


Beyond BP phenotype

ÅAccumulating evidence including pathophysiological,
epidemiologicalandpharmacologicalstudies,haveunderlined
the importanceof measuringnot only brachialsystolicBPand
pulse pressuresin hypertensive patients, but also central
systolicBPandpulsepressuresandpulsewavevelocity

ÅPWV and central aortic pressure present strong
interdependency for the haemodynamic status of
hypertensivepatients
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Arterial stiffness, cBPand wave reflection

Modified from Laurent & Cockcroft. Central aortic blood pressure. Elsevier Masson SAS 2008. 



Methods of arterial stiffness assessment in children 
and adolescents 

cf-PWV

ÅPulspen (tonometry)

ÅSphygmoCor(tonometry)

ÅVicorder(oscillometry)

ÅMobil-o-Graph 
(oscillometry) 

ÅArteriograph(oscillometry) 

ÅComplior(mechano-
tranducers)

ÅDoppler U/S

ÅMRI

ABPM derived parameters

ÅPP

ÅAASI

PWA derived parameters

ÅcPP

ÅAIx



PWV

Pulspen(tonometry)

SphygmoCor(tonometry)

Vicorder(oscillometry)

Complior(mechano-tranducers)

Mobil-o-Graph (oscillometry) 

Arteriograph(oscillometry) single cuff devices

PWV=D(m)/ɲt (sec)
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Ziemanet al. ArteriosclerThrombVascBiol. 2005;25:932-943



Age-related cf-PWV increase starts from childhood

Determinants of pulse wave velocity in healthy people and in the presence of cardiovascular risk factors: Ψestablishing 
normal and reference valuesΩ. EurHeart J 2010; 31:2338ς2350.

Thurn et al. Aortic Pulse Wave Velocity in Healthy Children and Adolescents: Reference Values for the VicorderDevice 
and Modifying Factor. Am J Hyperten2015 ahead of print



The noninvasive nature of 
the various arterial stiffness 
measurements makes their 

use in pediatric patients 
ideal



Performance of PWV for TOD
2013 ESH/ESC Guidelines for the management of arterial hypertension



The role of vascular biomarkers for primary and 
secondary prevention 

A position paper from the European Society of Cardiology Working Group on 
peripheral circulation

Endorsed by the Association for Research into Arterial Structure and 
Physiology (ARTERY) Society 

Vlachopouloset al, Atherosclerosis 241 (2015) 507e532
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1. Proof of concept 

2. Prospective validation

3. Incremental value 

4. Clinical utility 

5. Clinical outcomes 

6. Cost-effectiveness 

7. Ease of use 

8. Methodological consensus 

9. Reference values (or cut-off 
values) 

Criteria for vascular biomarkers

1. Do novel biomarker levels differ between subjects with and 
without outcome?

2. Does the novel biomarker predict development of future 
outcomes in a prospective cohort or nested case-cohort 
study? 

3. Does it add predictive information over and above 
established, standard risk markers?

4. Does it change predicted risk sufficiently to change 
recommended therapy?

5. Does the use of the novel biomarker improve clinical 
outcomes, especially when tested in a randomized clinical 
trial? 

6. Does the use of the biomarker improve clinical outcomes 
sufficiently to justify the additional costs?

7. Is it easy to use, allowing widespread 
application?

8. Is the biomarker measured uniformly in 
different laboratories? Are study results directly 
comparable?

9. Are there published reference values, or, at 
least, cut-off values? 
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7. Is it easy to use, allowing widespread 
application?

8. Is the biomarker measured uniformly in 
different laboratories? Are study results directly 
comparable?

9. Are there published reference values, or, at 
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Ease of use

ÅApplanation tonometry is feasible and reproducible in
childrenandadolescents

(Lowenthalet al,AmJHypertens. 2014)

ÅCuff-baseddevicesare more convenient for the patient,
are simpler to use, operator independent and thus, are
attractivefor usein the pediatricpopulation

(Savantet al,Pulse2014)



Tailor made for adults? 
????

Assessing vascular phenotype



Methodological issues

Pulse wave velocity

Validation

Å Limited validated devices

Å Scarce published pediatric 
validation data against invasive 
measurement (preliminary 
analyses on 12 pediatric patients)

Distance (D)

Å Suggestions for Dmeasurement 
are based on adult data and have 
not been assess for validity in 
different pediatric age groups

Central aortic pressure

Validation

Å Only 1 cuff-based device 
validated against tonometry 

Å Carotid ultrasound wall tracking 
compared against invasive 
measurement in a study including 
9 children

General transfer functions 

Å TFs are based on adult data may 
be less accurate in children and 
adolescents Čdifferences in body 
size, vascular tree morphology, 
heart rate and mean blood 
pressure



Non-invasive assessment of central aortic pressure

Peripheral arterial 
pulse wave 
recording

Calibration of 
pulse waves by 

brachial BP

Mathematical 
analysis

(transfer 
functions, wave 

analysis)

Estimation of 
aortic BP

Mathematical 
analysis

(transfer 
functions, wave 

analysis)



Central blood 
pressure in 
children and 
adolescents: 
non-invasive 
development and 
testing of novel 
transfer functions 

Caiet al, Journal of Human Hypertension 
(2017), 1ς7



Reference values 
for cSBP

ÅElmenhorstet al. Atherosclerosis 2015; 
238: 9-16 



Comparisons for PWV among devices 
in children and adolescents

ᵭPulsepenςSphygmoCor-Vicorder
ᵭ (Kiset al Hypertens. Res. 2011)

ᵭSphygmoCor-Vicorder
ᵭ (Krachtet al, Am J Hypertens. 2011)

ᵭSphygmoCor-SphygmoCorExcel
ᵭ (Stabouli et al, J Hypertens. 2017)

Similar PWV 
values among 
devices



Similar age-
related PWV
trajectories 

with different 
devices

ÅHidvegi, et al. J Hypertens. 2012; 30:2314-
2321.

ÅReusz, et al.Hypertension2010;56 (2): 217-
224. 

ÅFischer et al J Hypertens. 
2012;30(11):2159-67. 

ÅElmenhorst et al. Atherosclerosis 2015; 
238: 9-16 



Reference Values of Pulse Wave Velocity in Healthy Children 
and Teenagers 

Sex- related differences in PWV post puberty

Reusz et al. Hypertension 2010; 56:217-224. 

1008 healthy subjects (aged between 6 and 20 years; 495 males)


