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Reference Method Carotid-Femoral PWV Finger-Toe PWV Cuff-based Methods
Invasive Aortic - Complior Analyse - pOpmètre - BPLab  v.5.03

Pulse Wave - PulsePen ET - BPLab v.6.02
Velocity - PulsePen ETT - Mobil-O-Graph
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PWV entirely 
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Negative proportional bias 
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Good agreement with 
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invasive aortic PWV

PulsePen

PulsePen

Paolo Salvi
Graphical Abstract



Supplemental Data 1 

 2 
 3 
 4 
 5 
 6 
 7 
 8 
Non-Invasive Estimation of Aortic Stiffness Through Different Approaches: 9 

Comparison with Intra-Aortic Recordings 10 

 11 
 12 
 13 
 14 

Paolo Salvi, Filippo Scalise, Matteo Rovina, Francesco Moretti, Lucia Salvi, 15 
Andrea Grillo, Lan Gao, Corrado Baldi, Andrea Faini, Giulia Furlanis, Antonio Sorropago, 16 

Sandrine C. Millasseau, Giovanni Sorropago, Renzo Carretta, 17 
Alberto P. Avolio, Gianfranco Parati 18 

 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
From the Istituto Auxologico Italiano, IRCCS, Department of Cardiovascular Neural and 30 
Metabolic Sciences, Milan, Italy (P.S., A.G., A.F., G.P.); Policlinico di Monza, Department of 31 
Interventional Cardiology, Monza, Italy (F.S., G.S.); University of Trieste, Department of 32 
Medical, Surgical and Health Sciences, Trieste, Italy (M.R., C.B., G.F., R.C.); IRCCS 33 
Policlinico San Matteo Foundation, University of Pavia, Department of Molecular Medicine, 34 
Pavia, Italy (F.M.); IRCCS Policlinico San Matteo Foundation, Department of Internal Medicine 35 
and Therapeutics, University of Pavia, Pavia, Italy (L.S.); University of Milano-Bicocca, 36 
Department of Medicine and Surgery, Milan, Italy (A.G., A.S., G.P.); Peking University First 37 
Hospital, Department of Cardiology, Beijing, China (L.G.); Pulse Wave Consulting, St Leu La 38 
Foret, France (S.C.M.); Macquarie University, Department of Biomedical Sciences, Faculty of 39 
Medicine and Health Science, Sydney, Australia (A.P.A.).  40 
  41 



 2 

Supplemental Methods 1 
 2 
Sample size 3 
Considering a standard deviation of the difference between PWV measurements with two 4 
devices of 0.8 m/s, a sample size of 90 patients would provide a confidence interval of 0.08 m/s 5 
for the difference between devices. Based on this calculation, we included 102 patients in our 6 
study, considering a 10% drop-out rate. 7 
 8 
Operators 9 
Seven skilled operators, with proven experience in the evaluation of arterial stiffness parameters 10 
and in the use of applanation tonometers, performed all the measurements. Two weeks training, 11 
prior to the study, was provided to all operators and their expertise was ascertained with all 12 
devices. Data concerning intra-operator and inter-operator reproducibility were published in a 13 
previous paper from our group1 (further details are shown in Table S1). 14 
 Four operators took care of one patient at a time: two operators handled the cuff-based 15 
devices (BPLab and Mobil-O-Graph) and photodiodes (pOpmètre) on the left side of the patient, 16 
while the other two dealt with the devices measuring cf-PWV on the patient’s right side 17 
(Complior, PulsePen and SphygmoCor). Except for the pOpmètre, 2 sets of measurements were 18 
sequentially performed, for an average total duration of about 15 minutes each. With the aim of 19 
limiting the patient's discomfort, a maximum test time of 30 minutes was established. Whenever 20 
a technical difficulty in obtaining two high quality recordings for each device would have 21 
prevented to comply with these pre-set time limits, only one measurement was performed (which 22 
happened 8 times with Complior, 5 times with PulsePen-ETT, 4 times with PulsePen-ET, 5 times 23 
with SphygmoCor, 12 times with pOpmètre, 9 times with BPLab, 3 times with Mobil-O-Graph). 24 
 25 
Assessment of mean arterial pressure 26 
Mean arterial pressure (MAP) for each measurement was then calculated by applying the form 27 
factor, with the formula2:          MAP = diastolic BP + pulse pressure x form factor. 28 
 Form factor was calculated on the pulse pressure waveform measured at the brachial level 29 
by PulsePen tonometer. It is the ratio between the mean value of the brachial pulse pressure, 30 
defined by the integral of the brachial pulse waveform, and the amplitude of whole brachial pulse 31 
pressure wave. 32 
 After the non-invasive assessment, the patient underwent invasive aortic PWV 33 
measurements. 34 
 35 
Evans’s Empirical Classifications of Interpreting Correlation Strength by Using ‘r’3. 36 

