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BeyondBR, phenotype

A Accumulating evidence including pathophysiological
epidemiologicahnd pharmacologicastudies,haveunderlined
the importanceof measuringnot only brachialsystolicBPand
pulse pressuresin hypertensive patients, but also central
systolicBPand pulsepressuresand pulsewavevelocity

A PWV and central aortic pressure present strong

Interdependency for the haemodynamic status of
hypertensivepatients

( ;D Vascular
aortic BP ) phenotypes
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Arterial stiffness cBPand waverteflection
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Modified from Laurent & ockcroft. Centradortic blood pressure. ElsevidlassonSAR008



Methods of arterial stiffnesssassessment thichildren
and atloleseents

ct-PWV ABPM derived parameters
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Obesity

Ziemanet al. ArteriosclerThrombVasdiol.200525:932943



Age-related cf-PWYiincreasetstarts fromnchildhaod
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Determinants of pulse wave velocity in healthy people and irptlesenceof cardiovascular risk factor@stablishing
normal and reference valu€EurHeart 2010, 31:233&2350,

Thurn et al. Aorti®ulse Wave Velocity in Healthy Children and Adolescents: Reference Values\izotiderDevice
and ModifyingFactor. Am Hyperten2015ahead of print



AHA Scientific Statement

Noninvasive Assessment of Subclinical Atherosclerosis in
Children and Adolescents

Recommendations for Standard Assessment for Clinical Research
A Scientific Statement From the American Heart Association

Elaine M. Urbina, MD, FAHA, Chair; Richard V. Williams, MD; Bruce S. Alpert, MD, FAHA;
Ronnie T. Collins, MD; Stephen R. Daniels, MD, PhD, FAHA; Laura Hayman, PhD, RN, FAHA;
Marc Jacobson, MD, FAHA; Larry Mahoney, MD, FAHA; Michele Mietus-Snyder, MD;
Albert Rocchini, MD, FAHA; Julia Steinberger, MD, MS; Brian McCrindle, MD, MPH, FAHA;
on behalf of the American Heart Association Atherosclerosis, Hypertension, and Obesity in Youth
- : — - “ogvascular Disease in the Young

Th e n O n I nvaS IVe n atu re Of :xss are early events in the development of cardiovascular

become established as valid and reliable tools for refining

th e Varl O u S arte rl al Stlffn eSS on. With limited pediatric data, the use of these techniques

purposes. Therefore, this scientific statement was written

m e aS u re m e nts m akes th el r t of atherosclerosis in children and adolescents, (2) make

sarch, and (3) stimulate further research with a goal of
use I N p e d I at rl q) atl en t S ninvasive clinical evaluation of atherosclerosis in pediatric
n youth will improve our ability to estimate future risk for

i d e al diovascular risk factors in youth, such as the Bogalusa and
/'lrd outcomes, such as heart attack and stroke, to produce

data. (Hypertension. 2009;54:919-950.)




Perfermance.ofPPWVYoiordioD

2013ESH/ESC Guidelines for the management of arterial hypertension

TABLE 12. Predictive value, availability, reproducibility and cost-effectiveness of some markers of organ damage

Marker 'Cardiovascular predictive value ‘Availability 'Repfoducibility | Cost-effectiveness
Electrocardiography L4+ [ +++ e P
Echocardiography, plus Doppler 44+ [ 4++ | +++ |44+

Estimated glomerular filtration rate L +++ [+ 4++ [ 44+ | +44++

Microalbuminuria | +++ | |+ | P

Carotid intima-media thickness | +++ | 44+ | +++ |
—land plague

Arterial stiffness (pulse wave [ 44+ [++ |4+ | 444+

velocity)

TAnkle=brachial index Ezz FFF — -
Fundoscopy L4+ |+ +++ L+ | 4++
Additional measurements ' ' '

| Coronary calcium score . [+ |4+ |+

Endothelial dysfunction L+ [+ I+ I+
Cerebral lacunae/white matter | ++ o

lesions

Cardiac magnetic resonance ++ |+ ’ +44+ [++



Therole of vasculambiemarkers-fosprimary-and

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

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

Vlachopoulost al, Atherosclerosig41 (2015 507e532

Table 4
Assessment of vascular biomarkers.
Proof of Prospective Incremental Clinical utility Clinical Cost- Ease of use Methodological Reference values
concept  validation value outcomes effectiveness consensus
Carotid ultrasonography + + « b S 4 ] ‘ 4 4 Yes, for cIMT
measured with
the echotracking
method.
Ankle-brachial index e vt .o vt i/ v vt Diagnostic
thresholds

for PAD (cutoff
value: 0.90)
Arterial stiffness
Carotid-femoral pulse bt s b bt 4 b b4 Yes

