Congestive Heart Failure

I. Congestive heart failure (CHF) is inadequate pump function of the heart. Heart failure is described as ventricular dysfunction, in terms of systolic and diastolic dysfunction and may affect the left ventricle, right ventricle, or a combination of both

II. Systemic Heart Failure
a. This form of heart failure (60-70% of heart failure) is characterized by the inability of the ventricles to pump either to the lungs (right0ventricular systolic failure) or more commonly, to the systemic circulation (left ventricular systolic failure). Normally, the ventricles eject about 65% (the ejection fraction) of the end-diastolic volume (preload). Systolic heart failure is characterized by a 40% or lower ejection fraction (SV/EDV), is mainly considered in terms of the left ventricle; this results in an insufficient cardiac output to meet heart and body tissue perfusion requirements (less goes out so more stays in the ventricles). The chief characteristics of systolic dysfunction is remodeling of the ventricles, which is characterized by an increase in both left ventricle end-diastolic and end-systolic volumes.

i. In an effort to combat a reduction in stroke volume, the heart utilizes 3 compensatory mechanisms to increase ejection fraction and perfusion: the adaptive mechanisms

1. Frank-Starling Principle: increased preload (EDV) causes an increased stretching and thus reflex contraction of sarcomeres, enhancing cardiac contractility

2. Ventricular dilation and myocardial hypertrophy

3. Activation of the sympathetic (via epinephrine and Norepinephrine) and the renin-angiotensin-aldosterone system: net effect of increasing heart rate, cardiac output, and perfusion

a. Through this mechanism, the polypeptide endothelin, a powerful vasoconstrictor is released, as well as inflammatory cardiac cytokines (primarily interleukins and tumor necrosis factor-alpha (TNF-a)

b. Maladaptive Response
i. Frank-Starling Principle: chronically increased EDV results in overstretching of muscle fibers; there is a loss of the optimal approximation of the actin and myosin filaments of myocyte sarcomeres. (contractility eventually decreases)
ii. Ventricular dilation and myocardial hypertrophy: with hemodynamic overload, the increased blood volume and pressure causes increased wall tension. To compensate for this increased wall tension, myocyte enlarge in an attempt to relieve tension on any one myocyte. Hypertrophy is damaging on several ways:

1. Hypertrophied heart cells require increased oxygen requirements. Insufficient supply will lead to ischemia and cell death. This causes a decline in the number of viable myocytes (reducing cardiac output) and the requirement of still-living myocytes to compensate (by further hypertrophy)

2. Hypertrophied heart muscle is less efficient in pumping action (not in sync as well as normal sized heart)
3. Cells that support myocytes, nonmyocytes, proliferate in the setting of hypertrophy (through activation of the RAAS: angiotensin II and aldosterone). Cardiac macrophages, neutrophils, fibroblasts, vascular smooth muscle cells and endothelial cells all increase in number. The result is increased collagen production leading to ventricular fibrosis and continued hypertrophy. (more fibrosis= less contraction)
iii. Activation of the sympathetic and RAAS: increased sympathetic tone causes vasoconstriction of both arterial and venous systems:

1. In arterial, causes increased peripheral avascular resistance, which guarantees, but diminishes net blood flow to vital organs (kidney, brain, heart)

2. In the aorta (and arterial bed), increasing the cardiac afterload
3. In venous, results in a net increase in blood flow into the arterial system, increasing preload, and subsequently workload on the heart

III. Diastolic Heart Failure
a. In this form of heart failure (30-40% of heart failure), there is preserved contractility of the myocytes, but decreased ventricular relaxation, decreased elastic recoil, and increased stiffness of the ventricle. There is thus both reduced passive filling of the heart during diastole, and stiff, “noncompliant” ventricles, causing an increase in the left ventricle end-diastolic pressure. With decreased diastolic filling (reduced EDV) there is an expected reduction in stroke volume, but there is a normal or supernormal ejection fraction: cardiac output diminished= CO x SV
a. EF= SV/EDV

