 4.86 <.001 44.85
Lutsey (2015) 1.602 1.266 2.027 3.92 <.001 46.75
Luyster (2014) 2.230 1.165 4267 242 0.015 6.16
Arik (2013) 3.818 1.302 11.199 244 0.015 224
Pooled 1.763 1.501 2.071 6.90 <.001

0.01 0.1 1 10 100
Heterogeneity test: AHI <15 AHI = 15

Q-value = 3.176, df=3, p-value=0.385, |-square=5.54%

CAC: meta-analysis

(A)

Study name i

ot dy Difforence. Lower Upper Z-value p-Value Difference in means and 95%CI Relative
1*! author (year) in means limit limit weight
Kim (2020) 0.000 -34.627 34627 0.000 1.000 4.44
Bikov (2019) 116.500 15185  217.815 2254 0.024 ——— 0.52
Luster (2014) 22,490 -36.816 81.796 0.743 0457 1.52
Weinraich (2013) 44.760 37108 52414 11.462 <.001 - 90.98
Arik (2013) 34,850 21,331 91.031 1216 0.224 T 1.69
Kepez (2011) 44,520 -34.443 123483 1,105 0.269 SO 0.85
Pooled 42,636 35336  49.936  11.447 <.001 .

-300.00 -150.00 0.00 150.00 300.00
Heterogeneity test: AHI<5 AHI = 5
Q-value = 8.681, df=5, p-value= 0.122, |-square=42.40%
(8)
Study name Difference Lower Upper Relative
1™ author (year) in means limit limit Z-value p-Value Difference in means and 95%CI weight
Kim (2020) 0.000 -49.305  49.305 0.000 1.000 16.61
Luster (2014) 46,020 6526  98.566 1.717 0.086 15.48
Weinreich (2013) 65160 50858 70462 24089 <001 = 35.38
Arik (2013) 45.810 4.897 86.723 2.195 0.028 - 19.94
Kepez (2011) 10.820 -51.410 73.050 0.341 0.733 12.60
Pooled 40.673 13.250  68.096 2.907 0.004 ’
-300.00 -150.00 0.00 150.00 300.00

Heterogeneity test: AHI <15 AHI = 15

Q-value = 10,644, df=4, p-value= 0.031, I-square=62 42%




OSA as a predictor of CAC>400

ROC graph
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CAC volume

OSA and CAC volume among males
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MESA: OSA and CAC progression
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CPAP and GLP-1s for CVD in OSA
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Echo



What’s an Echo?
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Aortic Root Diameter among HTN and OSA

AO/H(mm/m) AO/H (mm/m)
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RV remodeling in OSA: Meta-analysis

