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* Kompliyans: Birim basin¢ degisimine karsin
hacimde meydana gelen degisim (cm/mmHg
veya cm?/mmHg)

* Distensibility: Esneyebilme. Kompliyans ile
aynit manada kullaniliyor

» Katilik (Sertlik): Elastik bir maddenin kendisine

uygulanan  saptirma glcune karsi  olan
direnci. Fizyolojik olarak kompliyansin tersi



Elastik Kati



Compliant arteries

Diastole Arterial blood continues to flow fh'rough

Sy.s’role Arterial blood flows through the
_ the capillaries throughout diastole.

~capillaries throughout systole.

Capillaries Cdpillories

Normal calisan kalp sistolde kani pompalar. Bu sirada aort esnek
oldugu icin genisler ve enerjiyi depolar. Depolanan bu ener;ji
diyastol sirasinda kanin perifere gitmesi icin kullanilir ve boylece

kan akimi stirekli olur.



* Sistolik Ejeksiyon ile birlikte 2 olay meydana
gelir:

Kan ileri dogru atilir (20cm/sn)

Basinc dalgasi olusur (5m/sn)




Arteryal Sertlik ve Nabiz Dalga Hizi

 Olusan basin¢ dalgasi arter yal agacin dallanma

noktalarinda yansimalara ugrar.

 Basin¢ dalgasindaki bu yansimalarda da arteryal

sertlikten etkilenir



Yansiyan dalga ilk dalganin tGstune
biner
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Sistolik basin¢ ve nabiz basinci artar
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Arteryal Sertlik Artarsa

Yansiyan basin¢ dalgasi daha hizli hareket ederek daha erken

doner. Bunun sonucunda:

» Santral sistolik kan basinci artarken diastolik basing diser ve

santral nabiz basinci artar.
»Sol ventrikul kitlesi ve yiku artar. Boylece kalbin is yuki artar.

» Diyastol sirasinda koroner perflizyon diser.



Dalga Yansimasi

EIaSt|k Sert
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Arterial stiffness in dialysis patients: where are we now?
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Renal failure

Arten'ﬁlerosis

Atherosclerosis

Cerebrovascular disease

Reduced arterial elasticity
or compliance

Systolic BP 4

Arteries becomes tfortuous and dilated.
Loss of elastic lamellae

Disorganized thickening of the media
Glycesaminoglycan deposition,
Fibrosis

Calcification l

Medial necrosis and aneurysm formation
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Nabiz Dalga Hizini Etkileyen Faktorler

Arterin Kendine Ait Ozellikleri ve Yapisal Degisiklikler

» Arterin yapisi, elastin/kollojen orani ve elastikiyeti.

- Elastin orani arttikca esneklik artar ve nabiz dalga hizi diser, kollojen orani

arttikca esneklik azalir nabiz dalga hizi yikselir.

- Glikozaminoglikanlarin depolanmasi ve glikasyon son Urunlerinin damar

duvarinda artisi, damar yapisini bozarak nabiz dalga hizini artirir.

» Bramwell and Hill denklemi : dV/ dP (arter ne kadar elastik ise nabiz dalga hizi

o kadar yavas olur)

» Young (Elastisite moduli): Arter ne kadar sert ise degeri artar ve nabiz dalga

hizi o kadar buydr.



Nabiz Dalga Hizini Etkileyen Faktorler

Arter duvarindaki gerilim, arter capi ve arter duvarinin

kalinligi ile dogru orantilidir (Laplace Kanunu):

Arter ne kadar genisleyebilirse (ne kadar esnek ise)
teorik olarak onu eski haline getirmeye yarayan kuvvet

(gerilim kuvveti) o kadar yiiksek olmalidir.