2. There is also an element of hypertrophy and fibrosis in diastolic heart failure.

IV. Epidemiology
a. Prevalence: 5 million

b. Incidence:> 500,000 yearly

c. 1 million hospital admission yearly

d. M=F

e. Mortality: 20% (with severe CHF: 50% at 5 years)

f. > $60 billion in healthcare costs yearly

V. Risk Factors
a. Age >65-MCC of hospital visit
b. African American, Hispanic, native American
VI. Etiology
a. Coronary artery disease: ischemia, MI- MCC of CHF
b. Cardiomyopathy: diabetic, drug-induced, dilated, hypertrophic, restrictive

c. Drugs: cocaine, chemo drugs (doxyrubacin)

d. Cardiac infection: viral myocarditis, bacterial endocarditis

e. Valvular heart disease: aortic and mitral regurgitation, aortic stenosis

f. Dysrhythmia: atrial fibrillation

g. Hypertension
h. Fluid overload state: renal and liver failure

i. High-output heart failure: hyperthyroidism, beriberi (thyamine deficiency from chronic alcoholism), severe anemia, pregnancy, chronic infection, arteriovenous shunting, Polycythemia vera

j. Thyroid dysfunction: thyrotoxicosis or myxedema

k. Poor compliance to previous CHF therapy

l. Idiopathic

VII. Left Ventricular Failure- more common then right
a. Occurs through on or more of the following mechanisms: (1) inappropriate workloads placed upon the heart (volume or pressure overload), (2) restricted filling of the heart, (3) myocyte loss, and/or (4) decreased myocyte contractility

b. Symptoms
i. Dyspnea on exertion (DOE)- MC presentation
ii. Dyspnea at rest- poor prognosis
iii. Orthopnea- can’t breath when lying down straight; must use pillows at night
iv. Paroxysmal nocturnal dyspnea (PND)- wake up in the middle of the night with SOB because lung can’t compensate
v. Productive cough, blood-tinged sputum

vi. Hemoptysis

vii. Fatigue/exercise intolerance- heart can’t supply skeletal muscles
viii. Nocturia- kidneys become more perfused at night and want to excrete fluid
ix. Chest pain

x. Confusion- from cerebral malperfusion
c. Signs
i. Tachycardia Respiratory distress/tachypnea

ii. Hypertension

iii. Skin: cyanosis, cold extremities, diaphoresis- reduced oxygen availability
iv. Heart: laterally  displaced apical impulse- because of enlargement, except on S3
v. Lungs: rales (reflection of increased pulmonary congestion), crackles, pleural effusion

d. Pulmonary edema: the increased LA and LV wall pressures due to the back-up of increased EDV (and thus end diastolic pressure) in LVF causes blood returning from the lungs (normally under very low pressures from the right ventricle) to be impeded. Blood pressure begins to increased in the pulmonary capillaries (capillary filtration pressure- increase pulmonary vasculature pressure) causing fluid to move into the interstitial space of the lung, resulting in lung stiffening, poor expansion, diminished gas exchange, and air-hunger (no time for CO2-O2 exchange). Acute pulmonary edema is a medical emergency (life threatening), and indicated decompensated CHF
VIII. Right Ventricular Failure
a. The leading cause of RVF is LVF; the majority of congestive heart failure cases are of a mixed RVF/LVF presentation. Other causes include pulmonary disease (cor pulmonale- right ventricular hypertrophy secondary to advanced pulmonary disease), tricuspid regurgitation, hypertrophic or restrictive cardiomyopathies, or right ventricular ischemia.

b. Symptoms- mixed presentation
i. Weight gain- increased fluid retention
ii. Bipedal edema- backup of blood in venous system
1. Unilateral edema is indicative of DVT

iii. Dyspnea/ SOB
iv. Right upper quadrant pain

v. Anorexia- increased abdominal pressure causes decreased appetite
c. Signs
i. Hypertension 

ii. Jugular venous distension (JVD)- > 3cm
iii. Hepatojugular reflux

iv. Hepatomegaly

v. Caput medusae- dilated abdominal veins
vi. Ascites

vii. Splenomegaly

viii. Left parasternal heave

ix. Signs of LVF, plus S4 heart sound (contraction of atria against a fluid overloaded ventricle)
x. Hemorrhoids

xi. Bipedal edema

CHF Classification of NYHA

	Class I:  No limitation. Ordinary physical activity does not cause undue fatigue, dyspnea, or palpitation.

