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REVIEW

Ambulatory arterial stiffness in chronic kidney disease:

a methodological review

Andrea Laszl6!, Gyorgy Reusz? and Janos Nemcsik!>*4

Cardiovascular mortality is the leading cause of death in chronic kidney disease (CKD) and end-stage renal disease (ESRD).
This can be explained in part by an increased and progressive calcification of the medial layer of the large arteries leading to
arterial stiffening. The prognostic value of measurements of arterial stiffness, especially pulse wave velocity (PWV), in the
general population and in CKD and ESRD patients is high, and is above that of traditional risk factors with respect to
cardiovascular outcome. In recent years, as an alternative to office measurements, methods for monitoring ambulatory arterial
stiffness have been developed. The ambulatory arterial stiffness index (AASI) allows derivation of a parameter from ambulatory
blood pressure measurements; however, doubts have emerged about the usefulness of this parameter. Recently, new
oscillometric methodologies using simple brachial cuffs, such as Mobil-O-Graph, Vasotens or Arteriograph 24, have been
introduced. They measure parameters of 24-h arterial stiffness including PWV, augmentation index and central blood pressure.
This enables study of the 24-h variability of these parameters, which will hopefully lead to better cardiovascular risk stratification
and improved cardiovascular outcomes of patients. Our review summarizes the present data and future directions of AASI and
the methods for monitoring oscillometric 24-h stiffness in different patient populations and especially in CKD.
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THE IMPORTANCE OF ARTERIAL STIFFNESS MEASUREMENT
IN CHRONIC KIDNEY DISEASE

Cardiovascular disease is the leading cause of morbidity and mortality
in chronic kidney disease (CKD) as well as in end-stage renal
disease (ESRD).!? With the spread of noninvasive arterial elasticity
measuring devices over the past two decades, increasing evidence
has demonstrated the strong prognostic value of different arterial
stiffness parameters, especially aortic pulse wave velocity (PWV) and
augmentation index (Aix), in CKD and ESRD.>* In our previous
review, we described how such pathophysiological pathways could
potentially lead to an increased arterial stiffening in CKD.> These
pathophysiological conditions are summarized in Table 1.

There are numerous devices with different methodologies that are
able to measure arterial stiffness noninvasively. The PWV values
of some of these devices have already been shown to predict
cardiovascular mortality in different patient populations; for the
remaining devices, the results of follow-up studies are still required.®
In hypertension, carotid-femoral PWV with a cutoff value of 10 m s~
has already been included in the European hypertension guideline as a
method for identifying asymptomatic organ damage.” Until now the
‘gold standard’ methods have involved the use of a tonometer or a
mechanotransducer to evaluate carotid and femoral pulse waves.
These devices require a skilled operator to produce measurements of

acceptable quality, especially in obese patients. Furthermore,
manipulation in the inguinal region uncomfortable
and aggravating for the patient. Therefore, new and less
operator-dependent methods may provide an opportunity for
the spread of arterial stiffness measurements to further develop
the cardiovascular risk stratification of patients. Here, we focus
on methods that are associated with ambulatory blood pressure
monitoring (ABPM). First, we review the ambulatory arterial stiffness
index (AASI), which can be derived from blood pressure data
of ABPM. After this, we discuss oscillometric methods that are
accompanied by ABPM and determine the 24-h profile of arterial
stiffness and central blood pressure. We focus on PWV and Aix as
arterial stiffness parameters, and central blood pressure and pulse
pressure amplification reflect central hemodynamic properties. We do
not discuss additional parameters such as total vascular resistance,
reflection magnitude or left ventricular ejection time, which are also
provided by some of these devices but for which there is less proof of
cardiovascular predictive value. Recent results in CKD patients and
future directions will be reviewed as well.

