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Abstract

Background: Measuring arterial stiffness using pulse
wave velocity (PWv) has become an important tool to
assess vascular function and cardiovascular mortality.
For subject with hypertension, end-stage renal disease
and diabetes, PWv has been shown to predict cardio-
vascular and all-cause mortality. We hypothesize that
PWv would also predict mortality in subjects who
have undergone kidney transplantation.
Methods: a cohort of  330 patients with renal trans-
plantation was studied with a mean age at entry 51.4 ±
0.75 years. Mean follow-up was 3.8 years (± 0.7 years);
16 deaths occurred during follow-up. at entry, togeth-
er with standard clinical and biochemical parameters,
PWv was determined from pressure tracing over
carotid and femoral arteries.
Results: With increasing PWv, there was a significant
increase in age, systolic blood pressure and pulse pres-
sure. In addition, subjects with higher PWv also ex-
hibited more frequently the presence of  coronary
heart disease. on the basis of  cox analyses, PWv and
systolic blood pressure emerged as predictors of  all-
cause mortality. 
Conclusion: these results provide evidence that PWv
is a strong predictor of  all-cause mortality in the pop-
ulation of  renal transplant recipients.
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IntRoductIon

Measuring arterial stiffness has become a major tool
for assessing arterial function and cardiovascular mor-
tality [1]. In particular, pulse wave velocity (PWv) has
been proposed to be a clinically useful stiffness marker
due to its non-invasiveness and ease of  use [2]. PWv
not only reflects the overall atherosclerotic burden of
the arterial tree but has also been shown to predict
cardiovascular mortality in hypertension [3, 4], end-
stage renal disease [5, 6], and diabetes mellitus [6, 7].

another population with high cardiovascular risk
includes subjects who have undergone kidney trans-
plantation. to date, only few studies have investigated
arterial function in kidney transplant recipients, and
little is known about the predictive value of  PWv in
this population. therefore, we hypothesize that PWv
may also predict mortality in this group of  patients. In

the present study, we evaluated the predictive value of
PWv in 330 kidney transplant patients. 

MatERIal, MEtHods and statIstIcs

study PoPulatIon

In this longitudinal study, 330 subjects with stable re-
nal transplantation were recruited from our renal
transplant outpatient clinic [8]. Height and weight
were measured, and body mass index (BMI) was calcu-
lated as weight to height squared. laboratory measure-
ments were measured with commercially available kits
in our central laboratory. the study was performed in
accordance with the principles laid down in the decla-
ration of  Helsinki.

HEModynaMIc MEasuREMEnts

Measurements were performed in a quiet, temperature-
controlled room after 10 minutes, in a supine position
according to the recommendations for user procedures
of  clinical applications of  arterial stiffness, task force
III [9], using the sphygmocor device (atcor Medical,
sydney, australia). Blood pressure and heart rate (mean
of  three readings) were measured with an automatic
upper-arm oscillometric device (omron 705IT, om-
ron Medizintechnik, Mannheim, Germany). Pulse pres-
sure (PP) was calculated by subtracting diastolic (dBP)
from systolic blood pressure (sBP).

aortic pulse wave velocity (PWv) was calculated
from sequentially recorded pressure waveforms of  the
carotid and femoral artery as reported previously by
our group [10, 11]. With a simultaneous EcG record-
ing of  the R-wave as reference, the integral software
calculated the pulse wave transit time. anatomical
measurements of  the distance between the carotid and
femoral artery were made on the surface of  the body.
the distance between carotid artery recording site and
the suprasternal notch was subtracted from the dis-
tance from the suprasternal notch over the umbilicus
to the femoral artery recording site [12]. PWv [m x s-1]
was calculated as ratio between the distance travelled
by the pulse wave and pulse transmission time.

statIstIcal analysIs

the outcome events studied was all-cause mortality.
survival curves were estimated by the Kaplan-Meier
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product-limit method. Prognostic factors of  survival
were identified by use of  logistic regression analysis
and the cox proportional hazards regression model.
the cohort was divided into 3 groups according to the
PWv < 7.5 m/s in the lower third, between 7.5 and
10.0 in the second third, and >10.0 in the upper third.
variables were considered to be prognostic when they
were found to be statistically significant (P<0.05) in
the logistic regression or the cox proportional hazards
regression models of  all-cause mortality. 