Study Year WMD (95% CI) % weight Study Year WMD (95%CI) % weight Study Year WMD (95%CD) % weight
i Dursunoglu et al. (1) 2005 0,02 (-0.05,0.09) 344
Hanly etal. 1992 —— ~0.40 (-2.85,2.05) 3.66
Tl ! " Hanly et al. 1992 ] 0.00 (~0.64, 0.64) 5.56 Dursunoglu et al, (2-3) 2005 0.14 (0.05,0.23) 269
Guidry etal. 2001 ] -0.20 (-0.38,-0.02) 514 : SR S i 5
zlu e - H Guidry et al. 2001 H 1.00 (0.94, 1.06) 7.23 erbraccken etal. . ., 0. 5.35
Dursunoglu etal. (1) 2005 - 0.80 (~1.79,3.39) 354 ' T o 007 (0.05,009) o
Dursunogluetal (2-3) 2005 —. 1.80 (027, 3.33) 444 Dursunoglu et al. (1) 2005 0.20 (-0.51,0.91) 526 Romero-Corral etal. (1) 2007 0.03(~0.06,0.12) 271
“ ccdien o ! = 2 o _C s =
Verbraecken ct al. 2005 ' — 7.00 (4.96, 9.04) 4.02 Dursunoglu etal. (2-3) 2005 8 J 0.40 (~0.24, 1.04) 553 Romero-Corral et al. (2-3) 2007 0.14 (0.09,0.19) 4.08
Shivalkar et al. 2006 \ — 7.00 (4.96,9.04) 4.02 ! Tavil etal. 2007 0.10 (0,06, 0.14) 473
: « T 3 2 —— 0.92 (0.63,12 . -
Kasikeioglu ctal. 2007 —— 4.00(1.37,6.63) 351 Togruietal. 003 ' 0206120 o83 Tagchadt 2009 016 (0:11,020) e
A 25 . Lob 036 16y s Tugeu etal. 2010 - 0.30 (008, 0.52) 701 Altekin etal. (1) 2012 0,03 (-0.03,0.09) 3.98
N ; Y _ a4 i Altekin ctal. (2) 2012 0.10 (0.05,0.15) 408
Beyrusichal 2008 =) 2204006, 274) : Yangetal. (1) 2012 —- 0.57(0.23,091) 667 Altekin etal (3) 2012 0.13(007,0.19) 367
Kepez etal. (1-2) 2009 - 0.40 (~0.55,1.35) 485 ' R ¥
pe i Yang etal. (2) 2012 i - 232 (181, 2.83) 607 Hammersting! et al. (1) 2012 0,00 (-0.10,0.10) 253
Kepez etal. (3) 2009 -+ ! 0.00 (-0.84, 0.84) 491 i Hammerstingl etal. (2) 2012 0.10 (=0.01,0.21) 211
Tugeu et al. 2010 . 1.00(~0.38, 2.38) 456 Yang etal. (3) 2012 i — 336 (2.88,3.84) 6.17 Hammersting! etal. (3) 2012 0,00 (-0.09,0.09) 27
Yang etal. (1) 2012 ! 0.02 (-0.52,0.56) 505 Vitarelli et al. (1) 2015 —J— 0.06 (~0.33,0.45) 651 Yugeal () 2012 D03 (000, 9.06) X
: . 2 ] Yangetal. (2) 2012 0.08 (0.06,0.10) 528
Yang etal. (2) 2012 - 3.10 (2,52, 3.68) 5.03 . '
| Vitarelli et al, (2) 2015 [——) 0.37 (-0.03,0.77) 648 Yang et al. (3] 2012 0.17 (0.14,0.20) 484
Yang etal. (3) 2012 |- 485 (4.04,5.66) 1493 ] e (]) 573 o ;n el ”; i
! Vitarelli etal. (3) 2015 il 1,65 (1.31,1.99) 6.66 e 5 G g :
Ancretal 20 : - 1520{11.60.14.80) 438, ' Vitarelli et al. (1) 2015 002 (-0.04,0.08) 379
DAndrea etal. 2016 + 2,50 (0.93,4.07) 441 Lietal (1) 2016 aad ] 0.16 (0.02, 0.30) 715 Vitarelli etal. (2) 2015 0.08 (0.01,0.15) 329
etal. 2 ! 20/(~0.28, 0. 507 : ; itareli et al. 2 i 124 (0.18, 0. :
Lietal. (1) 016 ! 0.20 (~0.28, 0.68) 5. Lietal @) 2016 . 061(034,088) a8 Vitarelli et al. (3) 2015 : 0.24(0.18,0.30) 386
Lietal. (2) 2016 - 0.79(0.30,1.28) 507 ' Ozkececi etal. 2016 — t -001 (-0.13,0.12) 184
Lietal (3) 2016 s ! 0.67(0.09,1.25) 504 Lictal (3) 2016 —= 0.72(0.39, 1.05) 670 Zhou etal. (1) 2016 — 0,01 (-0.05,0.07) 370
H . ‘ . : .14 (0.06, 0. EX
Orkececi etal. 2016 — 190 (0.28,3.52) 437 DiAndrea et al. 2016 020(-1.06,146) 330 Zhouetel. ) s 024 (006,022) 44
e o st soran e 3 Zhou etal. (3) 2016 0.16(0.09,0.23) 338
Altiparmak et al. 2 540 (3.99, 6. L5 Overall (I* = 95.6%, p = 0.000) Q 0.82(0.51,1.13) 100.00 Altiparmak et al 2016 0.04 (0.02,0.06) 538
Overall (I = 96.8%, p = 0.000) 2.50(1.62,3.37) 100,00 ] Overall (1 = 84.1%, p = 0.000) 0.08 (0.06,0.10) 100.00
Note. Weights are from random-effects analysis i Note, Weights are from random-effects analysis H Note, Weights are from random.-effects analysis
r L 1 f 1 I ]
-10 0 15 4 4 -35 35
RVID decreased RVID increased RVWT decreased RVWT increased RV MPI decreased RV MPlincreased
Study Year WMD (95% CI) % weight Study Year WMD (95% CI) % weight
Verbraecken et al. 2005 — -1.80 (-2.73,-0.87) 472 Tavil etal. 2007 —2.40 (~4.16, ~0.64)
Shivalkar ct al. 2006 —— 210 (1.21,2.99) 476 Tugeu etal 2000
Tavil et al. 2007 e -1.90 (-2.92, -0.88) 162 Tissiistal 2010
Kasikeioglu et al. 2007 — 430 (~5.64, ~2.96) 426 z
Altekin etal. (1) 2012 -246 (- 122)
Ot etal. 2007 | -0.40 (~0.71,-0.09) 5.18 Study Year WMD (95% CI) % weight
5 : 25 i i s b 5 Altekin etal. (2) 2012 ~3.65 (~4.62, ~2.68) 546
ayram et al. b —— -0.20 (-1.22,0.82] X ' e H -
. Altekin etal. (3) 2012 - | -5.34 (=633, -4.35) 5.44 Guidry esal. 2001 . 1.00(071,1.29) 1169
Kepez etal. (1-2) 2009 e 112 (~2.29,0.05) 146 ' ‘ e s - —m -
Kepezetal. (3 S5 | 0882207, 031) e Hammerstingl et al. (1) 2012 i R 170 (~1.08, 4.48) 393 omero-Corral etal. (1) 7 : 100 (-3.04, 3.04) !
Tugeu etal 2009 — - 253 (=380, -126) A% Hammersting] et al. (2) 2012 —f— 0.70 (-2.22,362) 381 Romero-Corral etal. (2-3) 2007 4= ~4.00 (~6.29, ~1.71) 1061
Tugcuetal 2010 —s b 1,00 (=2.20,0.20) 142 Hammerstingl ct al. (3) 2012 —— 0.10(-2.75,295) 387 Vitarelli et al. (1) 2015 —_—— 200 (-11.13,7.13) 142
Altekin etal. (1) 2012 —— ~1.00(-2.32,0.32) 428 Vitarelli etal. (1) 2015 +— -2.00 (-4,84, 0.84) 3.88 Vitarelli et al. (2) 2015 —*—— ~4.00 (~13.36, 5.36) 428
Altekin etal. (2) 2012 —=—! 200 (~2.91,~1.09) 474 Vitarelli etal. (2) 2015 — ~5.00 (-8.51,~1.49) 331 Vitarell et al. (3) Shis — 14100 (~20.22, ~7.78) 663
} s A 300 (3L T T it : ot ]
Altekin et al. (3) 2012 3.00 (-3.91,-2.09) 174 Vitarelli etal. (3) 2015 — 7.00 (~9.80, ~4.20) 391 Dbt st ik ; 600631, 1831) -
Vitarelli et al. (1) 2015 R -070 (-2.71,131) 345 ietal (1 016 . -— 8 .07 !
SN Dobeowoldt e el () 216 ) % Dobrowolski et al. (2) 2016 _—) 6.00(~8.14, 20.14) 236
Vitarelli etal. (2) 2015 e 340 (~5.86,-0.94) 295 Dobrowolski et al. (2) 2016 [ I 59) 147 ]
—— H o - ' Dobrowolski et al. (3) 2016 —_— ~5.00 (-20.14, 10.14) 211
V elli et e — —4 (¢ a
Yitarelliexal. (3) 2015 4.80(-653,-3.07) 378 Dobrowolski et al. (3) 2016 4 140 (-0.61,341) 164 !
i HE - 2 Lietal. (1 2016 —1 ~3.00 (~8.49, 2.49) 7.33
Dobrowolski et al. (1) 2016 L 1.10(~0.35,2.55) 41 f el (0) N - R 0% i ietal. (1) : « )
Dobrowolski et al. (2 2016 —— 0.50 (~1.06, 2.06 398 ’ - 400 (-9.76, 1.74 74
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; 2 B 2
Dobrowolski et al. (3) 2016 e 170 (0.42, 2.98) 432 - i } S - Lietal (3) 2016 & : 1000 (=165, ~5:45) 728
Altiparmak et al. 2016 e ~1.37 (-2.44,-0.30) 457 ‘ Asaeraii] ot e B0 (eeEasE) =
ceci —— 40 (- 2.2 477 Zhou et al. 2 e ~1.80 (-6.68, g
Zhou etal, (1) 2016 —_— 150 (0.29,271) 441 Ozkececi et al, 2016 ' 040 (-1.46,2.26) 4.7 ! o
Y éael 4 120 (= 027! 7 o 2 T . ~2.10(~7.31, 3. K
Zisweral @y 2016 i ] 80 (COSLTE) s DiAndrea et al. 2016 - 120(-2.13,-0.27) 548 Zhou etal. (2) 016 —H 10 (=731, 3.11)
Zhouetal. (3) 5016 N 020 (<141, 1.01) 141 Altiparmak et al. 2016 ~1.40(-2.94,0.14) 5.05 Zhou etal. (3) 2016 B -3.50 (-8.51,151) 7.83
Overall (I* = 88.4%, p = 0.000) L, -0.95 (~1.59, -0.32) 100.00 Overall (I = 89.3%, p = 0.000) <> ~176 (- 0.78) 100.00 Overall (1 = 80.2%, p = 0.000) <> ~3.16 (~5.60, -0.73) 100.00
Note. Weights are from random-effects analysis I ; Note. Weights are from nndonwﬂba? analysis ‘ , Note. Weights are from random-effects analysis ‘
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RV strain and function: Meta-analysis

