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Measuring regional arterial stiffness in patients with
peripheral artery disease: innovative technology
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The routine measurement of pulse wave
velocity (PWV) made the non-invasive

evaluation of aortic stiffness a reality, both in
clinical practice and in research settings.
These routine measurements also revealed
that this stiffness accurately reflects aortic
calcium content.1

Theoretically, the measurement of PWV is
easy; it is sufficient to detect the pulse wave
in two body districts and then calculate the
velocity using the transit time. Many meth-
ods are currently available to take these
measurements (Table 1). Those methods
based on applanation tonometry (that is,
methods using a micromanometer-tipped
probe applanating the artery; this produces
a signal approximating the instantaneous
arterial pressure2) are traditionally consi-
dered to be the gold standard.3 Applanation
tonometry, in particular, the use of the
SphygmoCor system (AtCor Medical,
Sydney, NSW, Australia) applied to large-
scale studies showed that regional arterial
stiffness expressed, as the carotid–femoral
PWV is correlated with cardiovascular out-
comes and with cardiovascular risk in general
(Figure 1).
Apart from the training required and the

fact that the procedure is largely dependent
on the operator, the main problem with
applanation tonometry is that waves
obtained at arterial and femoral sites are
recorded sequentially, not simultaneously,
and must be related to each other by means
of electrocardiographic tracings (the so-called
foot-to-foot method). Relating the waves
requires that no physiological variations

occur between the two measurements. Given
that the carotid and femoral waveforms are
recorded sequentially, any variability in the
heart rate or blood pressure may confound
the readings. Consequently, both expert con-
sensus documents4 and all scientific articles
on PWV enumerate a list of recommen-
dations, which are time-consuming and
partially out of the researcher’s control, to
be strictly observed during measurement.
The piezoelectronic system (Complior;

Colson, Les Lilas, France) is electrocardio-
gram-independent and allows the simulta-
neous recording of carotid and femoral
waves. Therefore, this system is potentially
less error prone. Many large-scale studies
have been performed with the Complior
device, demonstrating the predictive value
of PWV in an epidemiological setting.4

Ultrasound methods also allow the simul-
taneous measurement of pulse waves at
the carotid and femoral sites,4 but these
methods are demanding, strongly operator-
dependent and not easy to use in large-scale
epidemiological studies, for instance, in
population-based studies.
More recently, thanks to technological

progress, the market started to prioritize ease
of use in addition to reliability. As a con-
sequence, user-friendly and patient-friendly
devices have appeared. It is only natural that
those devices would take measurements at
two sites simultaneously.
The oscillometric method based on two

cuffs, one placed on the neck and the other
on the thigh, appears to be sufficiently easy
to perform to suggest its use in large-scale
studies. Its main advantage is that it does not
require a long training period and has little
operator dependence. Furthermore, the mea-
surement can be performed faster, and the
simultaneous carotid and femoral recordings

make the observations more reliable and less
dependent on the physiological stability of
the subject. Two oscillometric devices, the
Vicorder5–7 (Skidmore Medical, Bristol,
UK) and the Arteriograph8 (TensioMed,
Budapest, Hungary), have been validated in
different samples, demonstrating a good
intra- and inter-observer repeatability and
good agreement with applanation tonometry.
One study comparing the Vicorder and the
SphygmoCor in a subset of patients with
peripheral artery disease, by Shahin et al.,9

appears in this issue of Hypertension
Research.
To be more precise, the values obtained

with the Vicorder and those obtained with
the SphygmoCor are not exactly the same,
the former being generally lower than the
latter. This difference seems to be due pre-
dominantly to a difference in the measured
transit time, a difference that is attributable
to the presence of a thigh cuff, making the
femoral recording point distal to the inguinal
canal, which is the reference point for the
SphygmoCor.5,7 The effects of this difference
can be minimized by adjusting for the
additional femoral artery segment when
applying the multivariate algorithms.7

Other authors attribute the imperfect
agreement between the Vicorder and the
SphygmoCor to more tangible factors. First,
the SphygmoCor uses the systolic upstroke
to detect the pressure wave, whereas oscillo-
metric devices detect the time point of
maximal pressure, a point that can differ
from site to site.6 Theoretically, the
SphygmoCor is therefore independent of
pressure variations during the hemo-
dynamic cycle and might be expected to
show better reproducibility.6 Nevertheless,
the SphygmoCor algorithms also take into
account the humeral blood pressure.
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Furthermore, to be pedantic, these authors
found higher values for PWV with the
Vicorder than with the SphygmoCor,6

whereas all the other researchers tendenti-
ally found lower values with the former than
with the latter.7,9 This discrepancy leaves the
question open.10

The study by Shahin et al.9 was performed
with patients with peripheral artery disease, a
condition that is of increasing interest
because of its high prevalence in the general
population, but is generally neglected in
angiological studies. This disease is often
considered an exclusion criterion. The
presence of a stenosis could, in fact, be
deceptive. The question as to whether PWV
can be reliably measured in such subjects
using a simple non-invasive device despite
atherosclerotic plaques in the lower limbs—
or whether, on the contrary, these measure-
ments are hampered by technical limits—has
been unanswered until now. In our experi-
ence, carotid–femoral PWV is 30% higher
in subjects with peripheral artery disease
(Figure 2), a difference that could be due
either to a higher systemic wall stiffness or to
misleading plaque-dependent local turbu-
lence under the detector. Shahin et al.9

demonstrated that, although the Vicorder
offers results comparable to those of the
gold standard in terms of PWV, its use in
arteriopathic subjects was easier and its
results less dependent on local stenosis, thus
opening the road to the epidemiological
evaluation of patients with peripheral artery
disease. Other studies addressing this topic in
larger groups of subjects are necessary.
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Figure 1 Ten-year cardiovascular mortality rate (left panel) and relative risk (RR) of cardiovascular mortality

(right panel) by tertiles of the carotid–femoral pulse-wave velocity in 565 subjects from the general

population aged 18 to 95 years (mean 51±16). Unpublished data from the LEOGRA (Last Evidences of

Genetic Risk factors in the Aged) study. *Po0.01 versus previous tertile; zPo0.01 versus first tertile.

Table 1 Current methods and devices used for determining aortic stiffness

System Device

Methods of pulse

wave detection

Advantages and

disadvantages

Carotid-femoral pulse

wave detection

Plethysmography Vicorder,

Arteriograph

Oscillometric Humeral blood pressure also measured; less training required;

less operator-dependent; not necessary to undress and

expose inguinal region; neck discomfort.

9>>>>>>=
>>>>>>;

Simultaneous,

ECG-independent

Mechano-transduction Complior Piezoelectronic Brief procedure, shorter training.

Applanation tonometry SphygmoCor,

PulsePen

Tonometric Wave reflections and derived aortic BP also detected;

pulse wave analysis allowed; time consuming; training needed;

operator-dependent.

9>>>>>>>>>>>>>>>=
>>>>>>>>>>>>>>>;

Sequential,

ECG-dependentUltrasounds Philips etc. Tissue Doppler Strongly operator-dependent; long training needed;

time-consuming; possibility to study blood

flow and arterial wallEchotracking WallTrack,

Artlab,

NIUS02

Wall motion

Abbreviations: BP, blood pressure; ECG, electrocardiogram.

Figure 2 Carotid–femoral pulse wave velocity (PWV) according to the presence of peripheral artery

disease (PAD) in 565 subjects from the general population aged 18 to 95 years (mean 51±16).

Unpublished data from the LEOGRA (Last Evidences of Genetic Risk factors in the Aged) study.

*Po0.01 versus subjects without PAD.
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