Nabiz Dalga Hizini Etkileyen Faktorler

e Kolesterol

* Kan sekeri
*Yag * Sigara

eKan basinci * Cinsiyet
e Ateroskleroz ve Arterioskleroz

e Genetik Faktorler
 Inflamasyon




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

Stephane Laurent™, John Cockcroftz, Luc Van Bortel3, 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

Table 6 Clinical conditions associated with increased arterial stiffness and/or wave reflections

Ageing CV risk factors CV diseases
Other physiological conditions Obesity Coronary heart disease
Low birth weight Smoking Congestive heart failure
Menopausal status Hypertension Fatal stroke
Lack of physical activity Hypercholesterolaemia Primarily non-CV diseases
Genetic background Impaired glucose tolerance ESRD
Parental history of hypertension Metabolic syndrome Moderate chronic kidney disease
Parental history of diabetes Type 1 diabetes Rheumatoid arthritis
Parental history of myocardial infarction Type 2 diabetes Systemic vasculitis
Genetic polymorphisms Hyperhomocyteinaemia Systemic lupus erythematosus

High CRP level




Arteryal Sertlik Nasil Olculur?

Arteryal katiligi 6lcerken bircok parametre géz 6nine alinmali:
A- Ol¢iim Yeri:
Aortik NDH (Aortik NDH’ni 6lgmek icin karotis-femoral NDH
transfer fonksiyonu kullaniliyor)

(Brakial NDH)

(Radyal NDH) Lokal yontemin avantaji direkt olarak olciim aletinin
Olcim yapacak damarin Ustine koyulabilmesidir. Dezavantaji santral

hemodinamikleri anlamak icin transfer fonksiyonuna daha fazla ihtiyac var.



Arteryal Sertlik Nasil Olculur?

B- Olciim Yontemi:
> Hiz

» Basing

» Sekil degisikligi



Arteryal Sertlik Olculur?

C- Olclilen Parametre:

» Nabiz Dalga Hizi

> Arttirma indeksi (Augmentaston index)
» Arteryal Kompliyans

> Ambulatuar Arteryal Sertlik indeksi

» X ray Kalsifikasyon Skorlamasi
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 Buyontemlericinde altin standart olan yontem:

Aortik Nabiz Dalga Hizi Olcimuduir




« Aort Nabiz Dalga Hizi Olcim:

» Klinikte en sik kullanilan
» Kolay

» Tekrarlanabilir

» Glvenilir

» En iyi prognostik

 Metottur >




Stiffness of Capacitive and Conduit Arteries
Prognostic Significance for End-Stage Renal Disease Patients

Bruno Pannier, Alain P. Goérin, Sylvain I. Marchaix, Michel E. Safar, Gérard M. London
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Figure 2. Probability of cardicvascular
survival of ESRD patients according to
the lavels of aortic. brachial, and femoral
PWVs.



Stiffness of Capacitive and Conduit Arteries
Prognostic Significance for End-Stage Renal Disease Patients

Bruno Pannier, Alain P. Goérin, Sylvain I. Marchaix, Michel E. Safar, Gérard M. London
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Figure 3. Recsaiver operating charactenstucs curves for pulse
prassure. aortic PWV. brachial PWV., and femcral PWV in ESRD
patiants.



Impact of Aortic Stiffness Attenuation on Survival of
Patients in End-Stage Renal Failure

Alain P. Guerin, MD; Jacques Blacher, MD, PhD; Bruno Pannier, MD; Sylvain J. Marchais, MD;
Michel E. Safar, MD; Gerard M. London, MD
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Impact of Aortic Stiffness on Survival in
End-Stage Renal Disease

Jacques Blacher, MD; Alain P. Guerin, MD; Bruno Pannier, MD; Sylvain J. Marchais, MD;
Michel E. Safar, MD; Gérard M. London, MD
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Ten-year cardiovascular disease risk (ratio)

Aortic Pulse Wave Velocity as a Marker of Cardiovascular
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Nabiz Dalga Hizi Olcimu

Aplanasyon Tonometrisi (Sphygmo Cor, Comlior)
Pletismografi
Infrared Sensorler (Pulsemetrik)

Osilometrik Yontemler (Arteriograph, Mobil-o-
Graph

Doppler USG, MR (genisleme, sekil degisikligini
Olcer)



A ad B

PWV = Distance (D) / Time delay (AT) m/sec

Usually measured over 10 heart beats.