Author Year of publication

Longitudinal Strain

of RV(O/o)

Smd and 95% CI

Weight %

Free Wall RV
Longitudinal Strain (%)

Altekin 2012 —— 10.5
Vitarelli 2015 8 12.9
Macek 2022 —il— 6.3
Chu 2020 - 18.0
D'Andrea 2016 . 3 20.9
Bonauro 20V -B- 17.1
Guvenc 2015 - 14.1
Total ’
-2.50 -1.25 0.00 125 2.50
Favours Favours
Controls OSA
Free Wall RV

Longitudinal Strain (%)

Author Year of publication Smd and 95% CI Weight %
Altekin 212 32.1
Hammerstingl 213 49.4
Vitarelli 201$ - 184

Total

-2.50 -1.25  0.00 1.25

Favours Favours
mild moderate
OSA OSA

Author Year of publication Smd and 95% CI \Veight %
Altekin 2012 _._ 23.6
Vitarelli 2015 29.5
Macek 2022 14.4
Guvenc 2915 32.2

Total

Author Year of publication

L 3
®

-2.50 -1.25 0.00 1.25 2.50

Favours Favours
Controls OSA

Free Wall RV
Longitudinal Strain (%)
Smd and 95% CI1

Weight %

AlteKin 2012
Vitarelli 2%
Hammersting| 2°'3

Total

-3.0  -15 0.0 1.5 3.0

Favours Favours
mild OSA severe OSA

264
22.3
51.3



Epicardial Adipose Tissue and OSA
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Diastolic Dysfunction and CPAP

2

[sovolumetric acceleration [HSE] with pre-CPAP (blue) and post CPAP (Orange)
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Acute CPAP effectson TTE

Differences in the left heart diastolic function measurements of the patients before and after continuous

