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Basic pathophysiologyBasic pathophysiology

Blood flow through the heartBlood flow through the heart
ValvesValves
Blood flow to the heartBlood flow to the heartBlood flow to the heartBlood flow to the heart
Effects of hypertensionEffects of hypertension
Dilated left ventricleDilated left ventricle

Blood flow through the heartBlood flow through the heart
Intracardiac pressuresIntracardiac pressures

CVPCVP
PAPPAP
PAWPPAWP

33--8 mmHg8 mmHg
1515--30 mmHg30 mmHg
22--15 mmHg15 mmHg

LVPLVP
gg

100100--140 mmHg140 mmHg

Preload, afterload & contractilityPreload, afterload & contractility

PreloadPreload is the end volumetric pressure is the end volumetric pressure 
that stretches the right or left ventricle to that stretches the right or left ventricle to 
its greatest geometric dimensions under its greatest geometric dimensions under g gg g
variable physiologic demand. variable physiologic demand. 
AfterloadAfterload is the pressure that the is the pressure that the 
chambers of the heart must generate in chambers of the heart must generate in 
order to eject blood out of the heart.order to eject blood out of the heart.
ContractilityContractility is the intrinsic ability of the is the intrinsic ability of the 
heart to contract.heart to contract.

FrankFrank--Starling LawStarling Law

Stroke volume of the heart increases in Stroke volume of the heart increases in 
response to an increase in the volume of response to an increase in the volume of 
blood filling the heart (the end diastolic blood filling the heart (the end diastolic g (g (
volume). The increased volume of blood volume). The increased volume of blood 
stretches the ventricular wall, causing stretches the ventricular wall, causing 
cardiac muscle to contract more forcefullycardiac muscle to contract more forcefully
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Coronary valvesCoronary valves Blood flow to the heartBlood flow to the heart

Definition of heart failureDefinition of heart failure

HF is a complex clinical syndrome HF is a complex clinical syndrome 
that can result from any structural that can result from any structural 
or functional cardiac disorder thator functional cardiac disorder thator functional cardiac disorder that or functional cardiac disorder that 
impairs the ability of the ventricle to impairs the ability of the ventricle to 
fill with or eject blood.fill with or eject blood.

IncidenceIncidence

•• Approximately 5 million patients in this country Approximately 5 million patients in this country 
have HFhave HF

•• Over 550,000 patients are diagnosed with HF for Over 550,000 patients are diagnosed with HF for 
the first time each yearthe first time each yearyy

•• Primary reason for 12 to 15 million office visits and Primary reason for 12 to 15 million office visits and 
6.5 million hospital days each year6.5 million hospital days each year

•• In 2001, nearly 53,000 patients died of HF as a In 2001, nearly 53,000 patients died of HF as a 
primary causeprimary cause

ACC/AHA 2009, Focused Update Incorporated into the ACC/AHA 2005 Guidelines for the ACC/AHA 2009, Focused Update Incorporated into the ACC/AHA 2005 Guidelines for the 
Diagnosis and Management of Heart Failure in Adults Diagnosis and Management of Heart Failure in Adults 

However…However…

Death rates are falling:Death rates are falling:
Overall mortality rates cut nearly in half (2000Overall mortality rates cut nearly in half (2000--
2007)2007)
P ti t 85 d d f 87 t 48 d thP ti t 85 d d f 87 t 48 d thPatients over 85 dropped from 87 to 48 deaths Patients over 85 dropped from 87 to 48 deaths 
per 1000 admissionsper 1000 admissions
Patients over 65 fell from 64 to 34/1000Patients over 65 fell from 64 to 34/1000
Medicare patients fared better than private payMedicare patients fared better than private pay

2010 national Healthcare Disparities Report2010 national Healthcare Disparities Report

Condition of the ElderlyCondition of the Elderly

•• The incidence of HF approaches 10 per 1000 The incidence of HF approaches 10 per 1000 
population after age 65population after age 65

•• HF is the most common Medicare diagnosisHF is the most common Medicare diagnosis--
related grouprelated group

•• More dollars are spent for the diagnosis and More dollars are spent for the diagnosis and 
treatment of HF than any other diagnosis by treatment of HF than any other diagnosis by 
MedicareMedicare

