


Presentation Outline

Case presentation

Mechanism of the cardiovascular conseguences
of OSA

OSA and heart failure
SDB and heart failure: rationale for case finding



Case history

57 ylo school bus driver presents to the
Sleep Center with:

Excessive daytime sleepiness
Snoring

Witnessed apnea

Spouse moved out of bedroom

“Not as focused as he used to be on the
job”!



Sleep History

Seven hours of allowed sleep per
night- very tired in the morning

Awakens 3-4 times at night to use
rest room

Persistent loud snoring
Leg jerks and kicks, restless sleep



Case History

Hypertension
Hypercholesterolemia

35 Ibs weight gain/past two year

40 Pack/year



Physical Examination

BMI 36

Mallampati class lll, lateral peri-
tonsillar narrowing

Neck collar size 18 inch
Lungs clear

Regular rhythm- no gallop
No edema



OSA- why should I care?

If I have to care, what should 1
do about 1t?

Treatment of OSA 1n patients
with heart disease 1s a waste of
tume !



Prevalence of Obstructive Sleep
Apnea

AGE (YR) WOMEN MEN

APNEA—HYPOPNEA SCORE APNEA—HYPOPNEA SCORE
=10 =15 = =10

percent of subjects {95% confidence inierval)

30-39 6.5(1.4-11) 4.9(0.6-9.8) 4.4 (1.1-7.3) 17 (9.6-25) 12 (5.4-19) 6.2 (1.9-10)

40-49 8.7(4.2-13} 49 (1.7-8.1) 3.7(1.0-6.5) 25(18-32) 18 (11-24; 11 (6.7-16)

50-60 16 (5.2-26) 5.9 (0.0-12) 4.0 (0.0-10) 14 (7.5-20) 9.1 (3.1-13)
9.0 (5.6-12) 5.0 (2.4-7.8) 4.0(1.5-6.6) 24 (19-2 (12-19) :

*Values are adjusted to the age distribution of the survey population.

The Occurrence of Sleep-Disordered Breathing among Middle-Aged
Adults
The Wisconsin Sleep Cohort, NEJM 1993



Overweight and obesity
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SOURCES: Centers for Disease Control and Prevention, National Center for Health Statistics, Health, United States, 2006, Figure 13.
Data from the National Health and Mutrition Examination Survey.

Overweight, but not obese, 20-74 years




Gender, aging, and obesity

@ Men vs Women

The effects of gender
and BMI change with

aging.
After the age of 50,

gender becomes an
unimportant variable.

After the age of 60, BMI
becomes an
unimportant variable.

(Tishler PV, JAMA 2003)
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Symptoms of OSA

Snoring
Excessive daytime sleepiness
Withessed apneas

Poor memory and concentration,
irritability or personality changes

Other: Dry throat, morning headache,
and nocturia



Sleep Apnea- Presentation in a
Cardiology Practice

Hypertension

Left ventricular hypertrophy
Nocturnal angina
Myocardial infarction

Bradyarrhythmias, ventricular
HAALINIES

Cor pulmonale
Decompensated heart failure



Cardiovascular Consequences of Sleep Apnec

Blood Pressure,

Integrated
Sympathetic
Nerve Activity




Components of the
Cardiovascular response to Apnea

Asphyxia (hypoxia-Hypercapnea)
Increased sympathetic activity
Blood pressure surge

Arousal

Respiratory Effort



Increased Negative
Intrathoracic

Pressure
Increased systolic Increased venous return
transmural pressure RV overload
Increased LV afterload Impaired LV filling

Reduced stroke volume
and cardiac output

AY
systolic dysfunction

HEART
FAILURE



Hypercapnea Increased Sympathetic
- Activity

Oxidative mediated endothelial

FCLIEIETE) dysfunction

vasoconstriction

Increased RV Platelet activation

afterload Hypertension

(O72\D)