Parameter (unit) Paired differences (baseline minus CPAP) P
positive airway pressure therapy
Mean+5D SEM 05% CI
Lower Upper Parameter Paired differences(baseline minus CPAP) P
LVEDD (cm) 0.065+0.6446 0.062 -0.059 0.159 0.209 Mean+5D 5EM 95% CI
LVESD (cm) -0.0653+0.608 0.059 -0.181 0.051 0.271
Lower Upper
2 2
LVEDV (ml) wLAEEEE 1.209 L e 0.001 E/A ratio 0.26+0.294 0.030 -0.033 0.085 0.391
2 2 —
LVESV (ml) 0.57+6.423 0.621 0.666 1.796 0.365 E/E' ratio 0.44+3.976 0.388 -0.333 1.206 0.263
LA, (mL) 3.76+13.878 1.342 1.098 6.419 0.00a
Differences in the measurements reflecting right heart pressure effect before and after continuous
RA_ . [l:mz] 1.05£2.812 0.272 0.516 1.594 =0.001
positive airway pressure in patients with continuous positive airway pressure therapy <10 cmH,0
Iv':.ma_.{ {Cm:] -0.44+0,388 0.038 —U.Slg -0.371 =0.001 {n:?g:] and =10 CmHzO {nzgqu
IVC i, (cm) -0.42+0.334 0.0322 -0.485 -0.358 =0.001
IVC wariability (%) g2.44+17.662 1.707 5.053 11.823 =0.001 CPAP (cmH,0) Parameter (unit) Paired differences(baseline minus CPAP) P
TRV ., (cm,s) 38.36+39.039 3.776 30.873 43.846 <0.001
: Mean=SD SEM 95% CI
TAPSE (cm) 0.17+0.476 0.047 0.075 0.280 0.001
EVOTVTI (cm) 1.92+3.304 0.321 1.287 2,360 =0.001 Lower Upper
SV (mL) 3.44+13.218 1.284 2.890 7.081 =0.001
=10 TRV . (cm /5] 34.84+36.846 4,313 26.245 43439 =0.001
EF (%6) 1.04+7.475 0.723 0.507 3.372 0.008
=10 TRV . [cm /5] 45.01+43.037 7.381 30.898 60928 <0.001
IVOTVTI (cm) 1.64+4.141 0.402 0.840 2.435 =0.001
=8 TRV ..[cm/s] 35.24+38.277 4.983 25.262 45,212  <0.001
=8 TRV . [cm /5] 42,20x40.068 5.783 30.564 53.832 =0.001




3D Echo and CPAP effects on LV parameters
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Subclinical LV GLS and OSA by severity

Patient's echocardiographic data before and after treatment with CPAP

Logistic regrezsion analysis for the predictors of cardiac dysfunction [GLS = -1804)

Follow-up p value
LVEF (%) 70.0 £5.3 60.0 £ 4.6 0.084
Mitral E/4 1.0+0.4 1.0£0.3 0.405
e (m/sec) 0.068 + 0.018 0.069 + 0.018 0.267
Efe 11.2+33 113+ 2.8 0.929
LAVI (mL) 19.9 + 6.0 209 + 8.8 0.288
GLS (%) ~18.1£2.7 ~18.0+ 2.8 0.004
GLS = -189%%, n (%) 47 (51) 33 (36) 0.053
GLS = ~169%, n (%) 22 (24) 10 (11) 0.031

Univariate Multivariate
OR (95% CI) p value OR (95% CI) p value

Age per 1 year 1.01 (0.99-1.03) 0.315

Sex (male) 2.13 (1.14-3.97) 0.017 2.01(1.07-3.78) 0.03
BMIper 1.0 1.00 (0.94-1.08) 0.998

Hypertension 1.03 [0.64-1.65) 0.905

Diabetes 1.05 (0.48-2.26) 0.909

Moderate-to-severs 054 3.02 (1.31-7.00) 0.01 2.83 (1.22-6.61) 0.016




CPAP treatment impact on RV by 2D Echo

Echocardiographic parameters describing right heart structure and function

Patients treated with CPAPn =16

Patients without CPAPn=22

Baseline Follow-up p value Baseline Follow-up p value
BVOT (mm) 31.8+4.3 320+20 ns 32025 300+72 ns
TAPSE (mm) 22.1+4.3 255+4.6 0.005 237+53  258+46 ns
RV & (em/s) 14.1+3.2 17.2+£52  0.003 15.0+39 151+28 ns
RVE (cm/s) 11.4+2.8 11.5+25 ns 11.6£31 10.8x29 ns
RAdl (mum) 46.2+£12.1 30.6+7.9 ns 429+7.2 43471 ns
RAd2 (mm) 40.4+5.4 30.1+£9.2 ns 43.6+6.2 40.4+H5.6 ns
RaA (em2) 20.7+£2.7 22.0+6.7 ns 18.6+44 19.0+47 ns
RVD1 (mum) 441+5.2 459+64 ns 41.4+56 422+535 ns
RVD2 (mum) 36.6+3.7 37.3£68 ns 33.6+66 32.6+5.2 ns
REVD3 (mm) 740+280  731+226 ns 71.3+£222 734+208 ns
TRPG (mmHg) 220+6.2 23.6+6.7 ns 242+46  253+68 ns

Subgroup analysis of BV systolic parameters according to age and weight

Baseline TAPSE Baseline EVS
Follow-up p value Follow-up p value
Age (years) = a0 23.2x3.7 27.6x46 001 151+3.1 19.8+51 0.01
=a0 20648 228+£31 ns 12729 149:+33 ns
EMI{kg,-‘m:] <35 20.7+£38 238+48 004 131+25 151+44 0.04
=33 243+46 27042 0.02 15.3+3.7 201+5.0 001




CPAP effect on RV and global function

MPI (p<0.0001) RVFWD (p<0,01)
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CPAP on RV

RV echocardiographic variables in control and O5AS groups.

performance among High Altitude

Changes in RV parameters, cardiac biomarkers and polysomnographic data before and after CPAP

therapy.

