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Objectives

1. Recognize and diagnose patients with Obstructive Sleep
Apnea (OSA).

2. Understand the pathophysiologic mechanisms that are
associated with the cardiovascular consequences of O SA.

3. Understand the current and emerging treatment options
for OSA.



Your
life in
numbers

Throughout our lives, we spend an
enormous 26 years sleeping.
Surprisingly, we also spend 7 years
trying to get to sleep. That's 33 years
or 12,045 days spent in bed!
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—Despite its high prevalence 1n patients with heart disease,
the most common type of sleep disordered breathing --
O SA --1s often under-recognized and under-treated m

cardiovascular practice.
- JAm Coll Cardiol. 2017;69:841-858



OSA and Mortality
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Classification of Sleep Disordered Breathing in Adults
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Screening for OSA




Screening methods

ﬁctivity

Sitting and reading

Watching television

Sitting inactively in a public place

As a car passenger for one uninterrupted hour

Lying down in the afternoon when able

Sitting and talking to someone

Sitting quietly after lunch with no alcohol

In a car, while stopped for a few minutes
in traffic

Epworth Sleepiness Scale
>24 his O SAS risk
Likelihood of Dozing score

(Sens 42%, Spec 67%)

Snoring

Tiredrness

Observed apnea

Pressure

BMI
Ape

Meck circumference

Gender

Overweight

African-
American

'Medical
Conditions

Post-
Menopausal
Women

Sleep Apnea

Risk Factors

Increased
Age

Family
History

.

-Largn Neck |
Size Alcohol

Use
Smoking

STOP-BANG que stiounan c

(Sens 77-89% Spec 32-34%)
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SCI' C enin g . AHA recommends
ﬁ?:rrt'can sleep apnea screening
LEIIILUELN  for cardiovascular

disease patients.

—AHA recommends screenmg for O SA m patients with
> Resistant/poorly controlled hypertension
> Pulmonary hypertension
> Recurrent atrial fibrillation after either cardioversion or ablation.
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Diagnosis and Classification of Severity of OSA

Polysomnography -- gold standard for the
diagnosis of sleep disorders / multichannel data
acquisition.

Obstructive sleep apnea severity

Index Calculation

Apnea-hypopnea index (AHI) Apneas + Hypopneas
Total sleep time, hours

Respiratory disturbance index AHI + Respiratory event-related arousals

Total sleep time, hours

Respiratory event index Apneas + Hypopneas
Total monitoring time, hours

Respiratory event index is typically used for home sleep apnea testing as it is based on monitoring time as
distinct from actual sleep time.

AHI most common used metric to quantify severity

MonefNormal AHI 15 <3 per hour

rAild AHI = 5 per hour, but <15 per hour
foderate AHI =15 per hour, but < 30 per hour
Severs AHl 2z 30




...further classification of OSA severity

—Based on Polysomnographic features
> Apnea Hypopnea Index
- REM AHI
o Sleep Time below 90% saturation (T<90)
> Hypoxic burden




30 second period/polysomnogram

Acute Overnight Consequences of OSA
From Javaheri et al, JACC 2017
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Normal sleep cardiovascular hemodynamics

Non-REM: Autonomic and hemodynamic stability

EM sleep:

! Sympathetic Activity || Parasympathetic Activity
'II. -

Light sleep, heart
and respiratory
rate drop

1_' .
BF, HR, LUP ___ Cardiovascular

Ventilation = :
. LieSCence
&y Metabolic rate 4

Rapid eye
movement,
memory filtering
and consolidation

Phasic REM slegpr

& Sympathetic Activity

Deep sleep, immune
system and muscle

repair - |_ BF and HR =

Loss of muscle tone
O SA events more
prevalent




REM sleep

.

t Upper airway t Sympathetic } Respiratory
collapsibility tone drive

Longer Higher degree Higher rise in BP
obstructive of oxygen after obstructive
events desaturation events

v v v

HTN J[Insulin resistancej[ Atherosclerosis J[ CV mortality }

June 2019 Sleep and Breathing 23(2):1-11



Pathophysiology of Obstructive Apnea

Hypoglossal
nerve

Medulla

Cranial root

* Anterior-posterior collapse — Spinal oot
. of the tongue

* Concentric collapse Acessory

Sternocleidomastoid

Extrinsic muscles
muscle

of the tongue

Trapezius
muscle

* Relaxation of'the dilator muscles--genioglossus



Biological Pathways Mediating Cardiovascular Consequences of Sleep Apnea

Cycles of
obstructive
sleep apnea
and recovery

Javaheri S, et al. JACC. 2024,84(13):1208-1223.

