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Validity and repeatability of the Vicorder apparatus:
a comparison with the SphygmoCor device

Stacey S Hickson1, Mark Butlin2,3, Jeremy Broad1, Alberto P Avolio2, Ian B Wilkinson1

and Carmel M McEniery1

Aortic stiffness, an independent predictor of cardiovascular risk and all-cause mortality, can be estimated non-invasively by

measuring carotid to femoral (aortic) pulse wave velocity (aPWV). The Vicorder device has been developed to measure aPWV

with little operator training in a non-intrusive manner. The aim of this study was to assess the repeatability of aPWV measured

with the Vicorder device and to compare aPWV values with those obtained using the SphygmoCor system. Vicorder and SphygmoCor

aPWV was assessed in 122 subjects (53±18 years, 46 male) using both the manufacturers’ and a standardized approach.

Vicorder aPWV measurement proved to be highly repeatable (within-subject coefficient of variation 2.8%). Transit time differed

significantly between the two devices (mean difference 22±9 ms, Po0.001), independent of the different algorithms used to

calculate transit time. However, aPWV was similar between the two devices (mean difference 0.31±1.54 m s�1, Po0.001) though

with an inherent bias toward lower Vicorder aPWV values at high values of SphygmoCor aPWV. Bias was reduced by subtracting the

additional femoral artery segment measured by the Vicorder device, also bringing the measure of transit time in closer agreement

to SphygmoCor values (mean difference 5±9 ms, Po0.001). Transit time values significantly differed between the two devices

and the Vicorder device reported lower aPWV values at higher SphygmoCor values of aPWV. This difference in transit time and

inherent bias was reduced when adjustment for the additional femoral artery segment measured by the Vicorder device was made.
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INTRODUCTION

Aortic stiffness is an independent predictor of cardiovascular risk and
cardiovascular outcome in a variety of patient groups.1–5 Arterial
stiffness can be assessed by a variety of methods, but aortic pulse wave
velocity (aPWV) is the current ‘gold-standard’ measure.6 aPWV itself
is an independent predictor of cardiovascular risk1,5 and is related to
the elastic properties of the arterial wall. Pulse wave velocity (PWV) is
inversely related to arterial distensibility and directly related to Young’s
elastic modulus.7 It is defined as the time taken by a pressure or flow
wave to travel a given distance. PWV can be determined from dual,
non-invasive recordings of femoral and carotid artery pressure or flow
waveforms. The transit time is usually calculated using a foot-to-foot
methodology and the distance by measuring along the surface of the
body between the recording points with a tape measure or callipers.
Some devices such as the SphygmoCor system (AtCor Medical, West
Ryde, NSW, Australia) use sequential recordings of the waveform with
ECG gating. Others, including the Complior system (Artech Medical,
Pantin, France) allow recording of simultaneous waveforms. Although
these two devices yield differing values for aPWV, this is mainly due to

differences in the in-built algorithms used to calculate the transit time,
rather than the methods used to acquire the waveforms.8 Indeed, if the
SphygmoCor algorithm is applied to the Complior waveforms,
comparable estimates of aPWV are obtained. Although both devices
are widely used, and provide repeatable estimates of aPWV,9,10 they
require considerable operator training and are intrusive in that they
require exposure and palpation of the femoral artery.

The more recent Vicorder system (Skidmore Medical, Bristol, UK)
measures simultaneous pressure waveforms by a volume displacement
technique, using blood pressure cuffs placed around the sites of
interest. As such, little operator training is required and it is less
intrusive. The aim of this study was to assess the comparability and
repeatability of aPWV measurements using the Vicorder device, with
those made using the SphygmoCor system, as a reference standard.11,12

METHODS

Subjects
Subjects were randomly drawn from the Anglo-Cardiff Collaborative Trial.11

Individuals with peripheral vascular disease, or atrial fibrillation, were excluded
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from the study, as were current cigarette smokers. Approval was obtained from

the Local Research Ethics Committee, and written informed consent was obtained

from all participants.