Control group (n=31) 05AS group (n=71) Pvalue Before CPAP therapy After CPAP therapy Pvalue
[ RV (ml/m?) 293:4.7 377144 <0.001 | (n=145) (n=145)
Imw (ml/m?) 37.2+4.9 32.0+3.9 =0.001 l
LVEF (%) 63.5.3+49 63.0+4.6 0.67
RV apicobasal diameter (mm) 344+34 35.3+43 0.37
BV apicobasal diameter (mm) 35.1+4.0 36.3+4.2 0.21
RV mediolateral diameter (mm) 308+34 20.7+£2.9 0.14
RV mediolateral diameter (mm) 30.0+39 30.5+3.3 0.535 RV long-axis diameter (mm) PO FATeAE BT
RV long-axis diameter (mm) 67.2+5.0 68.2+4.4 0.38 RVWT (mm) 43+0.5 42+0.5 0.20
I RVWT (mm) 4.0+0.7 4.4+0.6 0.01 l TAPSE (mm) 19.9+2.1 19.8+2.4 0.95
TAPSE (mm) 20,7423 20.0£2.2 0.18 RV VI (em) 135524 13920 046
TVE/A 13202 1.2£0.2 0.95
Qutlet BV VTI (cm) 13.2+£25 135+25 0.49
TV S, (cm/s) 15127 14.5+2.0 0.41
TVE/A 1.2+0.3 1.2+0.2 0.89
TVE/e 54+15 49+1.0 0.54
TV 5, (emy/s) 18.2£25 13.6=24 0.48 Systolic PAP (mmHg) 446280 37.0260 0.001
TV Efe' 3.0+0.7 43+1.0 0.12 High sPAP 22 (499%) 14 (319%) 0.001
Systolic PAP (mmHg) 206+4.7 42.7+8.4 =0.001 PVR (Woods) 2.0+04 1.7+03 <0.001
- 2 2z
High sPAP 9 (30%) 34 (48%) 0.001 RVELS (- %) 203233 231231 0.001
RV LLS (- %) 20.7+3.5 23.0+3.0 0.006
PVR (Woods) 1.7+0.3 19+0.3 =0.001
RV SLS (- %) 18.324.2 18.8+4.1 0.63
BV GLS (%4) 23.1+3.8 18.8+5.9 0.002
RVEDV (ml) 101.7:13.2 02.6:11.0 0.005
RV LLS (%) 25.7£2.9 22.8+3.4 <0.001 RVESV (ml) 57.3+10.4 47.0+9.4 <0.001
RV SLS (%4) 18,6+5.2 18.8+4.4 0.86 RVEDVI (ml/m?) 555+7.0 50.6+7.0 0.007
RVEDV (ml) 822111 00.7+13.3 <0.001 RVESVI (mi/m’) e TR Sl
RVEF (%) 43.9+5.2 40.5+4.0 20,001
RVESV (ml) 41.2+6.7 58.5+11.1 <0.001
i AHI (events /hour) 40.7+16.4 4017 20,001
RVEDVI (ml/m") 439+6.7 439+6.7 <0.001
Awake 5.0, (%) 93.0+1.9 03.6+1.8 0.27
Z 2 2
e eyl el Sl ol L Minimal 5,0, (%) 72584 84.3+5.8 <0001
RVEF (%) 49.4+3.4 41.5+4.8 <0.001 Time 5,0, <90% (min) 243120 34220 <0.001




OSA, Weight flux, CPAP and Chamber size

| weight (n.zo) =[1 weight [n.z1) ANOVA
Metabolic parameters Basal CPAP Basal CPAP CPAP Weight change
LV parameters
LV diastolic diameter, mm L0+ g Lo+ 6 49+ 5 49 + 4 s ns
) b
Septal thickness, mm 1.6 +1.2 160.5 + 0.9 115 + 1.4 116+ 1.8 rns o.006
: , b
Pasterior wall thickness, mm 114 +1.3 16.4 £ 1.1 1.1+ 1.2 11+ 1.3 rs o.068
, \ b
Relative wall thickness 0.46 = 0.0f 0.42 + 0.05 0.46 + 0.08 0.46 £ 0.07 s 0.003
. 7 o b
LV mass index, g/m 64.7 £ 13.2 553 & 11.4 64.0 £ 127 gh.lx 12.4 ns 0.008
LV Ejection fraction, % 634 644 B4+ 4 fg + 4 s ns
b
Efa 001 +0.24 1.07 + 029 005 £ 021 0.97 + 0.28 ns 0.018
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CENTRAL ILLUSTRATION: Echocardiographic Characteristics in ADVENT-HF
at Baseline and Follow-Up

Echocardiographic Component of ADVENT-HF Trial At Baseline
Left ventricular structure and function before and Subjects with OSA had similar LV structure and function as
after treatment with ASVpp those without SDB.

Potential ADVENT-HF trial participants screened for eligibility -
(n = 863) No-S08 —

— R - X4
Baseline echocardiography
(n =800) _
Those with CSA were older and had more severe sleep apnea.

+ Those with CSA had more LVH and lower LVEF than the other groups.

LY volumes were larger in those with CSA than those with OSA.

