

Hemodynamics
There are two isovolumic periods, which are the dark shaded areas (B and E).  Systole is part C.
Initial filling of the ventricle is rapid because of the passive gradient.  The gradient is expended by mid-diastole, when the atrium then contracts.

S1 = tricuspid and mitral valves close at onset of 
systole (end diastole).

S2 = aortic and pulmonic valves close at onset of 
diastole (end systole).
S3 = signals early rapid atrial filling and increased 
flow into the heart.
S4 = signals high end-diastolic pressure.
(Raymond removed diagram of the Wiggers cycle.)

Left-Ventricular PV loop
Width of the loop defines stroke volume.
Area of the loop defines the work performed by the heart.

The shaded triangle reflects internal work done by the heart.

Depressed systolic function (as in CHF) will lead to: 

--diminished systolic reserve

--requirements for higher preload volume

--increased atrial pressure

--increased HR


--cellular remodeling, dilation, thinning
(Raymond removed image of PV loop.)
Preload
EDV decreases, so systolic pressure also decreases.
EDV shifts in, and ESP moves down.

In heart failure, high preload causes a very low preload reserve and high diastolic pressures.  Increases in preload or heart exertion lead to pulmonary edema.
Afterload
Afterload is determined by arterial properties, particularly resistance.
HTN causes cardiac hypertrophy.

In dilated cardiomyopathy, afterload stresses the walls of the heart.

(Raymond removed image of effect of higher afterload on the PV loop.)
Contractility
The slope of the PV line reflects contractile function.
The steeper the line, the more preload or afterload (arterial resistance


will affect pressure more than volume.

The shallower the line (as in CHF), the more changes in loading will affect ejection (stroke volume) more than pressure.
(Raymond removed image of effect of reduced contractility on PV loop.)

Diastolic Function in Heart Failure
1.  Isovolumic contraction starts as cardiac pressures decline after systole.  Delayed relaxation 
will compound active relaxation with atrial contraction, elevating diastolic pressure.  
Delayed relaxation occurs in CHF due to reduced calcium uptake out of myocytes.
2.  Chamber filling has both passive (suction effect of ventricle relaxation) and active (atrial 
contraction) components.
3.  Chamber diastolic stiffening occurs in CHF due to infarct or fibrosis, and forces heart to 
generate high diastolic filling pressures.  But filling will still be sluggish.
Heart Failure Syndrome
Heart is unable to pump sufficient blood at normal levels of chamber filling, heart rate, and 
arterial blood.  LV contraction, relaxation, and neurohormonal regulation are abnormal.

Usually, heart failure starts with an infarct that reduces stroke volume and blood pressure.
RAA system and Sympathetics are activated to compensate.  This increases afterload, which 
reduces cardiac output further.  Heart rate rises, which reduces chamber filling.  
Contractility increases, which exhausts myocardium and leads to arrythmias.  The 
response is increasingly maladaptive.

Chronic chamber dilation leads to remodeling.  Heart becomes very dilated to try to reduce the 
high end-diastolic pressure.
(Raymond removed images of PV loop in compensated and uncompensated heart disease.)






