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ObjectivesObjectives

Discuss Discuss pathophysiologypathophysiology of OSA and PHof OSA and PH

Explain diagnosis and treatment for OSA Explain diagnosis and treatment for OSA 

and PHand PH



Obstructive Sleep Apnea (OSA)Obstructive Sleep Apnea (OSA)

OSA OSA –– effects estimated 15 mil. Adult Americanseffects estimated 15 mil. Adult Americans

TypesTypes

Obstructive Sleep Apnea Obstructive Sleep Apnea –– Repetitive interruption of Repetitive interruption of 
ventilation during sleep caused by collapse of the ventilation during sleep caused by collapse of the 
pharyngeal airway.  A pharyngeal airway.  A ≥≥10 sec. pause in respiration10 sec. pause in respiration

Central Sleep Apnea Central Sleep Apnea –– Prevalent in Prevalent in comorbidcomorbid
conditions of heart failure, stroke, and late life conditions of heart failure, stroke, and late life 
aging. The cause is not completely understood.aging. The cause is not completely understood.
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Mechanisms of disease and Assoc. Mechanisms of disease and Assoc. 

CVDCVD

Severe intermittent hypoxemia and CO2 Severe intermittent hypoxemia and CO2 

retention during sleep retention during sleep 

O2 sat decrease of O2 sat decrease of ≤≤60%60%

Repetitive apnea Repetitive apnea –– sympathetic activity sympathetic activity --

consequent vasoconstriction consequent vasoconstriction 

BP can reach levels as high as 240/130 BP can reach levels as high as 240/130 

mmHgmmHg

Severe hypoxemia, Severe hypoxemia, hypercapniahypercapnia and and 

adrenergic activationadrenergic activation
Somers VK et al. JACC 2008. Somers VK et al. JACC 2008. VolVol 52, No.852, No.8



Mechanisms contributing to CVD Mechanisms contributing to CVD 

riskrisk

Sympathetic ActivationSympathetic Activation

↑↑ sympathetic drive sympathetic drive 

continues during daycontinues during day

↑↑ HRHR

Somers VK et al. JACC 2008. Somers VK et al. JACC 2008. VolVol 52, No.852, No.8

TreatmentTreatment

100% O2     100% O2     ↓↓

sympathetic activity, sympathetic activity, 

HR, and BP during HR, and BP during 

daytime wakefulnessdaytime wakefulness



Mechanisms contributing to CVD Mechanisms contributing to CVD 

riskrisk

VasoactiveVasoactive substances substances 

Hypoxemic stress Hypoxemic stress –– in in 

severe sleep apnea severe sleep apnea 

lasting several hours lasting several hours 

↑↑ endothelinendothelin levelslevels

Somers VK et al. JACC 2008. Somers VK et al. JACC 2008. VolVol 52, No.852, No.8

TreatmentTreatment

After 4 hours of CPAP After 4 hours of CPAP 

endothelinendothelin levels falllevels fall



Mechanisms contributing to CVD Mechanisms contributing to CVD 

riskrisk
InflammationInflammation

Hypoxemia triggers Hypoxemia triggers 
systemic inflammation systemic inflammation ↑↑
levels of interleukinlevels of interleukin--6 6 

↑↑ CRP CRP 

Combination sleep Combination sleep 
deprivation, hypoxemia deprivation, hypoxemia 
↑↑cytokines, adhesion cytokines, adhesion 
molecules, serum molecules, serum 
amyloidamyloid A and CRP A and CRP 
↑↑ leukocyte activation, leukocyte activation, 
monocytemonocyte bindingbinding