       r Correlation 
< 0.20 very weak 
0.20 – 0.39 weak 
0.40 – 0.59 moderate 
0.60 – 0.79 strong 
≥ 0.80 very strong 
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Quality control systems for non-invasive devices 1 
 2 
Complior Analyse automatically performs quality checks and acquires only 10 appropriate, even 3 
non-consecutive, complexes. Furthermore, in this study an independent operator reviewed the 4 
measurements and discarded poor quality curves.  5 
 Both the PulsePen devices (ETT and ET models) use a ‘quality index’ allowing for real- 6 
time recording of the last validated 10 complexes and for quality checks by the operator. The 7 
software shows to the operator when a good quality signal has been acquired and the curves 8 
overlap for more than 80%. Any ectopic beat and aberrant complex were omitted from the 9 
calculation in off-line review mode and only data with a quality index >85% were included in 10 
the analysis. 11 
 To ensure the quality of SphygmoCor data, its software calculates an “operator index” 12 
based on the variability of electrocardiographic trace and pressure curves. In this study, only data 13 
with an index >85 were considered. 14 
 The built-in quality controls in BPLab automatically start a new measurement if any error 15 
or misreading occur, and the Vasotens clinical report screen allows for a visual assessment of 16 
the curves. As stated by the manufacturer, only pairs of PWV measurements with inter- 17 
individual variability <10% for both PWV and PW transit time (PWTT) values were regarded 18 
as reliable. Thus, the measurement session lasted until at least 4 measures for each patient, 19 
meeting the declared criteria, were acquired, given that the study protocol required a minimum 20 
of two measures per device. 21 
 The software of pOpmètre displays the variation coefficient (CV%) of recorded 22 
measurements, accepting as valid only the measurements with a CV below 10% for both finger- 23 
toe PWV and finger-toe TT. The travelled distance is estimated using subject’s height. A further 24 
validation of the curves recorded in our study was blindly performed by the manufacturer. 25 
Moreover, the pulse waves recorded by the pOpmètre were analyzed one by one and only the 26 
exams characterized by curves with a good morphology were inserted into the database. In 27 
several examinations, it was not possible to record the entire pressure wave: the foot and / or the 28 
apex of the pressure waves were cut off. Since the calculation of the transit time between finger 29 
and toe is defined by the maximum of the second derivative, the software of the pOpmètre 30 
provided measurements of the PWV even in the presence of truncated pulse waveforms. Despite 31 
these waves were considered of good quality for the pOpmètre, however, in order to have data 32 
as reliable as possible on this method, we excluded from the analysis all the curves characterized 33 
by morphological alterations. The number of curves considered in the calculation of the finger- 34 
toe PWV and the amplitude of the signal were also considered in the validation of the 35 
measurements. 36 
 37 
 38 
  39 