Myocardial
iIschemia

HEART
FAILURE



Hypercapnea Increased Sympathetic
Hypoxia Activity

\ 4

Increased blood

Endothelial damage
pressure

Decreased

coronary perfusion Increased afterload

Arrhythmia

Myocardial
ischemia

HEART
FAILURE



Association Between Sleep Apnea and
Incident Hypertension During 4 Year
Follow Up Period

5
%4 5 ® OR adjusted for baseline
S = ' 4 hypertension status
& 535 OR for above + age, gender,
o III-'» 3 BMI, etc.
o ©
.2 5 Hypertension = BP of at
% % 15 least 140/90 or use of anti-
g 5 hypertensive medications
o
zs
0

0 (Ref) 0.1-4.9 5.0-14.9 >1
Baseline AHI

Peppard et al, NEJM 342:1378-1384, 2000



OSA- Induced Hypertension-
Animal Model
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Effect of CPAP on Blood Pressure
In Hypertensive Patients

peEn
J ayabalic

Figure 2. Changes in bood pressure with efective (closaed bhars)

and subtherapautic (open bars) NnCPAP. "“Significant differamcea.
rAF indicates meaan arterial blood pressure; systolic, systolic B Therapeutic
blood prassure; and diastiolic, diastolic blood prassure. MAP,

P=0.01; sy=atolic blood pressura, F=004; diastolic blood pres- ] Subtherapeutic

suire, P 00005,

Becker HF, Circ, 2003



Hypertension and OSA

OSA Is a cause of hypertension

Intermittent Hypoxia is the critical
stimulus for the hypertensive
response in patients with OSA.

Treatment of OSA improves control of
HTN



Stroke vs. AHI (Sleep Heart
Health Study)
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OSA and Risk of Stroke
Recurrence

Controls

Patients with syndrome
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Figure 1. Kaplan—Meier Estimates of the Probability of Event-free Survival
among Patients with the Obstructive Sleep Apnea Syndrome and Controls.

(Yaggi HK NEJM 2005)




OSA after stroke and the
Probability of Death
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Patients with 697 465 179
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(Yaggi HK NEJM 2005)



Increased incidence of coronary
artery disease in sleep apnea

Gothenburg sleep clinic cohort 1991
(n=370)

Age <30 yrs (n=20)
Age =69 yrs (n=17)
Mot identified/
moved abroad
(n=15)

Middle-aged cohort (30-69 yrs)
(n=318)

Concomitant heart
disease in 1991
(3 OSA, 7 non-OSA)

{n=10)
Mo concomitant heart disease in 1991
(n=308)

Peker et al Eur Resir J 2006


http://erj.ersjournals.com/content/vol28/issue3/images/large/596fig1.jpeg

Increased incidence of coronary
artery disease in sleep apnea

Peker et al Eur Resir J 2006


http://erj.ersjournals.com/content/vol28/issue3/images/large/596fig2.jpeg

CAD and Treatment of OSA
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Milleron, O. et al. Eur Heart J 2004 25:728-734; doi:10.1016/j.ehj.2004.02.008




OSA and CAD-The Sleep Heart
Health Study

E Shahar, et al, AJRCCM, 2001



OSA and CHF-the Sleep Heart

n=6,424

AHI Interquartile range

E Shahar, et al, AJRCCM, 2001



Atrial Fibrillation and OSA

Prevalence of OSA in patients with A fib Is
higher than other patients of cardiology
practice

Associlation in Sleep Heart Health Study

Association between OSA and recurrence
of A fib following cardioversion

Impact of OSA on atrial electromechanical

activation time

Kanagola et al, Circ 107:2589, 2003
Gami et al, Circ 110(4):364-7, 2004
Lim et al circ r 2009



Association Between Severe OSA (AHI >30)
and Arrhythmias in Sleep Heart Health
Study

(Mehra et al, AJRCCM, doi:10.1164/rccm.200509-14420C)