Somers VK et al. JACC 2008. Somers VK et al. JACC 2008. VolVol 52, No.852, No.8

TreatmentTreatment

CPAP attenuates CPAP attenuates 
monocytemonocyte bindingbinding



Mechanisms contributing to CVD Mechanisms contributing to CVD 

riskrisk

Endothelial dysfunctionEndothelial dysfunction

Inflammation, Inflammation, 

sympathetic activation sympathetic activation 

pressorpressor surges, surges, 

oxidative stress oxidative stress 

contribute to contribute to 

endothelial endothelial 

dysfunctiondysfunction
Somers VK et al. JACC 2008. Somers VK et al. JACC 2008. VolVol 52, No.852, No.8

TreatmentTreatment

CPAP may improve CPAP may improve 

endothelial functionendothelial function



Mechanisms contributing to CVD Mechanisms contributing to CVD 

riskrisk

Insulin ResistanceInsulin Resistance

↑↑ catecholaminescatecholamines, , 

sleep deprivation may sleep deprivation may 

be associated with be associated with 

insulin resistance. insulin resistance. 

Somers VK et al. JACC 2008. Somers VK et al. JACC 2008. VolVol 52, No.852, No.8

TreatmentTreatment

Studies inconsistent Studies inconsistent 

in response to CPAPin response to CPAP



Mechanisms contributing to CVD Mechanisms contributing to CVD 

riskrisk

ThrombosisThrombosis

↑↑ platelet activation, platelet activation, 
↑↑fibrinogenfibrinogen

Further studies are Further studies are 
needed to confirmneeded to confirm
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Mechanisms contributing to CVD Mechanisms contributing to CVD 

riskrisk
IntrathoracicIntrathoracic Pressure ChangesPressure Changes

↑↑ negative pressure in chest cavity to levels approaching negative pressure in chest cavity to levels approaching --65 65 
mmHg. mmHg. 

↑↑ transmuraltransmural gradients across the atria, ventricles, and gradients across the atria, ventricles, and 
aorta, and disrupts ventricular function and autonomic and aorta, and disrupts ventricular function and autonomic and 
hemodynamic stability. hemodynamic stability. 

↑↑ wall stresswall stress

↑↑ afterloadafterload

↑↑ atrialatrial sizesize

Impaired diastolic functionImpaired diastolic function

Thoracic aortic dilation (propensity toward dissection)Thoracic aortic dilation (propensity toward dissection)

Somers VK et al. JACC 2008. Somers VK et al. JACC 2008. VolVol 52, No.852, No.8



OSAOSA
Clinical presentationClinical presentation

Disruptive snoringDisruptive snoring

Witnessed apnea or gaspingWitnessed apnea or gasping

Obesity and/or enlarged neck sizeObesity and/or enlarged neck size

HypersomnolenceHypersomnolence

Male genderMale gender

Crowded appearing pharyngeal airwayCrowded appearing pharyngeal airway

Increased blood pressureIncreased blood pressure

Morning headacheMorning headache

Sexual dysfunctionSexual dysfunction

Somers VK et al. JACC 2008. Somers VK et al. JACC 2008. VolVol 52, No.852, No.8



CVD and OSACVD and OSA

HypertensionHypertension

50% of OSA patients have HTN50% of OSA patients have HTN

30% of HTN patients have OSA30% of HTN patients have OSA

NonNon--dippers more likely to have OSA dippers more likely to have OSA 

Somers VK et al. JACC 2008. Somers VK et al. JACC 2008. VolVol 52, No.852, No.8



Sleep ApneaSleep Apnea

Somers, VK et al. Sleep Apnea and Cardiovascular Disease. JACC 2008. 52;8. 686-717
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Prevalence of Obstructive Sleep Apnea
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ARS Question ARS Question 

Which one of the following is Which one of the following is false false ??

Obstructive sleep apnea (OSA)Obstructive sleep apnea (OSA)

1.1. ↑↑ wall stresswall stress

2.2. ↓↓ afterloadafterload

3.3. ↑↑ atrialatrial sizesize

4.4. Impairs diastolic functionImpairs diastolic function



Pulmonary HypertensionPulmonary Hypertension



Normal Pulmonary Vascular BedNormal Pulmonary Vascular Bed

Normal pulmonary vascular bedNormal pulmonary vascular bed
–– Low pressureLow pressure

–– Low resistanceLow resistance

–– Highly compliant systemHighly compliant system

Acute and chronic injury leads to abnormal Acute and chronic injury leads to abnormal 
pressure and resistance.pressure and resistance.