Organ dysfunction

Endothelial dysfunction

T Right ventricular afterload

T Blood pressure
Arrhythmias

Myocyte toxicity
T Heart rate

Right and left ventricular
afterload
Atrial arrhythmias

Aortic dilatation

Increased lung H,0
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CENTRAL ILLUSTRATION Pathophysiological Abnormalities in Sleep Disordered Breathing

Sleep Reduction
and Fragmentation
4 Sleep efficiency

} REM sleep

Cerebral arousal
} Inflammation

Intrathoracic Pressure Swings

(particularly in 05A)
4 LV transmural pressure
4 LV afterload
4 RV venous returm
t Leftward shift of IV septum
4 Intra-arterial pressure
+ Aortic wall stress

t Myocardial 0, demand
+ Myocardial relaxation
+ Cardiac output

¥ Arrhythmia

Adverse LA and LV
remodeling

Endothelial Dysfunction Increased Thrombosis

Due to:
Systemic inflammation
Oxidative stress

Sympathetic activation

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

{Fibrinogen

} Platelet activation

t Risk of paradaxical embaolism
4 PAIT activity

Cyclical
Hypoxemia-Reoxygenation

+ inflammation
t VEGF
f NF-kB

Sympathetic System
Activation
{worsened by co-existing
heart failure)
t Inflammatory cytokines

Muscula
*xﬂmﬁw'“m

t Catecholamine release
¥ Urinary catecholamines
Peripheral vasoconstriction




Increased sympathetic nerve activity m OSA
--not only a night time problem
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Prevalence of OSA in Cardiovascular Disease

Hypertension

Cororary hacort
disease

Stroke

Heart failure

Arrhythimigs
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Prevalence (%) of OSA m CVD
Lower limit using AHI >15/h —indicating moderate to severe O SA
Upper part ofthe range relates to a lower threshold of>5/hr

Javaheri et al., JACC Vol 69, Issue 7,21 Feb 2017, 841:858



OSA and HTN

— O SA 1s highly prevalent in hypertensive patients, of whom 30%to 50% will have comorbid
O SA.

o JAm Heart Assoc. 2019;8:¢010440

— High-quality longitudinal cohort studies show that OSA is an independent risk factor for
incident hypertension (about a 2-fold higher risk compared with non-O SA subjects).

— Contmuous positive airway pressure (CPAP) therapy on blood pressure (BP) lowering in
hypertensive patients with O SA have been disappointing and inconsistent, with a meta-
analysis showing reductions of BP ofbetween 2 and 3 mm Hg.

o Chest.2014;145:762-771.

— More severe OSA difficult to control HTN and better PAP compliance - had more substantial BP
reduction with CPAP
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OSA and HTN—vascular remodeling

| Characteristics and Cardiovascular Damage of O5A-related Hypertension

OSA-related Hypertension

Resistant hypertension

Mocturnal hypertensicn (non-dipper)
Early morning hypertension

Increased BP variability

Endotherial dysfunction Increased arterial stiffness

:‘_»-\/‘“\,\//\/\/‘Aj Aortic dilatation
|

| Aortic dissection

Atrial fibrillation

Hypertension Research, Volume 47, pg 3085-3098 (2024)




O SA and Atrial Fibrillation

— OSA i1s an independent risk factor for AF m patients without other underlying cardiac
disorders.

o JRespir Crit Care Med. 2006;173:910-916

— There are several possible mechanisms for the substrate and trigger of AF in patients with
O SA.

> Acute apneic episodes lead to hypoxia and hypercapnia, alteration in intrathoracic pressure, increased
sympathetic tone, and autonomic dysregulation.

o Chronic recurrence and abrupt negative changes in intrathoracic pressure may lead to structural and functional
atrial remodeling and cause atrial fibrosis with downregulation of connexin and electrophysiological alterations.
Int J Cardiol. 2017;228:967-970



/ OSA and arrhythmias
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Increased arrhythmogenic risk with time

» Negative intrathoracic pressure changes
» Cyclical desaturation/reoxygenation
« Sympatho-vagal activation

Acute (transient) electrophysiological
changes

Chronic (progressive) cardiac
remodeling

Atrium
- Refractoriness .
- Conduction velocity +

Atrium
- Atrial dilatation
- Fibrosis/ connexin remodeling

+
- Conduction disturbances - Cardiovascular
Risk Factors

- Triggers T

Ventricle
- QT dispersion T
- Triggers T

Ventricle
- Hypertrophy
- Heart failure

Risk

ki
E:
5
2

Transient apnea-associated peaks
in arrhythmia risk ‘ I

Time (Several Months to Years)

