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24-hour ambulatory
arterial stiffness
estimation: current
status and perspectives
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Background

A ABP, 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

A Recent advances in technology made available
devices allowing combined non-invasive estimation of
BP and arterial stiffness in ambulatory conditions over
the 24-hours

A At 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
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Expert consensus document on arterial stiffness:
methodological issues and clinical applications

Stephane Laurent', John Cockcroft?, Luc Van Bortel’, Pierre Boutouyrie', Cristina Giannattasio®,
Daniel Hayoz®, Bruno Pannier®, Charalambos Vlachopoulos’, lan Wilkinson®, and

Harry Struijker-Boudier® on behalf of the European Network for Non-invasive Investigation of
Large Arteries

' Department of Pharmacology and Hopital Européen Georges Pompidou, Université Paris-Descartes, Foculté de Médecine,
Assistance Publique~Hdpitaux de Paris, INSERM U652, 20 rue Leblanc, 75015 Paris, France; * Cardiology Department,
University of Wales, Cardiff, UK; * University of Ghent, Heymans Institute of Pharmacology, Ghent, Belgium; “Departrent of
Internal Medicine, Milano-Bicocca University, Monza, Italy; ° Service of Angiology, CHUV, University of Lausanne, Switzeriand;
® Department of Nephrology, Manhes Hospital, Fleury-Merogls, France; ? Cardiovasculor and Sexual Health Unit, Hippokration
Hospital, Athens; * Clinical Pharmacology Unit, Addenbrooke's Hospital, Cambridge, UK: and * Department of Medicine,
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Position statement: Methods for measuring
arterial stiffness in clinical practice and research

A Carotid-femoral PWV is consideredasthefigo |l d st andar
measurement of arterial stiffness, has the largest amount of
epidemiological evidence for its predictive value for CV events, and
requires little technical expertise

A Central pulse-wave analysis provides additional information
concerning wave reflections

A Pulse 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)

A Pulse 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
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Aortic stiffness expressed as aortic PWV iIs 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

Study characteristics Total CV events : CV mortality All-cause mortality

Author Populaton RR 95%Cl  RR(95% Cl) ! RR  95%Cl RR (95% CI) 95% Cl RR (95% Cl)

Anderson 2009 GEN _— - P — : 093-2.14 H1
Blacher 1999 ESRD 489 279-8.57 i489 279-857 —_ 3.06-7.11
Choi 2007 CAD 175 1.28.237 b e = | 596 024-1456
Cruickshank 2002 DM ST - - {134 111.1862
Laurent 2001 235 176-3.14 i235  176-3.14 214 171-267
Mattace-Raso 2006 239 1.76-325 b 7 P 167 1.37-203
Meaume 2001 460 1.37-15.40 1460  1.37-1540 : o
Mitchell 2010 482 318-7.29 P - :
Pannier 2005 224 188-267 : 1.88-2.67
Shoji 2001 216 1.11-4.20 1.11-4.20
Shokawa 2005 1866 2.46-141.54 246-141.54
Sutton-Tyrrell 2005 140 122-161 | [ § 1.09-1.79 F
Terai 2008 273 1.75-4.26 -
Wang 2010 (men) 156 125-1.94 | L} : 125-1.94 IF
Wang 2010 (women) 194 156-242 1 ; 156-2.42 <+
Willum-Hansen 2006 150 138-163 O ' 1.44-1.80 O ,
Zoungas 2007 306 1.84-508 —{— 065-437 ——{——— -
Overall 226 1.89-270 P § 1.68 - 2.42 | 1.61-2.24 L
05 1 2 5 10! 05 1 2 5 10: 02 05 1 2

a
O

1.54 -

5

Test for heterogenity: =84 5%, P<0001 | Testfor heterogeneity: F<74.4%, P<0.001 | Testfor heterogeneity: =77.0% P<0.001