ACC SAP 6 Book 5ACC SAP 6 Book 5





Pulmonary Hypertension (PH) Pulmonary Hypertension (PH) 

(PAH)(PAH)
DefinitionDefinition

PH PH –– the presence of abnormally high the presence of abnormally high 

pulmonary vascular pressure.  pulmonary vascular pressure.  

PAH PAH –– pulmonary artery hypertension is a pulmonary artery hypertension is a 

category of PH.category of PH.

–– mPAPmPAP of >25 mm Hgof >25 mm Hg

–– PCWP normalPCWP normal

–– LAP normalLAP normal

–– LVEDP LVEDP ≤≤15 mm Hg15 mm Hg

–– PVR > 3 Wood unitsPVR > 3 Wood units
JACC 2009. JACC 2009. VolVol 53. No 1753. No 17



Pulmonary HypertensionPulmonary Hypertension

World Health OrganizationWorld Health Organization

ClassificationClassification

Group 2

PH with Left Heart Ds.
Group 3 PH with Lung Ds and/or

Chronic Hypoxia

Group 5

Miscellaneous

Group 4 

Chronic Thrombosis
(clot) PH

Group 1

“PAH”



Pulmonary HypertensionPulmonary Hypertension

WHO ClassificationWHO Classification

Group 1
“PAH”

Idiopathic PAH

(formerly primary)

Familial (genetic) PAH
Bone morphogenic protein 

Receptor 2

BMPR2 gene

PAH related to:

(formerly secondary)

Connective tissue ds.

HIV

Portopulmonary

Congenital heart ds

Toxins/Diet pills



2009 WHO Classification of PH2009 WHO Classification of PH
1.1. Pulmonary arterial hypertension (PAH)Pulmonary arterial hypertension (PAH)

1.1. Idiopathic (IPAH)Idiopathic (IPAH)

2.2. Familial (FPAH)Familial (FPAH)

3.3. Associated with (APAH)Associated with (APAH)

1.1. Connective tissue disorderConnective tissue disorder

2.2. Congenital systemic to pulmonary shuntsCongenital systemic to pulmonary shunts

3.3. Portal hypertensionPortal hypertension

4.4. HIV infectionHIV infection

5.5. Drugs and toxinsDrugs and toxins

6.6. Other (thyroid disorders, glycogen storage Other (thyroid disorders, glycogen storage dsds, , GaucherGaucher’’ss dsds, , 

hereditary hemorrhagic hereditary hemorrhagic telangiectasiatelangiectasia, , hemoglobinopathieshemoglobinopathies, , 

chronic chronic myeloproliferativemyeloproliferative disorders, disorders, spleenectomyspleenectomy))

4. Associated with significant venous or capillary involvement4. Associated with significant venous or capillary involvement

1.4.1 Pulmonary 1.4.1 Pulmonary venoveno--occlusive disease (PVOD)occlusive disease (PVOD)

1.4.2. Pulmonary capillary 1.4.2. Pulmonary capillary hemangiomatosishemangiomatosis (PCH)(PCH)

5. Persistent pulmonary hypertension of the newborn5. Persistent pulmonary hypertension of the newborn
JACC 2009. JACC 2009. VolVol 53. No 1753. No 17



Pulmonary Hypertension (PH)Pulmonary Hypertension (PH)

2.2. Pulmonary Hypertension with Left Heart Pulmonary Hypertension with Left Heart 

DiseaseDisease

includes left heart diseases includes left heart diseases atrialatrial or or 

ventricular ventricular 

left sided left sided valvularvalvular heart diseaseheart disease



Pulmonary Hypertension (PH)Pulmonary Hypertension (PH)

3.3. Pulmonary Hypertension Associated with Pulmonary Hypertension Associated with 

Lung Diseases and or Hypoxemia.Lung Diseases and or Hypoxemia.