Measurement techniques
The supine aPWV was determined by applanation tonometry using the

SphygmoCor device by sequentially recording ECG-gated carotid and femoral

artery pressure waveforms as described earlier.10,13 A total of 10 s of high-

quality waveforms were captured for each reading, and the intersecting tangents

algorithm was applied to determine the foot-to-foot transit time using the

integrated software and the R wave as a reference frame. Path length was

calculated as directed by the manufacturer: the distance from the femoral

measurement site to the suprasternal notch (notch-femoral) minus the distance

from the carotid site to the suprasternal notch (notch-carotid).

Measurements were obtained using the Vicorder device by placing a 100 mm

wide blood pressure cuff around the upper thigh to measure the femoral pulse

and a 30 mm partial cuff around the neck at the level of the carotid artery. The

cuffs were each inflated to 60 mm Hg, and high-quality waveforms were

recorded simultaneously for 3 s with the subject in the supine position, using

a volume displacement method. The foot-to-foot transit time was determined

using an in-built cross-correlation algorithm centered around the peak of the

second derivative of pressure. Path length was defined as the distance from the

suprasternal notch to the top of the thigh cuff as indicated by the manufacturer.

Typical carotid and femoral waveforms recorded with both the SphygmoCor

and Vicorder devices are represented in Figure 1.

Study 1: Comparison of Vicorder and SphygmoCor aPWV
measures
A total of 122 subjects were studied. After 15 min of supine rest in a quiet

temperature-controlled environment, brachial artery blood pressure and heart

rate were measured using an oscillometric device (Omron 705CP, Kyoto, Japan).

The aPWV was then measured using the Vicorder and SphygmoCor systems

sequentially, in random order, as detailed above. All measurements were made

in duplicate and the average value used in subsequent analyses.

Earlier studies8 have confirmed the importance of the algorithm used to

determine the foot of the pressure waveform and the subsequent transit time. To

study the influence of the different algorithms on aPWV values, pressure wave-

forms recorded using the Vicorder device were then re-sampled at 128 Hz and

analyzed using SphygmoCor software and the intersecting tangents algorithm.

Study 2: Repeatability of vicorder aPWV measurements
After completion of Study 1, the repeatability of Vicorder aPWV measurements was

assessed in a subset of 33 subjects. Two additional recordings of aPWV were made

using the Vicorder apparatus approximately 5 min apart by the same operator.

Study 3: Identification of the point of detection of the femoral pulse
The value of aPWV derived from any device is largely dependent on accurate

determination of the distance between the sites of measurement. The femoral

cuff used by the Vicorder device is 100 mm wide, which, given an average

notch-femoral length of 450 mm and aPWV of 8 m s�1, may yield an error in

aPWV estimation of 22% if the actual point of detection of the pressure

waveform was at the bottom rather than the top of the cuff. Therefore, a further

experiment was conducted in 10 subjects to define the precise point of

waveform detection in the femoral cuff. After 15 min supine rest, aPWV was

measured using the Vicorder in the usual manner and the transit time noted.

The 100 mm femoral cuff was then removed and a smaller cuff (width 50 mm)

was placed around the thigh, centered in turn, and in random order, over the

position of the top, middle, and bottom of the larger cuff. For each position,

aPWV was again measured and transit time recorded. All measurements were

made in triplicate and the mean was used for analysis. Transit times to each cuff

position were compared to determine the precise point in the larger cuff in

which the femoral pressure waveform was being recorded.

Study 4: Correcting for the femoral segment of aortic PWV
If an additional length of artery of fixed stiffness is included in the aPWV

measurement, this will cause measured aPWV to deviate from true aPWV,

particularly at high levels of aPWV.13,14 The Vicorder device includes a longer

segment of the femoral artery than the SphygmoCor device because the

Vicorder cuff position is distal to the palpable point of the femoral artery

(Figure 2), and earlier data indicate that femoral PWV increases to a lesser

degree than aPWV with age.15 Therefore, mathematically removing the addi-

tional femoral segment from the Vicorder aPWV measure may correct for any

inherent bias at high aPWV.