Ié‘i‘) B 6 Months After the A5V, Treatment

6 month follow-up echocardiography
(n=549)
SDB suppression by ASV; had no significant

OSA (n = 413) CSA (n = 136) effect on LV structure or function

0SA Control CSA Control
(n =2017) (n=73)

Yatsu S, et al. JACC Heart Fail. 2025;10.1016/j.jchf.2025.02.016
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CPAP effect on Acute Decompensated HF

Survival Functions
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CPAP on LV/RV Function: Meta-Analysis

Author Year of publication

Smd (95% CI)

LVEF (%)

Weight %

Hammersting 23 -.-- 30.3
D’Andrea 2016 —— 20.4
Vural 27 B 10.8
Vitarelli 213 = 5.8
Zota 2021 _._ 22.5
Kim 2019 E 10.2
total 0.20 (0.08-0.33) <
-1.0 -0.5 0.0 0.5 1.0
Fixed model ( = 0.48) Higher Higher
P<0.001 pre CPAP post CPAP
Author Year of publication smd (950/0 Cl) TAPSE (mm) \Vcight o/
Vitarelli 2015 — 5.7
Zota 202! — 21.7
D’Andrea 20'¢ 21.9
Chu 22 18.0
Hammersting '3 32.7
total 0.08 (-0.04/0.20)
-1.0 -0.5 0.0 0.5 1.0
Higher Higher
Fixed model (12= 0.27) pre CPAP post CPAP

0
Author Year of publication Smd (9:;0/0 Cl) GLS ( /0 Weight LA
Vitarelli 213 e e 5.6
Haruki 21 2 6.8
Vural "7 —i— 14.5
D’Andrea 216 —.— 29.0
Zota 2! - 30.1
Kim 01? —— 14.0
total 0.51 (0.36-0.66) ¢
-1.8 -0.9 0.0 0.9 1.8
Fixed model (1= 0.45) Higher Higher
p<0.0001 pre CPAP post CPAP
RV-GLS (%

Author Year of publication Smd (95°/o (l) ( o) \Veight %o
Vitarelli 205 lm 5.5
Chu 2020 —E— 18.9
Kim 2" = 11.4
D’Andrea 2016 —%— 25.2
Hammersting *'1* -.— 39.0

total 0.28 (0.15-0.42) <>
-1.4 -0.7 0.0 0.7 1.4
Fived model (12= ) 5%) Hicher Hicher



Predicting

Baseline characteristics of randomized patients.

SA Severity by Echo

Variable Patients (n= 69) Controls (n=37) P value
Age years 50 (51: 67) 55 (47; 62) 0.394
Female sex, n, 3§ 31 (44.9%0) 18 (48.6%) 0.871
BMI kg -m?® 34 (30.8: 40.2) 29 (28.5; 30.1) =0.001
Additional cardiovascular risk factors

DM type 2, n, % 11 (15.9%) 5 (13.5%) 0.98
Arterial hypertension, n, % 63 (91.3%) 22 (59.5%) =0.001
Smoking ., n, % 20 (29%4) 17 (45.9%) 0.125
Results of the sleep study

AHIW? 28.6 (18.3:42.1) 2.8(1.2:3.3) =0.001
oDIwt 20,2 (21.9:42.9) 3.5(2:6.2) =0.001
Echocardiographic parameters

EV, mm 40 (37:43) 36 (33;37) =0.001
TAPSE, mm 19 (17:20) 23 (21.5:24) =0.001
S wave, cm/s 0.6 [9:11) 12 (11.9;13.5) =0.001
FA-RV Gradient, mmHg 35 (30; 40) 19 (16.5; 22.5) =0.001
sPAP. mmHg 42 (37:47) 22 (16.5: 24.5) =0.001
BV FAC, % 28 (25:30) 35 (33.4:45) =0.001
3D RVEF. % 31.9(27.8:39) 50 (45.4; 59) =0.001
3D RV GLS, % -135(-17.2: -10.6) -223(-28.3-209) =0.001
LVEF, % 55 (50:55) 55 (55:63) 0.09
Serum parameters

NTpro ENFE, pg/ml 290 (201:620) 35 (15:127.5) =0.001

Sensitivity

100

80

60

40

20

— 3D RV GLS
------- 3D RVEF
FAC

ROC cutoff values predicting O5A.

Variable Cutoff Sensitivity (%0) Specificity (%) AUC(95%CI)

RV, mm =39 59.4 100 0.835 (0.75-0.9)
TAPSE, mm <20 84 89 0.92 (0.83-0.946)
5 wave, cm,/s =10.2 68.1 91.8 0.85 (0.76-0.91)
RA-RV Gradient, mmHg > 20 82.6 94.5 0,94 (0.87-0.97)
sPAF, mmHg =30 94.2 100 0.98 (0.94-0.99)
RV FAC, %% =31 79.7 91.8 0.9 (0.83-0.95)
3D RVEE. % =41 884 04.5 0.94(0.88-0.98)
3D RV GLS, % »>=-19.2 0913 100 0.979 (0.93-0.99)
NT-proBNE, pg/ml > 136 91.3 91.8 0.96 (0.9-0.99)

100-Specificity
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Echocardiographic parameters at baseline and after 6 months of therapy with sac/val.