Arrhythmia Unadjusted Odds Ratio* Odds Ratio* (95%

Type Odds Ratio (95% CI) Cl) Adjusted for
Adjusted for Age, Sex, BMI,
Age, Sex, BMI CHD

Non-sustained 4.64 3.72 3.40

ventricular (1.48-14.57) (1.13-12.2) (1.03-11.2)

tachycardia

Complex 1.96 1.81 1.74

ventricular (1.28-3.00) (1.16-2.84) (1.11-2.74)

ectopy

Atrial fibrillation 5.66 3.85 4.02

(1.56-20.52) (1.00-14.93) (1.03-15.74)

BMI=body mass index; CHD=coronary heart disease
*Results of logistic regression analysis with SDB as the exposure; N=338 without SDB, N=228 with SDB



Sudden Cardiac Death in OSA

1054 [ MNoO3A [] General population
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OSA and Cardiovascular Disease

OSA is present in at least 10-25% of
patients 30-60 years

Prevalence increases with obesity and
aging- both risk factors for heart failure

OSA Is a cause of hypertension and a
risk factor for CAD the most common
causes of heart failure

OSA is present in up to 60% of patients

with heart failure

Adams et al (ADHERE)Am Heart J, 2005
Nieminen (EHFS Il) Eur Heart J, 2006
Khayat 2009, Pauline 2009



Causative Role of Severe Untreated

OSA In Cardiovascular Events
(Marin et al, Lancet 365:1046, 2005)
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OSA Is a Cardiovascular Risk
Factor

OSA Is a cardiovascular risk
factor just like high cholesterol
and diabetes

Certain cardiovascular risk
factors are modifiable

Early identification and treatment
of cardiovascular risk factors is
the current focus of care

Treatment of co-existent OSA In
patients with established heart
disease Is critical
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C-Reactive Protein Is Increased In

Moderate to Severe Sleep Apnea
(Yokoe et al, Circulation 107:1129, 2003)

Dbese Contrd Mild Modesare to Severe
OSAS




Endothelial Dysfunction in OSA
Ip et al 2003 AJRCC

14.0

0
o

A) FMD of brachial artery
In 14 subjects with OSA
at baseline and after 4
weeks of (n CPAP) (p =
0.001).

z
o

Flow-mediated dilation, percent »
o ®
o ©

Baseline nCPAP for 4 weeks

FMD of brachial artery
In 13 subjects with OSA
at baseline and after 4
weeks of observation (p
=0.12).

Baseline Observation for 4 wecks
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Effects of OSA
on
Atherosclerosis
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Change in Glucose with CPAP  change in HbA1c with CPAP

__| All Patients : :
B Patients With b, >7 | Al Paents
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(Babu Arch Intern Med 2005)



Increased Negative
Intrathoracic
Pressure

Hypoxia

Increased
Sympathetic
Activity




CPAP improves LVEF in patients
with CHF
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OSA- Presentation in Heart Failure

4 Community Sample W Patients With HF

P<.001

Arzt, M. et al. Arch Intern Med 2006;166:1716-1722



OSA- Presentation in Heart Failure

4 Community Sample W Patients With HF

P<.001

Epworth Sleepiness Scale (ESS) score and
sleep structure by apnea-hypopnea index
(AHI) categories (<5, 5-14, and &ge;15)

ESS Score
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Arzt, M. et al. Arch Intern Med 2006;166:1716-1722.



Mechanism of OSA In Heart
Fallure

—— Fluid Shift and Pharyngeal
W LBPP Resistance in Healthy Subjects
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Central Sleep Apnea in Heart
Failure-Cheyne Stokes respiration

PETCO2 K\
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Induced Periodic Breathing and CBFV in CHF

Patient with HF and no CSA Patient with HF and CSA
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Central Sleep Apnea and b Blockers
Tamura, A. et al. Chest 2007;131:130-135

before

Changes in AHI and CAI before and 6(Fﬁonths after induction of
carvedilol in five patients with CAIl > 5 at baseline



Relation between PCWP and AHI in

Patients with HF and CSA: Effect of Optimal
CHF Management on CSA
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Treatment of CSA with Adaptive Servo
Ventilation- Teschler et al AJRCC2001
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SBD and Heart Failure in Clinical Practice

Congestive heart failure
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If SDB Is highly prevalent in patients
with heart failure, and it worsens
outcomes, why are we not routinely
screening for it?