 4 

Procedures in recording pOpmètre signals 1 
 2 
The pOpmètre recordings were performed using a dedicated battery-powered laptop and 3 
disabling all wireless systems. A minimum distance of 1.5 meters from any other device or 4 
energy source was adhered to and the sensor cables were fully unwound to avoid electromagnetic 5 
interference. A particular attention was drawn on positioning of the photodiodes so that the pulp 6 
was in contact with the photodiode, not leaving an empty space between the sensor and the 7 
finger/toe. Sensors were placed just below the distal interphalangeal joint after patients had 8 
repeatedly contracted hand and feet for 10 seconds to promote blood supply. In patients with 9 
peripheral vasoconstriction or low skin temperature we used a hot water bottle to induce 10 
vasodilation. Artificial light was turned off. A canvas was placed around the probe, in order to 11 
reduce the interference of light. The patient was asked not to move the upper and lower limbs 12 
during the recording. Considering patient discomfort, in the absence of an appropriate signal, the 13 
acquisition by pOpmètre was extended until the patient was called for angiography. Two or more 14 
measurements were performed. 15 
 16 
 Pulse waves were acquired using the pOplight® software, version 2.1.0, whereas finger- 17 
toe PWV was estimated with the more recent software version 2.2.1. In order to verify the 18 
possible bias in measurements related to the algorithm implemented in this device4, finger-toe 19 
TT was also evaluated analyzing the waves recorded by pOpmètre with the same software used 20 
for invasive PWV assessment (foot-to-foot method using intersect tangent algorithm). 21 
 22 
 23 
  24 
 25 
Drop-out in pOpmètre measurements. 26 
 27 
An important limitation of this study concerns the low number of reliable measurements obtained 28 
with the pOpmètre. Although all the instructions prescribed by the manufacturer were 29 
meticulously followed, in 44 patients it was not possible to obtain a reliable value of finger-toe 30 
PWV.  31 

– Abnormal pulse waves or low amplitude curves were recorded in 37 patients. The main 32 
causes in the failure to record good quality pulse waves were the following. First, the 33 
widespread vasculopathy and ischemic reduction in peripheral circulation characterizing the 34 
majority of patients enrolled in this study. Second, in this study, the first series of the 35 
pOpmètre device was provided by Axelife, which was characterized by defects in the signal 36 
acquisition system. More recent models of pOpmètre are actually more sensitive and accurate 37 
in the acquisition of the peripheral pulse. 38 

– It was not possible to obtain any recording of pulse wave in 5 patients.  39 

– Finally, 2 patients were called for angiography before performing the exam, and it was not 40 
possible to perform the exam. 41 

  42 



 5 

Supplemental References 1 
 2 
1. Grillo A, Simon G, Salvi P, et al. Influence of carotid atherosclerotic plaques on pulse wave assessment 3 

with arterial tonometry. Journal of hypertension. 2017;35(8):1609-1617. 4 

2. Segers P, Mahieu D, Kips J, et al. Amplification of the pressure pulse in the upper limb in healthy, middle- 5 
aged men and women. Hypertension. 2009;54(2):414-420. 6 

3. Evans JD. Straightforward Statistics For the Behavioral Sciences. Brooks-Cole Publishing. Pacific Grove, 7 
CA, USA; 1996. 8 

4. Obeid H, Khettab H, Marais L, Hallab M, Laurent S, Boutouyrie P. Evaluation of arterial stiffness by 9 
finger-toe pulse wave velocity: optimization of signal processing and clinical validation. Journal of 10 
hypertension. 2017;35(8):1618-1625. 11 

5. Bland JM. How should I calculate a within-subject coefficient of variation? https://www- 12 
users.york.ac.uk/~mb55/meas/cv.htm October 16, 2006.  13 

6. Sianos G, Morel MA, Kappetein AP, et al. The SYNTAX Score: an angiographic tool grading the 14 
complexity of coronary artery disease. EuroIntervention. 2005;1(2):219-227. 15 

7. Nichols W, O’Rourke M, Vlachopoulos C. McDonald’s blood flow in arteries. Theoretical, experimental 16 
and clinical principles. 6th ed. New York, USA: Oxford University Press; 2011. 17 

 18 
 19 
 20 
 21 
 22 
  23 



 6 

Table S1.    Inter-Operator Repeatability. 1 
 2 
The measurements of carotid-femoral PWV (cf-PWV, operator-dependent systems) were 3 
performed by 2 operators: a fixed expert operator (M.R.) associated with a second expert 4 
operator. Three other experienced operators took turns in the acquisition of pressure waves. 5 
 The coefficient of variation (CV) for the cf-PWV measured by each operator was 6 
calculated as strongly recommended by Bland5. The within-subject CV was calculated as the 7 
square root of the mean within-subject variance (!"# ) / subject mean squared ($%#), as follow: 8 

& '()
*+)

, 
 
       where E[x] is the expected value of random variable x. 

