Heart Failure
Heart Failure is a syndrome, not a specific disease
--Exertional dyspnea, fatigue
--Peripheral edema and abdominal congestion (these increase preload)
--Paroxysmal Nocturnal Dyspnea
--Orthopnea (failing LV can’t accept additional blood from atrium without increasing LV end-
diastolic pressure.  Left atrial pressure builds up, leading to pulmonary congestion).

--Exercise intolerance (blood flow to one exercising leg should be higher than blood flow to two 
exercising legs, cardiac output were the only problem.  In CHF, the blood flow to one 
exercising leg is equal to blood flow to two exercising legs, suggesting additional 
problems such as decreased NO inadequately regulating muscle blood flow).
--Cardiomyopathies are only one of the causes of Heart Failure!
Forward, Backward, Right, and Left Failures
1.  Backward Failure is when LV fails to eject contents and blood accumulates.  Pressure in the 
LV, LA, and pulmonary veins increases.  RA pressures also increase.  These effects cause 
edema and pulmonary/abdominal congestion.  SOB occurs both because of pulmonary 
congestion, but also reflexively from increased pressure on the atrium.
2.  Forward Failure is inadequate perfusion of vital organs due to inadequate systolic pressures.
3.  Left-sided Failure is the same as backward failure.  It is the increase in left atrial and 
pulmonary venous pressures due to increased end-diastolic pressures in the LV.  These 
pressures cause pulmonary edema.
4.  Right-sided Failure is caused by left-sided failure!  Increased pulmonary pressure is the same 
as an elevated afterload for the right side of the heart.  Elevated right atrial pressure is 
seen as elevated JVP, peripheral edema, and hepatosplenomegaly (organ congestion).

Right-sided failure may occur without left-side failure if there is a pulmonary embolus.
Neurohormonal regulation
CHF always has high RAA system activity, which causes fluid retention.  Exertion exacerbates 
this and causes more renin release and fluid retention.
	Response
	Short-term effects
	Long-term effects

	Salt and water retention
	Augments preload
	Pulmonary and systemic venous congestion

	Vasoconstriction
	Maintains pressure for perfusion of vital organs (brain, heart)
	Exacerbates pump dysfunction, increases cardiac energy expenditure

	Sympathetic stimulation
	Increases heart rate and ejection
	Increases energy expenditure


Dilated or Ischemic Cardiomyopathy
90% of HF is dilated cardiomyopathy.
Characterized by dilation, impaired contractility, and systolic dysfunction.  There will be an S3. Most common cause is CAD, then idiopathic, then valve defects.
Often referred to as “ischemic cardiomyopathy” because it is usually caused by CAD.

End-diastolic filling pressure and afterload are increased, leading to ventricular remodeling.  Treatments include diuretics, inotropic agents (digoxin), beta-blockers, and ACE inhibitors.
The dilated ventricle allows thrombi to form, which may cause CVA or pulmonary embolus.

There will be congestion and massive edema.
Hypertrophic Cardiomyopathy (HCM)
Characterized by LV hypertrophy of the walls and septum.  This is a diastolic dysfunction 
because the ventricles can’t fill properly.  There will be a loud S4 representing forceful 
atrial contraction against the non-compliant LV.
Most common cause is familial inheritance (autosomal dominant inheritance of β-cardiac myosin 
heavy chain mutation).  Often kills young athletes, who may drop dead in the middle of a 
competition.
Special pathologic features include asymmetric hypertrophy of the septum and disarray of 
myocardial fibers.
Obstructive HCM:  left ventricular outflow tract obstructed at the mitral valve leaflet by septum.


This will create a pressure gradient within the ventricle during systole, across the anterior 
mitral valve leaflet.  At the LV apex, pressure will be very high.  At the aortic valve, 
pressure will be lower.  Adrenergic stimulation increases this outflow tract obstruction, 
worsening the problem.  Exercise increases adrenergic stimulation, which is why athletes 
die.  Patients with obstructive HCM must avoid exercise.
Treatment focuses slowing heart rate, allowing more diastolic filling time.  Calcium antagonists are 
good at slowing the heart.  Beta-blockers decrease adrenergic stimulation, which helps blunt 
LV outflow obstruction.
(Raymond removed image showing LV outflow obstruction.)

Restrictive Cardiomyopathy
Characterized by LV restriction and stiffening.  This is a diastolic dysfunction because diastolic 
compliance in the ventricle is very poor.  Unlike hypertrophic cardiomyopathy, 
ventricular contractility and wall thickness are normal.
Most common cause is amyloidosis (usually kappa or lambda light chains from multiple myeloma).
Patients will have high atrial/ventricular pressures and diastolic dysfunction.  LV filling only 
occurs in early diastole when LA pressure is highest, so LV volume is low and stroke 
volume is fixed.
Patients will show hepatosplenomegaly, large tongues, huge JVP, and peripheral edema.  These 
are signs of Right-sided Failure.
Causes of the cardiomyopathies:

	Dilated 
	Hypertrophic 
	Restrictive

	Ischemia (CAD)
	Genetic or Familial
	Amyloidosis

	Idiopathic
	Hypertension
	Idiopathic

	Valvular
	Aortic stenosis
	Hemochromatosis


Characteristics of the cardiomyopathies:
	Characteristics
	Dilated
	Hypertrophic
	Restrictive

	LV contractility (Ejection Fraction)
	decreased
	increased
	normal 

	LV wall thickness
	normal
	increased
	normal 

	LV cavity size
	increased
	decreased
	normal


(Raymond removed an image adapted from JAMA 271:1276, 1994 showing PV loops in systolic and diastolic dysfunction.)












