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24-hour ambulatory 

arterial stiffness 

estimation: current 

status and perspectives



Background

ÁABP, central BP and PWV are parameters indicated by 

current hypertension guidelines as useful for better 

estimating BP control and vascular impairment of the 

hypertensive patient

ÁRecent advances in technology made available 

devices allowing combined non-invasive estimation of 

BP and arterial stiffness in ambulatory conditions over 

the 24-hours

ÁAt present, there is limited evidence on the usefulness 

of such an approach in the clinical practice and much 

has still to be done to prove its actual benefit for 

hypertension management





Position statement: Methods for measuring 

arterial stiffness in clinical practice and research

ÁCarotid-femoral PWV is considered as the ñgold standardò 

measurement of arterial stiffness, has the largest amount of 

epidemiological evidence for its predictive value for CV events, and 

requires little technical expertise

ÁCentral pulse-wave analysis provides additional information 

concerning wave reflections

ÁPulse wave should be analyzed through three major parameters 

(central pulse pressure, central systolic pressure and 

augmentation index) and should be optimally obtained at the 

central level (at the site of the carotid artery or the ascending aorta, 

and either directly recorded or computed from the radial artery 

waveform using a transfer function analysis)

ÁPulse wave analysis has demonstrated predictive value in ESRD, 

hypertensive and CAD patients, and requires little technical expertise
Laurent S. et al., Eur Heart J 2006;27:2588-2605



Prognostic values of arterial stiffness

Vlachopoulos C. et al., JACC 2010;55:1318-1327

Meta-analysis of 17 longitudinal studies, following-up 15,877 subjects for a 

mean of 7.7 years

Aortic stiffness expressed as aortic PWV is a strong 

predictor of future CV events and all-cause mortality. 

The predictive ability of arterial stiffness is higher in 

subjects with a higher baseline CV risk



Central PWV improves cardiovascular event 

prediction

Ben-Shlomo Y. et al., JACC 2014;63:636-646

Individual patient meta-analysis of 16 prospective observational studies from 

17,635 subjects

PWV may enable better identification of high-risk 

populations that might benefit from more aggressive CVD 

risk factor management (e.g. younger subjects, diabetics)



Prognostic values of central hemodynamics

Vlachopoulos C. et al., Eur Heart J 2010;31:1865-1871

Meta-analysis of 11 longitudinal studies, following-up 5,648 subjects for a mean 

of 45 months

Central hemodynamic indexes are independent 

predictors of future CV events and all-cause mortality.

AI predicts clinical events independently of peripheral 

pressures



Antihypertensive treatment effect on cSBP and AI

Manisty C.H. et al., Br J Clin Pharmacol 2013;75:79-92

Meta-analysis of 24 randomized controlled studies including 4,858 patients 

under antihypertensive monotherapy vs. placebo

AI: -3.6 - +6.8 -4.0 -3.5 -4.9 -0.5

A reduction in central to brachial amplification by some classes 

of antihypertensive drugs (e.g. beta-blockers and thiazide 

diuretics) will result in lesser reductions in cSBP despite 

achievement of target bSBP, and in different effects on AI.



Antihypertensive treatment effect on c-fPWV

Ong K.T. et al., J Hypertens 2011;29:1034-1042

Meta-analysis of individual data from 9 long-term RCTs (Ó4 weeks) including 

185 patients under different antihypertensive drug treatments

Long-term antihypertensive treatment is associated with 

significant reductions in PWV vs. placebo, regardless of 

the magnitude of BP reduction and class of drug

*

*
*

*
*

*p<0.05 vs. placebo; changes are adjusted by age, gender, mean BP, HR and BMI





Mancia G. et al., Eur Heart J 2013;34:2159-219

Predictive value, availability, reproducibility 

and costïeffectiveness of some markers of 

organ damage



Mancia G. et al., Eur Heart J 2013;34:2159-219

Sensitivity to detect 

treatment-induced 

changes, time to change 

and prognostic value of 

change by markers of 

asymptomatic organ 

damage



Current recommendation on PWA according to 

ESH/ESC guidelines

Index Recommendation

Carotid-femoral PWV It is the ñgold standardò for measuring 

aortic stiffness (a PWV >10 m/s may 

indicate asymptomatic organ damage). 

It is useful for stratification of total CV 

risk because it has additive value of 

above and beyond traditional risk 

factors. 

Central BP and AI More investigation is needed before 

recommending their routine clinical use. 

Only exception is ISH in the young

Ambulatory PWV, central BP and AI No recommendation

Mancia G. et al., Eur Heart J 2013;34:2159-219



Non-invasive technologies for PWA

Applanation tonometry Mechanotransducers
Finger

photoplethysmography



Non-invasive technologies for PWA
Pneumosystems

(oscillometry)
Ultrasonography MRI



Techniques for 24-hour PWA

ÁAll based on oscillometric measurements (Mobil-

O-Graph, BPLab) or applanation tonometry 

(BPro) and transfer function analysis

ÁDifferent algorithms for the different devices

ÁAll devices are validated against intra-arterial or 

SphygmoCor method

ÁNon-invasive estimation of central 

hemodynamics and arterial stiffness is 

device/technique dependent



Oscillometric technologies

Posokhov I.N. Med Devices (Auckl) 2013;6:11-15

Some studies of devices used for oscillometric pulse wave velocity 

measurements



Published clinical studies based on 24-hour PWA
Author

Study

(year)

Device Subjects Main findings

Theilade et al. 

(2013)

BPro 629 type 1 diabetics and 86 controls Aortic SBP was higher in patients and increased 

with diabetic complications and was stronger 

associated to complications than peripheral SBP

Williams et al.

AmCAP Study

(2013)

BPro 171 hypertensive patients treated with 

aliskiren (ASSERTIVE Study)

Brachial and central pressure show different diurnal 

patterns, which are not modulated by BP-lowering 

therapy, with relatively higher nigh-time central 

pressures

Protogerou et al.

SAFAR Study

(2014)

Mobil-O-

Graph

229 individuals (75% hypertensives) Aortic SBP, when compared to brachial SBP, 

improves the individualized assessment of the 

hypertension-associated heart damage (LVH)

Elsurer et al.

(2014)

Mobil-O-

Graph

339 hypertensive CKD patients Serum uric acid is associated independently with 

AI, but not with PWV.

Kuznetsova

(2014)

BPLab 467 healthy volunteers Reference values for PWV, AI and central BP

Omboni et al.

(2015)

BPLab 142 normotensives and 611 

hypertensives

Non-invasive assessment of 24-hour arterial 

stiffness and central hemodynamics in daily life 

conditions may help in assessing the arterial 

function impairment in hypertensive patients

Maloberti

(2015)

Mobil-O-

Graph

119 pediatric patients and 23 controls 

in Williams-Beuren syndrome

Increased nigh-time AI in sick children is an early 

hallmarks of cardiovascular dysfunction

Karpetas

(2015)

Mobil-O-

Graph

153 ESRD patients during successive 

dialytic sessions

A gradual interdialytic increase in AI and to a less 

extent in PWV is observed



The Vasotens technology

SBP, DBP = systolic and diastolic BP; SBPao, DBPao = BP in aorta; AP = augmentation

pressure [AIxao = (SBPao-DBPao)/AP];  RWTT = reflected wave transit time, used in PWV 

formula; PWV = (k)2L/RWTT, where L = superficial morphological distance

A. Waveform of brachial 

artery

B. Amplitude and phase 

characteristics of the 

Vasotens transfer function

C. Waveform of aorta and 

main calculations



The Vasotens technology
Screen of analysis window in BPLab / Vasotens software