�� Chronic obstructive lung diseasesChronic obstructive lung diseases

�� Interstitial lung diseaseInterstitial lung disease

�� Obstructive sleep apnea (OSA)Obstructive sleep apnea (OSA)

�� Alveolar hypoventilation Alveolar hypoventilation 

�� Chronic exposure to high altitudeChronic exposure to high altitude

�� Developmental abnormalitiesDevelopmental abnormalities

JACC 2009 Vol. 53, No 17JACC 2009 Vol. 53, No 17



Pulmonary Hypertension (PH)Pulmonary Hypertension (PH)

4.4. Pulmonary Hypertension due to Chronic Pulmonary Hypertension due to Chronic 
Thrombotic and/or Embolic Disease CTEPHThrombotic and/or Embolic Disease CTEPH

�� ThromboembolicThromboembolic obstruction of proximal pulmonary obstruction of proximal pulmonary 
arteriesarteries

�� ThromboembolicThromboembolic obstruction of distal pulmonary obstruction of distal pulmonary 
arteriesarteries

�� NonthromboticNonthrombotic pulmonary embolism (tumor, parasites, pulmonary embolism (tumor, parasites, 
foreign material)foreign material)

11--4% of patients who sustain a venous 4% of patients who sustain a venous thromboembolismthromboembolism are at are at 
risk of developing chronic risk of developing chronic thromboembolicthromboembolic pulmonary pulmonary 
hypertension (CTEPH) up to two years after the episode..  Cruciahypertension (CTEPH) up to two years after the episode..  Crucial l 
to to r/or/o presence of CTEPHpresence of CTEPH

JACC 2009 Vol. 53, No 17JACC 2009 Vol. 53, No 17



Pulmonary Hypertension (PH)Pulmonary Hypertension (PH)

5.5. MiscellaneousMiscellaneous

This category involves PH related to This category involves PH related to 

inflammatory or inflammatory or neoplasticneoplastic processes in the processes in the 

pulmonary microcirculation.  pulmonary microcirculation.  

�� SarcoidosisSarcoidosis is the main etiology in this group.  is the main etiology in this group.  

�� AdenopathyAdenopathy, tumor, , tumor, fibrosingfibrosing mediastinitismediastinitis

JACC 2009 JACC 2009 VolVol 53. No 1753. No 17



Pulmonary HypertensionPulmonary Hypertension

SymptomsSymptoms

–– DyspneaDyspnea on exertionon exertion

–– FatigueFatigue

–– palpitationspalpitations

–– chest pain                                    indications chest pain                                    indications 

–– Syncope                                      of moreSyncope                                      of more

–– Lower extremity edema               severe PH Lower extremity edema               severe PH 

impaired impaired RHRH

functionfunction



DiagnosisDiagnosis

Women affected more commonly than Women affected more commonly than 

menmen

All agesAll ages

Mean age 36 to 50 yearsMean age 36 to 50 years



Diagnostic EvaluationDiagnostic Evaluation

Establish etiologyEstablish etiology

–– PFTPFT

–– Connective tissue Connective tissue dsds. Serology. Serology

–– EchocardiographyEchocardiography

–– Cardiac catheterizationCardiac catheterization

–– Tests to exclude chronic Tests to exclude chronic thromboembolicthromboembolic dsds..