 9 
 10 

 Coefficient of Variation (%) 

Operator: I II III Pooled 
Measurements / Total 61.8% 15.7% 22.5% 100% 

Complior 8.1 8.9 7.7 8.2 
PulsePen-ETT 8.0 7.1 8.6 8.0 
PulsePen-ET 5.5 7.1 5.7 5.8 
SphygmoCor 9.2 9.9 9.8 9.5 

 11 
 12 
 13 
  14 
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Table S2.    Overview of Technical Specifications and General Features of Non-Invasive Devices 1 

Device 
 
 

Complior 
Analyse 
 

PulsePen 
ETT 

PulsePen 
ET 

SphygmoCor 
Px/Vx 

pOpmètre BPLab Mobil-O-
Graph 

Manufacturer 
 

Alam Medical 
(France) 

DiaTecne 
(Italy) 

DiaTecne 
(Italy) 

AtCor Medical 
(Australia) 

Axelife 
(France) 

Petr Telegin 
(Russia) 

I.E.M. 
(Germany) 

 
Aortic PWV 
assessment 
 

 
Carotid-femoral 
PWV 

 
Carotid-femoral 
PWV 

 
Carotid-femoral 
PWV 

 
Carotid-femoral 
PWV 

 
Finger-toe  
PWV 

 
Cuff-based 
method 

 
Cuff-based 
method 

Probes 
 
 

2 piezoelectric 
sensors 

2 tonometers 1 tonometer 
+ ECG 

1 tonometer 
+ ECG 

2 photodiode 
sensors 

Upper arm cuff 
Oscillometric 
system 
 

Upper arm 
cuff 
Oscillometri
c system 
 

Recording time 
 
 

10 cardiac 
cycles 

10 cardiac 
cycles 

10 cardiac 
cycles 

10 s 10 cardiac 
cycles 

4-8 cardiac cycles 10 s 

Method 
 
 
 
 
 
 

Simultaneous 
pulse wave 
recording at 
carotid and 
femoral artery 

Simultaneous 
pulse wave 
recording at 
carotid and 
femoral artery 

Sequential 
ECG-gated 
pulse wave 
recording at 
carotid and 
femoral artery 

Sequential 
ECG-gated 
pulse wave 
recording at 
carotid and 
femoral artery 

Simultaneous 
pulse wave 
recording at 
finger and toe 

5.03 SW version: 
analysis of 
reflected wave 
transit time 
6.02 SW version: 
algorithm 
primarily based 
on age and 
systolic blood 
pressure. 
 

Algorithm 
primarily 
based on age 
and systolic 
blood 
pressure 

Transit time 
assessment 
 
 
 
 

Foot-to-foot 
method: 
intersecting  
tangent  
algorithm 

Foot-to-foot 
method: 
intersecting 
interpolating 
algorithm 
 

Foot-to-foot 
method: 
intersecting 
interpolating 
algorithm 

Foot-to-foot 
method: 
intersecting 
tangent  
algorithm 

Maximum of 
the second 
derivative 
algorithm 

_ _ 

Sampling rate 
 

1 kHz 1 kHz 1 kHz 128 Hz 1 kHz 100 Hz 100 Hz 

Central BP 
assessment 
 
 
 
 

Direct method 
from carotid 
artery 

Direct method 
from carotid 
artery 

Direct method 
from carotid 
artery 

Transfer 
function from 
radial artery 

From digital 
volume pulse 
by photodiode 
sensor on the 
finger 

Brachial 
oscillometric 
blood pressure 
cuff-based 
method 

Brachial 
oscillometric 
blood 
pressure 
cuff-based 
method 

24H 
monitoring 
 
 
 

No LP software 
allows up to 
24h track 
recording 

LP software 
allows up to 
24h track 
recording 

No No Ambulatory blood 
pressure 
monitoring 
(ABPM) 

Ambulatory 
blood 
pressure 
monitoring 
(ABPM) 

Weight, g 
 

450 121 88 2800 375 226 240 

Other 
characteristics 

 Pocket-size 
wireless system 

Pocket-size 
wireless system  

  Handheld system Handheld 
system 

        

Supplemental Results 2 
 3 
 4 
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Table S3.     Anthropometric and Clinical Characteristics of the Enrolled Patients. 1 
 2 
 3 

 

