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Abstract
Introduction Aortic stenosis (AS) is more than only a
degenerative disease, it could be also an atheroscleroticlike process involving the valve instead of the vessels.
Little is known about the relation of arterial stiffness and
AS.
Aim We sought to determine wether pulse wave velocity
(PWV), is related to AS severity and to the procedures
response, both as surgical aortic-valve-replacement (AVR)
and trascatheter-aortic-valve-implantation (TAVI).
Methods 30 patients with severe AS were treated (15
AVR, 15 TAVI). Before the procedures (t0) and after
1 week (t1) echocardiography and PWV were evaluated.
Results On the whole population, subjects with higher
PWV showed higher transvalvular pressure gradient at
baseline (mean: 56.5 ± 15.1 vs 45.4 ± 9.5; peak:
93.3 ± 26.4 vs 73.3 ± 14.9, p = 0.02) and, a significantly
greater response to the procedures (mean: -42.9 ± 17.2 vs
-27.9 ± 10.1, peak: -68.7 ± 29.2 vs -42.8 ± 16.4,
p = 0.02). When the two different procedures groups were
separated, data were confirmed only in the TAVI subgroup.
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Conclusions In patients undergoing procedures for AS,
PWV is correlated with transvalvular gradient and, in
TAVI subjects, is able to predict the echocardiographic
response. Baseline evaluation of PWV in patients candidates to TAVI can help the selection of subjects, even if
larger and longer studies are needed before definitive
conclusion can be drawn.
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1 Introduction
Aortic stenosis (AS) is a common valve disease that affect
2% of the population aged more than 65 years reaching the
prevalence of 10% in patients over 80 years old [1, 2].
It is frequently asymptomatic but, with the increase of
the pressure gradient, and so of the severity of the stenosis,
it can determine angina pectoris, syncope, congestive heart
failure and sudden cardiac death [1].
In the past AS has been considered as a degenerative
disease, but evidences exists that it could be an
atherosclerotic-like process involving the valve instead of
the vessels. In fact both diseases share some characteristics:
they present the same risk factors [3–5] and pathological
finding, particularly regarding the similarities between the
aortic leaflets and the vascular atherosclerotic plaque [6, 7].
The increase in collagen and calcium seen in aortic
stenotic valve leads, in the arterial tree, to a vessels stiffening process [8]. Stiffened vessels determine changes in
central haemodynamic with an increase in reflected wave
velocity that return to the heart in late systole instead of
diastole worsening ventricular-vascular coupling and
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inducing an additional load to the left ventricle [9]. This
can further deteriorate the heart function in frail patients
such as the one with AS, in this situation even a slight
increase in afterload is sufficient to determine an excessive
myocardial oxygen demand, to impair ventricular relaxation and to determine subendocardial ischemia [10].
Surgical aortic valve replacement (AVR) is considered
the gold standard for the management of patients with
symptomatic severe AS [1, 2], however, transcatheter
aortic valve implantation (TAVI) is increasingly used as an
option for patients at very high surgical risk [11, 12].
Since they share the same pathological process it might
be expected that arterial stiffness evaluation could predict
the severity of AS as well as the response to the procedures.
Nevertheless to date little is know about the relation of
arterial stiffness and AS [14–19]. With this background in
mind we sought to determine wether Pulse Wave Velocity
(PWV), i.e. the gold standard for arterial stiffness evaluation, is related to AS severity and to the procedures
response, both as AVR and TAVI.