Criteria for case finding:
Highly prevalent disorder
Known negative impact
Treatable disorder

Feasibility of identification
WHO 1966- Jungner
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63 y/o OSA with long circulatory time
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ADHF patients hospitalized between 12/30/06 and 1/31/08 (n=559)

ADHF and no known SDB Excluded patients with ADHF and
(n=466) self reported existing SDB (n=93)
|
| |
Unsuccessful ADHF patients with successful recording
recording (n=71) (n=395)
| : |
No SDB (n=97) 25% SDB (n=298) 75%
|
| |
OSA (n=226) 57% CSA (n=72) 18%
| r
OSA validation cohort) CSA validation cohort)
(n=111) (n=26)
‘ Patients returned L Patients returned
(n=62) 56%, all (n=12) reclassified
classified as OSA as OSA

Khayat et al JCF-2009



Prevalence of OSA in ADHF
Patients

Patients admitted to the Ross

hospital with A
Inpatients slee

DHF

0 studies on day 1-2

on all new admission

No selection on part of treating
physicians or nurses

Automatic COE, Network and staff
Initiated studies



Characteristics of Patients with ADHF

Patient characteristic 95% Confidence
Mean or % (SE)
(number of Patients with data) Interval

Age
(395) 59 (0.7) (57, 60)

Sex (male)
(395) 62 % (2%) (58 %, 67 %)

Ischemic cardiomyopathy
(395) 57 (0.8) (56, 59)

Left ventricular ejection fraction
(370) 33 (0.9) (32, 35)

BMI
kg/cm?2 (393) 32 (0.4) (31, 33)
Admission BNP pg/mL
(294) 888 (59) (773, 1003)

Atrial fibrillation
(394) 35 % (2%) (30 %, 39 %)

Khayat et al JCF-2009



OSA CSA Negative Negatives Negative CSAvs. OSA

Mean (SE) Mean (SE) Mean (SE) Vvs. OSA vs. CSA Pvalue

P value P value

60 (0.9) 58 (1.8) 56 (1.6)

VEIE 69% (3%) |75% (5%) [38% (5%) 0.0001 0.0001 -

62% (3%) 64% (6%) 44% (5%) 0.003

IschemiC 2394 (3%6)  14% (4%) 35% (5%)  0.02 0.001 0.11
Dilated

15% (2%) 22% (5%) 21% (4%)  0.22 0.80 0.16
Others

B T T T T T
A R T T T

A-fib 39% (3%) 32% (6%) 28% (5%)  0.06 0. 0. |




Predictors of SDB in all patients with ADHF

Variable Names Pearson Correlation Number 95% Confidence
Coefficients of Limits
Patients
AHI with EF -0.10 370 (-0.20, 0.00)
AHI with LVEDD 0.19 281 (0.07, 0.30)
AHI with BMI 0.17 393 0.07, 0.26

AHI with A-Fib (-0.12, 0.08)
AHI with Age (-0.08, 0.12)
AHI with BNP (-0.11, 0.12)

Predictors of AHI in all patients with ADHF and SDB

Variable Names Pearson Number of 95% Confidence
Correlation Patients Limits
Coefficients

AHI with EF -0.01 279 (-0.13, 0.11)

AHI with LVEDD |0.15 212 (0.01, 0.28)

AHI with BMI 0.18 298 (0.07, 0.29)

AHI with Age (-0.17, 0.05)

AHI with BNP (-0.13, 0.12)



m OSDB Mean ™ CSDB Mean  ® Negative Mean

*63

*57

LVEF (%) BMI (kg/m2) LVEDD (mm)



