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Heart Failure – What Can We Learn from the Pulse?

When considering the information obtained through 
evaluation of the arterial pressure pulse, more often than 
not it is limited to the maximum and minimum pressure 
in the vessel (i.e. the systolic and diastolic brachial blood 
pressure) and the heart rate. While the informative value 
of these three numbers cannot be disputed, this is very 
much a rudimentary approach. As was appreciated well 
before Riva-Rocci’s cuff and Korotkov’s sounds, and 
which has recently regained interest, analysis of the 
entire arterial pressure wave contour provides a more 
comprehensive understanding of the state of the arterial 
system and its interaction with the left ventricle. This 
is especially true when evaluated in the major, central 
arteries and so will be the focus of this column.

The central aortic pressure waveform is actually a 
composite of two separate pressure waves: 1) an incident 
wave generated by left ventricular ejection and 2) a 
series of reflected waves returning from the periphery. 
In its simplest form, the interaction of the incident and 
the composite reflected pressure wave is predominantly 

determined by the arrival time of the reflected wave, 
which is largely influenced by arterial stiffness. With 
stiffer arteries the reflected wave arrives earlier in 
the cardiac cycle and has negative consequences on 
afterload and coronary perfusion. Thus, by evaluating the 
central aortic pressure waveform contour it is possible to 
obtain information regarding arterial stiffness and wave 
reflection, the load it imposes on the left ventricle, and 
its effects on coronary perfusion pressure, as well as the 
central blood pressure, which can differ substantially 
from that in the brachial artery1.

The renewed interest in pressure waveform analysis has 
driven the development of technologies which now allow 
for the routine, non-invasive assessment of the arterial 
pressure pulse. In turn, the widespread incorporation 
of these technologies into numerous cross-sectional 
and longitudinal research studies has elucidated the 
role played by the pulse, and its determinants, in renal, 
cerebral, and cardiovascular complications2,3. The 
increased knowledge of the role of the pressure pulse 
has resulted in understanding the heart and arteries as a 
coupled system in which changes in arterial stiffness, for 
example, can influence and sometimes drive pathologies 
of the heart. Thus, diseases such as heart failure are now 
understood as vascular, as well as cardiac, diseases4.

It should come as no surprise that central aortic 
blood pressure, specifically central systolic pressure, is 
more strongly related to left ventricular geometry and 
hypertrophy as measured by left ventricular mass index 
and relative wall thickness than is brachial blood pressure5. 
Central aortic blood pressure is typically determined in 
the ascending aorta, which suggests that it provides 
for a better approximation of the load imposed on the 
ventricle than does brachial pressure. The strength of 
this relationship goes even further in that changes in wall 
thickness are strongly related to the changes in central 
aortic blood pressure6. Additionally, measures of pressure 
wave reflection have been found to be the strongest 
determinant of left ventricular mass index change7.

A recent report from the Multi-Ethnic Study in 
Atherosclerosis investigated pressure waveform 
parameters in approximately 6000 subjects initially 
free of cardiovascular disease, and followed them for an 
average of seven-and-a-half years. The results showed 
that the magnitude of the reflected pressure wave relative 
to the pressure wave produced by ventricular ejection 
was a significant and independent predictor of incident 
congestive heart failure (Figure 1)8. These findings, along 
with the already known associations between pressure 
wave characteristics and cardiac structure, illustrate the 
value of pressure waveform analysis in identifying those 
at risk for and prevention of heart failure.
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Possibly the most impressive work, though, is that 
which has been conducted in the treatment of heart 
failure patients. When compared to those receiving goal-
directed heart failure therapy, heart failure patients who 
were treated based upon their central aortic pressure 
profile demonstrated clinically meaningful improvements 
in exercise capacity. Improvements were on par with other 
heart failure therapies such as cardiac synchronisation9.

Heart failure contributes to one in every nine deaths in 
the US. According to recent projections from the American 
Heart Association, by 2030 the incident rate is expected 
to increase by almost 50% and total cost of heart failure 
is going to jump~127% to $69.7 billion10. Recent novel 
pharmaceuticals have shown promise for improving the 
prognosis of heart failure11; however, the mechanisms 
by which these improvements are mediated have yet to 
be identified. Given the ability to predict heart failure 
from analysis of the central aortic pressure pulse and the 
improvement in heart failure patients when treatment 
is guided by waveform analysis, an understanding of 
the mechanisms by which new therapies alter outcomes 
in heart failure patients must necessarily include an 
understanding of the effect of the arteries and arterial 
pulse. 
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Figure 1: Cumulative hazard for heart failure among subjects stratified according to tertiles of 
reflection magnitude