can be

AASI: EVIDENCE IN CARDIOVASCULAR RISK STRATIFICATION
AASI, derived from ABPM measurements, was introduced by Li et al 8
in 2006 and is defined as 1 minus the slope of diastolic on systolic
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Table 1 Pathogenesis of arterial stiffening in CKD5
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cardiovascular mortality
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. Increased matrix metalloproteinase production lead to alterations in the extracellular matrix

. Accumulation of advanced glycation end-products modify collagen and generate reactive oxygen species and nitric oxide deactivation

. Presence of endothelial dysfunction owing to the reduced clearance of uremic toxins, like asymmetrical dimethylarginin, an inhibitor of nitric oxide synthase

. The powerful vasoconstrictor endothelin, which receptor antagonist in non-diabetic CKD reduces proteinuria and arterial stiffness independently of blood pressure lowering
. Overactivation of the renin-angiotensin—aldosterone system, as its inhibition in hemodialysis patients with decreased PWV was associated with reduced all-cause and

. Chronic inflammation through the inflammatory degradation of elastin and many other mechanisms

7. Hyperphosphatemia, hypercalcemia, high intake of calcium (by calcium-containing phosphate binders) lead to media calcification and arteriosclerosis
8. ‘CKD-bone mineral disorder’: the strong relationship between vascular calcification and bone metabolism alterations in CKD with the active involvement of regulators of
osteogenesis, like osteoprotegrin, matrix Gla protein, fetuin-A, bone morphogenic protein 7, fibroblast growth factor 23

pressure. Li et al® have found AASI to be correlated with the central
and peripheral systolic indexes, central pulse pressures and PWV.

AASTI has been found to be associated with numerous cardiovascular
risk factors and target organ damage. Leoncini et al. have investigated
188 patients with primary hypertension, finding that AASI was
positively related to triglycerides, urinary albumin excretion and
carotid intima-media thickness. Furthermore, each s.d. increase in
AASI resulted in an approximately two times higher risk of
microalbuminuria, left ventricular hypertrophy and carotid
abnormalities and doubled the risk of the occurrence of one or more
signs of target organ damage.® Another study has found that AAST was
positively correlated with carotid intima-media thickness and inversely
related to ankle/brachial index in hypertension.!

Follow-up studies have demonstrated the prognostic value of AASI
for cardiovascular events and mortality. In a cohort of 11 291 patients
of the Dublin Outcome Study with 5.3 years follow-up, Dolan et al.
have shown that AASI predicts cardiovascular mortality better than
does pulse pressure. Whereas an elevated pulse pressure predicted
cardiac mortality in hypertensive patients, elevated values of AASI
were able to predict cardiovascular and stroke mortality in both
normotensive and hypertensive patients.!! Other studies have observed
that AASI carries prognostic information, it was found to be a
predictor of cardiovascular morbidity and mortality in a cohort of
547 patients with resistant hypertension;'? in the general population, it
was found to be a better predictor of cardiovascular and stroke
mortality than pulse pressure.!?

There are also data on the relationship between the glomerular
filtration rate (GFR) and AASI. Mulé et al.'* have shown that AASI
is inversely correlated with GFR in arterial hypertension. A negative
correlation between AASI and GFR has also been observed in another
study with 554 hypertensive patients.'” It has also been found
that AASI is positively correlated with urinary albumin excretion
and is negatively related to estimated creatinine clearance in recently
diagnosed and untreated hypertensive patients. Furthermore, AASI is a
better predictor of GFR decline than 24-h pulse pressure
measurement.” !>