Characteristic 

Class of Age, years  

<55 55-64 65-74 ≥75 Pooled 

Number of patients 22 22 30 28 102 
Age, years 46.9 ± 9.5 60.4 ± 2.8 69.2 ± 2.9 79.0 ± 

2.9 

65.2 ± 12.7 
Sex, men/women 17 / 5 17 / 5 21 / 9 17 / 11 72 / 30 
Height, cm 173 ± 8 171 ± 9 167 ± 8 166 ± 7 169 ± 8 
Weight, kg 79 ± 19 78 ± 12 71 ± 14 74 ± 14 75 ± 15 
BSA, m2 1.91 ± 0.23 1.90 ± 0.18 1.79 ± 0.20 1.81 ± 

0.18 

1.85 ± 0.20 
BMI, kg/m2 26.4 ± 6.2 26.7 ± 2.9 25.4 ± 3.3 26.9 ± 

4.5 

26.3 ± 4.3 
History      

Smoking, n (%) 6 (27.3) 

6 

8 (36.4) 6 (20.0) 3 (10.7) 23 (22.5) 
Diabetes, n (%) 1 (4.5) 

 

7 (31.8) 9 (30.0) 9 (32.1) 26 (25.5) 
Hypertension, n (%) 9 (40.9) 13 (59.1) 20 (66.7) 25 (89.3) 67 (65.7) 
Dyslipidaemia, n (%) 10 (45.5) 8 (36.4) 20 (66.7) 19 (67.9) 57 (55.9) 
Thyroid disease, n (%) 2 (9.1) 2 (9.1) 3 (10.0) 3 (10.7) 10 (9.8) 
Peripheral artery disease, n (%) 

(%) 

0 4 (18.2) 5 (16.7) 4 (14.3) 13 (12.7) 
Cerebrovascular disease, n (%) (%) 0 1 (4.5) 3 (10.0) 3 (10.7) 7 (6.9) 
Carotid artery stenosis, n (%) (%) 1 (4.5) 1 (4.5) 3 (10.0) 8 (28.6) 13 (12.7) 
Heart valve disease, n (%) 4 (18.2) 1 (4.5) 6 (20.0) 7 (25.0) 18 (17.6) 
Arrhythmia, n (%) 1 (4.5) 1 (4.5) 3 (10.0) 3 (10.7) 8 (7.8) 
Pacemaker, n (%) 1 (4.5) 0 0 2 (7.1) 3 (2.9) 
ICD, n (%) 1 (4.5) 1 (4.5) 0 0 2 (2.0) 
Syntax score 1-22, n (%) 

 

4 (18.2) 8 (36.4) 7 (23.3) 

 

13 (46.4) 32 (31.4) 
Syntax score 23-32, n (%) 

 

2 (9.1) 0 3 (10.0) 4 (14.3) 9 (8.8) 
Syntax score >32, n (%) 

 

0 3 (13.6) 5 (16.7) 1 (3.6) 9 (8.8) 
Coronary artery bypass graft, n 

(%) 

 

1 (4.5) 1 (4.5) 2 (6.7) 2 (7.1) 6 (5.9) 
Stenting, n (%) 3 (13.6) 4 (18.2) 5 (16.7) 5 (17.9) 17 (16.7) 

Treatment:      
Diuretics, n (%) 4 (18.2) 7 (31.8) 4 (13.3) 12 (42.9) 27 (26.5) 
α-lytics, n (%) 1 (4.5) 3 (13.6) 6 (20.0) 5 (17.9) 15 (14.7) 
β-blockers, n (%) 13 (59.1) 14 (63.6) 19 (63.3) 15 (53.6) 61 (59.8) 
Ca-antagonists, n (%) 1 (4.5) 6 (27.3) 12 (40.0) 10 (35.7) 29 (28.4) 
ACEi, n (%) 7 (31.8) 12 (54.5) 18 (60.0) 11 (39.3) 48 (47.1) 
ARBs, n (%) 3 (13.6) 4 (18.2) 5 (16.7) 10 (35.7) 22 (21.6) 
Lipid lowering, n (%) 11 (50.0) 13 (59.1) 19 (63.3) 17 (60.7) 60 (58.8) 