	Class II: Slight limitation of physical activity. Such patients are comfortable at rest. Ordinary physical activity results in fatigue, palpitations, dyspnea, or angina



	Class III: Marked limitation of physical activity. Although patients are comfortable at rest, less than ordinary activity leads to fatigues, dyspnea, palpitations, or angina



	Class IV: Symptomatic at rest. Symptoms of CHF are present at rest; discomfort increases with any physical activity. Poor prognosis.


IX. Differential Diagnosis

a. Myocardial infarction

b. Angina/ACS( acute coronary syndrome)
c. Pneumothorax

d. Pulmonary embolus

e. Pulmonary edema- not necessarily due to CHF
f. Pulmonary fibrosis- MC presentation= DOE
g. COPD

h. Acute respiratory distress syndrome

i. Pneumonia

j. Cardiogenic shock

k. Goodpasture syndrome- immune disorder with antiglomerular basement antibodies
X. Diagnosis
a. CBC with differential (underlying anemia or infection)
b. BMP (CHF causes a hypovolemic hyponatremia)
i. Potassium problems
c. LFTs
d. Thyroid panel- Hypo or hyper state
e. Urinalysis

f. Atrial natriuretic peptide (ANP)- sent from atria
i. Causes naturesis- excrete salt and water to decrease volume
g. B-type natriuretic peptide (BNP)- sent from ventricle
h. CXR: cardiomegaly, pulmonary edema (acute or chronic), pleural effusions, kerley B lines (calcifications in the interlobular septa- often first indication of fluid being pumped out of the lungs1), prominent upper lobe pulmonary vascular markings- increased pulmonary hypertension
i. EKG
i. Q waves= myocardial cell death

ii. S wave in V1 + R wave in V5 or V6 > 35mm- diagnostic of LVH

iii. RVF- poor R wave progression
j. Echocardiogram: ejection fraction, valvular dysfunction, measure atrial and/or ventricular hypertrophy, decreased ventricular wall motion, increased wall thickness, pericardial effusion

k. Radionuclide multiple gated acquisition scan (MUGA): ejection fraction

l. Right heart catheterization and Swan Ganz catheterization (PCWP: pulmonary capillary wedge pressure)

m. Left heart cardiac Catheritization

n. Coronary angiography

o. Stress testing

p. ABG and pulse oximetry

XI. Treatment-cornerstone of treatment is peripheral vascular resistance and fluid reduction (can reverse CHF)
a. Lifestyle modifications: sodium restriction diet, water restrictions, exercise restriction for severe CHF

b. Underlying cause

c. Oxygen

d. Morphine sulfate- puts more blood into the venous system which reduces pulmonary hypertension
i. Treatment form pulmonary edema
e. Diuretics: HCTZ for mild CHF, furosemide for severe CHF or acute pulmonary edema, For hyperkalemia prevention: spironolactone
i. For pulmonary edema
f. ACE inhibitors- Block RAAS and cause vasodilation
i. Afterload reducer
g. Beta Blocker: Carvedilol, metoprolol
i. Reduce sympathetic stimulation in CHF, result in increased ejection fraction-creates a more efficient heartbeat
h. Angiotensin receptor blockers

i. Digitalis

j. Vasodilators: nitrates, nesiritide, hydralazine. Use with caution in RYF 

k. Cardiac pacemaker/implantable cardioverter defibrillator
i. Used for atrial fibrillation

ii. Arrhythmia can be the cause and result of CHF
l. Anticoagulation

m. Cardiac transplant
CHF is B(eta blockers)A(ce inhibitors)D(iuretics)