The reproducibility of AAST measured in stage 2-5 CKD patients
was moderate but acceptable.'® In CKD patients, in contrast to
hypertensive patients, there have been conflicting results in relation
to GFR and AASI. In a cohort of 583 CKD patients, multivariate
analyses have shown that AASI was independently correlated with
renal function (serum cystatin C, GFR, serum creatinine), but no
significant relationship with proteinuria was found.!” In contrast to
this, in a study by Gismondi et al. AASI was not found to be correlated
with urinary albumin/creatinine ratio, serum creatinine or GFR;
however, it was significantly higher in the CKD group and was
positively correlated with age and pulse pressure and inversely related
to nocturnal blood pressure fall.'® Boesby et al.'® also did not find any

significant correlation between AASI and GFR in patients with stage 2—
5 CKD. We suggest that this phenomenon could be due to the
deleterious effect of uremic toxins leading to the enhancement of
atherosclerosis and arteriosclerosis and to the elevation of pulse
pressure in parallel with similar effects caused by ageing. Wang
et al.'” have identified an inverse correlation between GFR and AASI;
however in this study, the average age of the studied CKD population
was almost 20 years younger than in the two studies with negative
findings.!®!8 This theory is supported by a study by Gismondi et al.!8
in which AASI showed a positive correlation with age. Furthermore, in
the study by Boesby et al.,'® AASI showed an inverse correlation with
GFR, but this correlation disappeared after adjustment for age. In
summary, it seems that an inverse correlation between AASI and GFR
is present in younger CKD patients and disappears with aging,
probably through the accelerated stiffening of the arteries leading to
higher pulse pressure, which positively correlates with AASI.

In our recent study, we investigated children after kidney trans-
plantation and found that the presence of hypertension, dipping state
and lasting dialysis therapy were the main predictors of AASL'
Furthermore, AASI was in the normal range in normotensive
transplant patients, whereas PWV values were increased in this group
and were similar to those of hypertensive children. PWV was
increased in those children who spent more than 1 year in dialysis
prior to transplantation. Hence, we suggest that AASI represents the
dynamic relationship between daily systolic and diastolic blood
pressure changes and that PWV, in contrast, reflects the long-term
morphological changes of large arteries.!”

One interventional follow-up study on CKD over 24 weeks has
shown that the AASI values were unchanged by the aldosterone
receptor inhibitor eplerenone.?®

However, AASI has been criticized by some authors. Schillaci et a
have found only a weak association between AASI and PWV. Laurent
has suggested that the hemodynamic significance of AASI is closer to
that of brachial pulse pressure than that of arterial stiffness and defines
AAST only as a surrogate measure of arterial stiffness.”? The potentially
higher predictive value of aortic PWV than ‘surrogate’ indexes may
explain why the predictive value of AASI for cardiovascular mortality
and fatal stroke reported by Dolan et al!l in the Dublin Outcome
Study is lower than the predictive value reported for aortic PWV by
others.?32

Gavish has concluded that positive correlations between AASI and
stiffness-related variables cannot confirm an association between AASI
and arterial stiffness.?® According to the definition of AASI, the slope is
determined by different blood pressure levels and is independent
of the distribution of data along the regression line. In contrast, it is
well-known that arterial stiffness increases with higher blood pressure
levels, which makes it sensitive to the distribution of blood pressure
data.?® A recent study has supported this difference between AASI and
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arterial stiffness parameters. In contrast to PWV, AASI has been found
to be unchanged during blood pressure reduction one year after
the initiation of antihypertensive medication.”” Because changes in
cardio-ankle vascular index, another arterial stiffness parameter, over a
6-month serial-assessment period predict future cardiovascular
events,® the lack of change in AASI despite the clear reduction in
cardiovascular risk resulting from blood pressure reduction probably
signifies its limited predictive value.

Schillaci et al. have found that AASI is strongly dependent on the
degree of nocturnal BP decrease in hypertensive patients, and they
have suggested that the prognostic impact of AASI might, at least in
part, depend on its association with a diminished nocturnal systolic
and especially diastolic blood pressure fall.>! Westerhof et al.?° have
mathematically deduced that AASI depends not only on the total
arterial compliance or its inverse arterial stiffness, but also on the
systemic vascular resistance, heart period and pressure. Therefore,
increased arterial stiffness results in an increase in both AASI and pulse
pressure. Consequently, AASI correlates with the indicators of arterial
stiffness but is not a measure of arterial stiffness: it is a measure of
ventriculo-arterial coupling.?’