P <0.05 was considered statistically significant.
data are expressed as mean ± sd. statistical analysis
was performed using GraphPad Prism 4.0 for Ms
Windows (GraphPad software, Inc., san diego, ca,
u.s.a.).

REsults

the characteristics of  the cohort population in total
and according to tertiles of  PWv are displayed in
table 1. With increasing PWv, there was a significant
increase in age, systolic blood pressure and pulse pres-
sure. In addition, subjects with higher PWv also ex-

hibited more frequently the presence of  coronary
heart disease (table 1).

Mean follow-up was 3.87 years (± 0.7 years); during
this period, 16 deaths were recorded. according to the
cox analysis, the significant covariates retained by the
model were PWv and sBP (table 2). Figure 1 shows
the probabilities of  all-cause survival as a function of
PWv values. comparisons between survival curves
were highly significant with better survival for those
with lower PWv.

dIscussIon

In the present study, we showed for the first time that
PWv predicts all-cause mortaliy in renal transplant pa-
tients. We focused our analysis on all-cause mortality
since only 16 deaths occurred during the mean follow-
up time of  3.8 years. after renal transplantation, car-
diovascular complications remain common, but a large
number of  patients also dies from infectious and tu-
moural diseases [13]. therefore, it was unclear,
whether PWv would predict mortality in this popula-
tion. In the present study we could show that PWv
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Table 1. characteristics [mean ± sEM] of the study population at inclusion according to tertiles of PWv. cHd, coronary heart
disease; aod, arterial occlusive disease.

Parameter total PWv < 7.5 PWv > 7.5 < 10 PWv > 10 P, anova
(n = 330) (n = 138) (n = 99) (n = 93)

age [years] 51.4 ± 0.75 44.4 ± 12.9 51.6 ± 10.8 61.6 ± 10.7 < 0.0001

Gender (male/female) 168/162 65/73 49/50 54/39 0.250

Body mass index [kg/m2 ] 25.3 ± 4.3 25.0 ± 4.5 25.8 ± 4.5 25.2 ± 3.6 0.366

Hypertension n = 298 n = 120 n = 98 n = 91 0.076

History of cHd n = 79 n = 18 n = 26 n = 35 < 0.0001

History of aod n = 26 n = 5 n = 10 n = 11 0.082

cholesterol [mg/dl] 213 ± 41 208 ± 46 218 ± 38 215 ± 36 0.247

triglycerides [mg/dl] 187 ± 113 184 ± 109 194 ± 117 184 ± 115 0.262

Glucose [mg/dl] 108 ± 32 102 ± 31 108 ± 29 118 ± 36 0.0006

systolic blood pressure [mmHg] 149 ± 20 142 ± 20 152 ± 20 157 ± 19 < 0.0001

diastolic blood pressure [mmHg] 83 ± 11 83 ± 11 83 ± 9 81 ± 18 0.372

Pulse pressure [mmHg] 67 ± 18 59 ± 15 69 ± 17 76 ± 18 < 0.0001

Heart rate [b.p.m.] 67 ± 13 66 ± 12 68 ± 12 67 ± 15 0.473

Pulse wave velocity [m/s] 9.1 ± 3.3 6.2 ± 0.8 8.5 ± 0.8 13.1 ± 2.9 < 0.0001

Table 2. Proportional Hazards Regression analysis of all-
cause Mortality. sBP, systolic blood pressure; cHd, coro-
nary heart disease.

Parameter Regression sE z value P
coefficient

PWv 0.066 0.024 2.704 0.0055

age -0.006 0.006 -1.038 0.3083

sBP -0.007 0.003 -2.048 0.0406

Glucose -0.001 0.002 -0.273 0.7846

cHd 0.138 0.152 0.912 0.3620
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Fig. 1. Probabilities of overall survival in study population ac-
cording to level of PWv divided into tertiles. comparisons be-
tween survival curves were statistically significant (P = 0.047).



predicts mortality in renal transplant patients even
during a relatively short follow-up period of  3.8 years.
these results are consistent with previous reports
showing the strong predictive value of  PWv in popu-
lations of  hypertensives [3, 4], patients with end-stage
renal disease [5, 6], and diabetes mellitus [6, 7].