ACC/AHA 2009, Focused Update Incorporated into the ACC/AHA 2005 Guidelines for the ACC/AHA 2009, Focused Update Incorporated into the ACC/AHA 2005 Guidelines for the 
Diagnosis and Management of Heart Failure in Adults Diagnosis and Management of Heart Failure in Adults 
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Causes of HFCauses of HF

Coronary artery disease (CAD)Coronary artery disease (CAD)
HypertensionHypertension
Valvular diseaseValvular diseaseValvular diseaseValvular disease
Dilated cardiomyopathyDilated cardiomyopathy

ViralViral
PostPost--partumpartum
IdiopathicIdiopathic

Acute coronary syndrome (ACS)Acute coronary syndrome (ACS)

Ischemic heart diseaseIschemic heart disease

Myocardial infarctionMyocardial infarction

HypertensionHypertension

Renals: impaired ability of the Renals: impaired ability of the 
kidneys to excrete sodium, kidneys to excrete sodium, 
resulting in naturitc factors resulting in naturitc factors 
secreted to promote salt excretion secreted to promote salt excretion 
resulting in increased total resulting in increased total 
peripheral resistance.peripheral resistance.
RAAS RAAS –– potent vasoconstiction and potent vasoconstiction and 
retention of sodium and water. retention of sodium and water. 
Increased  volume plus Increased  volume plus 
vasoconstrictionvasoconstriction
Sympathetic nervous system Sympathetic nervous system ----
increased stress responsesincreased stress responses

Valvular diseaseValvular disease

Aortic valvular stenosisAortic valvular stenosis
Mitral insufficiencyMitral insufficiency

StenosisStenosisStenosisStenosis
RegurgitationRegurgitation

Tricuspid regurgitationTricuspid regurgitation

Hypertension changes to Hypertension changes to 
ventricular functionventricular function

Left ventricular dysfunctionLeft ventricular dysfunction
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Normal v. dilated LVNormal v. dilated LV That “CHF look”That “CHF look”

FatigueFatigue
DyspneaDyspnea
CoughCough
P l dP l dPulmonary edemaPulmonary edema
Pleural effusionPleural effusion
OrthopneaOrthopnea
Paroxysmal nocturnal dyspneaParoxysmal nocturnal dyspnea
Abdominal bloatingAbdominal bloating
Peripheral edemaPeripheral edema

Left ventricular remodelingLeft ventricular remodeling

Stimulation of sympathetic nervous Stimulation of sympathetic nervous 
systemsystem
Activation of RAASActivation of RAASActivation of RAASActivation of RAAS

Resulting inResulting in
Sodium retentionSodium retention
Myocardial fibrosisMyocardial fibrosis
Myocardial muscle changesMyocardial muscle changes

RAASRAAS

Sympathetic nervous systemSympathetic nervous system Kidney changes in HFKidney changes in HF
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HF pathophysiology is complexHF pathophysiology is complex Progression of HFProgression of HF

ACC Stages of HFACC Stages of HF Stages of HFStages of HF

Stage A Stage A –– high risk (HTN, DM, CAD)high risk (HTN, DM, CAD)
Stage B Stage B –– asymptomatic LV dysfunctionasymptomatic LV dysfunction
Stage CStage C symptomatic (past or present )symptomatic (past or present )Stage C Stage C –– symptomatic (past or present ) symptomatic (past or present ) 
LV dysfunctionLV dysfunction
Stage D Stage D –– refractory to traditional refractory to traditional 
therapiestherapies

ER presentationER presentation
BNPBNP

Elevated admission BNP is a significant predictor of Elevated admission BNP is a significant predictor of 
inin--hospital mortality in ADHF, independent of other hospital mortality in ADHF, independent of other 
risk factorsrisk factors

BNP is predictive of mortality in both patients with BNP is predictive of mortality in both patients with 
reduced and those with preserved LVEFreduced and those with preserved LVEF

Further research necessary to determine whether Further research necessary to determine whether 
pts with higher admission BNP would benefit from pts with higher admission BNP would benefit from 
more intensive monitoring and/or aggressive more intensive monitoring and/or aggressive 
treatment strategiestreatment strategies
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Fonarow GC et al. J Am Coll Cardiol 2007; 49(19):1943-1950

Disease progression and hospitalizationDisease progression and hospitalization

Mehra, M. Acute Decompensated Heart Failure Today: Patient Characteristics and Practice Patterns 

Medical management of HFMedical management of HF
Fix underlying problemFix underlying problem