In conclusion, AASI is a promising method for the evaluation of the
dynamic relationship between daily systolic and diastolic blood
pressure changes. AASI seems to be useful in evaluating the risk
of target organ damage in hypertensive patients, but it seems to
be inappropriate for monitoring the effect of antihypertensive
medication. In CKD, the results are conflicting as well. Whether AASI
is comparable to PWV or is only a new surrogate measure of arterial
stiffness is still questionable. It is unlikely that AASI will replace the
gold standard tonometric methods in the near future.

NEW METHODOLOGIES FOR 24-H ARTERIAL STIFFNESS
MONITORING

Just as the invention of ABPM elicited a revolution in blood pressure
research and patient management since the end of the 1970s, the
recently developed oscillometric 24-h arterial stiffness and central
blood pressure monitors may also evoke enthusiasm in the scientific
community. In the following sections, we reviewed three available
methodologies, Mobil-O-Graph, Vasotens and Arteriograph 24, and
we summarize the results on different patient populations, particularly
on CKD.

Mobil-O-Graph

Mobil-O-Graph ~ NG-ambulatory ~ blood  pressure  monitor
(NG-ABPM) by IEM, Stolberg, Germany, became commercially
available in 2010. It uses the oscillometric method (ARCSolver
algorithm) with an upper-arm blood pressure cuff.’® The standard
cuff, inflated to just above the diastolic pressure, is used to record the
brachial artery waveforms. Then, a generalized transfer function is
applied to the averaged waveform to generate a corresponding aortic
waveform, which is scaled to the recorded brachial diastolic and mean
pressures.’’ Comparing the Mobil-O-Graph with the gold standard
tonometric SphygmoCor device, Wassertheurer et al.*® have found a
mean difference in estimated aortic systolic blood pressure of only
0.1 mmHg and a difference in aortic Aix of 1.2%. An acceptable
accuracy between PWV measured by the Mobil-O-Graph and PWV
derived from the invasive intra-aortic catheter measurements has been
demonstrated, but the application of the oscillometric method resulted
in moderately higher PWV values.?? Similarly to these findings, a very
strong correlation has been found between the PWV values measured
by the oscillometric device and those measured by cardiac magnetic
resonance imaging, but the absolute PWV values were higher when
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assessed by mathematical transformation of brachial waveforms.®?

Using the oscillometric method above, Protogerau et al>* have found
that 24-h average aortic systolic blood pressure is better associated
with ultrasound-measured left ventricular mass and left ventricular
hypertrophy than the 24-h average brachial, office brachial or central
systolic blood pressure in hypertensive patients independently of age,
sex, obesity or treatment. Using the same method, similar results have
been found upon examining the left ventricular diastolic dysfunction:
24-h aortic blood pressure was superior to other blood pressures.®
In 90 patients with obstructive apnea syndrome, apnea-hypopnea
index was associated with the PWV and Aix measured by the
Mobil-O-Graph device.>®

There are already some studies available using Mobil-O-Graph to
investigate arterial stiffness in CKD patients. Arterial stiffness values of
73 hemodialysis patients measured using the Mobil-O-Graph device
have been compared with values measured using the SphygmoCor
device. Whereas aortic systolic blood pressure and Aix exhibited
acceptable agreement between the two devices, the measured values of
PWV were significantly lower with the Mobil-O-Graph device.?
With the same device, Akdam et al. have found an increased PWV
in CKD patients in stage 3B-5 compared with patients with
continuous ambulatory peritoneal dialysis and to controls, whereas
Aix values were similar among the three groups. Age, central
systolic blood pressure, body mass index, fat mass, over-hydration,
CKD and epidermal growth factor receptor were found to be the
major determinants of PWV.3® Recently, Salvadé et al®° have
demonstrated in dialysis patients that Mobil-O-Graph PWV is more
sensitive for vascular aging than pulse pressure, a recommended
KDOQI cardiovascular risk-monitoring parameter.