Hemodynamically, stiffening of  the aortic tree re-
sults in characteristic changes of  the blood pressure
pattern [2]. aortic stiffening leads to a rise of  systolic
and a fall of  diastolic blood pressure resulting in a
widening of  the pulse pressure. Results from our study
are consistent with such hemodynamic concept in that
subjects with higher PWv also exhibited higher sys-
tolic blood pressure and pulse pressures as a conse-
quence of  arterial stiffening. 

several other studies have investigated stiffness
markers in renal transplant patients. Bahous et al. fol-
lowed up 106 transplant subjects, and found that to-
bacco consumption and acute renal rejection influence
aortic stiffness as measured by PWv [14]. two other
studies have investigated the effect of  renal transplan-
tation on arterial stiffness, and demonstrated that renal
transplantation improved PWv and augmentation in-
dex in subjects who underwent renal transplantation
[15, 16]. Recently, schwenger et al. showed in a cohort
of  76 kidney allograft patients that PWv, pulse pres-
sure, and intima-media-thickness are independent de-
terminants of  the resistance index, a strong predictor
of  kidney allograft survival [17]. our data on 330 renal
transplant recipients extend these associations be-
tween stiffness markers, cardiovascular risk factors and
renal disease to the predictive value of  stiffness
markes in this patient population. 

In addition to PWv also systolic blood pressure
predicted mortality. Hypertension in renal transplant
recipients can originate from different sources includ-
ing marginal renal function, use of  immune suppres-
sive drugs, and renal artery stenosis. despite the inho-
mogeneous pathogenesis of  arterial hypertension in
renal transplant patients, this classical cardiovascular
risk factor predicts mortality in renal transplant pa-
tients. 

clInIcal IMPlIcatIon

the results of  the present study show that the classical
marker of  arterial stiffness PWv predicts mortality in
renal transplantation. stiffness markers are increasing-
ly used in population studies to evaluate cardiovascular
morbidity and mortality. our data suggest, that also in
renal transplant subjects stiffness markers may be used
as tools for the prediction of  all-cause mortality. Even
though it is very likely, further studies are required to
evaluate the predictive value of  PWv for cardiovascu-
lar mortality.

Acknowledgements: We would like to thank Petra Höhner for
her help in recruiting patients. We would also like to thank
christa sittartz for her technical assistance.
Sources of Funding: this study was supported, in part, by
grants from the intramural research fund (IFoREs) and the
Jackstädt foundation.
Conflict of Interest/Disclosure: none.

REFEREncEs

1. laurent s, cockcroft J, van Bortel l, Boutouyrie P, Gi-
annattasio c, Hayoz d, et al. Expert consensus document
on arterial stiffness: methodological issues and clinical ap-
plications. Eur Heart J. 2006 nov;27(21):2588-605.

2. opazo saez aM, Mitchell a, Philipp t, nürnberger J. ar-
terial stiffness: a Potential therapeutic target to Reduce
cardiovascular Mortality. curr Hypertens Rev. 2006 May
2006;2(2):97-102.

3. Boutouyrie P, tropeano aI, asmar R, Gautier I, Benetos
a, lacolley P, et al. aortic stiffness is an independent
predictor of primary coronary events in hypertensive pa-
tients: a longitudinal study. Hypertension. 2002 Jan;39(1):
10-5.

4. laurent s, Boutouyrie P, asmar R, Gautier I, laloux B,
Guize l, et al. aortic stiffness is an independent predictor
of all-cause and cardiovascular mortality in hypertensive
patients. Hypertension. 2001 May;37(5):1236-41.

5. Blacher J, Guerin aP, Pannier B, Marchais sJ, safar ME,
london GM. Impact of aortic stiffness on survival in
end-stage renal disease. circulation. 1999 May 11;99(18):
2434-9.