To determine the PWV in the femoral segment, a 100 mm wide blood

pressure cuff was placed around the upper part of the thigh, as proximal to the
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Figure 1 A carotid and femoral artery pulse waveform as recorded in a single subject (26 year old female) using the SphygmoCor (solid line) and Vicorder

(dashed line) devices. Despite the different techniques used to detect the pulse and the small differences in the site of detection, the recorded waveforms

show good agreement on visual inspection, with some degree of variation in the diastolic portion of the carotid pulse.

Figure 2 The diagram shows the palpable point of the femoral pulse as used

with the SphygmoCor device (black X) and the effective point of detection of

the femoral pulse in the Vicorder thigh cuff (white X). The two points are

separated by a distance (d). This distance of femoral artery is included in

aPWV measurement by the Vicorder device, but not the SphygmoCor device.
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groin as possible, and a smaller cuff (width 50 mm) was placed just superior to

the patella. The Vicorder apparatus was then used to measure transit time, the

distance between the centers of the two cuffs was determined, and PWV was

calculated. Triplicate measurements were made in 20 individuals.

Statistics
All values are expressed as mean±one standard deviation. Agreement between

SphygmoCor and Vicorder values were analyzed with Student’s paired t-tests

with further affirmation by Bland–Altman plots.16 Linear regression by the

method of ordinary least squares was used to define the correlation between

SphygmoCor and Vicorder values, with goodness of fit expressed by Pearson’s

correlation coefficient (r). Repeatability of Vicorder aPWV measurements was

assessed by Bland–Altman analysis.16 All analysis was conducted using the

statistical package, R.17

RESULTS

Study 1: Comparison of Vicorder and SphygmoCor aPWV
measures
The basic demographics of the 122 subjects included in Study 1 are
presented in Table 1. There were more women than men (76 and 46,
respectively), but a wide range of ages (19–92 years).

Carotid to femoral transit times were significantly different between
the Vicorder and SphygmoCor devices (83±18 and 60±16 ms,
respectively, mean difference 22±9 ms, Po0.001). However, there
was overall good linear agreement in transit time between devices
(slope¼0.97, r¼0.86, Po0.001; Figure 3a and c). In spite of poor
agreement between transit times, mean aPWV was in relatively close
agreement (Vicorder 8.3±2.2 m s�1, SphygmoCor 8.6±2.9 m s�1,
difference 0.3±1.5, P¼0.14). However, although there was reasonable
linear correlation between the two sets of recordings (r¼0.85,
Po0.001; Table 2), there was evidence of inherent bias in the data
with a relative underestimate of aPWV by the Vicorder device
compared with aPWV determined by the SphygmoCor system at
aPWV values over 10 m s�1 (Figure 3b and d). This was evidenced by a
marginally better fit of quadratic regression (r¼0.86) than linear
regression (r¼0.85). There was good agreement between Vicorder
and SphygmoCor values of aPWV within each age decade (Figure 4),

Table 1 Subject demographics and hemodynamics

Parameter Study 1 (n¼122) Study 2 (n¼33)

Age (years) 53±18 45±15

Male/female (n) 46/76 11/22

Height (m) 1.7±0.1 1.7±0.1

Weight (kg) 71±12 69±10

Body mass index (kgm�2) 25±4 24±3

Systolic blood pressure (mm Hg) 127±19 118±11

Diastolic blood pressure (mm Hg) 73±10 71±7

Mean blood pressure (mm Hg) 91±11 87±8

Pulse blood pressure (mm Hg) 55±16 48±8

Heart rate (beats min�1) 65±11 71±8

•
•

• •

•

•

•
•

•

• •

•

•
•
•

••

•
•
••

•

•

•

••
•

•
•

•

•
•• •

•

•

•

•

•

•
•

•• •

•

•

•

••
•

•

•
••

•

•

•

•

••

•

•
•

• •

•
•

•

•

•

•

•
•

•

•
•

•
••

••••
•

•

•
•

••

•

•

•

•

•

•

•

• •

•

••

•
•

• ••

•

•

•

•

•
•

•

•

••

•

•
•
•

•
•

0.04 0.06 0.08 0.10 0.12

0.04

0.06

0.08

0.10

0.12

Sphygmocor transit time (s)