Vlachopoulos C. et al., JACC 2010;55:1318-1327
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PWV may enable better identification of high-risk
populations that might benefit from more aggressive CVD
risk factor management (e.g. younger subjects, diabetics)

Effect Modifier ES (05% C1) Effect Modifier ES (05% C1)

Gender Age Group
Female 1.35(1.18, 1.53) =51 yeais 189(1.44,247)
Mals 1.45 {1.29, 1.65) 51-60 years 1.77(1.51,2.09)
§1-70 years 1.36 (1.19, 1.55)
Smoking Status =70 years 1.23(1.12, 1.35)
Hon-smoker 146 (1.27,167)

Ex-smalker 1.28(1.12,1.4T) Anti Hypertensives
Cument smaoker 1.38 (1.19, 1.63) Hormaotensme 1.28(1.15,1.42)
Hyparensive 1.40 {1.22, 1.61)
Population
General 1.42 (1.24, 1.62) Renal Function
Clinical 1.49 (1.26, 1.76) Hormal & Stage 1 - 1.58 (1.10, 2. 26)

Stages 2-5 1.48 (1.26, 1.75)
Diabetes Meormal & Stages 1-2 * 1.39(1.11,1.73)
Diabetic 1,60 (1,34, 192) Stages -5 384 1.48(1.24, 1.76)
Hon-Diabetic 1.31 {1.18, 1.45)

Age |
=61 — Z04(1.70,244) ] 1
61+ —_— 1.43 (1.28, 161) Hazard ratios loge{aPWV)

| |
1 2
Hazard ratios loge{aPWV)

Ben-Shlomo Y. et al., JACC 2014:63:636-646
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Central hemodynamic indexes are independent
predictors of future CV events and all-cause mortality.
Al predicts clinical events independently of peripheral

pressures

Central SBP and CV outcome Central Alx and CV outc

Author Population RR 95% ClI RR (95% Cl) Author Population RR 95% Cl RR (95% CI)

Dart 2006 HIN. 1040 '0.905—1.145 g:: 2005 ’ HTN 3‘5?3 :)(7)?; S :?gg |~
ar 3 -+ . 712~ 1.186 [}

Pini 2008 SEN LW 1000 =181 U London 2001 ESRD 1480  1.156-1.894

Roman 2007 GEN 1070 1.007-1137 |3

Ueda 2004 CAD 1.700 1.163 - 2.486

Pooled (fixed) 1.088  1.040-1.139 Weber 2005 CAD 1.480  1.109-1.976

L 4
Pooled (random) 1094  1.019-1.175 l“ Pooled (fixed) 1294  1.165-1.438
0.5 1 Pooled (random) 1318 1.093-1.588

05

Central PP
el 1d GV outcome Central Alx and all-cause mortality

Author Population  RR 9%%RCl  RR(95%CI) Author Population RR 95%Cl  RR(95% CI)

Chirinos 2005 CAD 1084 0.997-1.178
Dart 2006 HTN 1022  0.910-1.148 Chirinos 2005 CAD 1220 1.098-1519 57
Jankowski 2008 CAD 1.033 -1.277 { » Covic 2006 ESRD 2805 0.924-8.517 _—
‘L,‘;‘ f’gg(') S g‘é‘g 1?3: = fg;; London 2001 ESRD 1510  1.228-1.857 —{—
B Pooled (fixed) 1.384  1.192-1.606 -
Roman 2007 1.068 - 1,238 =
Pooled (fixed) 1.085 - 1.175 Pooled (random) 1.402  1.114-1.764 e
Pooled (random) 1.063 - 1.215

0.5

05 2

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

Calcium-channel Thiazide

0 ACEI ARB Beta-blockers blockers diuretics Alpha-blockers
-2 -
-4 -
-6 -
o 8 . -6,6
= i -8,7
= -10
12 4 -10,710,8
12,1
14 - e 13,0 136 124
=l 15,9
184 ®MbSBP " cSBP |
Al: -3.6 - +6.8 -4.0 -3.5 -4.9 -0.5

