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Reference Values for Arterial Stiffness’ Collaboration. Determinants of

pulse wave velocity in healthy people and in the presence of cardiovascular
risk factors: ‘establishing normal and reference values’.
Eur Heart ) 2010; 31:2338-2350.

Defining vascular aging and cardiovascular risk
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FIGURE 2 Effect of age on cf-PWV in the Reference Values for Arterial Stiffness Collaboration. Reprinted from [17] by permission of Oxford University Press and the
European Society of Cardiology. BP, blood pressure; cf-PWV, carotid-femoral pulse wave velocity; HT, hypertension.




Tabela 47.4. Dostepnosé, wartosé prognostyczna oraz koszt okreslenia niektorych wskaznikow uszkodzenia
narzgdéw (przedstawiono w postaci 1-4 plusow)

Elektrokardiografia ++ + 4 4

Echokardiografia +++ SEi At
Pomiar gruboseilommplaker-adinaemsdis w tetnicy SZyjnej +++ +44 ++
& Sztywnosc tetnie (prediosé fali tetna) D e ot + -+
Wskaznik KOSTRa—ranme ++ +4 +
Zawartosc wapnia w Scianie naczyn wiencowych + + T
Skiad thanki serca/naczyn ? + i
Markery kolagenowe we krwi obwodowej ? + 4
Dysfunkcja srodblonka ++ + S
Udary zatokowe lub uszkodzenia istoty biatej ? +++4+
Oszacowana filtracja ktebuszkowa {ub klirens kreatyniny +44 e+ +
Mikroalbuminuria +++ bt +
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Ocena ultrasonograficzna tetnic szyjnych
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Ocena sztywnosci naczyn tetniczych

- Vicorder
- SphygmoCor
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Konwencjonalne metody oceny PWYV opierajg sie na pomiarach ,dwupunktowych”
czasu potrzebnego fali na przebycie znanego dystansu (najczesciej szyjno-
udowego; najkrétszy mozliwy dystans do oceny tg metoda to aktualnie 5 cm),
tymczasem PWV-B, jest parametrem zwigzany gtownie z wtasciwosciami
elastycznymi tetnicy w danym jej odcinku.
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- wskaznik sztywnosci beta (B-index),

- wskaznik elastycznosci Younga (Ep),

- wskaznik podatnosci naczyn (AC),

- szybkos¢ fali tetha (PWV-p),

- wskaznik wzmochienia (Al),

- Srednica tetnicy podczas skurczu (Dmax) i

rozkurczu (Dmin)
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Large Artery Stiffening and Remodeling Are Independently
Associated With All-Cause Mortality and Cardiovascular
Events in Chronic Kidney Disease
Alexandre Karras, Jean-Philippe Haymann, Erwan Bozec, Marie Metzger, Christian Jacquot,

Gerard Maruani, Pascal Houillier, Marc Froissart. Bénédicte Stengel, Philippe Guardiola.
Stéphane Laurent, Pierre Boutouyrie. Marie Briet, on behalf of the Nephro Test Study Group

Abstract—Chronic kidney disease, even at moderate stages, i1s characterized by a high incidence of cardiovascular
events. Subclinical damage to large arteries, such as increased arterial stiffness and outward remodeling, is a classical
hallmark of patients with chronic kidney disease. Whether large artery stlffness and remodeling influence the occurrence
of cardiovascular events e mortality of patients with chronic kidne : oes 2-5) is still debated. This
prospective study mclnts with chronic kidney dlseas) with a mean measured
glomerular filtration rate ot=37 mL/min per 1.73 m’ Baseline aortic sfifiire estimated through carotid-femoral
pulse wave velocity measurements; carotid stiffness, diameter, and intima—medla thickness were measured with a
high-resolution echotracking system. For the overall group of patients, the 5-year estimated survival and cumulative
incidence of cardiovascular events were 87% and 16%, respectively. In regression analyses adjusted on classical
cardiovascular and renal risk factors, aortic stiffness remained significantly associated with all-cause mortality (for 1
SD. Cox model—derived relative risk [95% CI], 1.48 [1.09-2.02]) and with fatal and nonfatal cardiovascular events
(for 1 SD, Fine and Gray competing risks model—derived relative risk [95% CI], 1.35 [1.05-1.75]). Net reclassification
improvement index was significant (29.0% [2.3—42.0%]). Carotid internal diameter was also independently associated
with all-cause mortality. This study shows that increased aortic stiffness and carotid internal diameter are independent

predictors of mortality in patients with stages 2 to 5 chronic kidney disease and that aortic stiffness improves the prediction
of the risk. (Hypertension. 2012;60:1451-1457.) @ Online Data Supplement




A new tool for the evaluation of stiffness vascular parameters

in Clinical Practice : eTRACKING

Methods:

We stndied 60 healthy patients (mean age 34.53 & 1.9, 29 men).
Data were attlyzed using SPSS 12, Chicapa i (USA) software.
In order to demonstrate the relationship between age and arterial
stiffness, data were grouped according to decades of age. Tp
evaluate the association of stiffness parameters according to age
groups, we used a non parametric Kruskal-Wallis test. All
calculations were significant ar p< 0.05.

