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arge arteries play an important role in converting flow oscillations—resulting from intermittent ventricular ejection—
into continuous blood flow, along the arterial tree. These arteries
can accommodate ≈50% of the stroke volume by distending
their walls, with ≈10% of the energy produced by the heart
being diverted to this distension and stored in the walls,1 and
this ability is the result of a high elastin content in their arterial
wall. However, the composition of the arterial wall changes from
central to peripheral arteries, with a dominant collagen content
in the peripheral arteries. Arteries become stiffer with increasing age and in different diseases (hypertension, chronic kidney
disease [CKD], diabetes mellitus, or atherosclerosis), but this
increase is more important in larger arteries than in the peripheral ones. In the peripheral arteries, there is even described a
decrease in the stiffness of arterial wall, interpreted as an adaptation to an increased central aortic stiffness.2 This reversal of
the normal arterial stiffness gradient, named stiffness mismatch,
enhance the transmission of pulsatile energy into the periphery
and microcirculation and, theoretically, increase the risk for
damage to microvascular beds in highly perfused organs.
The carotid-femoral pulse wave velocity (cf-PWV) is used at
this moment as the “gold standard” for measuring aortic stiffness3 and has the most evidence linking it to cardiovascular outcomes. Its ability to independently predict cardiovascular events
was ascertained by the newest European Society of Cardiology/
European Society of Hypertension Guidelines, which recommend its use as a potential additional measurement, if available
and technically possible, for the assessment of asymptomatic organ damage4 in hypertensive patients. However, being
based only on observational studies, this recommendation is
not shared by all investigators.4 A recent meta-analysis that
included 17 635 patients from 16 studies, showed that cf-PWV
may enable a superior identification of high-risk populations
that could benefit from more aggressive cardiovascular disease risk factor management.5 Importantly, its predictive power
was stronger in younger patients and was not modified by the
presence of hypertension, diabetes mellitus, or CKD, by sex or
smoking status. In non-CKD patients arterial stiffness is linked
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to a greater extent with arterial wall thickening than with modifications of the intrinsic elastic properties of the arterial wall. In
CKD patients, the latter seems predominant during the arterial
modeling process, secondary to fibroelastic intimal thickening,
calcification of elastic lamellae, increased extracellular matrix,
and more collagen content.1 These are most probably associated with the uremic milieu that predisposes the vascular bed to
more significant injuries. CKD patients have an increased risk
of cardiovascular mortality and morbidity as compared with the
general population, and the increased arterial stiffness is one
of the most important contributors to these undesirable events.
There is data now showing that the aortic stiffness (as measured
by the cf-PWV) is a strong and independent predictor for cardiovascular mortality in end-stage renal disease, in contrast to a
lack of prediction for measures derived from peripheral muscular arteries (carotid-radial pulse wave velocity).6
In this issue of the Journal, Fortier et al7 make use for the
first time of the stiffness mismatch phenomenon as a prognostic
marker of arterial stiffness. On the basis of their previous work,8
they hypothesized that the ratio of cf and carotid-radial pulse
wave velocity (the PWV ratio) could be a better prognostic predictor of mortality than cf-PWV. The fact that the PWV ratio is
independently associated with the outcome is not surprising. Of
interest is that this parameter proves to be a more powerful indicator of mortality that the cf-PWV, the current “gold standard”
for risk assessment associated with arterial stiffness.
All new biomarkers should be properly validated in different prognostic models. Taken alone, these potential biomarkers could improve the accuracy of the diagnostic, but when
entered into already established risk prediction models (such
as Framingham), they frequently fail to show a significant
benefit. In the current report, the authors show in a high-risk
population that the discriminative power of the PWV ratio for
mortality is better than that cf-PWV.7 But is this information
adding more value above and beyond that of traditional risk
factors or it reclassifies more exactly the patients at risk? Are
these results similarly reliable to PWV measurements and
generalizable to other, lower-risk populations? Is the amelioration of this parameter associated with a reduced incidence of
adverse events? Currently, the cf-PWV was shown to possess
the ability to answer positively to all these questions, and for
the new PWV ratio to be implemented into clinical practice
it should be tested against this established risk factor in more
complex risk prediction models.
The study by Fortier et al7 included 310 end-stage renal disease patients that were followed for a median of 29 months.
Although the authors adjust for important confounders in their
analysis—such as age, sex, diabetes mellitus, cardiovascular
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comorbidities, dialysis modality, or different biochemical
parameters, other specific characteristics of end-stage renal disease should have been taken into consideration. Overhydration
is intimately linked with arterial stiffness in end-stage renal
disease.9 In addition, a recent study showed that only patients
randomized to a strict volume control using bioimpedance had
a significant reduction in the cf-PWV values,10 reinforcing the
causal relationship between these 2 parameters. As mentioned
in the article, other important limitations are the lack of serial
PWV measurements and that of a cardiovascular outcome, as
these might have improved our understanding of the physiopathological aspects of the arterial remodeling process.
In conclusion, Fortier et al7 propose for the first time a new
parameter for estimating arterial stiffness’ risk. There is a great
heterogeneity in the biomechanical properties of large arteries and this study highlights the importance of the interaction
between elastic and muscular arteries opening a new area for
future research in the field of cardiovascular risk assessment.

