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Pulse wave velocity (PWV) : Gold standard of arterial stiffness

PWV is mainly determined by

the elastic and geometric properties 
of the arterial wall



5

PWV ＝
Distance between 2 points

ΔT between 2 points
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PWV： Pulse Wave Velocity

PWV is mainly determined by

the elastic and geometric properties 
of the arterial wall

Distance

PWV to assess arterial stiffness is good indicator of cardiovascular risk.
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PWV measurement

(1)Carotid to Femoral PWV

(cfPWV)
(2) Brachial to Ankle PWV

(baPWV)

Carotid Sensor

Femoral Sensor



용어: Central BP vs. peripheral BP
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Terms

(1) SBP: Systolic BP

(2) bSBP: Brachial SBP

(3) aSBP: Invasively-measured
aortic SBP 

(4) cSBP: Aortic SBP estimated by 
SphygmoCor or HEM-9000AI
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Pulse analysis was practiced in Chinese 

medicine thousands of years ago.
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Brachial BP

bSBP

bSBP2

Aortic BP

aSBP

GTF

Aortic BP

cSBP

Terms

(measured)

(measured)

(estimated)

Pulse Wave Analysis

용어: Central BP

GTF: Generalized transfer function



Comparision : HEM9000AI vs SphygmoCor

HEM-9000AI

OMRON HEALTHCARE

[Japan]

SphygmoCor

AtCor MEDICAL

[Australia]

Feature ・AI calculation from radial 

artery wave in the wrist

・40ch-Dense sensor

・Automatic selection of 

appropriate pressure

・Built-in brachial BP monitor

・Estimated central BP 

measurement function

・AI calculation from radial 

artery wave in the wrist

・1ch-sensor pressed by 

hand

・Estimated central BP 

measurement  function

Easy of use ・Simple procedure :

Set on the wrist and Slide

・One small sensor :

Difficult to position on the artery

Stability ・Stable measurement in normal rest 

position with  High reproducibility

・Hand operation requires experience 

and skill for stable measurement

Approve ・ USA   FDA Approve 

・ Korea FDA Approve 

・ USA   FDA Approve

・ Korea FDA Approve 



Brachial BP 와 central BP 차이가 있는지?

동일한 말초 혈압 150/80 mmHg 이지만 central BP는 서로 다름

JE Sharman. J Hum Hypertens 2008;22(12): 838–844



Figure 1. Change in contours in pressure wave (top) and flow wave (bottom) between the asc

ending aorta and the saphenous artery (reprinted from Reference 3).

Agabiti-Rosei E et al. Hypertension 2007;50:154-160
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Aorta Peripheral
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Artery

Invasive            Cuff

cSBP < bSBP

cSBP ≦bSBP

cSBP ≦bSBP

cSBP > bSBP

The relation between aortic SBP and brachial 

SBP in young or old patients.
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11 mmHg
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11 mmHg
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Significant and highly variable difference
between aortic and brachial systolic pressure at all 

ages

Published online: Eur Heart J. 2014;doi:10.1093/eurheartj/eht565.

Difference between brachial and aortic systolic blood pressure (SphygmoCor) in healthy men (dark blue bars;
n=2779) and women (light blue bars; n=2869). The data represent means plus standard deviation.



AIR

BLOOD

#3 Systemic vascular 

resistance (resistance 

arterioles)

#2 Stiffness of 

aorta (“windkessel”)

heart

veins

arteries

#1 SV

#4 Wave 

reflection–

timing and 

amount
Muscular arteries

Central BP

What creates 

central BP?



Kozo Hirata, MD; Masanobu Kawakami, MD; Michael F O’Rourke, MD, DSc*Circ J 2006; 70: 1231–1239

Augmentation 

Index (AIx) = 

Augmentation 

Pressure / 

Pulse Pressure

If reflected wave travels fast and arrives during systole it creates 

“augmentation pressure”, extra pressure work for the heart during systole.



A high augmentation 

index is a deadly 

backdraft of pressure 

which exhausts the 

heart over time.



WW Nichols Curr Opin Cardiol 

2002, 17:543–551

As healthy individuals 

age, reflected wave 

arrives at ascending 

aorta earlier and 

increases augmentation 

index and central pulse 

pressure. Three 

members of same 

family.
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저널 요약과 목적

To our knowledge, no prior community-based study has simultaneously compared the 

utility of PWV, central pulse pressure, and augmentation index for predicting

cardiovascular risk. 

As a result, the relative contributions of these differing pulsatile hemodynamic 

measures to risk stratification in the community remain incompletely understood.
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