Results:

The results are reported in Table I. All parameters show an
age-related increase, with the exception of AC which is
reduced (Fig.1a: young patient, Fig. 1h: ald patient).

Table. I

Age groups Beta Ep
(Years)

<30 Mean J+1.8 39.1£20.5

31-60 Mean 9212
=60 Mean 04417

3140 Mean 6.6+25 78.8+21.2
41-30 Mean 73133 97.8+48.4
115+27.6
129+33.2
p 0.002 <0.001

Conclusions:

These results suggest that relevant age-related changes occur
in the vascular system. Our data are similar to previous
results obtained by other invasive or non-invasive tools.
¢TRACKING is a potentially useful, non time consuming
tool for the clinical diagnostic routine evaluation of arterial
stiffness parameters. Further research is mnecessary to
validate the role of this technique in larger populations.

AC AT PWV
1.5320.5 0.848.9 4.5+0.7
0.9+0.2 3.5+9.1 3.2+0.7

0.9+0.3 l64+15.1 J2.9x1.3

0.8+0.09 242%147 6.410.6
0.6+0.09 26.615.9 6.8+0.9
0.004 =0.001 <0.001




Pulse wave velocity and augmentation index, but not
intima-media thickness, are early indicators of
vascular damage in hypercholesterolemic children

S. Riggio”, G. Mandraffine”, M. A. Sardo”, R. ludicello’, N. Camarda®, E. Imbalzano”, A. Alibrandi®, C. Saitta",

S. Carerj®, T. Arrigo® and A. Saitta”

"Depar‘tment of Internal Medicine and Medical Therapy, 'Depar‘tment of Clinical and Experimental Medicine and
Pharmacology, *Department of Medical and Surgical Pediatrics, *Department of Statistical Science, University of Messina,

Messina, Italy

Patients and methods

Forty-four children with hypercholesterolemia, HCh, (16 males
arcr28-females;mean age 107 = 27 years) and 18 sex- and age-
matched controls were enroled in this study. Hypercholestero-
lemics were recruited from the Lipids’ Centre and Pediatric
Clinic of the University of Messina and were all newly diag-
nosed. None of the patients was taking any drug. Eighteen sub-
jects were genetically identified as carriers of heterozygous
familial hypercholesterolemia (FH); 26 were classified as

Table 2 Vascular parameters in con
hypercholesterolemics, PHC and FH

trols, all

Controls
[i-stiffness 313+ 074
Ep (kPa) 362 + 113
AC (mm? kPa™") 191 + 043
PWV (ms™) 363 + 055
Alx (%) -443 + 4-09
IMT (mm) 0-45 + 0-09

Values are mean = SD.

PHC

360 + 1-02*
429 £ 131*
162 + 0-43%
4-10 + 0-67*
0-61 + 2:39*
0-46 + 0-06

FH

522 + 1-13**
64-4 + 19-6**
125 + 0-48%*
472 £ 0-72**
3565 + 3-97**
0-45 + 0-07

HCh, hypercholesterolemics; FH, familial hypercholesterolemics; PHC, pri-
mary hypercholesterolemics; PWV, pulse wave velocity; Alx, augmentation
index; AC, arterial compliance; Ep, Young elastic modulus; IMT, intima-

media thickness.

*P < 0001 vs. controls, **P < 0-001 vs. controls and PHC; two tailed alpha of

0-05 was used to denote statistical significa

nce.