 4 
ACEi, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; BMI, body mass index; 5 
BSA, body surface area; ICD, implantable cardioverter defibrillator; RAAS, renin-angiotensin-aldosterone system; 6 
Syntax Score, angiographic grading tool to determine the complexity of coronary artery disease 6. Data are expressed 7 
as mean ± standard deviation or percentage. 8 
  9 
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Table S4.    Correlation and Mean Differences in Pulse Wave Velocity Values Between Devices. 1 
 2 
Device I         

         
Complior         

N 
r 
p 
∆±SD 

90 
0.64 

<0.0001 
-0.73±2.83 

      

 

PulsePen ETT         
N 
r 
p 
∆±SD 

89 
0.71 

<0.0001 
0.20±2.54 

97 
0.83 

<0.0001 
-0.86±1.80 

     

 

PulsePen ET         
N 
r 
p 
∆±SD 

92 
0.78 

<0.0001 
-0.04±2.33 

100 
0.86 

<0.0001 
-0.68±1.78 

99 
0.95 

<0.0001 
0.21±0.99 

    

 

SphygmoCor         
N 
r 
p 
∆±SD 

92 
0.70 

<0.0001 
-0.61±2.57 

100 
0.83 

<0.0001 
-0.09±1.78 

99 
0.89 

<0.0001 
0.75±1.51 

102 
0.91 

<0.0001 
0.60±1.50 

   

 

pOpmètre         
N 
r 
p 
∆±SD 

54 
0.41 

0.0021 
-0.44±4.44 

58 
0.29 

0.0272 
-0.08±4.59 

57 
0.26 

0.0508 
0.85±4.84 

58 
0.28 

0.0333 
0.46±4.67 

58 
0.33 

0.0114 
0.05±4.47 

  

 

BPLab (Vasotens 5.03)       
N 
r 
p 
∆±SD 

91 
0.23 

0.0283 
-0.71±3.55 

99 
0.29 

0.0036 
0.04±3.42 

98 
0.32 

0.0013 
0.74±3.57 

101 
0.32 

0.0011 
0.68±3.73 

101 
0.30 

0.0023 
0.09±3.14 

57 
0.14 

0.2990 
0.31±4.37 

 

 

BPLab (Vasotens 6.02)       
N 
r 
p 
∆±SD 

91 
0.77 

<0.0001 
1.04±2.27 

99 
0.54 

<0.0001 
-1.72±2.85 

98 
0.69 

<0.0001 
-0.84±2.42 

101 
0.68 

<0.0001 
-1.03±2.57 

101 
0.72 

<0.0001 
-1.62±2.12 

57 
0.21 

0.1169 
-2.00±4.49 

101 
0.36 

0.0002 
1.61±2.74 

 

Mobil-O-Graph         
N 
r 
p 
∆±SD 

92 
0.71 

<0.0001 
-1.01±2.54 

100 
0.46 

<0.0001 
0.28±2.94 

99 
0.62 

<0.0001 
1.17±2.59 

102 
0.61 

<0.0001 
1.00±2.77 

102 
0.64 

<0.0001 
0.40±2.23 

58 
0.21 

0.1136 
0.08±4.69 

101 
0.17 

0.0892 
-0.29±2.84 

101 
0.94 

<0.0001 
2.00±1.00 

         
Device II 

à Invasive Complior PulsePen ETT PulsePen ET SphygmoCor pOpmètre BPLab 5.03 BPLab 6.02 

 3 
∆, mean differences, indicates pulse wave velocity (PWV, m/s) measured by Device I (first column) minus 4 
PWV measured by Device II (last row); N, number of patients; p, probability value; r, Pearson correlation 5 
coefficient; SD, Standard deviation. 6 

  7 
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Table S5.    Correlation and Mean Differences Between the Values of the Inverse of Pulse Wave Velocity 1 
(1/PWV) Between Devices. 2 
 3 
Device I         

         
Complior         

N 
r 
p 
∆±SD 

90 
0.57 

<0.0001 
6.1±27.6 

      

 

PulsePen ETT         
N 
r 
p 
∆±SD 

89 
0.72 

<0.0001 
-2.8±21.3 

97 
0.80 

<0.0001 
8.3±18.7 

     

 