In agreement with some authors who found no effect of
hemodialysis on tonometric PWV, 4041 Karpetas et al. have
demonstrated only a moderate increase in interdialytic PWV with
Mobil-O-Graph, whereas interdialytic Aix showed a gradual
increase.*> In contrast to these findings, Koutroumbas et al®
have recently demonstrated significantly higher aortic blood pressure,
Aix and PWV levels with 72-h Mobil-O-Graph monitoring during the
third interdialytic day compared with the second interdialytic day.
However, because PWV changed only 0.2ms™! on average (from
94 to 9.6ms~1), the clinical significance of this elevation is
questionable.*? In the case of Aix, the consequently observed higher
variability potential could have previously led to conflicting results in
cardiovascular event prediction in ESRD with tonometric methods
because in older dialysis patients with cardiovascular comorbidities Aix
was a strong predictor,* whereas it failed to be a strong predictor in
younger patients.** We have also previously found in ESRD only that
pre- and post-dialysis PWV and pre-dialysis carotid-brachial pulse
pressure amplification, but not Aix, may have predictive value for
cardiovascular mortality.*>

Another study supporting and emphasizing the importance of pulse
pressure amplification in CKD is the prospective follow-up study of
Wassertheuer et al. using Mobil-O-Graph in 135 CKD patients.
Compared with the controls, pulse pressure amplification was shown
to be strongly reduced in CKD patients; it was associated with renal
function and was able to predict renal endpoints (defined by 50% loss
of renal function or the start of renal replacement therapy) in severe
CKD. Aortic PWV and eGFR were not associated with pulse pressure
amplification.*® In a paper from the same authors, in the same
population, when PWV results were generated, the oscillometric PWV
did not predict renal function, CKD progression or induction of
dialysis, but appeared to be an independent predictor for all-cause
mortality with a cutoff value of 10m s~ 147



In summary, strong correlations and an acceptable accuracy of
PWYV values have been found with Mobil-O-Graph in comparison
with invasive or magnetic resonance imaging methods, although
moderate differences were found in the absolute values. Excellent
parallel validation results have been described with respect to Aix and
aortic systolic blood pressure compared with the SphygmoCor device.
Moreover, 24-h aortic systolic blood pressure has been shown to be
superior to 24-h brachial blood pressure in predicting target organ
damage, such as left ventricular hypertrophy and ventricular diastolic
dysfunction, in hypertensive patients. Although Mobil-O-Graph PWV
values in CKD are significantly lower than those obtained with the
SphygmoCor device, the device still predicts all-cause mortality
independently with a cutoff value of 10ms~!, whereas the pulse
pressure amplification predicts renal end points. In addition,
Mobil-O-Graph PWV is a better predictor of vascular aging than
pulse pressure. This cumulating evidence shows that this methodology
has potential for the improvement of risk stratification, but many
questions remain. Can the recommended normal values of PWV and
central blood pressure be automatically adopted for this oscillometric
device? Do 24-h PWV and Aix values have any superiority over office
PWV and Aix measurements in CKD? Can a validation study
performed in a laboratory setting have any limitations compared with
ambulatory, out-of-office data? Do nighttime aortic blood pressure
changes have the same importance as brachial blood pressure dipping?
Does the incidental presence of Mdnckeberg sclerosis in CKD and
ESRD cause any bias in the oscillometric 24-h PWV, Aix or central
blood pressure measurements?

Vasotens

The operating principle of the recently developed Russian Vasotens
device is based on the analysis of the ABPM waveforms by a special
automatic mathematical algorithm that enables the calculation of
central pulse wave parameters from the peripheral pulse wave.*® This
method successfully passed reproducibility and repeatability tests for
central aortic systolic blood pressure, reflected wave transit time and
Aix.* Comparing the Vasotens device with the widely accepted
tonometric SphygmoCor showed that the measurements of central
systolic and diastolic blood pressure, aortic Aix and PWV were in
accordance on these devices.”® In the normotensive population,
normal and reference values for indexes of Vasotens technology
(Aix, PWV and central blood pressure) have been demonstrated by
Kuznetsova et al.,* who found a significant nocturnal fall of PWV in
all age groups, in both men and women. Interestingly, women had a
significantly lower PWV than men in this study.