2 Materials and Methods
2.1 Study Population
Patients with symptomatic severe AS undergoing AVR or
TAVI at Niguarda Hospital (Milan, Italy), between June
2012 and April 2013 were recruited. Subjects agreed to
participate in the study after being informed of its nature
and purpose. The study protocol complies with the Declaration of Helsinki (as revised in 2004) [20] and was
approved by the Ethics Committee of the Institution
involved.
For both groups exclusion criteria were an age less
than 18 years, pregnancy, and atrial fibrillation (AF) at
the enrollment visit. Patients were evaluated at time 0
(the day before the procedures) and after 1 week from
the AVR or TAVI (time 1). The collected data at time 0
included a full medical history (on CV risk factors
including overweight, smoking habit, diabetes mellitus,
history of previous CV events and CV and antihypertensive drugs consumption), blood samples with routine
chemistry assessment (serum creatinine, glucose and
total and fractionated cholesterol) and a complete
physical examination including height and body weight,
which allowed calculation of body mass index (BMI—
Kg/m2). After 10 min of rest in the supine position, heart
rate (HR) and brachial blood pressure (BP) was measured 3 times from the right arm using an oscillometric
device (OMRON Healthcare Europe, Hoofddorp, The
Netherlands). Finally, keeping the subject in the same
position, BP measurements was followed by PWV and

trans-thoracic echocardiographic evaluation that were
repeated after one week from the procedures.
Glomerular filtration rate was estimated (eGFR) by the
modification of diet in renal disease (MDRD) equation
[21].
2.2 Pulse Wave Velocity
Aortic stiffness was evaluated by PWV between the carotid
and the femoral artery of the right side with the patient in
the supine position. The pressure pulse waveforms were
simultaneously obtained at the two arterial sites using an
automatic device (Complior, Colson; Alam Medical, Paris,
France) and their distance calculated by taking the distance
between hip and neck via a rigid ruler. PWV was automatically provided as the ratio (meters per second) of the
delay between the feet of the pressure wave at the second
vs the first point and the distance between the two vessels.
Distance measurements was corrected by a 0.8 factor
accordingly to the PWV measurement methods consensus
documents which states to use the subtraction methods
instead of the direct one when assessing the distance
between the two measurements points [23]. Each data
acquisition included at least 10 consecutive cardiac beats
for the information to include the complete respiratory
cycle. The mean of two acquisitions was used for the
analysis.
In our laboratory the intra-session within- and betweenoperator variability of PWV amounts, respectively to a
coefficient of variation of the mean value of 2 and to 4%,
the corresponding value for the inter-session between-operator variability being 4%.
2.3 Echocardiography
Two-dimensional echocardiograms were performed by an
experienced cardiologist using a dedicated ultrasound
machine (SONOS 5500; Philips Healthcare, Andover,
Massachusetts, USA with an ultrasound transducer of
2.5 MHz.). Two-dimensional high frame rate gray-scale
loops of four-chamber, two-chamber, and three-chamber
views with average frame rate of 90 frames per second
were used in order to measure left ventricular end-diastolic
diameter (LVEDD), inter-ventricular septum, posterior
wall thickness and ejection fraction (EF) by the simpson
method. A complete study of the aortic valve including
morphology and transvalvular gradients were also done
before and after the procedures following standard methods
[24]. From the apical five-chamber view, the peak velocity
beneath the aortic valve was assessed by pulsed Doppler,
and the peak velocity across the valve was assessed using
continuous wave Doppler. Pressure gradients were calculated using the modified Bernoulli equation. AV leaflets
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morphology and calcifications were evaluated from the
parasternal long- and short-axis views.
2.4 Procedures
Surgical intervention for AVR was done during extracorporeal circulation, cardioplegia and full anticoagulation,
through median sternotomy and a transverse aortotomy
1–2 cm above the sinotubular junction, the diseased valve
was excised and followed by the removal of calcium
deposits from the aortic annulus. After that the prosthetic
valve (stented) was inserted.
Transcatheter procedures was done in 8 patients with
CoreValve and in seven patients with Direct Flow valver
implantation. The choice of the valve type was based on
operator preference and it was performed using standard
protocol [22]. CoreValve is a tricuspid porcine prosthesis
(CoreValve; Medtronic Inc, Luxembourg) mounted and
sutured within a self-expandable frame made of nitinol
while Direct Flow (Direct Flow Medical, Santa Rosa, CA,
USA) has conformable sealing rings, which minimizes
aortic regurgitation and permits full hemodynamic assessment of valve performance prior to permanent implantation. In both cases a balloon aortic valvuloplasty was
performed and subsequently, the prosthetic valve (of a
dimension accordingly to aortic annulus) was retrogradely
introduced and deployed in the position of the native aortic
valve.
2.5 Statistical Analysis
Data obtained in each subject were averaged, and individual data were summed and expressed as means (±SD),
for the whole patients and separately for AVR and TAVI
subjects. Between-group differences were assessed by
Student t, Wilcoxon and v2 tests (or Fisher exact test when
needed) for normally distributed, non-normally distributed
and categorical variables, respectively. Pearson’s or
Spearman’s correlation coefficients were used, as appropriate, to test the association between variables. We performed linear regression using the additive model and
adjusting for covariates determined by stepwise regression.
We used PWV as the dependent variables with age, baseline SBP and peak and mean transvalvular pressure gradient as covariates for multivariate adjustments.
Patients were than divided into subgroup accordingly to
the median PWV value (10.4 cm/s for the whole population,
10.2 cm/s for the AVR subjects and 10.7 cm/s for the TAVI
group) and to its increase or decrease at the follow-up visit.
SPSS 13.0 (SPSS, IBM, United States) was used for the
statistical analyses and a p value \0.05 was taken as the
level of statistical significance.

