Dr. Kass – Heart Failure: Hemodynamics and Structure/Function Abnormalities

Phases of the normal cardiac cycle:

Action potential: Early rapid (Na+), Plateau (Ca++ = K+), Repolarization (K+)

Sarcoplasmic reticulum: Stores the majority of Ca++ released, reuptake= relaxation  

Ca++ kinetics: Voltage-sensitive entry from sarcolemma; Ca++ release from SR; Ca++ binds troponin C; Ca++ then back to SR and some pumped out by Ca++/Na+ exchanger

Wigger’s diagram: shows temporal relation of pressures, contraction, sounds, EKG

Influence of preload, afterload, diastolic compliance, heart rate on CV performance:

Preload: Length of muscle just prior to contraction (~ end diastolic VOLUME)

Afterload: Minimal work LV must perform to eject (~ aortic PRESSURE)

Contractility: Independent of preload/afterload.  Slope of ESPVR w/less preload. 

Diastolic: Pressure required to fill left ventricle.

( Heart rate: 1) ( preload (less filling time) 2) ( afterload 3) ( contractility (([Ca++])

Mechanical features of dilated, hypertrophic and restrictive heart failure:

Heart failure: A syndrome when heart can’t pump enough blood at normal preloads

Abnormal LV function, neurohormonal regulation ( congestion, fatigue, death

MI ( ( LV function ( baroreflex ( ( vasoconstriction & HR ( initial compensation

BUT, too much preload ( ( EDLVP, ( L atrial P, ( pulmonary P ( Pulmonary edema

HR too high ( ( preload, Contractility too high ( arrhythmia & myocardial damage

Remodeling: Driven by various pathological and compensatory processes ( dilation:

Can get apoptosis, sarcomeric disorganization, eccentric/concentric or physiologic hypertrophy.  SR disoganization, eccentric/concentric hypertrophy ( embryonic genes.

Systemic: Abnormal vascular flow reserve & abnormal blood flow during exercise

Systolic heart failure:

Pathogenesis: ( Contractility

Etiology: Viral myocarditis, poisoning (EtOH), CAD ( MI, Congenital, autoimmune

Adaptations: Vasoconstriction/sympathetic stim (acute), Dilation (chronic)

Vasoconstriction  ( ( preload, Dilation ( Decreased contractility (higher EDP needed)

Genetics: 
First identified proteins linking sarcomere to force generation & ECM



Now finding defects in sarcomere itself 

Diastolic heart failure:

Pathogenesis: ( stiffening, ( relaxation, ( external forces 

Etiology: infiltration, chamber hypertrophy, pericarditis, congenital, MI ( fibrosis 

Hypertrophy ( bigger/better pump, BUT stiff chamber due to mass, can ( coronary flow 

Various signaling systems & congenital conditions can cause hypertrophy

PV loops:

Small loop, shifted left = HYPERTROPHIC CARDIOMYOPATHY

Small loop, shifted right = DILATED CARDIOMYOPATHY

