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Presentation Outline

ÅCase presentation

ÅMechanism of the cardiovascular consequences 
of OSA

ÅOSA and heart failure

ÅSDB and heart failure: rationale for case finding 



Case history

Å57 y/o school bus driver presents to the 

Sleep Center with: 

ïExcessive daytime sleepiness

ïSnoring

ïWitnessed apnea

ïSpouse moved out of bedroom

Åñ Not as focused as he used to be on the 

jobò!



Sleep History

ÅSeven hours of allowed sleep per 

night- very tired in the morning

ÅAwakens 3-4 times at night to use 

rest room

ÅPersistent loud snoring

ÅLeg jerks and kicks, restless sleep



Case History

ÅMHX:

ÅHypertension

ÅHypercholesterolemia

ÅROS:

Å35 lbs weight gain/past two year

ÅSoHx:

Å40 Pack/year



Physical Examination

ÅBMI 36

ÅMallampati class III, lateral peri-

tonsillar narrowing

ÅNeck collar size 18 inch

ÅLungs clear

ÅRegular rhythm- no gallop

ÅNo edema



ÅOSA- why should I care?

ÅIf I have to care, what should  I 

do about it?

ÅTreatment of OSA in patients 

with heart disease is a waste of 

time !



Prevalence of Obstructive Sleep 

Apnea

The Occurrence of Sleep-Disordered Breathing among Middle-Aged 

Adults

The Wisconsin Sleep Cohort, NEJM 1993





ÅThe effects of gender 

and BMI change with 

aging.

ÅAfter the age of 50, 

gender becomes an 

unimportant variable.

ÅAfter the age of 60, BMI 

becomes an 

unimportant variable.

(Tishler PV, JAMA 2003)

Gender, aging, and obesity 



Symptoms of OSA

ÅSnoring

ÅExcessive daytime sleepiness

ÅWitnessed apneas

ÅPoor memory and concentration, 

irritability or personality changes

ÅOther: Dry throat, morning headache, 

and nocturia



Sleep Apnea- Presentation in a 

Cardiology Practice

ÅHypertension

ÅLeft ventricular hypertrophy

ÅNocturnal angina

ÅMyocardial infarction

ÅBradyarrhythmias, ventricular 

arrhythmias

ÅCor pulmonale

ÅDecompensated heart failure



Cardiovascular Consequences of Sleep Apnea



Components of the 

Cardiovascular response to Apnea

ÅAsphyxia (hypoxia-Hypercapnea)

ÅIncreased sympathetic activity

ÅBlood pressure surge

ÅArousal

ÅRespiratory Effort



Increased systolic 

transmural pressure

Increased LV afterload

Reduced stroke volume

and cardiac output

Increased venous return

RV overload

Impaired LV filling

LV 

systolic dysfunction

HEART

FAILURE

Increased Negative 
Intrathoracic 

Pressure



Hypercapnea

Hypoxia

Oxidative mediated endothelial 

dysfunction

Hypertension

CAD

Pulmonary 

vasoconstriction

Increased RV

afterload

HEART

FAILURE

Myocardial 

ischemia

Increased Sympathetic

Activity 

Platelet activation



Increased Sympathetic

Activity 

Increased afterload
Decreased 

coronary perfusion

Endothelial damage
Increased blood 

pressure

Myocardial 

ischemia

HEART

FAILURE

Hypercapnea

Hypoxia

Arrhythmia



Association Between Sleep Apnea and 

Incident Hypertension During 4 Year 

Follow Up Period
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Baseline AHI

OR adjusted for baseline 

hypertension status

OR for above + age, gender, 

BMI, etc.

Hypertension = BP of at 

least 140/90 or use of anti-

hypertensive medications

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



OSA- Induced Hypertension-

Animal Model

Brooks, et al. J Clin Invest 99:106, 1997



Effect of CPAP on Blood Pressure 

in Hypertensive Patients

Becker HF, Circ, 2003

Therapeutic

Subtherapeutic



Hypertension and OSA

ÅOSA is a cause of hypertension

ÅIntermittent Hypoxia is the critical 

stimulus for the hypertensive 

response in patients with OSA.