Variables Baseline Follow-up  5Standardized mean difference P
(n=132) (n=132) (Hedges'g)
LAVI, mL/m® 40.8+13.7 46,1+ 12.0 0.27 0.001
LVEDV/BSA, rnL‘.»‘rn2 89.6 +09.8 87.8+£84 0.20 =0.0001
LVESV/B3A, ng’mz 61.0+7.1 57.3+5.9 0.57 =0.0001
IVEF, % 319+1.4 347+16 1.86 =0.0001
CIL mL/min/m’ 1,675.6 £199,9 1,856.6 + 212.9 0.87 =0.0001
E/€ ratio 17.4x3.5 15.9+2.8 0.47 =0.0001
TC90
GLS, % -7.9+1.7 -9.0+14 0.71 =0.0001
EVOT, cm 2604 21+04 1.25 =0.0001
RAA, cm’ 20.5+2.8 103+23 0.4 =0.0001
e TAPSE, mm 16311 17117 0.36 =0.0001
S-PAE, mmHg 445 + 6.6 41.5 + 6.6 0.45 =0.0001
TAPSE/5-PAP mm/mmHg 0.37 £0.06 0.42 £ 0.08 0.70 =0.0001
IVC, mm 202+1.3 101 +3.3 0.44 =0.0001
Baseline  Follow-v Linear regression analysis focused on AHI variation (A AHI) as dependent variable.
Variables R r
TC90 ACL mL,fminjrn: 0.486 =0.0001
A TAPSE, mm 0.325 =0.0001
A NT-proENE pg/mL -0.404 =0,0001
A IVC, mm -0.048 0.293
**** | AeGFR, mL/min/1.73m" 0,403 =0.0001
ARAA, cm® -0.086 0.164
I AMLHEQ, score -0.066 0.228
Baseline Follow-up 4 gyQT, cm -0.104 0.218
A TAPSE/5-PAP, mm/mmHg 0.036 0.340
A E/e ratio -0.008 0.463
A IVEDV/B54, rnL,;’rnz -0.022 0.401
ACPAP mHo N nss N 7264




OHS induced PH and NIV on Echo

A B
Systolic Pulmonary Artery Pressure Right Ventricle Index of Myocardial Performance (Tei index)
80 L change L 3 0.60 L change L o]
48 4 p value p value p value p value
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C D
Left Atrial Diameter (LAD) Left Ventricular Telediastolic Diameter (LVTDD)
49 - change | L ” L al change  Long group
p value p value 56 p value p value
47 4 Inadjusted 0.024 0.214 54 - Unadjusted 0.061 0.998
djusted 0.023 0.196 Adjusted 0.092 1.000
45 A 52
43 4 50 : 3 ]
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Left Ventricular Telesystolic Diameter (LVTSD)

39 A
Longitudinal change Longitudinal Intergroup differences*
p value p value
379 Unadjusted 0.462 0.893
Adjusted 0.520 0.957
35
€ B
£ 33
-
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i ! 1
1
29
-e- CPAP
NIV
27 T T T
Baseline 1 year 2 years 3 years
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iy L change L
pvalue p value
Unadjusted 0.283 0.632
Adjusted 0.268 0.652
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z T
£
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12 |
-e- CPAP
NIV
1
Baseline 1year 2years 3years
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Left Ventricular Mass
270
L i change L
260 p value p value
Unadjusted 0.876 0.597
250 Adjusted 0.841 0.520
240 ¥
o
5 230 -
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210 4 l l
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NIV
190
Baseline 1year 2years 3 years
CPAP 98 88 84 77
NIV 84 74 70 69

Left Ventricular Ejection Fraction (LVEF)

76
Long change L gl p
741 p value p value
72 4 Unadjusted 0.445 0.555
70 4 Adjusted 0.368 0717
68 4
66
B
64 4
62 ’
60 4
58
56 - -e- CPAP
NIV
54 T T
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Left Ventricular Posterior Wall (LVPW)
1839 L change L
p value p value
13 4 Unadjusted  0.807 0719
Adjusted 0.773 0.606
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Baseline 1year 2 years 3 years
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Left Ventricular Mass index
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OHS Overlap with OSA on LA Diameter

Multivariate Logistic Regression Analysis of the Predictors of Left Atrial Diameter

OR LCL UcCL
Croups (OHS-0OSA vs OSA Alone) . ,,’ 2.15 1.02 455
Age > 75 Years < } 1.22 0.35 4.23
History of CAD ’ 1.74 0.83 3.65
History of T20M ‘ 058 0.27 1.27
History of CHF > 137 0.66 2.84
Sex (Male vs. Female) . } 2.27 1.11 4.62
History of AF } 3.24 1.14 9.16
Body Mass Index 1.01 0.98 1.05
LVEF < 50% 4 } 1.11 0.47 264

05 0.75 15 2

Odds Ratio

Graph ¢

enerated by D

stilferSR




Summary of Imaging of OSA:

increases

OSA
decreases

OSA no
effect

CPAP
improves

CPAP no
effect

*=linearly with AHI/severity; **=additional interactive effect with other risk factors, "=

LVMI*, ECV*, LVEDV**, LVESV,
RVEDV**, RVESV**, aortic

diameter, and sphericity, LAVI?,

Atrial LGE", %LGE” and RVEF"
FMD**, RVEF

Aortic PW and distensibility

RVEDD, RVEDV, RVEF, RVOT
outflow acceleration time?”,
PASP, LVMI, atrial GLS, LAVI,
RAVI

FMD, LAVI?, LVEF, arterial
stiffness

RVD, RVWT, RV performance index, RV free
wall diameter, LVMI, diastolic A wave*, EAT
thickness

RV s’, TAPSE, RV FAC, RV GLS, LV GLS*, E/A
ratio*, RV diastolic function

LVEF*, LV wall thickness, LV cavity size, atria
size

LVEF, LV GLS, RV GLS, isovolumetric
acceleration, TAPSE (2/3 studies), RV s’, E/e’
(by 3D echo), LAEF, LA active emptying
volume, tricuspid gradient, LVMI*, Aortic
root diameter and distensibility”

TAPSE, E/e’ (by 2D echo), FAC, RVD, RV
%strain, diastolic dysfunction”, LAVI, E/A”,
LVEF, e’

EAT attenuation*, CAC
score*, CAC density*,

chances of CAC>400,
CAC progression

Total, low density, and
noncalcified plaque
volumes

in select subsets



Utility of Advanced Imaging for Sleep Physician

* There aren’t clearly established guidelines regarding the utilization
of cardiac imaging for OSA alone

* There are for screening for OSA among other disease states or
concomitant disorders such as hypertension

* My personal practice:

* Any patient with an AHI >15 or moderate-severe OSA would get an echo

with strain measurements with repeat echo no less than 3 months but
likely yearly to assure no other pathologies

* AHI>15 and asymptomatic should get a Calcium score

* |f cardiorespiratory fitness subjectively is not improving or other
symptoms, consider echo or stress testing or coronary CTA as per chest
pain guidelines

* |f ventricular arrhythmia or concerning echo findings, consider CMR to
confirm or determine additional pathologies



Questions Not Answered

* How do GLP1 agonist studies account for statins in assessment of
effect?