The new version of the Vasotens software automatically calculates
the Pulse Time Index of Norm (PTIN), which is defined as the
percentage of a 24-h period during which the PWV does not exceed
the 10ms™! cutoff value for hypertensive target organ damage.

Ambulatory arterial stiffness in CKD
A Laszl6 et al

Reanalyzing 85 oscillometric-generated waveforms, Posokhov et al.>!
have suggested that PTIN has an excellent day-to-day repeatability and
internal consistency. A good correlation between PTIN and the left
ventricular mass index has been demonstrated in hypertensive
patients.> A study by Minyukhina et al.’>® has determined a cutoff
value of PTIN that was set at 45% in CKD patients before and after
kidney transplantation. In a group with an initial PTIN of 45% or
higher, PTIN exhibited an interesting variability during follow-up;
although it decreased during the first week, it increased again 20 weeks
after the operation even when compared with the initial PTIN values.
In the other group with an initial PTIN below 45%, there were no
significant changes. Thus, there appears to be a good chance that PTIN
will exhibit long-term improvements after transplantation in patients
with higher PTIN.>

In summary, Vasotens is another oscillometric device for the
evaluation of the 24-h arterial stiffness and central blood pressure
values. PTIN, which carries further information about the cardiovas-
cular risk in hypertensive and CKD patients, can be considered a
general parameter for all devices measuring 24-h arterial stiffness
parameters. However, we propose that a parameter, an ‘inverse PTIN’,
or ‘Pulse Wave Index of Abnormality/Hazard’ may be more demon-
strative, showing the percentage of measurements above the target
value, which could be decreased during interventions. We also argue
that the 10m s~ cutoff value should be used for both the daytime
and nighttime measurements of 24-h PWYV; in mirroring the
nocturnal fall, a reduced nighttime cutoff value might be considered.
Clearly, many questions remain and more studies are required,
particularly in reference to CKD.

Arteriograph 24

The last device that we will discuss is the commercially available
Hungarian Arteriograph 24. It was developed by TensioMed
(Budapest, Hungary) and is based on the methodology used in the
oscillometric Arteriograph. In brief, it simultaneously measures
peripheral and aortic systolic blood pressure, aortic Aix and PWV
through an upper-arm cuff connected to a piezoelectric sensor.
Although the cuff is pressurized at least 35 mm Hg over the actual
systolic blood pressure, the sensor picks up pulse wave signals and the
software determines the central blood pressure and arterial stiffness
values. The distance measurement used in the PWV calculation is
between the jugulum and symphysis, suggesting a fixed reflection
point above the aortic bifurcation.* Validation studies comparing
Arteriograph and the gold standard methods are already available, and
an invasive validation study has also been published.”*® In spite of
the good correlation coefficients, most of the authors have concluded
that the arterial stiffness values of the different devices are not
interchangeable, and follow-up studies are required to show the
prognostic value of Arteriograph parameters.’®> In a recent

Table 2 Comparison of the three available 24-h arterial stiffness monitors (references)

Device Mobil-O-Graph Vasotens Arteriograph 24
Method Oscillometric Oscillometric Oscillometric

Number of publications on PubMed 3430-39,4243/46,47 748-53 166.2

Validation data of the methodology is available with ~ SphygmoCor, intra-aortic catheter measurement, MR|30:32.33 SphygmoCor®0 No data are available?

