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Cuncrtemun 3a oueHKa Ha CbpaevYHO-CbO0B PUCK

10 year risk of fatal CVD
in high risk regions of Europe
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Pooled Cohort Risk
Assessment Equations

Predicts 10-year risk for a first atherosclerotic
cardiovascular disease (ASCVD) event

http://www.chd-taskforce.de/pdf/sk_procam_Q07e.pdf

Risk Factors for ASCVD ‘MHO20 nnecHu u y0obHu 3a
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http://clincaic.com/Cardiology/ASC VL/FooledCohort.aspx
2013 ACC/AHA Guideline on the Assessment of Cardiovascular Risk
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CbAdOBA PUTVOHOCT

Figure 1. Summary of the multiple causes and locations of arterial stiffness.
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Zieman S J et al. Arterioscler Thromb Vasc Biol.
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Pulse Wave Veloci

Thee left ventricke contracts during systole, generating a pulse wave that propagates forward into the peripheral
arterial system, This wave Is reflected back to the heart from the branching points of peripheral arteries,

Normal artery Incident SHiff artery ey
= x pufls}ewaw /

Reflected puke =
wave reaches the
~ heart in systole
Reflected pulse wave
normally reaches the
heart in diastole and
augrments coronary
blood flow

With a?e or disease such as diabetes or hypercholesterolemia, arteries
gradually lose their elastic properties and become larger and stiffer. In
these arteries, the reflected wave returns faster and merges with the
incident wave in systole. This results in a higher left ventricular afteroad
and decreased perfusion of coronary arteries, leading to left ventricular

hypertraphy and increased arterial and central blood pressure, CC

Stiff
Elastic

ModugpuyupaHo om: Dr lan B. Wilkinson Vascular compliance as a novel cardiovascular risk factor



Wave reflection
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AtepuanHa 3axapeH
XuneproHusa Ouaber

Mottram P M et al. Heart 2005;91:1551-1556



MeToau 3a N3MepBaHe Ha CbAoBa PUTMOHOCT

2 A=M __ XMIT: C
2 U - 8CH
HEART CENTRE PROC 2/8/Q
ADULT S48PM

Pulsed Doppler Ha dsicHa obw,a chemoparnHa
apmepusi. MsyucnsieaHe Ha uHmepegana mexaoy
Havyanomo Ha QRS Komrnekca u Ha4yaso0mo Ha

cucmornHama Kpuea.
JlokanHo usamepsaHe Ha cb008a puaudHocm
Journal of Human Hypertension 2003; 17:407-
412

Distensibility measurment of the Aortic Root
with Cardiac MRI
J Am Coll Cardiol 2011;57:1511-22

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

Position statement: PWV. Carotid-femoral PWV is
considered as the "gold-standard’ measurement of arter-

ial stiffness.

MamepBaHe Ha kapoTugo-

- - hemMoparHa cKkopocT Ha nyrncosaTta

Common BLAHA

carotid SphygmoCor, AtCor

artery
Common AL

femoral

artery

— ﬂ‘t —-— r i

European Heart Journal (2006) 27, 2588-2605

UsmepeaHe Ha napamempume Ha cboosa
pueudHocm ¢ nomowyma Ha TDI
Cardiovascular Ultrasound 2007

UsmepeaHe Ha nokanHa cb0oea
puesudHocm Ha kapomudHa apmepusi



Determinants of pulse wave velocity in healthy

people and in the presence of cardiovascular risk

factors: ‘establishing normal and reference values’
-39 year

Grade 111 HT
. Grade | HT
: High marmal i
Af-49 yeans

Marmal P
G050 yeans

<30 years

Opfimal B¢

European Heart Journal (2010) 34, 2338-2350



Aortic Pulse Wave Velocity Improves

Cardiovascular Event Prediction

An Individual Participant Meta-Analysis of
Prospective Observational Data From 17,635 Subjects

for All-Cause Mortality, CVD Mortality, CHD Events, Stroke Events, and CVD Events

m Pooled Adjusted Hazard Ratios (95% Cls) of a 1-SD Increase in Log.-Transformed aPWV

Model 1*

Model 2

Model 3 *

| CHD events (n = 1,195)
CVD events (n = 1.785)
Stroke events (n = 641)
CVD mortality (n = 395)
Allcause mortality (n = 2.041)

1.35 (1.22-1.50)
1.45 (1.30-1.61)
154 (1.34-1.78)
1.41 (1.27-1.586)
1.22 (1.16-1.27)

1.32 (1.18-1.48)
1.37 (1.23-1.52)
1.37 (1.21-1.54)
1.35 (1.20-1.53)
1.20 (1.15-1.26)

1.23 (1.11-1.35)
1.30 (1.18-1.43)
128 (1.16-1.42)
128 (1.15-1.43)
117 (1.11-1.22)

“Model 1 adjusts for sex and age group; model 2 adjusts for sex, age group, and systolic blood presswre; and model 3 additionally adjusts for other
risk factors (cholesterod, high-density lippprotein cholesterol, smoking status, presence of diabetes. and antihypertensive medication). stratified by
race in the Sutton-Tyrell stwdy (27 ). Not all studies had data on every risk factor.

aFWYV = aortic pulse wawve wvelocity; CHD = coronary heart disease: Cl = confidence interval; CVD = cardiovascular disease.