V
ic

or
de

r 
tr

an
si

t t
im

e 
(s

)

•
•

•••

•

••

••
•

•

••
•

• •
• •
••

•

•

•

•• •

•

•
•

••••
•

•

•

•

•
•

•

• ••
•

•
•
• • •

•

•
•

••

•
••

• •

•

•
•

••

•
•

•

•

•

•

••
•

•
• •••

••

•
•

•

•

•
•

•
•

••
•

•
•

•

• ••

•
•

•
••

•
• •

•
•

•

•

•
• •

•
• •

•

•
•

•

•
•

5 10 15 20

5

10

15

20

SphygmoCor aPWV (m⋅s−1)

V
ic

or
de

r 
aP

W
V

 (
m

⋅s
−1

)

• •
•
•

•

•

•
•

• •
•

• •
•
•

•
•

•

•
••• •

• •
•••

••

•

•

•
•

•

•

•
•

•
•• •

•
•

•

•

•
•

•

•

•

•

•

•

•
• •

••• •
• •

• •

•
•

•

•

•

•
•

•

•

•
•

•
•

•
•
••
•

• ••
•

•• •

•

• •• ••
•

•

•
•

• •

•
•

•

• •
••

•

• ••

•

•

•

•
••

•

•
•

0.04 0.06 0.08 0.10 0.12

−0.04

−0.02

0.00

0.02

0.04

Mean transit time (s)

D
iff

er
en

ce
 b

et
w

ee
n 

de
vi

ce
s 

(s
)

•
•

•••
•

•• •••

•

•• •
•
•

••
•• •• •
•• •

•

• ••
•••
•

• •
•

•
• •

•
•••

•

•
•
•
•

•
• •

•

•

•

••

•
•

•
•

•
••

• •
•

•• •
•••

•
•
•
•• ••

•
•

•

•
•

•

•

•

•
•

•
• •
• •

•

• •
•

•

•• •

•

•

• •
••

•
•
•

•

•

•

•

•
• •

•

•

5 10 15 20

−5

0

5

Mean aPWV (m⋅s−1)

D
iff

er
en

ce
 b

et
w

ee
n

 d
ev

ic
es

  (
m

⋅s
−1

)

a b

c d

Figure 3 SphygmoCor and Vicorder carotid to femoral transit time (a) and aPWV (b) calculated with distances measured by manufacturer specifications.

The dotted line represents unity, the dashed line linear regression, and the solid line quadratic regression. Table 2 reports r and P-values. Plots (c) and (d)

show the corresponding measurement agreement in Bland–Altman plots.
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with a statistical difference detected only in the 80–90 years age
bracket (Vicorder 11.2±0.7 m s�1, SphygmoCor 13.7±1.0 m s�1,
Po0.05).

The close agreement of aPWV recorded by the two devices was
surprising, given the marked difference in transit times, and the
different protocol used to determine path length: notch-femoral
minus notch-carotid for SphygmoCor (477±47 mm) compared
with simply notch-femoral for the Vicorder (649±58 mm,
Po0.001). To adjust for the difference in measurement technique,
Vicorder aPWV was recalculated using the method adopted by the
SphygmoCor manufacturer, as it provided closer approximation to
true arterial path length. When the same technique of path length
measurement was used (notch-femoral distance minus notch-carotid
distance), there was a significant difference between aPWV values

given by the two devices (Table 2). The inherent bias in data at higher
values of aPWV remained (Figure 5a).

To assess the influence of the different pressure wave foot-finding
algorithms of the two devices on the measured transit time, a subset of
42 Vicorder carotid–femoral waveforms were re-analyzed by proces-
sing the Vicorder recorded waveforms with SphygmoCor software.
There was no difference between the original Vicorder transit times
and those calculated using the SphygmoCor software (Vicorder transit
time 87±19 ms, SphygmoCor software transit time 85±19 ms,
r¼0.94, Po0.001, mean difference of 1±7 ms, P¼0.15). Therefore,
the algorithms do not contribute to the observed difference in transit
times between devices.