ValveValve
CADCAD
HTNHTN

MedicationsMedications
ACE/ARBACE/ARB

bl kbl kBeta blockerBeta blocker
DiureticsDiuretics
Aldosterone antagonists Aldosterone antagonists 

DietDiet
2 gram low sodium diet2 gram low sodium diet

FluidsFluids
20002000--2500 mL/day2500 mL/day

Underlying medical problemsUnderlying medical problems

Valvular dysfunctionValvular dysfunction
Mitral valveMitral valve
Aortic valveAortic valve

Coronary artery diseaseCoronary artery disease
Medical managementMedical management
Percutaneous coronary Percutaneous coronary 
interventionintervention

HypertensionHypertension

Rhythm disturbanceRhythm disturbance
Atrial fibrillationAtrial fibrillation
Ventricular tachycardiaVentricular tachycardia

interventionintervention
HypothyroidismHypothyroidism

ACE ACE -- InhibitorsInhibitors
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ACEACE--I/ARB in the RAASI/ARB in the RAAS
CONSENSUS ICONSENSUS I

Cumulative Probability of Death in the Cumulative Probability of Death in the 
Placebo and Enalapril GroupsPlacebo and Enalapril Groups
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CONSENSUS Study GroupCONSENSUS Study Group
N Eng J Med 1987N Eng J Med 1987

HOPE - Primary Endpoint Results

N N EnglEngl J Med, January 20, 2000J Med, January 20, 2000

Angiotensin receptor blockersAngiotensin receptor blockers

BetaBeta--blockersblockers
Pathophysiology of betaPathophysiology of beta--blockersblockers

Block sympathetic responseBlock sympathetic response
Average reduction in HR of 10Average reduction in HR of 10--15 bpm15 bpm
Increase heart rate variabilityIncrease heart rate variabilityIncrease heart rate variabilityIncrease heart rate variability
Reduce remodelingReduce remodeling
AntiarrythmicAntiarrythmic
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DiureticsDiuretics

AA--Heft Trial: Primary EndpointHeft Trial: Primary Endpoint

All-Cause Mortality
p=0.02

First HF Hospitalization
p=0.001

24.425
Change in quality-of-life score 

at 6 months

All individual components of the primary composite endpoint were 
significantly improved with ISDN-hydralazine therapy, namely death, first 
hospitalization for heart failure, and change in the quality-of-life score (a 

larger negative score indicates a better quality of life).     

p 0.02
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Presented at AHA 2004Presented at AHA 2004

AA--Heft Trial: Adverse effectsHeft Trial: Adverse effects
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Adverse events of headache and dizziness were significantly higher in the 
ISDN-hydralazine group, while the more serious adverse events of 

exacerbation of CHF were significantly lower in the ISDN-hydralazine 
group than in the placebo group

p=<0.001

p=<0.001
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Presented at AHA 2004Presented at AHA 2004

p=0.005

Sodium restricted dietSodium restricted diet

Ideal:  2300 mg/dayIdeal:  2300 mg/day
SodiumSodium--free or saltfree or salt--free.free. Each Each 
serving in this product contains less serving in this product contains less 
than 5 mg of sodium. than 5 mg of sodium. 
Very low sodium.Very low sodium. Each serving Each serving 
contains 35 mg of sodium or less. contains 35 mg of sodium or less. 
Low sodiumLow sodium Each serving containsEach serving contains

Reality:  3400 mg/day (plus)Reality:  3400 mg/day (plus)
Reduced or less sodium.Reduced or less sodium. The The 
product contains at least 25 percent product contains at least 25 percent 
less sodium than the regular version. less sodium than the regular version. 
You should check the label to see how You should check the label to see how 
much sodium is in a serving. much sodium is in a serving. 
Lite or light in sodium.Lite or light in sodium. The sodiumThe sodiumLow sodium.Low sodium. Each serving contains Each serving contains 

140 mg of sodium or less. 140 mg of sodium or less. 
Lite or light in sodium.Lite or light in sodium. The sodium The sodium 
content has been reduced by at least content has been reduced by at least 
50 percent from the regular version. 50 percent from the regular version. 
You should check the label to see how You should check the label to see how 
much sodium is in a serving. much sodium is in a serving. 
Unsalted or no salt added.Unsalted or no salt added. No salt No salt 
is added during processing of a food is added during processing of a food 
that normally contains salt. However, that normally contains salt. However, 
some foods with these labels may still some foods with these labels may still 
be high in sodium because some of be high in sodium because some of 
the ingredients may be high in sodium.the ingredients may be high in sodium.