Net Reclassification Statistics Showing Percent Change in 5-Year Risk Prediction (and 5 and 10-Year Overall Reclassification)
Associated With Including log, aPWV as a Risk Factor in the Fully-Adjusted Model

Reclassification indices showed that the addition of aPWV improved risk prediction (13%

for 10O-year CVD risk for intermediate risk) for some subgroups.

J Am Coll Cardiol 2014;63:636-46



[mpact of Aortic Stiffness Attenuation on Survival of Patients in End-Stage Renal Failure
Alain P. Guerin, Jacques Blacher, Bruno Pannier, Sylvain J. Marchas, Michel E. Safar and

F . .
(érard M. London Circulation
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Circulation. 2001;103:987-992



2013 ESH/ESC Guidelines for the management
of arterial hypertension

Table 4 Factors—other than office BP—influencing @
prognosis; used for stratification of total CV riskin Figure 1 sOCierT oF

Asymptomatic organ damage

Pulse pressure (in the elderly) 260 mmHg
Electrocardiographic LVH (Sokolow—Lyon index >3.5 mV,

Total cardiovascular risk assessment

RaVL =I.1 mV; Cornell voltage duration product >244 mV*ms), or Recommendations
. . . In asympromatic subjects
Echocardiographic LVH [LVM index: men =115 g/m?; with hypertension but free
3 . of CVD, CKD, and diabertes,
women >95 gim? (BSA)] total CV risk stratification
using the SCORE model is
Carotid wall thickening (IMT >0.9 mm) or plaque recommended as a minimal

requirement.

1l — = As there is evidence that
arotid—femoral PWVY =10 m/ o heres etdenee f

sl independencly of SCORE,
Ankle-brachial index <0.9 e il L
. . considered, particularly in
CKD with eGFR 30-60 mL/min/1.73 mi (BSA) individuals at moderate risk.

Microalbuminuria (30-300 mg/24 h), or albumin—creatinine ratio
(30-300 mglg: 3.4-34 mg/mmol) (preferentially on morning spot
urine)

European Heart Journal (2013) 34, 2159-2219



N3mepeaHe Ha UHMUMa-
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ModugbuyupaHo om Damiano Baldassarre. Is carotid intima media thickness a clinical Is carotid intima media thickness a clinical marker of evaluate atherosclerotic disease
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Carotid Intima-Media Thickness and
Presence or Absence of Plaque Improves

Prediction of Coronary Heart Disease Risk 13145 nauenmu
The ARIC (Atherosclerosis Risk In Communities) Study 15 2oduHu npocr.

Journal of the American College of Cardiology

Table 2 Adjusted AUC for Different Models, With 95% Confidence Interval for
Difference in Adjusted AUC Comparing Various Models With TRF-Only Model

Model Overall Men Women
E Women
) TRF only 0.742 0674 0.759
95 /7| O Overal TRF+CIMT 0.750 (0.005100.012)  0.690(0.009100.022)  0.762 (—0.002 to 0.006)
O Men TRF +plaque 006100.013)  0.686(0.005t00.017)  0.770 (0.005 {0 0.016)
TRF+CIMT+plaque 8100.017)  0694(0.011100027)  0.770 (0.005to 0.017)
20 TRF+CIMT-+plague vs. TRF+IMT (0.001 0 0.006) (~0.001 to 0.008) (0.00310 0.012)
TRF+IMT+plaque vs. TRF +plaque (0.001 t0 0.005) (0,002 10 0.011) (~0.002 t0 0.002)

151

AUC = area under the curve: €1 = confidence interval: CIMT = carotid intima-media thickness; TRF = traditional risk factors.