Study 2: Repeatability of Vicorder aPWV measurements
Repeatability was assessed in 33 subjects. aPWV values for repeat-
ability analysis ranged from 5.5 to 10.5 m s�1 with a mean difference
between paired aPWV values of 0.01±0.29 m s�1 (P¼0.92) and
within-subject coefficient of variation of 2.8%.

Study 3: Identification of the point of detection of the femoral pulse
The mean transit time when aPWV was measured using the large
Vicorder thigh cuff was 96±8 ms. Transit times when the smaller
thigh cuff was placed in the top, middle, and bottom positions of the
large cuff were 87±6, 94±7, and 101±8 ms, respectively. Therefore,
the effective position of the pressure waveform measurement was
calculated as 65±27 mm from the top of the large thigh cuff
(designated ‘X’ in Figure 2). In view of this finding, the original
data collected in Study 1 were then re-analyzed adjusting for the extra
distance to the pulse detection point. This yielded a closer approx-
imation to the SphygmoCor aPWV when the same path length
measurement technique was applied (Table 2), but the inherent bias
at higher values of aPWV still remained (Figure 5b).

Study 4: Correcting for the femoral segment of aortic PWV
Femoral PWV was measured in 20 subjects (9 male, age 48±19 years)
using the Vicorder device. The mean femoral PWV was 9.4±3.2 m s�1.
Using this mean value and the mean distance between the femoral
pulse detected using SphygmoCor to that detected by the Vicorder
(162±35 mm, SphygmoCor to Vicorder femoral distance, Figure 2),
mean transit time within this segment was calculated to be 17 ms.
The Vicorder carotid to femoral transit time was then corrected
for the additional femoral segment by subtraction of the calculated
femoral transit time (17 ms) and mean SphygmoCor to Vicorder

Table 2 Mean and regression statistics for aPWV measures plotted against SphygmoCor aPWV

Linear regression

Device and distance method aPWV (ms�1) Difference (ms�1) Significance (P) Slope r P

SphygmoCor (transit time¼60±16ms)a

Notch-femoral – notch-carotid 8.6±2.9 0 1 1 0 o0.001

Vicorder (transit time¼83±18ms)

Notch-femoral (manufacturer) 8.3±2.2 �0.3±1.5 0.14 0.64 0.85 o0.001

Notch-femoral – notch-carotid 7.0±1.9 1.6±1.6 o0.001 0.57 0.86 o0.001

+ Cuff pulse distance 7.9±2.1 0.7±1.5 o0.001 0.63 0.86 o0.001

Vicorder, femoral segment removed (transit time¼65±18ms)

–Femoral segment 7.6±2.8 1.0±1.6 o0.001 0.83 0.84 o0.001

Abbreviation: aPWV, aortic pulse wave velocity.
aReference value.
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Figure 4 The relationship between Vicorder and SphygmoCor aPWV values

and age. Differences in aPWV were only observed in the highest age decade
(Po0.05, Student’s paired t-test). The regression curve based on the

original Vicorder measurements was aPWV¼0.0001�age2+0.06�age+4.4

(r¼0.68). Regression on SphygmoCor values resulted in the relationship of

aPWV¼0.001�age2�0.05�age+6.3 (r¼0.71), closer to values observed by

McEniery et al.,11 also using the SphygmoCor device.
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distance of 162 mm (Equation (1)).