3 Results
3.1 Baseline Characteristics and Follow-up
Evaluation
Table 1 shows demographic, haemodynamic, biochemical,
clinic, PWV and echocardiography data of the enrolled
subjects for the whole population and divided in AVR and
TAVI subgroups. A total of 30 patients (15 AVR and 15
TAVI) were evaluated with an average age of
79.3 ± 6.3 years. They present a consistent prevalence of
hypertension (73.3%), coronary artery disease (CAD 33.3%)
and diabetes (20.0%) while only 1 patient actively smokes
(6.6%). Cardiovascular risk factor were enough controlled as
demonstrated by the average BP values (138.0/73.5 ± 19.8/
18.6 mmHg), glycaemia (94.0 ± 18.5 mg/dL) and total and
LDL cholesterol (169.9 ± 53.8 and 94.6 ± 20.1 mg/dL,
respectively). Regarding AS, peak and mean transvalvular
pressure gradient were 84.4 ± 23.9 and 51.1 ± 13.6,
respectively suggestive of a severe stenosis. Finally PWV
showed an average value of 11.0 ± 3.6 cm/s.
When baseline characteristics of the two different
groups were compared, TAVI patients were older
(82.1 ± 4.9 vs 76.5 ± 6.4 years, p = 0.01) and present
more frequently dislipidemia (60.0 vs 33.3%) and diabetes
(33.3 vs 6.6%). All the remaining variables including BP
values, transvalvular pressure gradient, EF and PWV were
superimposable between the two groups.
One week after procedures (t1) clinic variables, PWV
and echocardiography were repeated (Table 1). In the
whole population a decrease in SBP with a slightly increase
in HR was shown at time 1 associated with a good
echocardiographic response to the procedures with a statistically significant average decrease in transvalvular
pressure gradient of -59.0 ± 27.8 and -36.9 ± 16.3 for
the peak and mean gradient, respectively (p \ 0.01 for
peak and mean transvalvular gradient at follow-up vs
baseline evaluation). On the contrary EF and PWV did not
show any change at the follow-up evaluation.
When patients were divided accordingly to the two
different procedures AVR subjects shown a significant
decrease in SBP associated with an increase in HR that was
not present in TAVI group. Instead both groups showed a
superimposable decrease in aortic transvalvular pressure
gradient as well as no significant changes in EF and PWV
values.
3.2 Pulse Wave Velocity Analysis
Table 2 presents the data of the enrolled subjects divided
into high and low PWV accordingly to its median value. In
the whole population high vs low PWV subjects were more
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Table 1 Demographic, haemodynamic, biochemical, clinic, PWV and echocardiography data of the enrolled subjects for the whole population
and for AVR and TAVI groups

