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Recent RCTs in non-sleepy adults with CAD and elevated AHI do not
demonstrate a reduction in risk of MACCE with CPAP

Sleep Apnea Vascular Endpoints (SAVE) Trial
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Potential reasons for failure to identify a benefit of CPAP treatment

* OSA may not cause cardiovascular disease
» Lack of adequate power

« Low CPAP adherence
* Non-sleepy OSA patients may not be at increased cardiovascular risk



Potential reasons for failure to identify a benefit of CPAP treatment

* OSA may not cause cardiovascular disease

» Lack of adequate power

* Low CPAP adherence

* Non-sleepy OSA patients may not be at increased cardiovascular risk
» CPAP could have unanticipated adverse cardiovascular effects



Angiopoietin-2

« Ang-2 is contained in Weibel-Palade bodies of endothelial cells
« Both angiogenic and pro-inflammatory

» Released by endothelial cells in response to:
* vascular injury
» hypoxia (including intermittent hypoxia)
* Increased in OSA



CPAP Increases Circulating Level of Angiopoietin-2

Serum Angiopoietin-2, ng/ml

Discovery Cohort

e 77 participants with OSA and CVD or multiple CVD risk factors
from HeartBEAT and BestAlIR trials

 Age 65 (SD 7) years, 24% women, BMI 32 (SD 5)

 AHI-3% 30.2 (SD 11.4) on HSAT

* Treatment with CPAP for 3 or 6 months

* CPAP adherence 5.9 (SD 1.4) hours/night

Replication cohort

* 11 health-screened patients, no chronic iliness except HTN
 Age 51 (SD 13) years, 36% women, BMI 33 (SD 6)

* AHI-3% 24.5 (SD 29.4) on PSG

* Treatment with CPAP for 4 weeks

e CPAP adherence 5.5 (SD 1.3) hours/night

HeartBEAT/BestAIR Healthy OSA 1

O Pre-CPAP M Post-CPAP

Gottlieb, Sleep Med 2022;96:119



CPAP Increases Circulating Level of Angiopoietin-2

2000 4

Serum Angiopoietin-2 (pg/ml)

p<0.001

Replication Cohort 2

Pre-CPAP

Post-CPAP

* 83 newly diagnosed OSA patients

* No chronic illness except hypertension

 Age 46 (SD 13) years, 47% women, BMI 38 (SD 11)
* AHI-3% 29 (SD 28) on PSG

* Treatment with CPAP for 4 weeks

* CPAP adherence 3.0 (SD 3.1) hours/night

* Increase in Ang-2 driven by the adherent participants

Shah, Annals ATS, in press



1291 patients with CAD were assessed for eligibility

puerage ime fom Tevasaulatzaton o L “Bhnrnt, The RICCADSA Randomized Clinical Trial

home sleep apnea testing: 63 days 597 were not interested in the studv

hJ

662 underwent cardio-respiratory polygraphy at home and 100
answered the ESS questionnaire e
151 were excluded:
101 had borderline OSA (AHI 5.0-14.9 hr1) 0.75 +
™ 21 had predominant CSA/CSR
29 declined further investigations
v F-
511 met the inclusion criteria E 0,50 4
o
A time f h | testi = First event
Verage Ime 1rom nome S eep apnea €es Ing 267 included in the observational arm: 27 patients (22 1%)
; F A 155 had sleepy OSA (AHI 215h°"; ESS 210 .
to randomization: 35 days b e by g drioi ) 0.25 - f 22 patients (18.1%)
244 nonsleepy OSA (AHI 215h™" ; ESS <10)
included in the randomized controlled arm 0.00 ; . . . . . . . .
a 12 24 36 48 &0 72 B4 96
v v Months since randomization
122 assigned to CPAP 122 assigned to no-CPAP MNumber at risk
CPAP 122 111 108 80 74 45 29 5 0
Control 122 117 108 a7 7 43 27 5 0
17 returned CPAP within 1 month 3 started CPAP at baseline at thei t
13 :etﬂ::gd CPAP wilh:z 1-2.1?:anths 22 ithZd CPAP duri:Zef;Ew—up o Eates CPAP Control
8 returned CPAP within 3-6 months 2 returned CPAP within 1 month after start
7 returned CPAP within 6-12 months 3 returned CPAP within 1-3 months after start
4 returned CPAP within 12-24 months 2 returned CPAP within 3-6 months after start
1 lost to follow-up 1 returned CPAP within 6-12 months after start
7 died 9 died

Y hd

244 included in the intention-to-treat analysis

Peker, Am J Respir Crit Care Med 2016;194:613




Effect of CPAP on Biomarkers of Vascular Inflammation - RICCADSA

* 190 patients had serum available at baseline and after 12 months of therapy
» Age 66 (SD 8), 16% women, BMI 28 (SD 4), AHI 29.2 (SD 13.4)

« CPAP adherence 3.2 (SD 2.9) hours in CPAP group

« Biomarkers
« Angiopoietin-2
» E-selectin - biomarker of endothelial proinflammatory activation

« Receptor of advanced glycation end-products (RAGE) - biomarker of lung injury
and mediator of inflammation



Effect of CPAP on Biomarkers of Vascular Inflammation - RICCADSA

Change in Biomarker Level over 12 months, pg/ml
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CPAP impact on Angiopoietin-2: Is it plausible?

» Repeated observation in 4 cohorts

* Endothelial cells stretched by 20% rapidly increase Ang-2 secretion by 2.7-fold

» CPAP substantially increases lung volume
* 10 cm PAP increases FRC >1L

Chang, Clin Sci 2003;104:421

Craig, Anesthesiology 1972;36:540

Abboud, Anesthesiology 1975;42:138
Andersson, Acta Anesthesiol Scand 2011;55:157



Is CPAP-induced increase in Angiopoietin-2 clinically important?

» Population-based cohort: 1 SD higher Ang-2 was associated with a HR of 1.32
(1.18-1.49) for cardiovascular mortality

 Patients with acute coronary syndrome: higher Ang-2 level was associated
with increased 5-year mortality, HR 1.19 (1.05-1.35) and 1.56 (1.30-1.88) per
SD increase in Ang-2 in 2 clinical cohorts

* In the RICCADSA cohort, the observed effect of CPAP on Ang-2 level is
associated with an estimated mortality HR of 1.12 (1.03-1.22)

Lorbeer, Eur J Heart Fail 2013;15:1327
Aarsetoy, J Intern Med 2021;290:909



Hypothesis

CPAP-induced lung inflation causes low-level pulmonary
vascular inflammation, analogous to ventilator-induced lung
injury, with systemic vascular consequences
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Change in Ang-2 by CPAP time-pressure product

R2 Linear = 0.041
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