PWVadjusted ¼ notch-femoral distance � notch-carotid distance+65 mm � 162 mm

transit timeVicorder � 17 ms
ð1Þ

The adjusted Vicorder transit time and the original SphygmoCor
transit time had a mean difference of 5±9 ms (Po0.001), closer than
the unadjusted Vicorder transit time values. Transit time between
devices remained highly correlated (r¼0.86, Po0.001, Figure 6a).
Similarly, adjusted Vicorder aPWV was closer to the original Sphyg-
moCor aPWV than Vicorder aPWV measured using a standardized
distance measurement, although the values were still significantly
different (mean difference 1.0±1.6 m s�1, Po0.001, linear regression
r¼0.84, Po0.001, Figure 6b). The modeled subtraction of the femoral
segment reduced the inherent bias at higher values of aPWV, as
evidenced by improved Pearson’s correlation coefficient and nearer
approximation of unity slope by linear regression (Table 2).

DISCUSSION

At present, there are a number of commercially available devices
designed for aPWV measurement, including PulsePen (DiaTecne,
Milan, Italy), Complior (Artech Medical), SphygmoCor (AtCor Medical)
and the newly developed Vicorder (Skidmore Medical). The Complior
system has been shown to both underestimate8 and overestimate18,19

aPWV compared with the SphygmoCor system. Aortic PWV measured
using PulsePen was overestimated compared with Complior measure-
ments,20 though both devices were strongly correlated with aPWV
measured by simultaneously acquired carotid and femoral pressure
waveforms using two Millar tonometers.20,21 The Vicorder device has
not been assessed in relation to other aPWV measuring devices.
Therefore, the aim of this study was to determine the repeatability
of aPWV measured with the Vicorder device and to compare aPWV
measurements with those of the SphygmoCor system across a wide
range of aPWV values by means of assessing subjects across a wide range
of age. As a current standard for aPWV measurement does not exist,
the SphygmoCor system was chosen as the reference standard in this
study. This was chosen over simultaneous, dual tonometric pressure
pulse analysis due to the widespread use and proven high repeatability
of the SphygmoCor device.10,11 The main finding from this study was
that transit time values measured by the Vicorder system significantly
differed from those recorded using the SphygmoCor system. In spite of
this, the highly repeatable Vicorder measures of aPWV were on average

highly correlated with SphygmoCor aPWV measures. However, at higher
stiffness values, there was evidence of an inherent bias toward lower
Vicorder aPWV compared with SphymoCor aPWV values. Modeled
adjustment for the additional segment of femoral artery measured by the
Vicorder system greatly improved agreement in transit times between the
devices and reduced the bias seen at higher stiffness values.

It was unexpected that when used as per the manufacturer’s instruc-
tions, the Vicorder device gave similar values of aPWV to the Sphygmo-
Cor system, given that the path length was measured using a different
technique. However, as both the path length and transit time were greater
with the Vicorder system, it is not surprising that the values of Vicorder
aPWV and SphygmoCor aPWV were in good agreement. When the
Vicorder recordings were recalculated using path length measured in the
same manner as the SphygmoCor system (subtracting the notch-carotid
distance from the notch-femoral distance), the absolute difference in
aPWV between Vicorder and SphygmoCor increased, but had no effect
on the inherent bias. Further distance correction to include the distance
to the effective point of pulse detection within the thigh cuff (65 mm
from the top of the cuff) not only improved the agreement in aPWV
between devices, but also had no effect on the inherent bias.

Systematic bias has been reported in other devices. Millasseau et al.8

noted that the Complior device consistently calculated lower PWV
values than the SphygmoCor. This bias was attributed to the algorithm
used to determine the foot of the pressure waveform. When pressure
waveforms recorded with the Complior device were re-analyzed with
the intersecting tangents algorithm of the SphygmoCor device, the bias
was removed. In this study, re-analysis of pressure waveforms recorded
with the Vicorder device using the intersecting tangents algorithm of
the SphygmoCor software did not correct for the inherent bias.
Therefore, a difference in algorithms used to locate the foot of the
pressure waveform did not contribute to the difference in measured
transit times observed between the Vicorder and SphygmoCor devices.
It may also be possible that the accuracy of transit time measurement
is affected by obesity by dampening the transmission of the pulse to
the site of measurement. However, the Vicorder device seemed to give
un-dampened recordings of both carotid and femoral waveforms in
obese subjects, and this is unlikely to explain the bias.
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Figure 5 Vicorder aPWV with corrected distances plotted against SphygmoCor aPWV. (a) Vicorder aPWV with the notch-carotid distance subtracted.