Number

All patients

AVR

TAVI

30

15

15

p value (AVR vs TAVI)

Age (years, SD)

79.3 (6.3)

76.5 (6.4)

82.1 (4.9)

0.01

Female (%)

50.0

40.0

60.0

0.12

SBP t0 (mmHg)

138.0 (19.8)

141.7 (20.6)

134.3 (18.9)

0.31

SBP t1 (mmHg)

129.2 (18.6)*

124.0 (19.3)*

134.5 (17.1)

0.62

DBP t0 (mmHg)

73.5 (8.7)

75.0 (9.8)

72.0 (7.5)

0.35

DBP t1 (mmHg)
HR t0 (bpm)

70.3 (10.4)
66.8 (14.6)

68.2 (11.8)
65.5 (10.7)

72.3 (8.58)
68.1 (18.1)

0.28
0.62

HR t1 (bpm)

73.1 (9.3)*

77.7 (9.2)*

68.5 (7.3)

0.07

BMI (kg/m2)

25.2 (3.6)

25.1 (3.8)

25.2 (3.5)

0.96

Hypertension (%)

73.3

73.3

73.3

1

Dislipidemia (%)

46.6

33.3

60.0

0.04

Diabetes mellitus (%)

20.0

6.6

33.3

0.002

CAD (%)

33.3

26.6

40.0

0.06

Actual smoking (%)

3.3

0

6.6

–

Glycemia (mg/dL)

94.0 (18.5)

92.1 (8.2)

69.0 (25.7)

0.59

Total cholesterol (mg/dL)

169.9 (53.8)

184.8 (18.6)

154.9 (72.6)

0.22

LDL cholesterol (mg/dL)

94.6 (20.1)

105.3 (16.7)

83.8 (52.1)

0.23

GFR (mL/min)

65.0 (24.8)

70.6 (16.4)

59.5 (30.6)

0.21

EF t0

0.56 (0.15)

0.52 (0.18)

0.59 (0.11)

0.32

D EF t1

0.0 (0.2)

0.0 (0.2)

0.0 (0.07)

0.21

Peak transvalvular grad. (mmHg)
Mean transvelvular grad. med (mmHg)

84.4 (23.9)
51.1 (13.6)

81.8 (17.0)
50.1 (9.4)

86.5 (28.7)
52.1 (16.9)

0.62
0.69

D Peak transvalvular grad. (mmHg)

-59.0 (27.8)#

-55.4 (18.1)#

-61.5 (33.5)#

0.61

-38.0 (21.1)#

0.71

#

#

D Mean transvelvular grad. (mmHg)

-36.9 (16.3)

PWV t0 (cm/s)

11.0 (3.6)

11.2 (4.3)

10.9 (2.8)

0.79

D PWV t1 (cm/s)

0.4 (2.4)

0.4 (2.4)

0.3 (2.5)

0.97

-35.5(7.9)

SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, BMI body mass index, CAD coronary artery disease, LDL low density
lypoprotein, GFR glomerular filtration rate, EF ejection fraction, PWV pulse wave velocity
* p \ 0.05 for follow-up vs baseline evaluation
#

p \ 0.01 for peak and mean transvalvular gradient at follow-up vs baseline evaluation

frequently female and diabetic and present higher baseline
SBP, their mean PWV values were 13.4 ± 3.6 and
8.7 ± 1.3 cm/s, respectively. Of note they present higher
transvalvular mean and peak pressure gradient at baseline
(mean: 56.5 ± 15.1 vs 45.4 ± 9.5, peak: 93.3 ± 26.4 vs
73.3 ± 14.9, p = 0.02 for both comparison; for high vs
low PVW group, respectively—Fig. 1) and, moreover, a
significantly better echocardiographic response to the procedures (mean: -42.9 ± 17.2 vs -27.9 ± 10.1; peak:
-68.7 ± 29.2 vs -42.8 ± 16.4, p = 0.02 for both comparison—Fig. 2).
When patients were divided accordingly to the two
different procedures in AVR subgroup high PWV subjects
did not differ for any variables except for PWV baseline
values when compared to low PWV patients (Figs. 1, 2).