—_——

Structural substrate
due to long-term sleep apnea &
cardiovascular risk factors

Increasing




OSA and arrhythmias

— An increased risk of sudden cardiac death has been reported in patients with severe O SA.

o Nocturnal asystole

— In a 15-year longitudinal follow-up study of 10 071 adults, O SA predicted incident sudden
cardiac death, with the best predictors being

— age >60 years,
— mean nocturnal oxygen saturation <78%

— and AHI >20.
> JAm Coll Cardiol. 2013:62:610-616




ICD therapy and OSA

Proportion of total ICD therapies (%)

.
D
|

L
[ =]
] |

20

s Total ICD therapies = 92
P=0.046 e . .

BN with SDB

P=NS
—
14 (21%)

)

5 e

- Noon -
11:59 am 5:59 pm

Serizawa N et al. Am J Cardiol 2008



Sudden Cardiac Death in OSA

[JOSA [ NoOSA [] General population
50—
£
ig »
£
5 §
S
ag *
o W
S3 25
CE 2
20
SE
£
a 9
6am- Noon- 6pm-
11:59 am 5:59p.m 11:59 p.m

Time of Day




¢ N\
Heart Failure and OSA

) 4

— The mechanistic link between O SA and heart failure is complex and likely bidirectional, with
cach entity contributing to the other

— Men>women ( 38%vs 31%)
— Major risk factor i men:obesity
— Major risk factor in women:older age

— Most direct mechanism in which O SA can induce LV dysfunction is by raising BP
— 11-37%of patients with systolic dysfunction had O SA detected on polysomnography

> Very few complained of excessive daytime sleepmess ( hyperadrenergic state)

— Spaak Jet al., Hypertension 2005



Heart Failure and OSA—all roads lead to Rome (CHF)

T Sympathetic
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Vagal tone
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OSA and HF

— The 2017 American Heart Association/American College of Cardiology HF guideline identified CPAP
as a possibly reasonable treatment strategy (Class IIb) to improve sleep quality and daytime sleepiness
in patients with CVD and O SA.

Circulation. 2017;136:¢137—€161

— Although several small-scale studies have reported benefits associated with CPAP improved LVEE
reduced sympathetic tone and MVO 2, and lower rates of HF hospitalization and mortality,a meta-
analysis of patients with O SA reported that CPAP did not have significant effects on either left
ventricular ejection fraction or hospitalization rates.

o JClin Sleep Med. 2019;15:301-334



OSA and pHTN

— Observational studies have found consistent yet modest reductions in pulmonary artery pressure (=5
mm Hg) and pulmonary vascular resistance among PH patients receiving CPAP therapy.

> Am JRespir Crit Care Med. 2002;165:152—158.
— The AHA/ACC expert consensus recommend polysomnography to rule out OSA for all patients with PH.

o This recommendation is based on the notion that targeted therapy of O SA may either improve or prevent further
deterioration in pulmonary hemodynamics.

[
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Coronary Artery Disease and OSA

— OSA has also been implicated in coronary artery calcification, plaque instability, and plaque
vulnerability and has been associated with a 2-fold increase in risk of cardiovascular events

or death.
Sleep Breath.2010;14:131-136

— The severity of hypoxemia is a major determinant of ST depression occurring during sleep,

and mn patients with O SA, the onset of Ml is more likely to occur during the nighttime.
Chest. 2000;117:1597-1602.

— Whether CPAP therapy decreases the risk of Ml remains controversial.
Am JRespir Crit Care Med. 2016;194:613-620
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Positive Airway Pressure ;

—

— CPAP :A gold standard treatment for patients with O SA

o It reduces the risk of CVD by ameliorating apnea severity and nocturnal intermittent hypoxia.

— Large RCTs

Not shown long-term benefits of CPAP on hard cardiovascular outcomes

o Post hoc analyses of these RCTs have demonstrated mproved hard outcomes in those who
use CPAP adequately ( > 4 hrs)

— In theory, low CPAP adherence and patient selection may have contributed to neutral results in
intention-to-treat analyses.