JACC 2008, JACC 2008, VolVol 51, No 1651, No 16



Pulmonary Hypertension Pulmonary Hypertension 

Detection/DiagnosisDetection/Diagnosis

Echo with DopplerEcho with Doppler

Best test to detectBest test to detect

PAPPAP

–– 3535--40 borderline40 borderline

–– 4040--55 mild55 mild

–– 5555--75 moderate75 moderate

>75 mm Hg severe>75 mm Hg severe

ESTIMATE only ESTIMATE only –– confirm with RH confirm with RH CathCath



Pulmonary HypertensionPulmonary Hypertension

Detection/DiagnosisDetection/Diagnosis

Other findingsOther findings

–– Right heart chamber enlargementRight heart chamber enlargement

–– Paradoxical motion of the Paradoxical motion of the interventricularinterventricular

septumseptum

–– Tricuspid insufficiencyTricuspid insufficiency

–– Pericardial effusionsPericardial effusions

JACC 2008, JACC 2008, VolVol 51, No 1651, No 16



Pulmonary Hypertension Pulmonary Hypertension 

Confirmation/DiagnosisConfirmation/Diagnosis
Right Heart Catheterization Gold StandardRight Heart Catheterization Gold Standard

Oxygen saturations (SVC, IVC, RV, PA, SA)Oxygen saturations (SVC, IVC, RV, PA, SA)

Right Right atrialatrial pressurepressure

Right ventricular pressureRight ventricular pressure

PAP, systolic, diastolic, meanPAP, systolic, diastolic, mean

PCWP, left PCWP, left atrialatrial pressure, or left ventricular end pressure, or left ventricular end 
diastolic pressurediastolic pressure

Cardiac output/indexCardiac output/index

Pulmonary vascular resistancePulmonary vascular resistance

Systemic blood pressureSystemic blood pressure

Heart rateHeart rate

Response to acute vasodilatorResponse to acute vasodilator
JACC 2009, JACC 2009, VolVol 53, No 1753, No 17



Pathology and PathogenesisPathology and Pathogenesis

PAHPAH

Right VentricleRight Ventricle

Major Major determininantdetermininant of functional capacity and of functional capacity and 

prognosis in PAHprognosis in PAH

RV hypertrophy and dilatation by RV hypertrophy and dilatation by ↑↑ afterloadafterload

RV compensatory response variableRV compensatory response variable

Some compensate/other decompensateSome compensate/other decompensate

–– Thinning and dilation of the wall and reduce the RV Thinning and dilation of the wall and reduce the RV 

EFEF
JACC 2009, JACC 2009, VolVol 53, No 1753, No 17



Pathology and PathogenesisPathology and Pathogenesis

PAHPAH

Molecular Abnormalities in PAHMolecular Abnormalities in PAH

Characterized by endothelial dysfunctionCharacterized by endothelial dysfunction

↓↓ ratio of apoptosis/proliferation in ratio of apoptosis/proliferation in 
pulmonary artery smooth muscle cellspulmonary artery smooth muscle cells

Thickened, disordered Thickened, disordered adventiaadventia ––
excessive activation of adventitial excessive activation of adventitial 
metalloproteasesmetalloproteases

No single cause No single cause –– ““multimulti--hit modelhit model”” likelylikely
JACC 2009, JACC 2009, VolVol 53, No 1753, No 17



Pathology and PathogenesisPathology and Pathogenesis

PAHPAH

GeneticsGenetics

Inherited in <10% of casesInherited in <10% of cases

Abnormalities in the blood and EndotheliumAbnormalities in the blood and Endothelium

Platelets depleted by serotoninPlatelets depleted by serotonin

Endothelial dysfunction is commonEndothelial dysfunction is common

PAH endothelium PAH endothelium ↑↑ production production 

vosoconstrictor/mitogenicvosoconstrictor/mitogenic compounds compounds 



TreatmentTreatment

DietDiet

ExerciseExercise

Appropriate vaccinationsAppropriate vaccinations

Avoidance of pregnancyAvoidance of pregnancy

WarfarinWarfarin –– all patients with IPAHall patients with IPAH

Diuretics Diuretics –– RV volume overloadRV volume overload

Oxygen maintain O2 sat >90%Oxygen maintain O2 sat >90%

CCB CCB –– only for those with positive acute only for those with positive acute 
vasodilator response vasodilator response 