In TAVI subgroup high PWV subjects were more frequently female and diabetic and present higher baseline
SBP. Of note high PWV subjects respond significantly
better to the procedure when compared to low PWV
patients (mean: -48.6 ± 22.3 vs -23.8 ± 5.3, p = 0.02;
peak: -76.6 ± 37.7 vs -41.3 ± 9.2, p = 0.04; for high vs
low PVW, respectively—Fig. 2).
Finally we divided patients in two subgroup depending
on whether they increase or decrease they PWV values at
follow-up evaluation (Table 3). In all subjects and AVR
and TAVI subgroups no differences where seen between
the two subgroups particularly regarding the procedures
response.
As shown in Table 4, at univariate correlation analysis
in all subjects baseline PWV correlates with t0 SBP

13.4 (3.6)
0.4 (2.3)

PWV t0 (cm/s)

D PWV t1 (cm/s)

–

8

-0.4 (2.5)

13.4 (5.1)

\0.001
0.86

-37.2 (3.5)#

-60.2 (13.0)#

52.9 (6.1)

87.0 (14.9)

-0.1 (0.2)

0.57 (0.11)

104.4 (13.2)
71.1 (16.1)

185.9 (19.9)

88.9 (9.5)

0

25.0

12.0

25.0

87.5

25.4 (3.4)

77.5 (9.2)*

70.5 (10.4)

68.3 (12.7)

76.9 (9.9)

121.9 (14.1)*

37.5
147.8 (18.3)

76.7 (6.1)

0.02

0.02

0.02

0.02

0.89

0.67

0.36
0.58

0.81

0.45

–

0.99

0.005

0.52

0.48

0.94

0.41

0.08

0.68

0.91

0.23

0.03
0.009

0.3

1.2 (2.1)

8.7 (0.9)

-33.6 (11.5)#

-51.0 (28.1)#

47.3 (11.5)

74.6 (18.5)

0.01 (0.09)

0.56 (0.12)

107.3 (26.7)
70.7 (17.9)

182.3 (18.6)

95.4 (9.5)

0

28.7

0

42.8

57.1

24.9 (4.4)

78.0 (9.7)*

61.3 (7.6)

68.1 (11.5)

72.9 (9.9)

126.4 (24.9)

42.8
134.7 (22.1)

76.3 (7.2)

7

Low PWV

0.21

0.03

0.48

0.51

0.28

0.22

0.54

0.88

0.81
0.90

0.83

0.14

–

0.85

–

0.09

0.23

0.82

0.92

0.09

0.98

0.44

0.66

0.76
0.23

0.91

–

p value (t test)

0.4 (2.1)

12.9 (1.6)

-48.6 (22.3)#

-76.6 (37.7)#

59.1 (20.2)

69.9 (35.1)

-0.01 (0.08)

0.66 (0.04)

57.3 (19.9)
63.5 (36.5)

111.0 (27.7)

106.8 (34.3)

0

25.0

50.0

62.5

87.5

26.0 (3.9)

67.5 (6.1)

72.3 (23.4)

73.1 (7.1)

71.9 (9.2)

141.3 (16.2)

87.5
143.8 (20.6)

82.3 (4.2)

8

High PWV

TAVI

0.2 (3.1)

8.5 (1.7)

-23.8 (5.3)#

-41.3 (9.2)#

44.1 (7.5)

74.6 (13.3)

0.01 (0.07)

0.59 (0.07)

101.5 (60.7)
54.9 (24.2)

184.2 (80.4)

86.7 (11.1)

14.2

57.1

14.0

57.1

57.1

24.3 (3.1)

69.7 (8.9)

63.4 (8.6)

71.4 (11.1)

72.1 (5.6)

126.7 (15.6)

41.5
123.6 (9.5)

82.0 (6.1)

