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Abstract 

Aortic arterial stiffness is an independent predictor of 

cardiovascular risk. Pulse wave velocity (PWV) is the 

most validated and universally accepted measure of 

arterial stiffness. The Digital Volume Pulse (DVP) is an 

accurate and non invasive method to obtain information 

on the pressure pulse waveform, and provides two 

indexes: stiffness index (SIDVP) which relates with large 

artery stiffness, and the reflection index (RIDVP) which 

relates with vascular tone. SIDVP has been previously 

correlated with cfPWV (carotid-femoral PWV), however, 

the inguinal location of the employed transducer 

provokes a strong psychological impact on the patients, 

which may reduce reproducibility. By contrast, 

measurement of abPWV (ankle-brachial pulse wave 

velocity) minimizes this psychological stress. Our aim 

was to evaluate the relationship among blood pressure 

parameters and abPWV; and the relationship among 

abPWV, SIDVP and RIDVP in health subjects. 

 

1. Introduction 

Large artery damage is a major contributory factor to 

cardiovascular morbidity and mortality of patients with 

hypertension [1]. Pulse wave velocity (PWV) is know to 

be an indicator of arterial stiffness, and has been regarded 

as a marker reflecting vascular damages. Therefore, PWV 

has a potential application for screening vascular damage 

in large population [2-4]. Recent reports have shown that 

PWV obtained by noninvasive automatic devices (i.e. 

tonometry, cuff pressure ) is not only a marker of vascular 

damages, but also a prognostic predictor in patients with 

hypertension or end-stage renal failure, independently of 

classical risk factors and PP [3,5,6]. Arterial stiffness is 

determined by functional and structural components 

related to the intrinsic elastic properties of the artery. 

Persistently elevated blood pressure (BP) accelerates 

arterial smooth muscle hyperplasia and hypertrophy, and 

collagen synthesis, thereby increasing arterial stiffness 

[6,7]. Recently, it has been reported that the validity and 

reproducibility of baPWV measurement are as good as 

those of aortic PWV or cfPWV [3]. Thus, baPWV has a 

potential application fore screening vascular damages in a 

large population [3,6]. Simultaneous measurement of 

brachial and ankle blood pressures enables evaluation not 

only of blood pressure but also pulse wave analysis [4,8]. 

The two indexes: ankle–brachial pressure index (ABI) 

and ankle-brachial pulse wave velocity (baPWV), are 

easily derived and are reported to be diagnostic and 

prognostic markers of atherosclerosis [8,9]. The digital 

volume pulse (DVP) is an accurate and non invasive 

method to obtain similar information to the peripheral 

pressure pulse waveform. The DVP may provides two 

indexes: the stiffness index (SIDVP) which relates with 

large artery stiffness, and the reflection index (RIDVP) 

which relates with vascular tone [10]. The influence of 

vascular aging on the contour of the peripheral pressure 

and volume pulse in the upper limb is also well 

recognized [11]. The change in pulse contour may be due 

in part to increased large artery stiffness, with an increase 

in PWV decreasing the time taken for pressure waves 

reflected from the periphery of the circulation (mainly 

from the lower body) to return to the aorta and thence to 

the upper limb [10,11]. Our aim was to evaluate the 

relationship among blood pressure parameters; systolic 

blood pressure (SBP), diastolic blood pressure (DBP), 

mean blood pressure (MBP), pulse pressure (PP), heart 

rate (HR), and abPWV; and the relationship among 

baPWV, SIDVP and RIDVP in health subjects 

2. Methods 

We studied 30 health voluntary subjects (10 female 

and 20 male, 24-52 years old). The subjects were 

examined in the supine position, with electrocardiogram 

electrodes placed on both wrists after 15 minutes rest. 
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The blood pressure, baPWV and DVP was measured tree 

times every parameter for averaging.  The Acquisition of 

the baPWV was conducted by Pulses Trace PWV (Micro 

Medical, Kent, U.K.). This equipment uses a 4 MHz 

Doppler probe for identify the arrival of the arterial pulse. 

The waveform was measured sequentially in two 

locations (from right brachial to right ankle) of the arterial 

tree and timing using the R wave of the ECG as show in 

figure 1. The transit time (〉T) was computed from the 

foot-to-foot time difference between brachial and ankle 

waveforms timing by R wave of the ECG. The Pulse 

Trace PWV automatically detects the foot-to-foot of the 

waveform. The baPWV is automatically calculate by the 

Ec.1 dividing the externally measured distance (Lba) 

between brachial-ankle location by the 〉T [12]. 

 

PWV = Lba / 〉T  Ec.1 

 

 
 

Figure 1 Example of signals detected by Doppler probe 

(brachial and ankle waveform) the R wave of ECG is 

used as timing reference to calculate 〉T. 

The distance Lba between the measuring sites (i.e. the 

brachial and posterior tibial arteries) was measured with a 

tape measure. To reduce the influence of body contours 

on the measure distance, the tape measure is held above 

the surface of the body parallel to the plane of the 

examination table. Five partial distances are measured see 

fig 2: 1) from suprasternal notch to inferior edge of the 

umbilicus; 2) from the inferior edge of the umbilicus to 

the iliac crest; 3) from to the iliac crest to the medial 

malleolus in sampling site on the right leg; 4) from 

suprasternal notch to heat of humerus; and 5) from heat of 

humerus to the forearm. Then the distance (Lba) was 

calculated by subtracting the distance between the 

suprasternal notch to medial malleolus site on the 

posterior tibial artery, from the distance between 

suprasternal notch to the forearm site on the brachial 

artery. The DVP waveform was obtained by the using a 

Pulse Trace PCA (pulse contour analysis) (Micro 

Medical, Kent, U.K.) which employs a 

photoplethysmograph (PPG) transducer transmitting IR  

 
 

Figure 2 Measure of distances to calculate the right 

brachial–ankle distance (Lba). 

light at 940 nm. The PPG transducer was placed on the 

index finger of the right hand. The figure 3 shows a 

typical signal of DVP. The Pulse Trace PCA derives two 

indices from the DVP. The stiffness index (SI) in m/s, see 

Ec.2 is defined as the patient’s height (h) divided by 

〉TDVP. 