NABIZ DALGA HIZI ANALIZI

— Applanation tonometry

— Infra-red sensor — digit volume pulse




Aplanasyon Tonometrisi

« Perifer arterdeki basin¢ dalgalarinin transfer
fonksiyonu kullanilarak santral basing ve santral
basin¢ dalgalari hakkinda bilgi saglanmasidir.

« Periferik arterdeki basin¢c dalgalari bu arterlerin
ustiine konulan sensorler sayesinde algilanir.

 Bu algillanan basinc dalgalari otomatik olarak
(software) oOlculmesi istenen parametreleri (NDH,
AiX) Olcer.



Transfer Fonksiyonu

Arteryal agac boyunca damarlar histolojik, hicresel ve
molekuler olarak degisiklik godsterir.Bu durum nabiz
dalga hizlarinin degisik arter bolimlerinde farkl
olmasina neden olur.

Ornegin NDH cikan aortada 4-5m/s, abdominal
aortada 5—6m/s ve iliak ve femoral arterlerde 8-9m/s
civarindadir.

Bu nedenle perifer damarlardan o6lcilen NDH santral
NDH’ni 6ngdrebilmesi icin bu fizyolojik faktorler goz
onune alinmalidir.

Transfer fonksiyonu bu fizyolojik prensibin software
tarafindan kabaca hesaplanmasi yoluyla sonuclarin
dizenlenmesi islemidir.



PulseMetric

Brachial Artery Distensibility, SVR, CO, LV dP/dt

Uses Oscillometric BP cuff



Sphygmo Cor aleti




Sphygmocor

Clrical Detaled

PATIENT DATA  B,A

Patient 10
Patient Code

10 Jun 2004

STUDY DATA
Medication
Notes

(perator

hge,Sex 22 16 Jan 1962, MALE
Address

1:04:46PH  Height Weich! (BMI)  188cm, 83kg (23.48 ko/m)

QUALIT

Y CONTROL

1 7

RADIAL

fmmHg)

1,000

600 800

Peripheral T1,T2,41s 96ms, 192ms, 61%

Heart Rate, Period 83 bpm, 727 ms
Ejection Duration 273 ms, 38%

CENTRAL HAEMODYNAMIC PARAMETERS

0 20 400 600 800

1,000

Bottc Alx (AG/PP) BHRTS 14%

Aottic 71,72, Tr

105,199, 142 ms  Alx (AG/PP, P2/P1)

P1Height (P1-Dp] 23 mmHg  Buckberg SEVR [Ad/As) 148% (3351/2264)
Augrentation ImmHg  MP. (Systole, Diastole) 100, 90 mmHg
10%,111%  End Systolic Presswe 101 mmHg

Pulse Wave Velocity & Augmentation Index

Uses Arterial tonometer (radial)



PulseTrace PCA

Pulse Contour Analysis for
the rapid assessment of
arterial stiffness and
endothelial function
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PulseTrace PCA
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PULSE WAVE VELOCITY

The Complior® device




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

Stephane Laurent™™,
Daniel Hayoz>, Bruno Pannier®,

John Cockcroft?, Luc Van Bortel?®, Pierre Boutouyrie?,
Charalambos Vlachopoulos7,

lan Wilkinson®,

Cristina Giannattasio™®,
and

Harry Struiiker-Boudier® on behalf of the European Network for Non-invasive Investigation of

Large Arteries

Measurement site First author (year, country)  Events Follow-up (years)  Type of patient (number)
Aortic PWV 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 mortality 10.7 IGT (571)
Laurent (2003, Fr) Fatal strokes 1.9 Hypertension (1713)
Sutton-Tyrrell (2003, USA) CV mortality and events 4.6 Elderly (2488)
Shokawa (2003, Jp) CV mortality 10 General population (492)
Willum-Hansen (2006, Dk) CV mortality 9.4 General population (1678)
Mattace-Raso (2006, Meth.,)  CVmt, CHD 4.1 Elderly (2835)
Ascending aorta (invasive)  Stefanadis (2000, Gr) Recurrent acute CHD 3 Acute CHD (54)
Carotid distensibility Blacher (1998, Fr) All cause mortality L1 ESRD (79)
Barenbrack (2001, Ge) CY events 1.9 ESRD (68)