Canadian Journal of Cardiology Volume 37, Issue 5, May 2021, Pages 756-765



Basic and
translational
research

|
[ MNeon-randomized ]

and small
randomized studies

Observational
data

1 '[ Clinical Questions
OSA

-
= Dbservational studies that OSA treatment

-

Role of DSA prevent CV events in men, women and
treatment on the elderhy;
primary CV = Definitive evidence on pri i
, primary prevention
B still needed.
- ~
= Advanced disease and comorbidities may
mitigate the impact of CPAP as a secondary
Bole of OSA cardigvascular intervention;
treatment on || « Current studies not wall powered 1o detect
secondary GV clinically significant improvements in
prevention, important population subsets;
= Additional evidence in secondary prevention
from other CV diseases still needed.
A by -
Ty T
= Per protocol analyses in good wsers suggest
some CV banafits, Future interventions nead
to consider not only duration of CRAP but
Role of CPAP 1| when in the night CPAP is used
on trial = Howewver, current studies defina CPAP by
resulis/clinical avaerage hours usad, not patiern of use.
impact CPAP use often decreases in the 209 part of

the night. Raspiratory events during REM
sleap (commonty in the 20 part of the night)

may have greater CV impact.

3 Randomized Control Trials

Sleep apnea cardiovascular endpoints ( SAVE) trial — a
secondary prevention trial, n =2717

Impact of sleep apnea syndrome in the evolution of ACS-
effect of intervention with CPAP ( ISAACC) study--
ACS with AHI >15; excluded is ESS>10;n =1264

Randomized intervention with CPAP in CA D and O SA
(RICCADSA) study—post PCILAHI >15, excluded if ESS
>10



Biases m RCT to explain null results

— Selection bias affected each RCT- subjects recruited were no patients typically
presenting for treatment of O SA, excluded pts with excessive daytime sleepiness due to
ethical concerns ( a group with increased cardiovascular risk and likely to benefit)

— RCT had low adherence to therapy

— Future studies need to include sleepy individuals and maximize adherence.

P = = = m———

T CPAP Adherence( hrs/night) during 1% 24 months of RCTs

[ ]
[

Mean Hours/Night CPAP Use
0 1 2 3 4 § 6 7 8
L 1 L 1 1 1 1 1
= /
e ] »

T
12 24
Months
—e— SAVE = =@ == RICCADSA (Users Only)
—e— |SAACC ——e— RICCADSA (All Patients)




WHITE PAPER E S

Sleep Apnea and Cardiovascular Disease
Lessons From Recent Trials and Need for Team Science

What can we tell our patients?

—Primary prevention
o CPAP lowers blood pressure and may improve insulin sensitivity.

o Good adherence to CPAP likely prevents incident hypertension and may reduce
the occurrence of adverse cardiovascular events in patients with moderate to
severe OSA.

o Patients should not expect weight loss with OSA treatment.

—Secondary prevention
o CPAP treatment improves blood pressure

o Qverall quality of life, mood, and work productivity are improved with CPAP
therapy.

° |n heart failure, CPAP therapy does not lead to longer survival.

o Small nonrandomized studies suggest that OSA treatment can prevent atrial
fibrillation recurrence.

Drager et al., Circulation, Volume 136, Number 19, Nov 7, 2017



Alternative treatment options

CENTRAL ILLUSTRATION Phenotypic Therapeutic Options in Obstructive Sleep Apnea

Weight loss
» Diuretics Volume Narrowed « Surgery
« Exercise overload upper airway + Medications
Oral appliances

Pharyngeal
muscle
dysfunction

Elevated loop >
gain

« Oxygen = Systemic exercise

« Oropharyngeal
exercise

* Carbonic anhydrase
inhibitors

» HGN stimulation
» Medications

Javaheri 5, et al. JACC. 2024;84(13):1224-1240.
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Hypoglossal nerve stimulation
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UPPP
Uvwulo-palato-pharyngeoplasty

Genioglossal advancement/ Maxillomandibular advancements
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AHI Score

Why Is It Important?

* Obesity (general & regional)
* Craniofacial restriction
* Neural & ventilatory control

» Sleepiness
* [nsomnia
* Asymptomatic

* Sleep stage-dependency

Physiology * Body position-dependency
Features * Hypoxic burden

* Heart rate response

%

e Hypertension

* Cardiometabolic
dysregulation

* Neurodegeneration

: * Cancer
Sutherland K, et al. Expert Rev Respir Med. 2018;12(4):293-307
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O SA has been independently linked to multiple cardiovascular outcomes

Treatment of O SA may represent a novel target to reduce cardiovascular health
Selim et al, Clim Chest Med 2010



—Future studies:
o Improved RCT
o REM- AHI tracking, nocturnal hypoxia

o Increase CPAP comphance
o Inclusion of high risk patients



SURMOUNT-OSA

N e NEW ENGLAND JOURNAL of MEDICINE

Tirzepatide for Obstructive Sleep Apnea and Obesity

A PLAIN LANGUAGE SUMMARY

Based on the ME|M paublication: Tirzepatide for the Treatment of Obstructive Sleep Apnea and Obesity
by A. Malhotra et al. (published June 21, 2024)

In two trials, researchers assessed the efficacy and
safety of tirzepatide for the treatment of adults with
obstructive sleep apnea and cbesity.