10

I
; |

TRF + CIMT vs. TRF + CIMT + plaque  2.8(-12t064) 106(38t0o165) 003
TRF + plaque vs. TRF + CIMT + plaque  2.1(-111053) 7.9(261013.3) 48

261063) 51(0310132) 36(-1T7to116) 128(25t0286)
(green bars), men (yellow bars), or women (orange bars), having carotid artery plague is associated with a higher incidence of coronary heart disease. 0t010) 107431018  -0.3(-3Tt038) 25(-3510103)

CIMT<25th CIMT<Z5th CIMTZ5-75 CIMT25-75 CIMT>75 CIMT>75 LUl NRI Using Various Comparison Models in Overall Sample, Men, and Women
percentile, no percentile, yes percentile, no percentile, yes percentile,no percentile, yes
plaque plaque plague plagque plaque plague overal Men Women
Model NRI Clinical NRI NRI Clinical NRI NRI Clinical NRI
-PBll Adjusted Coronary Heart Disease Incidence Rate per TRF vs. TRF + CIMT 71(2210106) 167(9310224)  89(3410151) 158(86t0246) 61(-23t094) 159(1t0233)
igure ] L -
1,000 Person-Years Adjusted by CIMT Categories With and Without Plaque TRF vs. TRF + plaque T7023t0104) 17.7(10910247) 42(020122) 10504500205 1020.Tto154)  256(7.810375)
TRF vs. TRF + CIMT + plague 217(13410282) 89(4110174) 16.4(95127) 98(1110154)  254(9t037)

For every carotid intima-media thickness (CIMT) category (i.2., <25th percentile, 25th to 75th percentile, and >T5th percentile), for the overall group (
(

Viol. 55, No. 15, 2010



European Guidelines on cardiovascular disease @

EURDQPEAN
SOCIETY OF

prevention in clinical practice (version 2012) i

European Heart Journal (2012) 33, 1635-1701

Recommendations Class® | Level® | GRADE | Ref®

Measurement of carotid
intima-media thickness and/or
screening for atherosclerotic
plaques by carotid artery
scanning should be lla
considered for cardiovascular
risk assessment in
asymptomatic adults at
moderate risk.

130-

Strong 132




2013 ACC/AHA Guideline on the Assessment of Cardiovascular Risk

A Report of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines

 COMTis ot eommended ot ,
T N (No
measurent i chincal practi for sk et | vt B
wsesstent ora fst ASCVD et il [121618)

Foror Auai)

Journal of the American College of
Cardiology (2014), doi:
10.1016/].jacc.2013.11.005



Common Carotid Intima-Media Thickness

Measurements in Cardiovascular Risk Prediction

A Meta-analysis
45828 nayueHmu

Table 3. Summary of the Indices of Added Value in the Total USE-IMT Cohort and in the Intermediate-Risk Categories, by Sex

All Men Women
USE-IMT
NRI, % (95% Cl) 0.8 (0.1t01.6) 09(-0.2t01.9 0.8(-0.2t01.6)
101 (95% CI) 0.0024 (0.0012 to 0.0036) 0.0024 (0.0004 to 0.0041) 0.0025 (0.0009 to 0.0040)
Helative IDI, % 3.6 3.6 ar
USE-IMT, Intermediate-Risk Group (5% to <20%)
NRI, % (95% Cl) 1 10 4.6) 3.2(23104.4) 39027049
101 (95% CI) 0.0024 (0.0012 to 0.0036) 0.0019 (0.0003 to 0.0034) 0.0031 (0.0013 to 0.0048)
Relative IDI, % 3.6 2.7 4.6

Apbreviations: 101, Integrated discrimination improvement; NRI, net reclassification improvermnent; USE-IMT, USE Intima-Media Thicknass collaboration.

Conclusion The addition of common CIMT measurements to the Framingham Risk
Score was associated with small improvement in 10-vear risk prediction of first-time myo-
cardial infarction or stroke, butdts improvement is unlikely to be of clinical importance>

JAMA. 2012;308(8):796-803 WAWW.jama. com




U3amepBaHe Ha TMOMoO-6paxunaneH nHAEKC

Right arm:

Rl | ]| @)

Right ankle:

Systolic pressure

et o1 (6B v

@

B How to calculate the ankle-brachial index

Left arm:

st (2010 g

Left ankle:

Systolic pressure

i () LB mm g

peic o7 ] (6] F peis o7 Z) BB g

Right ABI equals ratio of:
Higher of the right ankle pressure (PT or DP)
Higher arm pressure (right or left arm)

D@mmHg
@@@mmHg

D3Blensy i
Pt

*The lower of these numbers is the patient's overall ankle-brachial index. Overall ankle-brachial index = O-Q #

-[dEET

Left ABI equals ratio of:
Higher of the left ankle pressure (PT or DP
Higher arm pressure (right or left arm)

CCF
Medical lllustrator: Joseph Pangrace ©2012

American Diabetes Association. Diabetes Care 2003: 26; 3333—

NN A 4



Ankle Brachial Index Combined with Framingham Risk Score to

Predict Cardiovascular Events and Mortality: A Meta-analysis

Ankle Brachial Index Collaboration

-48 294 nayueHmu 6e3 ycmaHoeeHo CC3
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Hazard ratios of total mortality in men and women by ankle brachial index at baseline for all

studies combinad in the ABI collaboration.
{Hazard rafios are not adjusted for age o1 cardiovasenlar risk factors)
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N3cnedsaHemo Ha ABI 8 donbriHeHUEe
kbm FRS peknacugpuuyupa 19 % om
MBXeme u 36 % om xeHume

JAMA. 2008 July 9: 300(2): 197-208.