JACC 2009 JACC 2009 VolVol 53, No  1753, No  17



PAH TreatmentPAH Treatment

ProstacyclinsProstacyclins

EpoprostenolEpoprostenol –– IV IV –– very short very short ½½ life, improves life, improves 

exercise capacity, exercise capacity, hemodynamicshemodynamics –– only only txtx. . 

shown to improve survival shown to improve survival –– critically illcritically ill

TreprostinilTreprostinil –– IV or sc IV or sc –– longer 1/2 life longer 1/2 life –– inhaled inhaled 

just approved by FDA, 4 times dailyjust approved by FDA, 4 times daily

IloprostIloprost –– inhaled inhaled –– needs 6 needs 6 inhalaationsinhalaations for up for up 

to 20 min. to 20 min. 

All $100 K/yr or more (generic $70 K)All $100 K/yr or more (generic $70 K)
JACC 2009 JACC 2009 VolVol 53 No 1753 No 17



PAH TreatmentPAH Treatment

EndothelinEndothelin Receptor AntagonistsReceptor Antagonists

BosentanBosentan –– oral oral –– twice daily slows clinical twice daily slows clinical 
decline, liver enzyme decline, liver enzyme ↑↑ 10%10%

AmbrisentanAmbrisentan –– oral oral –– once daily once daily –– less less 
liver enzyme liver enzyme ↑↑

Fluid retention in bothFluid retention in both

They improve exercise capacity in PAHThey improve exercise capacity in PAH

Monitor Monitor LFTLFT’’ss monthly indefinitelymonthly indefinitely

$50 K$50 K
JACC 2009 JACC 2009 VolVol 53, No 1753, No 17



PAH TreatmentPAH Treatment

PhosphodiesterasePhosphodiesterase 5 inhibitors5 inhibitors

SildenafilSildenafil –– oral oral –– TID TID ––

TadalafilTadalafil –– oral oral –– once daily once daily –– newly newly 
approved by FDA, same efficacy, side approved by FDA, same efficacy, side 
effect profile as effect profile as sildenafilsildenafil, , 

Both $10 K /yrBoth $10 K /yr

PDEPDE--5 inhibitors improve exercise 5 inhibitors improve exercise 
capacity and capacity and hemodynamicshemodynamics in PAHin PAH

JACC 2009 JACC 2009 VolVol 53, No 1753, No 17



PAH TreatmentPAH Treatment

Combination TherapyCombination Therapy

Widely used (almost 50% of pts)Widely used (almost 50% of pts)

SildenafilSildenafil plus plus epoprostenilepoprostenil improves improves 

exercise better than mono therapyexercise better than mono therapy

More expensive More expensive –– but usually coveredbut usually covered

JACC 2009 JACC 2009 VolVol 53, No 1753, No 17



PAH PAH 

Newer Therapeutic approachesNewer Therapeutic approaches

Investigational TherapiesInvestigational Therapies

VasoactiveVasoactive intestinal peptide and tyrosine intestinal peptide and tyrosine 

kinasekinase inhibitorsinhibitors

Serotonin antagonists Serotonin antagonists 

JACC 2009 JACC 2009 VolVol 53, No 1753, No 17



ARS Question 2ARS Question 2

What is the What is the BESTBEST test to detect PH?test to detect PH?

1.1. PFTPFT’’ss

2.2. Stress TestStress Test

3.3. EchoEcho

4.4. Cardiac Cardiac cathcath



Pulmonary Hypertension SummaryPulmonary Hypertension Summary

Important to suspect PH in pts with Important to suspect PH in pts with 
exertionalexertional symptomssymptoms

Cardiac echo most important test for Cardiac echo most important test for 
detection detection 

Right Heart Right Heart cathcath needed to confirmneeded to confirm

New therapies are effective at improving New therapies are effective at improving 
symptoms, function, survival but only symptoms, function, survival but only 
partially effectivepartially effective

Newer therapies needed Newer therapies needed 