Obstructiva sloep apnea is characterized by repet-
itive pharyngeal collapse during skeep, resulting in
apneas and hypopneas. It is alsa an independent

risk factor for cardiovascular disease.

WHY WERE THE TRIALS DONE?

Excess adiposity is a major reversible risk
factor for obstructive sleep apnea and is
complications. Tirzepatide — a long-acting
agonist of the glucose-dependent insulinotro-
pic polypeptide recepor and glucagen-like
peptide-1 recepior — has been shown o
reduce body weight. Whether tirzepatide can
treat obstroctive sleep apnea is unknown.

HOW WERE THE TRIALE CONDUCTEDR

In two trials, 469 adults with moderate-to-severe obstructive sleep apnea and
obesity were assigned to receve the maximum tolerated dose of tirzepatide
(10 mig or 15 mgg) or placebo subcutaneously once weekly for 52 weeks,
Trial 1 enrolled participants who were not receiving positive aiway pressure
(PAP) therapy. Trial 2 enrolled those who were reeeiving PAP therapy. The
primary end point was the change from baseline in the apnea-hypepnea
index (AHL the number of apneas and hypopneas during an hoor of sleep).

Tirzepatide Placebo
Maximum tolerated dose

Chnce weekly

v
v

For 52 wocks

234 Participants

235 Participants

PARTICIPANTS

B Trial 1 {no PAP therapy):
234 adults
Mean age, 48 years
Men; 67%; Women: 33%

Trial 2 (PAP therapy|:
235 adults

Mean age, 52 years
Men: 723; Wormen: 28%

CLIRIEAL
FnaTun

Apnea-hypopnea index,
at least 15 events per
hour {mean, approxi-
mately 50

Bady-mass index, at least
30 [mean, 39)

Mo type L or type 2 dia-
betes

TRIAL DESIGN

rHAsE 3

HARBOMIEEE

+DOUBLE-BLIND

« PLAE ERC-CONTIOLLED

+ DURATION! 12 WEEES

PUOCATRON: S0 EITIS ACRONE $ COUNTAIS

The NEW ENGLAND JOURNAL ¢f MEDICINE

RESULTE

In both orial 1 and trial 2, trzepa- Tirzepatide
tide led 1o 2 significanty greaver H=114
reductbon in the AHI ar week 52
than placebo.

All key secondary end points also
favored tirzeparide over placebo,
including the percent change in
bady weight and changes in systolic
Blood pressure and high-sensitiviey i
C-renetive proteln eoncentration,

=z

Mast Common Adverse Events

Tirzepatide Placcho

Change in the Apnea-Hypopnes Indax

sba Tirzepatide Placoba

-29.3

TRiaLl [ TRIALZ el W TRIALZ

Percentage of Par

LiMITATIONS AND REMAINING QUEATIONS

* Long-term cardiovascular outcomes could not be
assessed, given the design and relatively shon
duration of the wials,

The trials exeluded participants who did not have
abesity and therefore did not analyze the effect
of tirzepatide in people with overweighe or
normal body-mass index.

The trials were not designed 1o assess whether
the results differed according o participants'
symptoms at baseline.

LINKS: FULL ARTICLE | MEJM QUICK TAKE | EDITORIAL

FURTHER INFORMATION
Trial registration: ChnicalTrials gov number, NCTOS412004
Trial Funding: €4 Lilly

The most commaon adverse events
with tirzepatide were gastrointesti-
nal: most were mild to moderate in
sEVeTily,

CONCLUSIONS

In adults with moderate-to-s

nes—hypopnea
s than placebo.

Full ciation; Malhtra &, Grunsten RR. Fietze 1, ¢t al, Timepatice far the treatment of abstructive sleep apnea and obesity, N Engl | Med

D024 391:1183-20%. DO 10,1056/ NE| Moz 81

Far persanal use cnly. Ay comenencial reuse of ME|M Group content requires permission. Copyright £) 2024 Massachusetts Medical Society,

All rights reserwed,

8§

i
June 2024

WEIGHT LOSS

RZEPATIDE

GLP-1
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