7

Low PWV

0.88

\0.001

0.02

0.04

0.08

0.13

0.71

0.22

0.21
0.61

0.12

0.17

–

0.03

0.007

0.35

0.22

0.38

0.57

0.36

0.72

0.36

0.11

0.03
0.03

0.91

–

p value (t test)

#

p \ 0.01 for peak and mean transvalvular gradient at follow-up vs baseline evaluation

* p \ 0.05 for follow-up vs baseline evaluation

SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, BMI body mass index, CAD coronary artery disease, LDL low density lypoprotein, GFR glomerular filtration rate,
EF ejection fraction, PWV pulse wave velocity

0.3 (2.5)

8.7 (1.3)

-27.9 (10.1)#

73.3 (14.9)

-42.9 (17.2)#

93.3 (26.4)

Peak transvalvular grad. (mmHg)

?0.01 (0.08)

0.54 (0.12)

D Mean transvalvular grad. (mmHg)

-0.01 (0.33)

D EF t1
45.4 (9.5)

0.57 (0.12)

EF t0

173.2 (56.9)
103.6 (49.9)
67.5 (22.2)

-42.8 (16.4)#

87.2 (28.1)
62.5 (27.7)

LDL cholesterol (mg/dL)
GFR (mL/min)

56.5 (15.1)

167.1 (53.9)

Total cholesterol (mg/dL)

91.5 (8.6)

-68.7 (29.2)#

97.1 (26.5)

Glycemia (mg/dL)

6.6

33.3

6.6

53.3

66.6

25.2 (3.9)

74.6 (9.4)

62.1 (7.8)

69.5 (10.6)

73.3 (8.9)

125.1 (19.5)

33.3
128.9 (16.8)

D Peak transvalvular grad. (mmHg)

0

15
77.6 (7.6)

Mean transvalvular grad. (mmHg)

33.3

Actual smoking (%)

80.0

Hypertension (%)

CAD (%)

25.1 (3.4)

BMI (kg/m2)
46.6

71.7 (9.4)

HR t1 (bpm)

33.3

71.5 (18.3)

HR t0 (bpm)

Diabetes mellitus (%)

71.1 (10.5)

DBP t1 (mmHg)

Dislipidemia (%)

133.3 (17.5)
73.7 (8.8)

66.6
147.1 (18.7)

Female (%)
SBP t0 (mmHg)

DBP t0 (mmHg)

81.0 (4.2)

Age (years, SD)

SBP t1 (mmHg)

15

Number

High PWV

p value (t test)

High PWV

Low PWV

AVR

All patients

Table 2 Demographic, haemodynamic, biochemical, clinic, PWV and echocardiography data of the enrolled subjects when divided according to PWV median for the whole population and for
AVR and TAVI groups
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TAVI subjects with a r2 of 0.66 and 0.62, respectively
(p \ 0.05).

4 Discussion

Fig. 1 Peak and mean transvalvular gradient when subjects are
divided according to high and low PWV values for the whole
population and for AVR and TAVI groups

Fig. 2 DPeak and mean transvalvular gradient when subjects are
divided according to high and low PWV values for the whole
population and for AVR and TAVI groups

(r = 0.39, p = 0.03), t0 peak and mean transvalvular gradient
(r = 0.40, p = 0.03 and r = 0.37, p = 0.04, respectively)
and also with D peak and mean transvalvular gradient
(r = -0.44, p = 0.02 and r = -0.39, p = 0.04 respectively). In this quite old group of patients, no correlation was
seen with age, DBP, cholesterol, glycemia and EF. When
patients were divided accordingly to the two different procedures no correlation was seen in AVR patients while all the
correlation were confirmed, and further strengthened in TAVI
subjects (t0 peak transvalvular gradient: r = 0.55, p = 0.03;
t0 mean transvalvular gradient and r = 0.58, p = 0.02; D
peak transvalvular gradient: r = -0.70, p = 0.004; D mean
transvalvular gradient: r = -0.72; p = 0.003). DPWV did
not show any significant correlations.
The relationship between D peak and mean transvalvular
gradient and PWV resist at the multivariate analysis in