* Does Entresto have a role in treatment of OSA beyond HF?

* How much does coronary microvascular dysfunction mediate the
effects of OSA? Is this further mediated by EAT?

* How do oral devices and INSPIRE affect echocardiography
parameters?

* To what degree did CPAP adherence affect many of these cardiac
studies?

* How does CPAP affect ECV on CMR?



What Do We Make of This Study?

Key Question
Randomized trials of continuous positive airway pressure (CPAP) have failed to show benefit for secondary cardiovascular outcome
prevention, Does CPAP confer cardiovascular benefit preferentially in patients with high-risk obstructive sloep apnoca (OSA)?

Key Finding
In this pooled analysis of three trials, the benefit of CPAP in reducing major adverse cardiovascular and cercbrovascular events was
greater in patients with high-risk OSA compared to those with low-risk OSA. In low-risk OSA, CPAP may increase cardiovascular risk.

Take Home Message
Assessment of OSA phenotypes may guide the Indication for CPAP to reduce cardiovascular risk.

& Population 3549 Al patients

High-risk OSA Low-risk OSA
* SAVE 2623 o FriE CPAP MACE free wurvival

0
* ISAACC 706 «[
« RICCADSA 220

O @

4
@ * Hypoxic burden >87.1% minhour m

or
* Heart rate response >9.4 beats/min o P
* Major adverse cardiovascular and cerebrovascular events High-risk OSA Low-risk OSA
(MACE) MACEfreo survival

Usual care

10
CPAP
* MACE rate: o @ ﬁm’\‘

08

07
* The effect of CPAP treatment on MACE in patients with -~ =0.003
vs without high-risk OSA e




Additional Key Features of the meta-analysis

* Post-hoc analysis different from the initial design of evaluation for
testing CPAP in high and low risk OSA

* Potential for selection bias and cherry picking these studies

* Utilization of delta HR and hypoxic burden as opposed to AHI or
other more well established markers in the cardiology literature

* Granted, I’m not the most familiar so perhaps this is better in some ways |
don’t understand

e The nature of each of the cardiovascular treatments in each of

these studies is also variable as treatment for CAD has rapidly
evolved over the past 20 years



Key features

* SAVE trial average 3.3 hours per night CPAP and based CPAP on
Epworth sleepiness scale scores of 11 as a cutoff without mention
of AHI or severity of OSA or pressure settings; presumed 100%
adherence to be included in the study

* [SAACC trial mean adherence time on CPAP was 2.78 hours and
natients were nonsleepy; no mention of adherence rate

* RICCADSA did have 60% adherence rate but average time not
mentioned; however, their cox regression models for CPAP usage
>3h/night and >5h/night did not achieve significance while their
>4h/night did so it may have been underpowered to achieve these
ends overall




SLEEP W S N

What Are the Effects of CPAP Therapy Termination on All-Cause =
Mortality in OSA From the Nationwide Claims Data Lake for Sleep
Apnea Study (ALASKA)? EST

Analysis of French CPAP continuation associated with a significantly lower risk of all-cause death
national health insurance

AN

—

O
= o

reimbursement system A
database for all CPAP users >
= 0.98
Propensity match comparing 36
those who stopped CPAP in 1st =
i s 0.9¢ 3
z::'ct: At:ose who continued to _§ MR 0.61; 95% C1, 0.47.0.65
2
Pp| CPAP Continuation s 004
(n =88,007)
VS
CPAP Termination Heart failure also less common in those continuing with CPAP
(n = 88,007) (HR0.77; 95% CI,0.71-0.81)

Continuation of CPAP therapy has the potential to reduce all-cause mortality in patients with OSA.

Pépin ), ¢t al. CHEST. June 2022 | ©lournal CHEST | htps://001.0r9/10.1016/1.chest . 2022.02.013
Copyright £ 2022 American College of Chest Physicians



Question for MOC

* A60 year old male with PMH of diabetes, hypertension, BMI of 28 and
hyperlipidemia all of which are currently diet controlled presents for
evaluation of OSA. The patient’s family attests to daytime somnolence,
witnessed apneic episodes and some memory problems for which the
patient has insight into. Patient otherwise has been able to continue
exercising including dai}X 30 minute moderate intensity runs. Home
study demonstrates an AHI of 4.5. Arecent echocardiogram
demonstrates normal LVEF, moderate diastolic dysfunction and
decreased right ventricular systolic function with a PASP of 45mmHg.
Physical exam demonstrates no edema, JVD or rales. What is the next
best management choice?

* A. Cardiac MRI to evaluate for presumed heart failure and Holter monitor for
arrhythmia

* B. Coronary CTA to evaluate for obstructive coronary disease and initiating GLP1
agonist for presumed OSA

* C. Repeatin-lab PSG and Coronary artery calcium score
* D. Refer to Cardiology
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Questions
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