European Guidelines on cardiovascular disease
prevention in clinical practice (version 2012)

Measurement of ankle—
brachial index should be
considered for cardiovascular
risk assessment in
asymptomatic adults at
moderate risk.

lla Strong

2013 ACC/AHA Guideline on the Assessment of Cardiovascular Risk

A Report of the American College of Cardiology/American Heart Association

33—
135

@

EQRQDFEARNMN
IOCIETY OF

CARDMOLOGY =

European Heart Journal (2012) 33, 1635-1701

Task Force on Practice Guidelines

3. If. after quantitative nsk assessment. a nsk-
based treatment decision 1s uncertain,
assessment of 1 or more of the following—
famuly history. hs-CRP, CAC score. or
ABI—may be considered to inform
treatment decision making.

E (Expert
Opinion)

Appendix 1

Ib{

Journal of the American College of Cardiology (2014), doi:
10.1016/j.jacc.2013.11.005



EHpoTenHa guCcMyHKUUA

Classical Risk Factors Novel/Emerging Risk Factors G|UCGSE
Driahetes mellitus Infection/Inflammation
Dryslipidemia ™

Physical inactivity

(hanced gcaton .
Smoking Post-prandial state o pmﬂﬁgls eNOS inactvation
Hypertension \. / Homocysteme
Aging Ohbesity

) ) e S S

Intrinsic susceptibility — Genetic and environmental factors

Agymmetric
dmethlarging
Endothelial Dysfunction

e~ ' ' i

Reactve Orygen
S[ECIES
[mpaired vasomotion'tone Profhrombotic state  Pro-Inflammatory State  Proliferation in arterial wall

- Reduction of Glycosylated
™~ * 4 @” F— Rasaincoig] gt

Atherosclerotic Lesion Foarmation and Progression

Plaque ActivationRupture -
Decreased Blood Flow due to Thrombosis and Vasospasm
X Endotell dysfncton
Cardiovascular Disease Events y

J Am Coll Cardiol 2003;42:1149-60 Nature Reviews Nephrology 7, 36-44 (January 2011)



MamepBaHe Ha eHOoTenHarta PyHKUNA

Prior to Vasoactive Stimulus Post to Vasoactive Stimulus

Invasive Angiography

&ﬁamar

T e -G

ph 6l
2001 1 O
=

Ryt ST

MRI Coronary Angiography

Kopenauus mexgy nHBasmBHa oueHKa Ha Endo-PAT2000
eHpoTenHa pyHkumsa n MRI

JACC April 1, 2014

[MoTok-MegumnpaHa [MepundepHa apTepuanHa
BasoaunaTtauuns Ha bpaxuarnHa TOHOMETPUS
a pTe p nN4d Shear stress

Acetyicholine Bradykinin
Ca®

reactive hyperemia

Circulation. 2005;111:363-368



3aktoyeHumne

HeunHBasuBHUTE MeTOOM 3a u3cneaBaHe Ha nepudepHuTe
aTepuanHute CcbaoBe nMnomarat ga ce OUeHAT OuonornyHurte
NPOMEHN B CBLOOBETE W Ca MapKepu 3a CYyOKNMMHMYHA oOpraHHa

yBpeaa

[MpunoxeHneto MM € 0cobeHHO Mone3Ho npu MnauneHTU C
NHTEPMEONEPEH PUCK 38 CbPAEYHO-CbA0BU YCNOXHEHUS

[TloBnweHa cbooBa PUTMOHOCT, UEHTpariHO aopTHO W MyrncoBO
HandgraHe, WML, ABI, CAC, wn eHpgotenHa anmcdyHKumMa ca
npeagukTopu 3a HebrnaronpuaTHa NPorHosa

[Nann HamanaBaHeTo Ha cbaoBaTa purgHocTt, ML, nogobpsiBaHe
Ha eHOoTenHata yHKUMA LWe nogodpu nporHosaTta Ha naymeHTuTe
BCe oOLle npeacton aa 6bae nscneagBaHo
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