3.

4.

5.

6.

7.

8.

Disclosures
None.

References
1. Guérin AP, Pannier B, Métivier F, Marchais SJ, London GM. Assessment
and significance of arterial stiffness in patients with chronic kidney disease. Curr Opin Nephrol Hypertens. 2008;17:635–641.
2. van der Heijden-Spek JJ, Staessen JA, Fagard RH, Hoeks AP, Boudier
HA, van Bortel LM. Effect of age on brachial artery wall properties differs

9.

10.

from the aorta and is gender dependent: a population study. Hypertension.
2000;35:637–642.
Laurent S, Cockcroft J, Van Bortel L, Boutouyrie P, Giannattasio C,
Hayoz D, Pannier B, Vlachopoulos C, Wilkinson I, Struijker-Boudier
H; European Network for Non-invasive Investigation of Large Arteries.
Expert consensus document on arterial stiffness: methodological issues
and clinical applications. Eur Heart J. 2006;27:2588–2605.
ESH/ESC Task Force for the Management of Arterial Hypertension. 2013
Practice guidelines for the management of arterial hypertension of the
European Society of Hypertension (ESH) and the European Society of
Cardiology (ESC): ESH/ESC Task Force for the Management of Arterial
Hypertension. J Hypertens. 2013;31:1925–1938.
Ben-Shlomo Y, Spears M, Boustred C, et al. Aortic pulse wave velocity
improves cardiovascular event prediction: an individual participant metaanalysis of prospective observational data from 17,635 subjects. J Am Coll
Cardiol. 2014;63:636–646.
Pannier B, Guérin AP, Marchais SJ, Safar ME, London GM. Stiffness of
capacitive and conduit arteries: prognostic significance for end-stage renal
disease patients. Hypertension. 2005;45:592–596.
Fortier C, Mac-Way F, Desmeules S, Marquis K, De Serres SA, Lebel M,
Boutouyrie P, Agharazii M. Aortic-brachial stiffness mismatch and mortality in dialysis population. Hypertension. 2015;65:378–384.
Utescu MS, Couture V, Mac-Way F, De Serres SA, Marquis K, Larivière
R, Desmeules S, Lebel M, Boutouyrie P, Agharazii M. Determinants of
progression of aortic stiffness in hemodialysis patients: a prospective longitudinal study. Hypertension. 2013;62:154–160.
Zheng D, Cheng LT, Zhuang Z, Gu Y, Tang LJ, Wang T. Correlation
between pulse wave velocity and fluid distribution in hemodialysis
patients. Blood Purif. 2009;27:248–252.
Onofriescu M, Hogas S, Voroneanu L, Apetrii M, Nistor I, Kanbay M,
Covic AC. Bioimpedance-guided fluid management in maintenance
hemodialysis: a pilot randomized controlled trial. Am J Kidney Dis.
2014;64:111–118.

Downloaded from http://hyper.ahajournals.org/ by guest on July 28, 2016

Pulse Wave Velocity Ratio: The New ''Gold Standard'' for Measuring Arterial Stiffness
Adrian Covic and Dimitrie Siriopol
Hypertension. 2015;65:289-290; originally published online December 1, 2014;
doi: 10.1161/HYPERTENSIONAHA.114.04678
Hypertension is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2014 American Heart Association, Inc. All rights reserved.
Print ISSN: 0194-911X. Online ISSN: 1524-4563

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://hyper.ahajournals.org/content/65/2/289

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Hypertension can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissions in the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Hypertension is online at:
http://hyper.ahajournals.org//subscriptions/

Downloaded from http://hyper.ahajournals.org/ by guest on July 28, 2016