Manisty C.H. et al., Br J Clin Pharmacol 2013;75:79-92
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Long-term antihypertensive treatment is associated with
significant reductions in PWV vs. placebo, regardless of
the magnitude of BP reduction and class of drug

Calcium-channel Thiazide
Placebo ACEI| blockers Beta-blockers diuretics All

iy 1,8
*

*p<0.05 vs. placebo; changes are adjusted by age, gender, mean BP, HR and BMI
Ong K.T. et al., J Hypertens 2011;29:1034-1042
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ESH and ESC Guidelines

2013 ESH/ESC Guidelines for the management of

arterial hypertension

1 he Task Force for the management of arterial hypertension of the
European Society of Hypertension ( ESH ) and of the European
Society of Cardiology ( ESC)

List of authors/Task Force Members: Giuseppe Mancia (Chairperson) (italy)’, Robert Fagard
(Chairperson) (Belgium)®, Krzysztof Narkiewicz (Section co-ordinator) (Poland), Josep Redén
(Section co-ordinator) (Spain), Alberto Zanchetti (Section co-ordinator) (italy), Michael B6hm
(Germany), Thierry Christiaens (Belgium), Renata Cifkova (Czech Ropubllc), Guy De M«
cuwm.mmmmn_mmw taly), Diederick E. Grobbee (Nethe
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Predictive value, availability, reproducibility
and costi effectiveness of some markers of
organ damage

Marker
Electrocardiography

Echocardiography, plus Doppler

Cardiovascular predictive value
+++

++++

Estimated glomerular filtration rate | +++

Microalbuminuria

Carotid intima—media thickness
and plaque

Arterial stiffness (pulse wave
velocity)

Fundoscopy
Additional measurements
Coronary calcium score

Endothelial dysfunction

Cerebral lacunae/white matter

lesions

et

+++

++

4

4

Availability
bk
+++

++++
++++

+4++

Reproducibility Cost-effectiveness

++++
+++
+H+4

++

Mancia G. et al

does

+++

+4++

o+

+4+

., Eur Heart J 2013;34:2159-219
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Sensitivity to detect
treatment-induced
changes, time to change
and prognostic value of
change by markers of
asymptomatic organ
damage

Marker of
organ damage

Sensitivity
for changes

. Prognostic value
Time to change
of changes

Moderate

LVH/ECG Low (>6 months) Yes

Moderate

Moderate T —

LVH/echo

LVH/cardiac
magnetic High
resonance

Moderate
(>6 months)

Very slow

eGFR Moderate
(years)

Urinary
protein High

excretion

Fast

(weeks—months) Moderate

Carotid wall Very | Slow
thickness erylow (>12 months)

Pulse wave : Fast o
velocity High (weeks—months) Limited data

Ankle/
brachial Low No data No data
index

Mancia G. et al., Eur Heart J 2013;34:2159-219
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Current recommendation on PWA according to
ESH/ESC guidelines

Index Recommendation

Carotid-femoral PWV |t I s the Agold stan
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 Al More investigation is needed before
recommending their routine clinical use.
Only exception is ISH in the young

Ambulatory PWYV, central BP and Al | No recommendation

Mancia G. et al., Eur Heart J 2013;34:2159-219
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Non-invasive technologies for PWA

Finger

Applanation tonometr Mechanotransducers
PP 4 photoplethysmography
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Non-invasive technologies for PWA

Pneumosystems

Ultrasonograph
(oscillometry) ° grapny

Flow velocity
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Techniques for 24-hour PWA

AAll based on oscillometric measurements (Mobil-
O-Graph, BPLab) or applanation tonometry
(BPro) and transfer function analysis

A Different algorithms for the different devices

AAIl devices are validated against intra-arterial or
SphygmoCor method

A Non-invasive estimation of central
hemodynamics and arterial stiffness Is
device/technigue dependent
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Oscillometric technologies