SI = h / 〉TDVP  Ec.2 

 

And the reflection index (RI) (see Ec.3) is defined as 

the relative height of the second peak (b) (see figure 3) or 

inflection point expressed as a percentage 

 

RI = b/a x 100% Ec.3 

 

Statistical analysis was performed using SPSS 13 
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software package (SPSS, Chicago IL. USA). Pearson’s 

correlation analysis was do it. Values of P<0.05 were 

considered to indicate statistical significance. 

 

 

Fig 3 Depict the typical waveform of the DVP and its 

characteristic parameters as: time between the first and 

second tip (〉TDVP), amplitude of the first tip identified by 

(a), amplitude of the second tip identified by (b). 

 

3. Results 

Subject characteristics are presented as mean ± 

standard deviation table 1.  

 

Table 1 Subject characteristic 

Characteristic Mean  S.D. 

SBP 113.04 13.509 

DBP 67.78 7.382 

MBP 82.86 8.998 

PP 45.26 8.538 

HR 61.96 7.901 

baPWV 8.376 1.563 

SI 6.461 0.914 

RI 70.53 8.07 

 

 

The table 2 shows the correlation of baPWV with 

blood pressure. We found that baPWV correlated well 

with SBP, DBP, MBP, PP. By contrast it did not 

correlated with HR.  

Table 2 Correlation coefficients between cardiovascular 

parameters and brachial-ankle PWV in health subjects. 

baPWV 

 r P 

SBP 0.670 <0.001 

DBP 0.718 <0.001 

MBP 0.728 <0.001 

PP 0.439 <0.05 

HR 0.314 >0.05 
SBP systolic blood pressure, DBP diastolic blood pressure, MBP mean blood pressure, PP 

pulse pressure, HR heart rate. 

 

The table 3 shows the correlation of baPWV with 

stiffness index (SI), no correlated reflection index (RI): SI 

(r=0.573 and p=0.022), RI (r=0.323 and   p=0.1). 

 

Table 3 Correlation coefficients between DVP parameter 

and brachial-ankle PWV in health subjects. 

baPWV 

 r p 

SI 0.573 <0.05 

RI 0.323 >0.05 

SI stiffness index, RI reflection index. 

4. Discussion and conclusions 

Yamashina et al [3] compared the noninvasive baPWV 

with the aPWV obtained by invasive measurement in 

patients with coronary artery disease. They observed a 

good correlation between them (r=0.87 and p<0.01). This 

result provide an acceptable validation of the noninvasive 

baPWV measurement and suggest that noninvasive 

baPWV is an acceptable marker of vascular damages 

comparable to the carotid-femoral pulse wave velocity 

(cfPWV) obtained by other established methods. In fact 

Naidu et al. [13] reported than carotid-femoral pulse wave 

velocity (cfPWV) correlated well with baPWV in health 

and coronary artery disease (CAD) subjects (r= 0.99 and 

p<0.0001). Likewise Munakata et al. [14] reported than 

cfPWV correlated well with the right brachial–right ankle 

PWV (r=0.755, P<0.000001) and with, right brachial–left 

ankle PWV (r=0.778 and P<0.000001). Munakata et al 

[15] reported than baPWV correlated with young and old 

hypertensive patients. In young hypertensive: SBP 

(r=0.522 and p<0.000001), DBP (r=0.422 and 

p<0.00005), MBP (r=0.564 and p<0.000001), PP (r=0.30, 

p< 0.005). In old hypertensive: SBP (r=0.529 and p< 

0.000001), DBP (r=0.341 and p< 0.00005), MBP 

(r=0.463 and p<0.000005), PP (r=0.460, p< 0.000005). 

Igarashi, Y. et al. [8] reported than, baPWV was 

correlated in coronary artery disease patients (CAD) with 

SBP (r=0.27 and p<0.0001). Shiotani et al [16] reported 
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than  baPWV obtained in subjects with overweight young 

adults correlated with MBP (r=0.65 and p<0.0001). 

Matsui et al [6] reported than, baPWV was correlated 

with SBP in hypertensive patients SBP (r=0.39 and p< 

0.0001), MBP (r=0.29 and p<0.0005), PP (r=0.30 and p< 

0.005). Aso et al [17] reported than baPWV was 

correlated in type 2 diabetic patients with SBP  (r=0.61 

and p<0.0001) [17]. We measure baPWV because is a 

parameter reliable as stiffness indicator and was not 

reported the correlation among cardiovascular parameters 

and brachial–ankle PWV in health subjects. In our study 

the correlation obtained between baPWV and the arterial 

pressure presented better coefficients of correlation to the 

reported ones. 

 

Millasseau et al [10] reported than c-fPWV correlated 

well with SI (r=0.65 and p<0.0001) derivate of DVP. 

Only Millasseau et al have reported results on the 

relationship between cfPWV and SI (measured from 

DVP). The correlation obtained between the stiffness 

index (SI) and baPWV has not been reported previously. 

 

5. Conclusions 

The obtained experimental results suggest a relation 

among the stiffness index obtained of simple form by 

photoplethysmography (DVP) and the baPWV, as well as 

the values of sanguineous pressure. These relations can 

have important implications diagnose, since the DVP is 

obtained from simple and economic form. 
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