Our study provides evidence of a correlation between
baseline PWV and peak and mean transvalvular pressure
gradient (representative of AS severity) in patients with
symptomatic high grade AS. Furthermore we demonstrate
that PWV is able to predict the procedure response in
TAVI subgroups subjects.
Only three previous work evaluated arterial stiffness
relation with AS severity. Liu et al. [17] found a significant
association between increased aortic pressure gradient and
high PWV values. By contrast, Celik et al. [18] and Kidher
et al. [19] did not found this correlation.
By demonstrating this relation our study supports the
hypothesis that AS and arterial stiffness are different
spectrum of the same atherosclerotic disease. Since there
were no important patients enrollment and technical differences between our and the other cited studies only a
larger study can probably drawn definitive conclusion
regarding correlation between arterial stiffness and AS.
We reassess arterial stiffness one week after procedures
and we found that average PWV did not change in the early
post-operative period both in surgical AVR and TAVI
subjects. Previous works on the field used a different
technique, i.e., the b stiffness index of the ascending aorta
with echocardiographic evaluation. Similarly to arterial
distensibility it is a vascular stiffness index that quantify
changes in arterial diameter in response to blood pressure
changes from diastole to systole [25]. Accordingly to
expert consensus [8], different stiffness index provide different pathophysiological and therapeutical information,
so, in this case, results are not of simple interpretation.
Evidence exist of an impairment of the b stiffness index of
the ascending aorta in the first post-operative period
(1 week) in surgical AVR subjects [16] that is not confirmed in TAVI patients [15]. In both procedures long-term
follow-up shown a normalization or an improvement in
distensibility of the ascending aorta [13, 16]. As speculate
from the cited works [15, 16], the impairment in the early
post-operative period is probably determined by an ‘‘aortic
stunning’’ during the surgical AVR that is not present in the
TAVI subjects.
Dissimilarities from the cited works could be explained
by the different methodological assessment. In fact PWV
(femoral to carotid) evaluate all the aortic vessel, instead
previous studies assess only ascending aorta b index.
Ascending aorta is the vessel that is directly influenced by
the two procedures and so its evaluation permit to shown
earlier changes.
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–

0.04
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#

p \ 0.01 for peak and mean transvalvular gradient at follow-up vs baseline evaluation

* p \ 0.05 for follow-up vs baseline evaluation

SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, BMI body mass index, CAD coronary artery disease, LDL low density lypoprotein, GFR glomerular filtration rate,
EF ejection fraction, PWV pulse wave velocity

1.5 (1.6)

10.5 (2.5)

51.6 (13.8)
-58.0 (23.7)#

50.2 (11.1)

83.4 (22.3)

-61.3 (38.3)#

Peak transvalvular grad. (mmHg)

0.57 (0.12)
-0.07 (0.18)

D Peak transvalvular grad. (mmHg)

86.3 (28.3)

D EF t1

89.8 (35.3)
67.3 (25.2)

165.3 (54.1)

93.4 (18.7)

5.2

36.8

15.7

52.6

73.6

25.1 (3.8)

71.8 (8.9)

66.2 (8.2)

69.2 (8.2)

71.4 (7.9)

131.5 (20.1)

52.6
137.9 (22.7)

79.5 (6.3)
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Mean transvalvular grad. (mmHg)

0.52 (0.19)
0.02 (0.31)

EF t0

178.3 (56.6)
103.4 (47.2)
59.8 (24.3)

95.9 (19.6)

Glycemia (mg/dL)

LDL cholesterol (mg/dL)
GFR (mL/min)

0

Total Cholesterol (mg/dL)

33.3

Actual smoking (%)

88.8

Hypertension (%)

CAD (%)

25.4 (3.4)

BMI (Kg/m2)
44.4

76.3 (10.3)

HR t1 (bpm)

33.3

68.2 (10.8)

HR t0 (bpm)

Diabetes Mellitus (%)

