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As far back as the ancient Egyptians and Greeks, physicians have observed and interpreted 

the arterial pulse to help diagnose certain illnesses. However, until William Harvey’s 

discoveries in the 17th century, some of the basic concepts were misunderstood. Harvey 

described the circular blood flow in the body and discovered that the arterial pulse is 

generated by the contraction of the left ventricle. He also came up with the concept that the 

arterial pulse is a wave, thus paving the way for modern studies in pulse wave analysis. 

Another pivotal discovery was the introduction of pulse wave velocity (PWV) by Crighton 

Bramwell in the early 20th century. He recognised that PWV changes in proportion to the 

arterial wall tension and blood pressure, and thus, is an indirect measure of atrial wall 

elasticity1. Despite these important historic discoveries, it has only been in the last 20 years, 

with advances in modern engineering, that the pulse wave analysis has become more widely 

available, reliable, and reproducible technique to assess arterial pulse waves.   

 

It is now generally accepted that pulse wave reflections and arterial stiffness are important 

predictors of cardiovascular outcome. Adding value to information provided by traditional 

risk factors; improving risk classification, and predicting all-cause mortality2,3. However, the 

evidence concerning the relative value of more specific steady-state and pulsatile components 

of the pressure waveforms in mediating cardiovascular damage is conflicting4–7. The 

technique of wave separation analysis could potentially help in this respect, as it allows the 

pressure waves in the proximal aorta to be separated into forward and backward pressure 

waves. The forward wave is generated by the ventricular contraction, and its amplitude is 

determined by the compliance of the proximal aorta, and the ventricular contraction. The 

backward wave, also known as the reflected wave, is generated by the reflection of the 

forward wave from the peripheral arteries and hence, the amplitude of the reflected wave is 
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influenced by the characteristics of the peripheral vasculature, such as diameter and 

compliance, at the major sites of reflection8.  

 

Data published in this issue of American Journal of Hypertension by Kolkenbeck-Ruh and 

colleagues explore the differential contributions of steady-state pressure and pulsatile 

pressure components to various measures of vascular end-organ damage (ventricular mass 

index (LVMI), carotid intima media thickness (cIMT) and aortic PWV) across the adult 

lifespan9. Their present data are taken from a relatively large population-based cross-sectional 

cohort of subjects recruited from families of black African descent in Johannesburg, South 

Africa. Detailed haemodynamic profiling was performed including assessment of the steady-

state pressure (MAP) and pulsatile pressure components; forward (Pf) and backward pressure 

(Pb) waves. These were determined using SphygmoCor software v. 9.0, which separates the 

aortic waveform using a theoretical triangular flow wave. A novel aspect of the study is that 

the authors looked at the differential effects in subjects under 50 years of age versus those 

over 50 years of age, as well as looking at the specific contributions of pressure wave 

components to each vascular end-organ measure.  

 

Kolkenbeck-Ruh et al. report that LVMI is associated with Pb in both young and old 

subjects. This association remained significant after adjusting for confounding factors, such 

as treatment for hypertension, smoking and lipid profiles9. These results confirm the findings 

by Chirinos et al. who showed that arterial wave reflections generally arrive at the central 

aorta in mid to late systole, thus increasing myocardial stress by increasing LV afterload and 

pressure in late systole10, and subsequently leading to an increase in LVM. In contrast, the 

data from Kolkenbeck-Ruh et al. demonstrate that the Pf was independently associated with 

cIMT, but only in older subjects. Notably, Pb was not associated with cIMT in either age 
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group. This suggests that cIMT is perhaps more influenced by the larger component of the 

pressure wave, Pf, and that changes in response to this cyclical stress occur over a longer time 

frame than LV mass does.  It is perhaps surprising, given that Pf is influenced by aortic 

stiffness, that cIMT was not dependent on aortic PWV. This may be because Pf is a 

composite of stroke volume and stiffness i.e. a direct measure of stress. In support of the 

current data, findings by Boutouyrie et al. showed that carotid pulse pressure, often regarded 

as a surrogate of arterial stiffness, was a strong independent determinant of cIMT, whereas 

MAP and brachial pulse pressure were not. These findings suggest local pulsatile mechanical 

load  contributes towards arterial remodelling11. Finally, Kolkenbeck-Ruh et al. show that 

both MAP and Pb are associated with aortic PWV in both age categories9. This seems logical, 

as PWV is mainly determined by the MAP at the time of measurement, whereas, wave 

reflections are determined by the properties of the peripheral arteries, such as stiffness. We 

previously demonstrated that an increased aortic PWV is associated with an increase in 

reflected wave amplitude and augmentation index12. This really highlights the key problem in 

trying to untangle the causality between, blood pressure, forward and backward travelling 

pressure waves, and stiffness of arteries; they are simply too closely connected with each 

other in complex multi-way pattern to draw conclusions.  

 

Interestingly, the present study, and the recent large meta-analysis showing that African-

Americans have increased arterial stiffness in comparison to white American13, may explain 

why individuals of black African descent are more sensitive to wave reflections than 

Caucasians, and subsequently, are more likely to develop LVH and heart failure, for a given 

blood pressure. The more general importance of pressure wave components is clearly 

highlighted by the fact that they predict cardiovascular mortality and events. The MESA 

study reported that Pb4 and reflection magnitude6,7 , which is a ratio of backward and forward 
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wave amplitude predicted cardiovascular (CV) events and mortality. Weber et al. showed, 

that Pb is the most consistent predictor of CV events and end-organ damage14. However, The 

Framingham Heart Study found that Pf, but not Pb or MAP was found to predicted CV 

outcome5.  

 

What is the take-home message? The new data from Kolkenbeck-Ruh et al. suggest that there 

are differential associations between steady-state pressure, and aortic forward and backward 

travelling pressure waves, and measures of end-organ damage and that these associations are 

age-dependent9. Unfortunately, it is impossible to infer information about causality from this 

cross-sectional data, and therefore, it would be very interesting to see a large, long-term 

follow up study conducted which would track these changes throughout life. This would 

finally shed light to the causal roles steady-state and pulsatile pressure wave components in 

the development of high blood pressure, and vascular end-organ damage. Ultimately, if we 

understood the cause of the vascular end-organ damage, the treatment of hypertension could 

move forward and instead of dealing with damage, the cause could be treated in the early 

stage of the disease.  
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