Pulse Wave Velocity Is an Independent Predictor of the
Longitudinal Increase in Systolic Blood Pressure and of Incident

Hypertension in the Baltimore Longitudinal Study of Aging

Samer S. Najjar, MD*, Angelo Scuteri, MDPhD*rT, Veena Shetty, MPH*, Jeanette § Wright,
BAi, Denis C. Muller, MS+, Jerome L. Fleqg, MD*FACC§, Harold P. Spurgeon, PhD , Luigi
Ferrucci, MDPhDi, and Edward G. Lakatta, MD
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Aortic Pulse Wave Velocity Is Associated With
Measures of Subclinical Target Organ Damage

Thais Coutinho, MD,* Stephen T. Turner, MD,*} Iftikhar J. Kullo, MD*}

Rochester, Ninnesora
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Flgure 1. Correlations of aPWV With Coronary, Lower Extremity, Cerebral, and Renal Arteriosclerosis

Scatterplet depicting the unadjusted correlations of aortic pulse wave velocity (aPWV) with log (CAC + 1), ASI, log (WMH), and lcg
[UACH + 1. ABl = ankle-brachia! index; CAC = ccronary artery calcification; UACRH = uring albumin/creatinine ratio; WNH = brain white

matter hyperintensity volume.




Gender-specific brachial artery blood pressure-independent
relationship between pulse wave velocity and left ventricular
mass index in a group of African ancestry

Elena Libhaber®®, Angela J. Woodiwiss?, Carlos Libhaber®, Muzi Maseko?,
Olebogeng H.l. Majane®, Siyanda Makaula®, Patrick Dessein®,
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Relationship between wave reflection and renal
damage 1 hypertensive patients: a retrospective
analysis
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Creatinine clearance, pulse wave velocity, carotid compliance
and essential hypertension
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Increased Aortic Pulse Wave Velocity Is Associated With
Silent Cerebral Small-Vessel Disease in
Hypertensive Patients
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Figure 2. Piat lllustrating the relationship batwean aortc PWY and
Flgura 1. Plot illustrating the ralationship betwean aortic PWY WRHY for paricpants yvoungar (n=83) and for participants older

and WMHV for the total study population (n=1&7). The data in=~84} than the madian aga of 52.7 years. Tha data pants illustrate
points llustrate tha pradicted WWMHY vs the aortic PAWY, the pradeted WKV v the aortic PWY, adjusted for aga, sex, and

adjusted for age, sex, and BVY. The P value indicates the signifi= BV, and for younger and older participants saparataly. P valuas indi-
cance leval for the comesponding linear ragression analysis cate the aignificance levels for the comesponding linear regrassion

(using log-transfarmed WMHV). Abbreviations as in Tables. analyzas (using log-transformed WMHV). Abbreviations as in Tablas.



Tedavi

e Arteryal Sertlikte Kullanilan Tedaviler
e ADEIi, ARBs
e Nitratlar
e Diuretikler
e Statinler
e Aspirin
e Beta Blokerler

e Kalsiyum Kanal Blokerleri



e Umut Vadeden Tedaviler:

e Endopeptidazinhibitorleri (Omiprilait)

e Fosfodiesteraz inhibitorleri (Sildenafil )

e Glikolizasyon son Urlin capraz baglarini koparan ilaclar.



Sonuc

* Santral hemodinamik parametreler, mortalite ve

kardiyovaskuler prognozu etkiler

e Damar  katiigi  arttikca hemodinamik
parametreler degisir, sistolik kan basinci, nabiz

basinci ve nabiz dalga hizi artar.

* Bu sistol sirasinda kalbin is yukdnu artirirken

diyastol sirasinda kalbin beslenmesini bozar



Sonuc

NDH bircok yontemle, bircok alet kullanarak ve bircok
yerden Olculebilir. Ama altin standart yontem Aortik NDH’ni

olcmektir.
Artmis NDH bircok istenmeyen klinik durumla birliktedir.

NDH Kan basincindan bagimsiz olarak azaltilmasinin
morbidite ve mortaliteyi azaltip azaltmayacagini gosteren

calismalara ihtiyac vardir.



Tesekkurler...