I Ep AC PWV[j IMT
219080 224£53 1.82+0359 290+£033 0.33 £0.03
4 225£102 | 2314107 184409 | 2984038 0.34 £0.03
5 2304099 244486 228£106 | 3032045 0.33 2003
é 2564119 | 2714132 1574104 | 3144078 0.35 £ 0.04
7 2604130 | 2612147 | 206£125 | 302£08 0.32 £0.02
8 2642144 | 2902156 | 221£1485 | 324£09 0.33 £ 0.04
9 2994130 | 331#127 1714098 | 3494056 0.35 £0.03 e
3014150 | 323#135 | 2124115 | 3462074 | 034+004 o S S
1094123 1392118 186£062 | 3&0£059 0.31 £0.02
| 2984135 3422179 | 203&156 | 355086 0.35 £0.05 Operator 1 Operator 2 p-value
| 302141 3504152 1802083 | 357£088 | 0362006 b 248 0.38 2.54 + 0.38 0.335
EFP 259+ 642 176+ 795 0.182
| 1332118 | 398%18] 1582041 376£0.75 0.36 £0.03 AC 2206 1905 0.531
| 338£135 | 4032102 168081 390£056 0.33 £0.05 PWVP 3.140.34 3.16+ 042 0.592
| 3602145 | 4412152 158049 | 402£0.64 0.38 £0.04
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Normal paediatric values of arterial stiffness parameters measured by echo-tracking

Maria Pia Calabrd, Scipione C.arer;‘. Mario Salvatore Russo‘. Francesco Letterio De Luca, Maria Teresa Naso Onofric’, Lucia Manuri, Letteria Bruno, Tommaso Alterio,
Giuseppe Oreto’

1I._:rui'.-'ersit',-' of Messina, Department of Pediatrics, Department of Medicine and Phamacology



Wspotczynnik sztywnosci beta (B-index) - stosunek
logarytmu naturalnego zmian cisnienia do zmian
srednicy naczynia. Wspotczynnik wzrasta przy
wzroscie sztywnosci naczyn.

Ps — cisnienie skurczowe, ﬁ —

Pd — ci$nienie rozkurczowe, (D 5 — D d)
Ds — srednica tetnicy podczas skurczu serca,

Dd — $rednica tetnicy podczas rozkurczu serca. D d

= Tweoma iaponia | Wrocaw | | sopard

B-index 3,38+1,35 48+1,7 7,4%2,24 3,65+1,22



Wskaznik elastycznosci nhaczyn Younga (Epsilon, Ep) -
Obserwuje sie wiekszg zaleznosc¢ tego parametru od
ciSnienia krwi w porownaniu ze wskaznikiem .

(Ps — Pd)
Ps — ci$nienie skurczowe, Ep = D — D d
Pd — cisnienie rozkurczowe,
Ds — srednica tetnicy podczas skurczu serca,
Dd — $rednica tetnicy podczas rozkurczu serca. D d

I W S T

40,3+10,2 57,1+20 105,1+33,8 44,7 + 14,7



Wskaznik podatnosci naczyn (AC - arterial compliance)

obliczany ze zmian pola przekroju poprzecznego naczynia
| cisnienia Krwi:

- m(Ds* — Dd*)
Ps — cisnienie skurczowe, i’fl C .
Pd — cisnienie rozkurczowe, -
Ds — Srednica tetnicy podczas skurczu serca, 4- (P 5 —_ P d)
Dd — srednica tetnicy podczas rozkurczu serca.

o o Lo L sovas __

1,68+0,81 1,46+0,7 0,77+0,27 1,20+ 0,49



Lokalna jednopunktowa szybkos¢ fali tetha (PWV-B) -
parametr zwigzany gtownie z wtasciwosciami elastycznymi

tetnicy, moze by¢ odmienny w réznych obszarach
naczyniowych. Obliczany przy uzyciu wskaznika 3.

or

PWVS = 4

P — cisnienie skurczowe Krwi, *-.IH
p - gestosc¢ krwi (1050 Kg/m3)

e s s L sovas __

39t0,56 4,5%0,7 6,13 £ 0,98 3,93+0,6



Wskaznik wzmochienia ( Al - augmentation index) —
parametr odbicia fali oceniany jako roznica miedzy drugim
a pierwszym szczytem skurczowym fali tetna (AP). Al
wyrazony jest jako procent cisnienia PP. Al obrazuje
proporcje fali odbitej do cisnienia tetna; jego wartosc¢ zalezy
od czasu wyrzutu lewej komory | czasu powrotu fali odbite;.

e AP
AP-P2P1, - PP

PP — cisnienie fali tetna

B T e B R

? 1,4+8,5 12,5+10,7 -11,9+8,2



1. eT jest przydatng metoda nieinwazyjnej oceny
sztywnosci scian naczyn tetniczych.

2. el umozliwia wykrycie wczesnych zmian funkcji scian
tetnic w przebiegu standéw chorobowych.

3. Konieczne sg dalsze badania dla ustalenia norm
parametrow sztywnosci scian tetnic w roznych grupach
wiekowych.
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