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Genesis of a Normal and Abnormal Arterial Pulse Waveform

The arterial pulse waveform is determined by cardiac ejection and by properties of the arterial system and peripheral arterioles. The left ventricular ejection (flow) wave into the aorta is monophasic, with flow in systole and no flow in diastole.  In contrast, the ascending aortic pressure wave is biphasic, with an initial wave whose peak corresponds to the peak of flow, and a second peak which can only be explained on the basis of wave reflection in the arterial/arteriolar network at the periphery of the body.  


In youth, when the body is fully grown and aortic stiffness is low, the impulse created by ventricular ejection travels slowly along the arterial system from heart to periphery, and back again after reflection.  Typically in youth, the second wave is seen in diastole, where it boosts coronary perfusion pressure.  With aging, the aorta degenerates progressively, and becomes more stiff, so that wave velocity increases and the wave returns earlier, moving into systole and augmenting aortic and left ventricular systolic pressure.  This is the principal cause of rising systolic and pulse pressure with aging, and for isolated systolic hypertension.  Since aortic stiffening occurs in all persons with aging, one can debate whether this is a "normal" or "abnormal" phenomenon.  Whatever the interpretation, the heart and arteries are disadvantaged, since left ventricular load is increased as is arterial stress. 

Traditionally, the pulse is measured in the radial artery, and blood pressure is recorded at the brachial artery.  Interpretation of waveform and of systolic and pulse pressures requires consideration of pulse wave distortion in the upper limb.  This is considered in my other lecture, and can be overcome with new techniques of signal processing. 

Arteriosclerosis and hypertension accentuate the ill effects of aortic stiffening with age, and cause disproportionate increase in pressure wave augmentation and so in systolic and pulse pressure.  In diastolic LV dysfunction, ejection period is lengthened, and the effects of wave reflection and augmentation are further enhanced.  With "systolic" heart failure due to impaired left ventricular contractility, ejection period is shortened, and the reflected wave may be seen in diastole (as it is in youth) and may be exaggerated with a typical "dichrotic" pulse.  

Consideration of modern pathophysiological principles permits explanation of the oldest physical sign in medicine, its variations in health, and changes with disease.