Some studies of devices used for oscillometric pulse wave velocity
measurements

Study

Number of
observations

Device

Method

Result

Magometschnigg’

Rajzer et al'’
Baulmann et al®

Jatoi et al”

Horvath et al'®
Ageenkova and Purygina'®
8

Luzardo et a

Luzardo et al*®

100

TensioClinic

Arteriograph
Arteriograph

Arteriograph
Arteriograph

BPLab
Mobil-O-graph

Mobil-O-graph

Comparison with brachial PWY
(ShygmoCor)

Comparison with ShygmoCor
and with Complior
Comparison with ShygmoCor
and with Complior
Comparison with Complior
Comparison with invasively
measured PWV
Reproducibility and repeatability
study

Comparison with ShygmoCor
at rest

Comparison with ShygmoCor
(ambulatory)

m: 9.1; SD: 1.8 m/second vs

m: 8.4; SD: 1.5 m/second
r=-0.04

r=0.29 (P=0.043) and r = 0.36
(P =10.0048)

r=0.67 (P < 0.001) and r=0.69
(P << 0.001)

r=0.60 (P < 0.001)

Pearson's r =0.91 (P < 0.001)

Reproducibility and repeatability:
good

m: 7.3 vs m: 7.0 m/second

m: 7.9 vs m: 7.4 m/second

Posokhov I.N. Med Devices (Auckl) 2013;6:11-15
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Published clinical studies based on 24-hour PWA

Author
Study Device Subjects Main findings
(year)
Theilade et al. BPro 629 type 1 diabetics and 86 controls Aortic SBP was higher in patients and increased
(2013) with diabetic complications and was stronger
associated to complications than peripheral SBP
Williams et al. BPro 171 hypertensive patients treated with Brachial and central pressure show different diurnal
AMCAP Study aliskiren (ASSERTIVE Study) patterns, which are not modulated by BP-lowering
(2013) therapy, with relatively higher nigh-time central
pressures
Protogerou et al. | Mobil-O- 229 individuals (75% hypertensives) Aortic SBP, when compared to brachial SBP,
SAFAR Study Graph improves the individualized assessment of the
(2014) hypertension-associated heart damage (LVH)
Elsurer et al. Mobil-O- 339 hypertensive CKD patients Serum uric acid is associated independently with
(2014) Graph Al, but not with PWV.
Kuznetsova BPLab 467 healthy volunteers Reference values for PWV, Al and central BP
(2014)
Omboni et al. BPLab 142 normotensives and 611 Non-invasive assessment of 24-hour arterial
(2015) hypertensives stiffness and central hemodynamics in daily life

conditions may help in assessing the arterial
function impairment in hypertensive patients

Maloberti Mobil-O- 119 pediatric patients and 23 controls Increased nigh-time Al in sick children is an early
(2015) Graph in Williams-Beuren syndrome hallmarks of cardiovascular dysfunction
Karpetas Mobil-O- 153 ESRD patients during successive A gradual interdialytic increase in Al and to a less

(2015) Graph dialytic sessions extent in PWV is observed
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The Vasotens technology

B. Amplitude and phase
characteristics of the
Vasotens transfer function

A. Waveform of brachial C. Waveform of aorta and

main calculations

Aorta
RWTT

Vasotens transfer function
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Pressure (mmHg)
3 3 8

2]

2

100 200 300 400 500 600 700

100 200 300 400 500 600 700
Time (ms)

Time (ms)

SBP, DBP = systolic and diastolic BP; SBPao, DBPao = BP in aorta; AP = augmentation
pressure [Alxao = (SBPao-DBPao)/AP]; RWTT = reflected wave transit time, used in PWV
formula; PWV = (k)2L/RWTT, where L = superficial morphological distance
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The Vasotens technology

Screen of analysis window in BPLab / Vasotens software



