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2007 ESH/ESC Hypertension Guidelines for the
Management of Arterial Hypertension

Factors that influence the prognosis

Sub-clinical organ damage
* Electro-cardiographic evidence of IVS (Sokolow-Lyon > 38 mm; Cornell
> 2440 mm*ms) or:

« Electro-cardiographic evidence of IVS (IMVS M = 125g/m?, F 2 110
g/m?)

*Thickening of the carotid part (IMT > 0,9 mm) or
Atheromatous plaques

» Carotid/femoral pulse wave velocity > 12 m/s

* Pressure index lower limbs/upper limbs < 0,9
« Slight increases in plasmatic creatinine:

M: 115-133 pmol/l (1,3-1,5 mg/dl)

F: 107-124 pmol/l (1,2-1,4 mg/dI)
 Reduction in glomerular filtrate (<60 ml/min/1,73 m?) or creatinine
clearance (< 60 ml/min)
» Microalbuminuria 30-300 mg/24h or albumin/creatinine ratio: = 22 (M) or
= 31 (F) mg/g of creatinine

J Hypertens 2007;25:1105-1187



Intima plus media thickness of the arterial wall

Vein wall
Near wall

Pignoli P et al, Circulation 1986; 74: 1399-406.



Prediman K. Shah, MD

at the 2005 American Heart Association
Meeting
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Circulation.2007:115:459-467
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Effect of aggressive versus conventional lipid lowering on atherosclerosis

progression in familial hypercholesterolaemia (ASAP): a prospective, randomised,
double-blind trial
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METEOR TR

With Adverse Events
in Safety Population

|
Type of Rosuvastatin Placebo

——— Placebo Adverse Event (n=700) (n=281

Rosuvastatin Any event 583 (83.3) 226804
Myalgia g9 (12.7) 340121
Arthralgia /M(101)  20(7.1)
Back pain 59 B8.4) 29 (10.
Muscle spasms 26 (3.7) 8 (2.8)
Diarrhea 24 (3.4) 11 (3.9)
Tendinitis 23 (3.3 6(2.1)
Pain in extremity 20 (2.9 6(2.1)
Creatine 18 (2.6) 2(0.7)
phosphokinase
increased*®
Hematuria® 16 (2.3) 8 (2.8)
Nauzea 16 (2.3) 7(2.5)
Constipation 16 (2.3) 12 (4.3)
Shoulder pain 14 (2.0) 8 (2.8)
Neck pain 11 (1.6) 3(1.1)
Hepatic enzyme 11 (1.6) 2(0.7)
increased”®
Arthiritis 11 (1.6) 2(0.7)
Alanine 10 (1.4)
] '2 - . aminotransferase
increased®
Time, mo Musculoskeletal 8 (1.1)
stiffness
Agpartate 7(1.0)
aminotransferase
increased*®

JAMA, March 28, 2007—Wol 297, N. 12  Jyesaty 509

Muscular weakness 5(0.7)
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Methodology
Carotid Intima-Media thickness (cIMT) measurements

« Measurements were made at a predefined angle of
Insonation

« Only the far-walls of all segments were imaged

* Images were stored in DICOM for offline image analyses

de Groot E, et al. Circulation. (2004) 109[Suppl I1]:111-33-111-38.



Methods of measuring IMT

CAROTIDE _ | caroTiDE
ESTERNA Y INTERNA 1. T max: overall single maximum

IMT

CBM max: mean of the
maximum IMT of the 4 far walls
of the carotid bifurcations and
distal common carotid arteries

M max: mean maximum
thickness of up to 12 different
sites (right and left, near and far
walls, distal common, bifurcatian
and proximal internal carotid)

CAROTIDE
COMUNE

Parete vicina Parete lontana
1. Periavventizia — Avventizia 4, Periavventizia — Avventizia
2. Avventizia — Media 5. Avventizia — Media

3. Intima - Lume 6. Intima - Lume
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“...studies clearly demonstrate that PWV and the augmentation index are

associated with the structural changes of atherosclerosis”
Davies, J.l., J Hypertens 21:463-472; 2003

* Pulse Wave Velocity ( PWV )
« Complior ( Carotid-Femoral PWV )
» SphygmoCor ( Applanation Tonometry)
» Tensiomed Arteriograph

« Augmentation Index ( Aix)
» SphygmoCor ( Applanation Tonometry)
» Tensiomed Arteriograph

 Central Blood pressure ( SBP, PP)

» SphygmoCor ( Applanation Tonometry)
» Tensiomed Arteriograph




Pulse Wave
Velocity
(PWV)



Aortic PWV
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Augmentation
Index
( AIX)



THE AUGMENTATION INDEX (Aix)

E’DEFINITO COME LA DIFFERENZA TRA IL SECONDO (ONDA RIFLESSA)
ED IL PRIMO PICCO (ONDA INCIDENTE) ED ESPRESSO COME
PERCENTUALE DELLA PRESSIONE DIFFERENZIALE.