Predictive value of the PWV measured with the

methodology (office measurement)*6:47

Renal endpoints and all-cause mortality in CKD

No data are available No data are available®

aWith Arteriograph 24, 75 publications with Arteriograph.
bWith Arteriograph: SphygmoCor, Complior, invasive measurement.
SWith Arteriograph: CV events after MI, mortality in advanced heart failure.
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validation study, only poor correlations were found between Arterio-
graph, Complior and Echo-tracking methods, and the authors
emphasized the establishment of PWV reference values for each of
these techniques.®® To date, three follow-up studies aimed at evaluat-
ing the predictive strength of Arteriograph stiffness parameters for
cardiovascular events or mortality are available. Akkus et al.®' have
demonstrated that the PWV and Aix values of Arteriograph can
predict further cardiovascular events in patients after myocardial
infarction, and Demir et al®? have shown mortality prediction in
advanced heart failure with the cutoff value of 11 ms~! for PWV. One
follow-up study with cardiovascular endpoints in CKD patients is
available, in which we demonstrated the lack of prognostic value of
Arteriograph PWV and Aix for cardiovascular mortality in ESRD
patients on hemodialysis.> Another follow-up study on kidney
transplant patients has shown the parallel progression of
Arteriograph-measured PWV and carotid artery sclerosis over a period
of 3 years.®* Finally, in hemodialysis patients, a 1 ms~! decrease in
PWV with a simultaneous 10 mm Hg decrease in central blood
pressure has been found to be the effect of a 3-month long 40-min
training exercise during hemodialysis sessions.®®

There are already numerous publications using Arteriograph;
however, there is only one manuscript featuring Arteriograph 24 that
is available on PubMed to date. The manuscript featuring Arterio-
graph 24 shows that gout patients with CKD have a significantly worse
24-h Aix compared with gout patients without CKD.

In summary, Arteriograph 24 is the third oscillometric device using
the methodology of Arteriograph. Arteriograph 24 shows promise,
but will require more data concerning the predictive value for
cardiovascular events and mortality in broader patient populations.
Moreover, we question whether the validation studies performed with
Arteriograph can automatically be generalized for Arteriograph 24;
therefore, validation, cross-sectional and follow-up data are still
required for evaluating the utility of Arteriograph 24 parameters.
Another critical question about this methodology is the amount of
bias causing the change of the theoretically constant reflection point
used in PWV measurements during sitting, standing or supine
positions in a 24-h period. One paper seeking to clarify this issue
has found good correlations between Arteriograph PWV and Aix
values in sitting and supine positions.®”

In Table 2, we provide a short comparison of the three oscillometric
devices. An important question about these devices is whether
a clinical result that is demonstrated with one device can be
universalized for all of them. This is a problem with more
prevalent arterial stiffness parameters as well, as it has recently been
demonstrated that the ARB valsartan reduces only carotid-femoral
PWV but not brachial-ankle PWV.%8 Therefore, comparative studies
with these oscillometric monitors are required.

CONCLUSIONS

In the past two decades, the evaluation of arterial stiffness with PWV
as the most widely accepted parameter has been recognized as an
independent predictor of cardiovascular risk and mortality, especially
in CKD and ESRD. Ambulatory arterial stiffness measurement
methodologies may open a new field of research and, hopefully, will
improve cardiovascular risk stratification in the future. AASI derived
from ambulatory blood pressure measurements was introduced in
2006. Despite this fact, the data accumulated since that time have not
been convincing enough for this parameter to be included in the
guidelines or for it to be used widely in everyday patient management.
The invention of new oscillometric 24-h monitors that, in addition to
their ABPM function, provide arterial stiffness and central blood
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pressure data, may have a significant impact in the future. However,
only in the case of Mobil-O-Graph has it been demonstrated that
24-h aortic blood pressure is superior to office brachial or central
blood pressure data in the prediction of target organ damage in
hypertensive patients.*»3> Although clinical data are accumulating, we
are still far from understanding the real relevance of these new devices
in cardiovascular risk stratification, and many questions remain.
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