ÅTreatment of OSA improves control of 

HTN



Stroke vs. AHI (Sleep Heart 

Health Study)



OSA and Risk of Stroke 

Recurrence

(Yaggi HK NEJM 2005)



OSA after stroke and the 

Probability of Death

(Yaggi HK NEJM 2005)



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/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

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

Health Study



OSA and CHF-the Sleep Heart 

Health

E Shahar, et al, AJRCCM, 2001
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Atrial Fibrillation and OSA

ÅPrevalence of OSA in patients with A fib is 

higher than other patients of cardiology 

practice

ÅAssociation in Sleep Heart Health Study

ÅAssociation between OSA and recurrence 

of A fib following cardioversion

ÅImpact of OSA on atrial electromechanical  

activation time
ïKanagola et al, Circ 107:2589, 2003

ïGami et al, Circ 110(4):364-7, 2004

ïLim 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.200509-1442OC)

Arrhythmia 

Type

Unadjusted 

Odds Ratio

Odds Ratio* 

(95% CI) 

Adjusted for 

Age, Sex, BMI

Odds Ratio* (95% 

CI) Adjusted for 

Age, Sex, BMI, 

CHD

Non-sustained 

ventricular 

tachycardia

4.64

(1.48-14.57)

3.72

(1.13-12.2)

3.40

(1.03-11.2)

Complex 

ventricular 

ectopy

1.96

(1.28-3.00)

1.81

(1.16-2.84)

1.74

(1.11-2.74)

Atrial fibrillation 5.66

(1.56-20.52)

3.85

(1.00-14.93)

4.02

(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

N Engl J Med 2005;352:1206-14.



OSA and Cardiovascular Disease
ÅOSA is present in at least 10-25% of 

patients 30-60 years

ÅPrevalence increases with obesity and 

aging- both risk factors for heart failure

ÅOSA is a cause of hypertension and a 

risk factor for CAD the most common 

causes of heart failure

ÅOSA is present in up to 60% of patients 

with heart failure
ÅAdams et al (ADHERE)Am Heart J, 2005

ÅNieminen (EHFS II) Eur Heart J, 2006

ÅKhayat 2009, Pauline 2009



Causative Role of Severe Untreated 

OSA in Cardiovascular Events
(Marin et al, Lancet 365:1046, 2005)



OSA is a Cardiovascular Risk 

Factor

ÅOSA is a cardiovascular risk 

factor just like high cholesterol 

and diabetes

ïCertain cardiovascular risk 

factors are modifiable  

ïEarly identification and treatment 

of cardiovascular risk factors is 

the current focus of care

ïTreatment of co-existent OSA in 

patients with established heart 

disease is critical



C-Reactive Protein is Increased in 

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



Endothelial Dysfunction in OSA
Ip et al 2003 AJRCC

A) FMD of brachial artery 

in 14 subjects with OSA 

at baseline and after 4 

weeks of (n CPAP) (p = 

0.001).

B) FMD of brachial artery 

in 13 subjects with OSA 

at baseline and after 4 

weeks of observation (p 

= 0.12).

http://ajrccm.atsjournals.org/content/vol169/issue3/images/large/2003-06767OCf2a.jpeg


Effects of OSA       

on 

Atherosclerosis

Drager et al AJRCC 2005



Change in Glucose with CPAP Change in HbA1c with CPAP

(Babu Arch Intern Med 2005)



Hypoxia

CSAOSA

Increased Negative 

Intrathoracic 

Pressure

Increased 

Sympathetic 

Activity

HEART

FAILUREUpper airway

resistance

ÅPulmonary edema

ÅIncreased circulatory delay

ÅHyperventilation

ÅDecreased cerebral blood flow



CPAP improves LVEF in patients 

with CHF

Kaneko, N Engl J Med  2003 