6. shoji t, Emoto M, shinohara K, Kakiya R, tsujimoto y,
Kishimoto H, et al. diabetes mellitus, aortic stiffness, and
cardiovascular mortality in end-stage renal disease. J am
soc nephrol. 2001 oct;12(10):2117-24.

7. cruickshank K, Riste l, anderson sG, Wright Js, dunn
G, Gosling RG. aortic pulse-wave velocity and its rela-
tionship to mortality in diabetes and glucose intolerance:
an integrated index of vascular function? circulation.
2002 oct 15;106(16):2085-90.

8. opazo saez a, Kos M, Witzke o, Kribben a, nurnberg-
er J. Effect of new-onset diabetes mellitus on arterial
stiffness in renal transplantation. transpl Int. 2008 oct;
21(10):930-5.

9. van Bortel lM, duprez d, starmans-Kool MJ, safar ME,
Giannattasio c, cockcroft J, et al. clinical applications of
arterial stiffness, task Force III: recommendations for
user procedures. am J Hypertens. 2002 May;15(5):445-
52.

10. nurnberger J, opazo saez a, dammer s, Mitchell a,
Wenzel RR, Philipp t, et al. left ventricular ejection
time: a potential determinant of pulse wave velocity in
young, healthy males. Journal of hypertension. 2003 nov;
21(11):2125-32.

11. nurnberger J, dammer s, opazo saez a, Philipp t,
schafers RF. diastolic blood pressure is an important de-
terminant of augmentation index and pulse wave velocity
in young, healthy males. J Hum Hypertens. 2003 Mar;
17(3):153-8.

12. Weber t, ammer M, Rammer M, adji a, o'Rourke MF,
Wassertheurer s, et al. noninvasive determination of
carotid-femoral pulse wave velocity depends critically 
on assessment of travel distance: a comparison with inva-
sive measurement. J Hypertens. 2009 aug;27(8):1624-
30.

13. Berthoux F, Mariat c. cardiovascular death after Renal
transplantation Remains the First cause despite signifi-
cant Quantitative and Qualitative changes. transplanta-
tion. 2010 april 15; 89(7): 851-7.

14. Bahous sa, stephan a, Barakat W, Blacher J, asmar R,
safar ME. aortic pulse wave velocity in renal transplant
patients. Kidney Int. 2004 oct;66(4):1486-92.

15. covic a, Goldsmith dJ, Gusbeth-tatomir P, Buhaescu I,
covic M. successful renal transplantation decreases aortic
stiffness and increases vascular reactivity in dialysis pa-
tients. transplantation. 2003 dec 15;76(11):1573-7.

16. Zoungas s, Kerr PG, chadban s, Muske c, Ristevski s,
atkins Rc, et al. arterial function after successful renal
transplantation. Kidney Int. 2004 May;65(5):1882-9.

EuRoPEan JouRnal oF MEdIcal REsEaRcH454 october 25, 2010



EuRoPEan JouRnal oF MEdIcal REsEaRcHoctober 25, 2010 455

17. schwenger v, Keller t, Hofmann n, Hoffmann o, som-
merer c, nahm aM, et al. color doppler indices of renal
allografts depend on vascular stiffness of the transplant
recipients. am J transplant. 2006 nov;6(11):2721-4.

Received: March 30, 2010 / Accepted: June 18, 2010

Address for correspondence:
Pd dr. Jens nürnberger
department of nephrology
university Hospital Essen
university Essen-duisburg
Hufelandstrasse 55
45147 Essen
Germany
Phone: +49-201-723 3955
Fax: +49-201-723 5500
E-mail: jens.nuernberger@uni-due.de


	Abstract
	INTRODUCTION����������������������������������������������������
	MATERIAL, METHODS AND STATISTICS����������������������������������������������������������������������������������������������������������������
	STUDY POPULATION����������������������������������������������������������������
	HEMODYNAMIC MEASUREMENTS����������������������������������������������������������������������������������������
	STATISTICAL ANALYSIS����������������������������������������������������������������������������

	RESULTS�������������������������������������
	DISCUSSION����������������������������������������������
	CLINICAL IMPLICATION����������������������������������������������������������������������������
	REFERENCES����������������������������������������������

