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Dear editor
We have read with great interest the article entitled “Arterial Stiffness in Aortic Stenosis and the Impact of Aortic Valve 
Replacement” by Plunde and Bäck.1 They reported low CAVI values in AVS patients while CAVI increased after surgical 
aortic valve replacement and indicated that an exceptionally low CAVI could be useful in AVS screening. Their findings 
shed light on masked arterial stiffness, but some questions still remain to be clarified. For that purpose, we present two 
findings.

The first is the effect of blood flow velocity (BFV). In AVS, increased ejection time (ET) is commonly observed, 
which is generally accompanied by decreased BFV downstream. Pulse wave velocity (PWV) is represented by the 
Moens-Korteweg (MK) formula, which includes the vascular elastic modulus but not BFV, due to the simplified 
derivation. Lillie et al introduced a more detailed formula, which includes the average BFV and circumferential strain 
of the vessel as follows.2

[c: PWV, u0: average BFV, cMK: PWV at MK formula, Aη: maximum circumferential strain (affected by peak pressure)].
Therefore, if BFV decreases, the PWV will decrease, as will the CAVI calculated from the PWV. Lillie et al noted that 

PWV varies by up to 12% with BFV and peak pressure.2

The second is the effect of dynamic elastic modulus (Edyn). ET prolongation is associated with a decrease in pulse 
wave steepness, or frequency. Bergel reported that canine vessels show an abrupt increase in stiffness between the 
frequencies of 0 and 2 Hz, and with increasing frequency, there is little further change.3 This increase appeared to be 
greater for more muscular vessels. In the carotid artery, which contains a lot of smooth muscle, the ratio of Edyn to Static 
Elastic Modulus (Estatic) is as high as 1.6 times at 2 Hz. He considered that the change in modulus over the critical range 
is due to the inability of a smooth muscle component to respond to rapid changes in tension.

Since CAVI includes muscular arteries as well as elastic arteries in the measurement section, it is affected by the pulse 
wave frequency. The degree of change depends on the frequency of the pulse wave and the composition of the artery, 
thus it cannot be generalized, but CAVI is considered to change distinctively as the frequency decreases.

In AVS with heart murmurs, measurement errors might occur since CAVI uses a phonocardiogram to measure PWV. 
However, apart from that, the above two causes are physically, and physiologically essential phenomena and careful 
consideration is necessary. (Supplementary documents)

CAVI measured in dynamic conditions is higher than in static conditions, but the criteria are determined accordingly 
and there is no problem in general. However, in special conditions with weak and prolonged pulse, which is caused by 
AVS or the resulting heart failure, CAVI values can be markedly low. Such low values can be useful indicators to detect 
masked arterial stiffness and elucidate hidden disease, as Plunde and Bäck reported.

Further research and development are expected in the future.
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