Abstract No. 2 for Seoul

Arterial Stiffening with Age: Cause, Consequence, Measurement and Therapy

In the Western world, coronary artery atherosclerosis has dominated cardiology over the past 50 years.  Advances have been so successful that present age adjusted mortality from coronary disease in Australia and the USA have fallen to less than 20%  of that in the 1960s.  Apart from treatment of established disease with surgery, catheter based therapy and drugs, preventative measures for identification and modification of risk factors, early use of statins, aspirin and modern antihypertensive agents have been even more successful.  Expectation of life has risen accordingly, by five years or more.  This has exposed another problem, which comprises the new epidemic, and the current challenge.

Heart failure is now the most common and disabling cardiac problem in the world – both in the East and West.  While initially attributed to coronary disease in the West, population studies in Framingham and environs of Mayo Clinic have shown that this is not the case, that ventricular contractility is usually maintained, and that the precursor is age itself with progressive arterial stiffening, isolated systolic hypertension and left ventricular hypertrophy.  Such a view was championed by clinicians such as Sir James Mackenzie, over 100 years ago.  But new questions arise.

What is the cause of arterial stiffening with age?  Initially this was attributed to atherosclerotic disease, affecting the aorta as well as coronary and other muscular arteries.  This was dismissed by studies 25 years ago in China, where atherosclerosis is uncommon, and which showed the same aging change as in the West.  The Chinese studies established also that the aorta and central elastic arteries are most affected by this process, with little effect on muscular arteries of the limbs.  Further studies in China, the USA and Australia linked aortic stiffening with aortic dilation as age increases, and explained both, and the accompanying pathological changes of elastin fibre fracture and fragmentation, on the basis of material fatigue through repetitive stretch – ie. on the basis of “wear and tear”, as affects an old ship, older aircraft, or older automobile.

How can arterial stiffening be measured?  Again recourse was made to studies conducted prior to the modern cardiac era by clinicians such as Mackenzie and scientists such as the Nobel Laureate, AV Hill.  Mackenzie showed that arterial stiffening causes characteristic effects on the arterial pulse waveform, as measured non-invasively at the wrist, and that arteriosclerosis can be diagnosed from this independently of sphygmomanometric brachial cuff values.  Hill showed that stiffness could be measured from the speed of travel of the pulse over an arterial segment – as pulse wave velocity – and that this also can be measured from the pulse waveform.  These old techniques have been further refined and are now available as commercial products.  Their development has been expedited by new advances in arterial hydraulic theory and practice, as introduced by McDonald and others in London 50 years ago.

How can the new information be applied?  Application follows ability to measure stiffness and understanding of pathophysiology.  It follows the same principles of prevention, and treatment of established disease, as used in the successful approach to coronary disease over the past 50 years.

The modern emerging epidemic of heart failure in older persons is a consequence of progressive stiffening of elastic arteries with age, with resulting left ventricular hypertrophy.  Aortic stiffening is an inevitable degenerative process – but it can be delayed and slowed by measures which reduce arterial pressure and heart rate, through good lifestyle, exercise, avoidance of cigarettes, and through use of antihypertensive drugs and betablockers, if required.  Drugs have no direct beneficial effect on the aged, degenerate aorta, but they can reduce wave reflection that emerges from the peripheral circulation, through active dilation of muscular conduit arteries.  Use of such drugs – nitrates, ACEIs, ARBs, CCBs and vasodilating  betablockers have been remarkably effective in treatment of hypertension, in delaying development of cardiac failure, and treating established heart failure.

The last 50 years has seen substantial benefits in management of cardiac disease through a focus on coronary artery disease.  The next 50 years is likely to see further benefits in management of another form of heart disease through a focus on other arteries – the stiffened aorta as the principal cause of heart failure, and the peripheral muscular arteries as targets for therapy.  Looking forward or backward, arteries, rather than heart, need be the focus of attention, in prevention and in therapy.