Persistence of OSDB and validation of
the Inpatient Testing

Comparison of AHI between the in-hospital study and the polysomnography in the
validated OSA and CSA patients

PSG AHI  Inpatient AHI
Difference between

o)
PSG AHI and Inpatient 95/9 ey e
Mean (SE) Mean (SE) (N) AHI Difference

(N)
41.7 (3.9) 37.4(2.5) (62)
OSA (62) 4.3 -1.1, 9.6

36.4 (7.2)  49.1(5.9)
CSA (12) (12) -29.9, 4.5

Khayat et al JCF-2009




Prevalence of SDB In Patients with
ADHF

SDB Is present in 75% of patients

OSA Is more prevalent than CSA (57%
vs. 18%)

Increased LVEDD predicted having
CSA

Increased BMI predicted having OSA

No other predictors of SDB and high
prevalence support need for routine
screening.




Role of OSA In the Acute
Decompensation of heart Failure

Hypothesis: Treatment of newly
diagnosed OSA In patients with ADHF
Improves in-hospital and out-of-
hospital outcomes.

Contractile function
Sympathetic activity
Hemodynamic measurements
Oxygenation

Functional Status



patients with ADHF criteria hospitalized 12/2006- 4/ 2008
(n=401)

Successful in-hospital sleep study (n=232)

| |

|
No SDB (n=44) Obstructive SDB (n=145) Central SDB (n=43)

Met Inclusion Criteria and Consented*
(n=46)

Control Arm(standard
treatment of ADHF)

1 death, 2 LVAD, 1 dropped

I
|
Intervention Arm (standard
ADHF treatment + APAP)
I_'
out 1 death, 1 LVAD
I_I |
|
19 patients reached - :
21 patients reached conclusion

Khayat et al Chest 2009




Effect of In Hospital APAP on Cardiac
Function three days post-randomization

Control Treatment Difference
(APAP Effects)
(p-value)

LVEF
three days post randomization : : 4.6

(0.031)
change from base line
(Final — Baseline)
LVESV
three days post randomization -24.8

(0.0007)
change from base line
(Final — Baseline)
LVEDV
three days post randomization

change from base line
(Final — Baseline)




Effect of In-hospital APAP on 3-Days
LVEF

APAP Group Control Group

Baseline 3 days post randomization  Baseline 3 days post randomization

Khayat et al Chest 2009




Sensitivity Analysis of APAP Effect on
LVEF in Patients with ADHF

Covariate Adjustments APAP Effect p-value
AHI 5.1 0.02
BMI 4.5 0.04
Cardiomyopathy Type 4.5 0.04
Gender 4.3 0.04
Interaction Effects with APAP Effect APAP Effect for Interaction Effect
Median Split of for < Median > Median (difference
Baseline Variable between effects)
p- value
LVEF 3.9 4.9 0.8
AHI 9.2 2 0.08
BMI 4.7 3.6 0.8
BNP 4.9 5.3 0.9
Categorical Variable
Cardiomyopathy Type Ischemic  Non- Ischemic
4.1 6.4 0.7

Khayat et al Chest 2009




Effect of PAP on hemodynamic and
neurohumoral measures

Change from baseline Control Treatment Difference

(p-value)
-0.0008
(0.18)
-474
(0.13)
4.1
(0.18)
-0.24
(0.19)
1.3
(0.78)

Diastolic BP 1.9
1asStoliC (0.6)

Weicht 15 |
£le (0.048)

Khayat et al Chest 2009

Urinary Norepinephrine -0.003

BNP 17
BUN -2.4
Creatinine

Systolic BP




Inpatient Treatment of OSA during
ADHF

Safe

Improved LVEF,; effect on long term
cardiac outcomes and adherence is
currently under evaluation.

Feasible in a high risk population
Requires expertise and training

Associated with “excellent” tolerance
and adherence