1 "
Wavle FUAny

Brachial-ankle pulse st b .- + c e bt Yes, for Asian

wave velacity Pnpnl)lirmc_
Central haemodynamics/ e b b 4 4+ 4 Yes

—_Wwave refiections



Therole of vasculambiemarkers-for primaryrand

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

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

Vlachopoulost al, Atherosclerosig41 (2015 507e532

Table 1
Criteria for vascular biomarkers to qualify as clinical surrogate endpoints.
1 Proof of concept Do novel biomarker levels differ between subjects with and without outcome?
2 Prospective validation Does the novel biomarker predict development of future outcomes in a prospective cohort or nested case-cohort study?
3 Incremental value Does it add predictive information over and above established, standard risk markers?
4 Clinical utility Does it change predicted risk sufficiently to change recommended therapy?
5 Clinical outcomes Does the use of the novel biomarker improve clinical outcomes, especially when tested in a randomized clinical trial?
6 Cost-effectiveness Does the use of the biomarker improve clinical outcomes sufficiently to justify the additional costs?
7 Ease of use Is it easy to use, allowing widespread application?
8 Methodological consensus Is the biomarker measured uniformly in different laboratories? Are study results directly comparable?
9 Reference values (or cut-off values)  Are there published reference values, or, at least, cut-off values?

Modified from: Hlatky et al. Circulation 2009. Criteria 7-9 constitute additional essential criteria to the original criteria 1-6 proposed by Hlatky and coworkers | 7).



Criteria fforwvasculan hiomarkers

1. Proof of concept 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 cashort
study?

3. Incremental value 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

5. Clinical outcomes 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?

2. Prospective validation

4. Clinical utility

6. Costeffectiveness

7. Isit easy to use, allowing widespread
7. Ease of use applicatior?
8. Isthe biomarker measured uniformly in
8. Methodological consensus different laboratories? Are study results directly
comparabl®

9. Reference values (or cudff |9-  Arethere published reference values, or, at
values least, cutoff values?




Criteria fforwvasculan hiomarkers

Clinical
value

Measurement °



Measurement

Measurement

5

Is it easy to use, allowing widespread
application?

Is the biomarker measured uniformly in
different laboratories? Are study results direct
comparable?

Are there published reference values, or, at
least, cutoff values?




Easeof use

A Applanation tonometry is feasible and reproducible in
childrenandadolescents

(Lowenthalet al, AmJHypertens 2014)

A Cuftbaseddevicesare more convenientfor the patient,

are simplerto use, operator independentand thus, are
attractivefor usein the pediatricpopulation

(Savanet al, Pulse2014)



Assessingyvasculanphenatype




Methodologicaliissues

Pulse wave velocity Central aortic pressure
Validation Validation
A Limited validated devices A Only1 cuff-based device

validated against tonometry

A Carotid ultrasound wall tracking
compared against invasive

A Scarce published pediatric
validation data against invasive

measurement (preliminary measurement in a study including
analyses o2 pediatric patients) 9 children
Distance D) Generaltransfer functions

A TFs are based on adult data may

are based on adult data and have be less accgrat.e n chlldr_en and
adolescent<C differences in body

not been assess for validity in size, vascular tree morphology,

different pediatric age groups heart rate and mean blood
pressure

A Suggestions fdd measurement



Non-invasive:assessment:of-centrab aortic{pressure

N

4 Mathematical

Peripheral arterial Calibration of analysis
pulse wave pulse waves by (transfer
recording brachial BP functions, wave

analysis)

Estimation of
aortic BP




Centraliblood
pressuteiin
children and
adolescents:
non-invasive
developmentand
testing of inovel
transfer functions

Caiet al, Journabf Human Hypertension
(2017, 1¢7

Table 3. Accuracy of paediatric and adolescent TF in respective validation groups

Central SBP
Mean difference Standard deviation of difference R?
(mm Hg) (mm Hg)
Paediatric TF
8 year (n=137) 22 3.7 0.76
14 year (n=85) 49 6.1 0.74
Adolescent TF
8 year (n=137) -19 3.7 0.76
14 year (n=85) -05 6.7 0.69
Adult TF
8 year (n=137) -5.6 39 0.74
14 year (n=85) -6.8 6 0.8
Table 4. Proportion of individuals with estimated central blood
pressure within 5, 10 and 15 mm Hg of measured values, at 8 years
(n=137) and 14 years (n=85) of age
<5mmHg <10 mmHg <15mm Hg
Paediatric TF
8 year 99 100
14 year 52 80 94
Adolescent TF
8 year 97 99
14 year 60 87 95
Adult TF
8 year 55 91 97
14 year 38 78 97
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ComparisonsdorPWYramong: devices
In childrenand-adolescents

—

d Pulsepeng SphygmoCorVicorder
d (Kiset alHypertens Res201])

d SphygmoCe¥icorder Smilar PWV

d (Krachtet al, Am Hypertens 2011) | values among
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d (Stabouli et al, Blypertens2017)
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e r—
Sex related differences in PWV pogtuberty

1008healthy subjects (aged betwednand 20 years;495males)

Reuszt al. HypertensiorR010 56:217%224.