Fluid restrictionFluid restriction

2000 mg/day = ???2000 mg/day = ???
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Limit alcohol use, stop smokingLimit alcohol use, stop smoking

Do you drink any alcohol/smoke?Do you drink any alcohol/smoke?
How much?How much?
What kind?What kind?What kind?What kind?
How often?How often?

Be specificBe specific

Advanced therapiesAdvanced therapies

Cardiac Cardiac 
resynchronization resynchronization 
therapytherapy
Cardiac Cardiac 
transplantationtransplantation
LVADLVAD

Indications for cardiac Indications for cardiac 
resynchronization therapyresynchronization therapy

LVEF less than or equal to 35%LVEF less than or equal to 35%
NYHA functional class III or IVNYHA functional class III or IV
QRS duration greater than 120 msQRS duration greater than 120 msQRS duration greater than 120 msQRS duration greater than 120 ms

Left bundle branch blockLeft bundle branch block
• Baseline clinical characteristics were similar 

between the treatment groups, with 46% of 
patients having dilated cardiomyopathy and 38% 
with ischemic heart disease.

• Mean LV ejection fraction was 25%.
• Of the 409 patients randomized to the CRT 

device, 95% had a successful implantation.
• The primary endpoint of all-cause mortality or 

h it li ti f j di l t

55%

50%

60%

Primary 
Endpoint

All-cause Mortality or 
Hospitalization for 

Major Cardiovascular 
Event

p<0.001

Secondary 
Endpoint

All-cause Mortality
p<0.001

CARE-HF StudyCARE-HF Study

Presented at ACC Scientific Sessions 2005Presented at ACC Scientific Sessions 2005

hospitalization for a major cardiovascular event 
occurred less frequently in the CRT group than 
the medical therapy alone group (hazard ratio 
[HR] 0.63, 95% CI 0.51-0.77).

• The major secondary endpoint of all-cause 
mortality was also lower in the CRT group (HR 
0.64, 95% CI 0.48-0.85).

39%

20%

30%

0%

10%

20%

30%

40%

CRT Control CRT Control
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Among patients with advanced heart failure despite standard Among patients with advanced heart failure despite standard 
pharmacological therapy, treatment with cardiac resynchronization pharmacological therapy, treatment with cardiac resynchronization 
therapy was associated with a reduction in the primary endpoint of alltherapy was associated with a reduction in the primary endpoint of all--
cause mortality and hospitalization for major cardiovascular events cause mortality and hospitalization for major cardiovascular events 
compared with standard pharmacological therapy.compared with standard pharmacological therapy.

Similar results were observed in the COMPANION trial, which showed a Similar results were observed in the COMPANION trial, which showed a 
reduction in the composite endpoint of death or hospitalization through reduction in the composite endpoint of death or hospitalization through 

CARECARE--HF Study: SummaryHF Study: SummaryCARECARE--HF Study: SummaryHF Study: Summary

a mean 16 month followa mean 16 month follow--up in patients treated with CRT with or without up in patients treated with CRT with or without 
an implantable defibrillator, but the reduction in mortality did not reach an implantable defibrillator, but the reduction in mortality did not reach 
statistical significance (p=0.06).statistical significance (p=0.06).

Presented at ACC Scientific Sessions 2005Presented at ACC Scientific Sessions 2005

Left ventricular assist deviceLeft ventricular assist device

Cardiac transplantCardiac transplant
Artificial heartArtificial heart Sleep apneaSleep apnea

ObstructiveObstructive
Soft tissue airway Soft tissue airway 
obstructionobstruction

CentralCentral
Altered neurological Altered neurological 
feedbackfeedback

Associated with Associated with 
ObesityObesity
Alcohol useAlcohol use
SmokingSmoking

Lack of CO2 Lack of CO2 
regulationregulation

Associated withAssociated with
CHFCHF
Increased incidence in Increased incidence in 
menmen

Signs and symptoms of sleep Signs and symptoms of sleep 
apneaapnea

SnoringSnoring
Excessive daytime fatigueExcessive daytime fatigue
Restless leg syndromeRestless leg syndromeRestless leg syndromeRestless leg syndrome

Obstructive sleep apneaObstructive sleep apnea
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OSA v. CSAOSA v. CSA CPAP: the good, the bad, the uglyCPAP: the good, the bad, the ugly