(b) Vicorder aPWV with both the notch-carotid distance subtracted, and the distance to the pulse detection point in the femoral cuff added. The dotted

line represents unity, the dashed line linear regression, and the solid line quadratic regression. Table 2 reports r and P-values.
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Another explanation for the inherent bias may be related to the fact
that the Vicorder, but not the SphygmoCor device, includes a
longer segment of femoral artery (Figure 2). If the stiffness of this
additional arterial segment is relatively constant between individuals,
it may introduce an inherent bias at high aPWV. Indeed, the
observation that peripheral PWV does not vary greatly throughout
life14,15 supports this hypothesis. Therefore, we modeled a correction
by subtracting the additional segment of femoral artery measured by
the Vicorder system from the original values. This brought transit
time in closer agreement with that calculated by SphygmoCor,
though the difference between the systems remained statistically
significant. Nonetheless, the inherent bias at values of aPWV over
10 m s�1 was greatly reduced. Mean aPWV measures, however, did not
improve in agreement between devices. The modeled corrections for
the Vicorder device were based on a relatively small number of
subjects, and further investigations that include a larger population
sample are required.

Bias at high values of aPWV could also be caused by a difference in
signal sampling rate between the two devices. A low signal-sampling
rate could cause proportionally larger errors in transit time measure-
ment at higher values of aPWV by means of aliasing. The Vicorder
device samples and analyzes waveforms at 556 Hz. At a PWV of
14 m s�1, over an effective path length of 450 mm, this results in a
maximum overestimation of 0.83 m s�1 and underestimation of
�0.74 m s�1. The SphygmoCor device acquires data at 128 Hz and
analyzes waveforms at an interpolated and re-sampled rate of 1 kHz,
leading to a maximum overestimation of 0.45 m s�1 and underestima-
tion of �0.42 m s�1 at a PWV of 14 m s�1. Therefore, this small error
cannot explain the inherent bias seen in the current data.

On the basis of the findings of this study, we suggest a standard
method of distance calculation for the Vicorder path length that is
representative of anatomical arterial path length, consistent with path
length measures to date, and similar to that of the SphygmoCor
manufacturer’s recommendation. The linear distance from supraster-
nal notch to the top of the thigh cuff and suprasternal notch to the
carotid artery should be measured with tape measure or callipers, and
the effective path length calculated as defined in equation (2), the
additional 65 mm being the distance to the pulse detection point in
the thigh cuff.

Arterial path length

¼ ðnotch to top of thigh cuffÞ�ðnotch to carotid pulseÞ+65mm

ð2Þ

In summary, the findings of this study indicate that Vicorder transit
time measures are significantly different to those measured by the
SphygmoCor device. In spite of this, the highly repeatable Vicorder
measures of aPWV are, on average, in good agreement with Sphymo-
Cor measures when path length is measured in a standardized manner,
with correction for the distance to the pulse detection point in the
thigh cuff. However, at higher values of aortic stiffness, the Vicorder
system reports lower aPWV values than those of the SphymoCor
device. The discrepancy in transit time between the two devices is
reduced by adjusting for the additional segment of femoral artery
measured by the Vicorder device, which also reduces the inherent bias
at higher values of aortic stiffness. However, there is still disagreement
at high aPWV, which may be important clinically, given that aPWV is
most predictive at values 4 B12 m s–1. This may limit the clinical
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Figure 6 Vicorder carotid to femoral transit time (a) and aPWV (b) as estimated to the site of the SphygmoCor femoral pulse compared with SphygmoCor

carotid to femoral measurements. The line of unity is represented by the dotted line, linear regression by the dashed line, and quadratic regression by the

solid line. Table 2 reports r and P-values. Plots (c) and (d) show the corresponding measurement agreement in Bland–Altman plots.
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usefulness of the Vicorder device until a suitable correction is
implemented.
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