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Vascular Characteristics and Antihypertensive Therapy in Hypertension

Throughout most of the 20th century, arterial hypertension was viewed as a disorder of peripheral arterioles, with presumed increase in arteriolar tone causing elevation in peripheral resistance, and in mean and diastolic pressure.  Treatment of hypertension was directed at decreasing resistance, and gauged from decrease in diastolic pressure.

The Framingham study, commenced in 1948, directed attention at systolic pressure, and its value in predicting cardiovascular events.  This was followed by the landmark Systolic Hypertension in the Elderly (SHEP) project which showed in 1990 that for patients with raised systolic but not diastolic pressure, treatment of hypertension caused a marked reduction in cardiovascular events.  All this work changed the focus from disease of small arterioles, and peripheral resistance, to disease of large arteries, and to the effects of arterial stiffening and wave reflection.

While the Framingham and other clinical epidemiological studies were progressing, separate basic research was being undertaken to measure arterial properties, using established engineering principles, as were applied to pulsatile pressure and flow in elastic tubes.  These established aortic pulse wave velocity and aortic characteristic impedance (pressure ÷ flow velocity) as measures of aortic stiffness, and total ascending aortic impedance ( a complex term which includes modulus and phase) as the accurate measure of left ventricular afterload (which embraces arteriolar resistance, aortic stiffness and wave reflection).  Modelling studies, complemented by animal experiments suggested that hypertension in humans, especially isolated systolic hypertension (ISH), could be attributed to stiffening of the aorta and elastic arteries, causing increased aortic characteristic impedance and early return of wave reflection with minimal effect on arterioles.  These studies were confirmed in humans at cardiac catheterisation, and provided an explanation of the century old observations of 19th century clinicians, that elevation of arterial pressure is associated with characteristic features of the pressure pulse waveform which denote early and strong wave reflection.

Such findings in humans, experimental animals and computer models of the arterial tree, led to examination of what therapies might be most effective in treatment of hypertension, especially ISH.  Arterioles clearly were not the most appropriate target in ISH since mean pressure is not always elevated.  Therapies to reduce stiffness of the aorta can largely be discounted on two grounds – first that in ISH the aortic elastic structure is fragmented and disorganised, and second, that powerful vasodilator agents such as nitroglycerine have no significant direct effect on aortic pulse wave velocity or characteristic impedance. In contrast, therapies for reduction of muscular artery stiffness and early wave reflection have been remarkably effective in reducing central systolic pressure, though their effects on brachial systolic pressure are often less apparent.  Such principles largely explain the benefits of conventional antihypertensive agents in clinical trials, together with some of the anomalies, including apparently greater efficacy of ACEI and ARB drugs, and their benefits “beyond blood pressure reduction”.