72.8 (14.8)

DBP t1 (mmHg)

Dislipidemia (%)

123.9 (14.5)
78.3 (9.0)

55.5
138.3 (11.7)

Female (%)
SBP t0 (mmHg)

DBP t0 (mmHg)

78.8 (6.8)

Age (years, SD)

SBP t1 (mmHg)

10

Number

PWV decrease

p value (t test)

PWV decrease

PWV increase

AVR

All patients

Table 3 Demographic, haemodynamic, biochemical, clinic, PWV and echocardiography data of the enrolled subjects when divided according to PWV increase or decrease for the whole
population and for AVR and TAVI groups
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Table 4 PWV correlations
with transvalvular gradient in
whole population and for AVR
and TAVI groups

All patients
r

AVR
p

r

TAVI
p

r

p

Peak transvalvular grad. (mmHg)

0.40

0.03

0.54

0.06

0.55

0.03

Mean transvalvular grad. (mmHg)

0.37

0.04

0.47

0.09

0.58

0.02

D Peak transvalvular grad. (mmHg)

-0.44

0.02

-0.33

0.34

-0.7

0.004

D Mean transvalvular grad. (mmHg)

-0.39

0.04

-0.46

0.15

-0.72

0.003

In our opinion, the most important finding of our work,
however, is the possibility of the PWV to predict the
echocardiographic response to the aortic valve replacement
procedures. Both surgical AVR and TAVI subgroup shown
a good response to the procedures but the finding of a better
response in patients with higher PWV was confirmed only
in TAVI subjects. Although average PWV values did not
change, in some patient it increases and in some others it
decreases. When we divided patients accordingly to their
increased/decreased PWV values no differences between
groups were seen demonstrating that baseline values are
more important than their variance in the early post-operative period. Although patients with higher PWV showed
better TAVI procedures response they are probably at
higher risk of CV complication despite we did not analyze
this point due to the few number of events.
Only one previous study evaluated PWV in AVR subjects showing its correlation with NYHA class both pre and
post-operatively but not with proBNP and EF [19]. Other
analysis from the same study found that higher PWV was
correlated with poor quality of life [26] and cognitive
dysfunction [27] both pre and post-operatively and that it
does not correlate with post-operatively acute kidney failure, a well know surgical AVR complication [28].
This is the first time that carotid-femoral PWV is evaluated in AS patients undergoing both AVR and TAVI.
These procedures presents different indication and their
influences on aortic root is very different. Our finding of its
correlation with echocardiographic response only in TAVI
subjects probably indicates that in surgical AVR patients
other factors determine the response. These are likely
correlated with the surgical procedure such as the cardiosurgical and anesthesiological variables, the need of ematic
transfusion or the drop in BP and HR post-operatively.
Unfortunately we did not assess systematically NYHA
class on long-term follow-up so we can only speculate on
echocardiographic short-term procedures response instead
of the clinical one.
Our study presents some limitations. First of all, similarly to previous studies on AS, the present one was limited
by the small number of patients and so interpretation of the
results of the current study require caution. Furthermore the
limited number of subjects made some subgroups small,
limiting the power to detect associations or changes.

Thirdly, changes in drug treatment were not registered and
so we were unable to take into account effect of changes
when data were analyzed. The principal limitation of our
study, as we have already highlighted, is the absence of
clinical response data (i.e. NYHA class) and laboratory
data (i.e. proBNP assessment) as well as the short-term
follow-up data that doesn’t allow to draw conclusion on a
longer time, even if long follow-up could be difficult since
the population is already very old at the baseline
evaluation.

5 Conclusions
Higher PWV is correlated with higher transvalvular pressure gradient in AS subjects, that it doesn’t change in the
early post-operative period and, finally, that it is able to
predict the echocardiographic procedure response in TAVI
subgroup. Baseline evaluation of arterial stiffness in
patients candidates to TAVI can help correctly selects
subjects, even if larger and longer follow-up studies are
needed before definitive conclusion can be drawn.
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