Augmentation index (Aix %) = (P2 - P1/PP) x 100

MORFOLOGIA DELL'ONDA DI POLSO

Alx=(A P/PP)x100

PRESSIONE
(mmHg)

To T T= Incisura
+-— ED —»

Tempo (msec)




Central pulse pressure

Safar (2002;Fr) All cause
mortality

Williams (2006;UK) CV events

Carotid augmentation index

London (2001;Fr)  All cause and

CV mortal
Weber Severe CV
(2005;Austria) events
Chirinos CV events

(2005;USA)

Williams (2005;UK) CV events

PCI: percutaneous coronary intervention

4,3

3,4

4,3

3,2

3,4

ESRD (180)

HT, ASCOT study
(2073)

ESRD (180)

Undergoing PCI (262)

Undergoing PCI (297)

HT, ASCOT study
(2073)
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Aortic PWV — YES
Blacher (1999;Fr) CV mortality 6,0 ESRD (241)
Laurent (2001;Fr) CV mortality 9,3 Hypertension (1980)

Meaume (2001;Fr) CV mortality 2,5 Elderly (>70) (141)

Shoji (2001;Jp) CV mortality 5,2 ESRD (265)

Boutouyrie (2002;Fr) CHD events 5,7 Hypertension (1045)
Cruickshank (2002;GB) All cause M. 10,7 Diabetes and MS (571)
Laurent (2003;Fr) Fatal strokes 7,9 Hypertension (1715)

Sutton-Tyrrell (2005;USA) CV events 4,6 Elderly (2488)




Arterial Stiffness

PULSE WAVE VELOCITY (PWV)
AUGMENTATION INDEX (Aix)

AiX PWV
Ottimale <-30% <7m/s
Normale da-30% a<-10% da7m/sa<9.7m/s

Aumentato da-10% a<10% da9.7m/s a<12m/s

Anormale > 10% >12m/s



PULSE WAVE VELOCITY
The Complior® device
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PULSE WAVE VELOCITY
Augmentation Index ( Aix)

Clical Detaled |

PATIENT DATA B.A 22 16Jan 1982, MALE

10Jun2004  1:04:46 PM Height (BMI) 188cm, 83kg (23.48 ka/n?)

PMINININININ IS IS IS
IAYAYAYAIAYAVAVAVAYAVATAYI I

QUALITY CONTROL

Tonometro

RADIAL

Arteria

800 1,000

Peripheral T1, T2, 41z 96ms, 192ms, 61% A P)@HR7S 14%
CENTRAL HAEMODYNAMIC PARAMETERS

Heart Rate, Period 83 bpm, 727 ms ~ P1Height(P1-Dp) 23 mmHg B 148% (3351/2264)
Duration 273 ms, 38% n 3mmHg M 100, 90 mmHg
cT1,T2,Tr 105,199, 142 ms Alx(AG/PP,P2/P1)  10%, 111%  End essue 101 mmHg




Subject 30y old

Sys: 109 mmHy

Aix brachial: : : : ao: A.66m's SBPao: 9716 mmHg
Aix aortic:
* T
nED

A00 mcfom

Aix brachial: A/728% optimal PWWao: 5.66mis optimal




Subject 60 year old

94 mmHg

Al brachial: : . 3 ik PV ao : 9.00mis

Alx aortic:

400 rnz

Aix brachial: 23.78%  abnormal PO Vao: 9.00mis normal



Subject 90y old

Sys 166 mmHg Dia: 23 mmHg HR: 68 /min MAP: 111 mmHg PP: E£2 mmHg

Aix brachial: 40580 % : PW\Wao: 15.67 mis SBPao: 174.30 mmHy
Aix aortic: 39.97 % : SD bt 1.32M0S

/
,

* FT 335
n ED

Sa8l: 5777 % DAL

i

R\\J

400 mefom

(\\\ Kby
R

Aix brachial: 40.50%  abnormal PWvao: 1567 m/'s abnormal
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0 Doppler ultrasound
amplifies the sound

of arterial blood flow -

© Pressure recorded
in the brachial artery
of the arm |

/7~

‘ - o Pressure recorded
Brachial £ Al in arteries of the ankle
artery .../| aftereach arterial flow
is located




MISURAZIONE DELL’ANKLE-BRACHIAL INDEX

Higher right-ankle pressure AReRreteion ot AP
Right ABI S B arh oreasUre > 1.30 Noncompressible
0.91-1.30 Normal

Higher left-ankle pressure Gid1-0:00 h:ft:::l ':;g:;:te prpheral

Left ABI 5 2
Higher arm pressure 0.00-0.40 Sdei::;z;wrlphera! arterial

Right-arm ‘ A Left-arm
systolic pressure / systolic pressure

Right-ankle ¥ Left-ankle
systolic pressure P 3 PT systolic pressure