PulsePen ET         
N 
r 
p 
∆±SD 

92 
0.78 

<0.0001 
-0.8±19.2 

100 
0.80 

<0.0001 
6.6±18.9 

99 
0.95 

<0.0001 
-1.9±9.3 

    

 

SphygmoCor         
N 
r 
p 
∆±SD 

92 
0.66 

<0.0001 
3.0±23.5 

100 
0.83 

<0.0001 
2.3±17.6 

99 
0.89 

<0.0001 
-6.0±13.6 

102 
0.92 

<0.0001 
-4.3±11.9 

   

 

pOpmètre         
N 
r 
p 
∆±SD 

54 
0.29 

0.0334 
13.1±44.4 

58 
0.22 

0.0970 
-8.6±45.0 

57 
0.17 

0.2061 
-18.0±44.3 

58 
0.10 

0.4551 
-14.2±46.2 

58 
0.18 

0.1764 
-10.5±44.9 

  

 

BPLab (Vasotens 5.03)       
N 
r 
p 
∆±SD 

91 
0.25 

0.0168 
0.6±31.3 

99 
0.36 

0.0003 
6.8±30.9 

98 
0.38 

0.0001 
-0.2±28.1 

101 
0.39 

<0.0001 
0.7±28.3 

101 
0.37 

0.0001 
5.0±29.2 

57 
0.05 

0.7119 
12.4±43.9 

 

 

BPLab (Vasotens 6.02)       
N 
r 
p 
∆±SD 

91 
0.80 

<0.0001 
-12.3±18.2 

99 
0.60 

<0.0001 
17.3±25.7 

98 
0.74 

<0.0001 
9.0±19.5 

101 
0.77 

<0.0001 
10.8±18.6 

101 
0.76 

<0.0001 
15.1±19.1 

57 
0.09 

0.5055 
27.2±44.1 

101 
0.44 

<0.0001 
11.0±24.3 

 

Mobil-O-Graph         
N 
r 
p 
∆±SD 

92 
0.76 

<0.0001 
4.9±19.5 

100 
0.51 

<0.0001 
-0.1±29.2 

99 
0.68 

<0.0001 
-8.7±22.2 

102 
0.71 

<0.0001 
-6.7±21.5 

102 
0.70 

<0.0001 
-2.4±21.8 

58 
0.10 

0.4551 
9.7±46.6 

101 
0.26 

0.0086 
7.3±30.9 

101 
0.96 

<0.0001 
-17.4±8.2 

         
Device II 

à Invasive Complior PulsePen ETT PulsePen ET SphygmoCor pOpmètre BPLab 5.03 BPLab 6.02 

 4 
∆, mean differences, indicates the inverse of pulse wave velocity value (1/PWV, ms/m) measured by Device 5 
I (first column) minus 1/PWV measured by Device II (last row); N, number of patients; p, probability value; 6 
r, Pearson correlation coefficient; SD, Standard deviation. 7 

  8 
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Table S6.     Heart Rate and Blood Pressure Values Changes During Non-Invasive and 1 
Invasive Procedures 2 
 3 

 Non-invasive  
Invasive 

 
t-test invasive vs non-invasive 

average values 

Parameters Set 1 Set 2 Average   
Mean 

difference 
p 

SBP, mmHg 142 ± 23 142 ± 23 142 ± 22  148 ± 31  5.86 0.008 

DBP, mmHg 77 ± 10 76 ± 10 77 ± 9  73 ± 13  -3.92 <0.001 

PP, mmHg 65 ± 20 66 ± 21 65 ± 20  75 ± 25  9.77 <0.001 

MAP, mmHg 102 ± 13 102 ± 13 102 ± 13  102 ± 19  0.02 0.988 

HR, bpm 63 ± 10 63 ± 11 63 ± 10  67 ± 12  4.22 <0.001 

 4 
Set 1 and Set 2 indicate the first and the second session in which non-invasive tests were performed. 5 
DBP, diastolic blood pressure; HR, heart rate; MAP, mean arterial pressure; PP, pulse pressure; SBP, systolic blood 6 
pressure;  7 
  8 
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Table S7.     Multivariate analysis exploring the influence of change in heart rate, systolic 1 
and diastolic blood pressure (BP), on the differences in pulse wave velocity during non- 2 
invasive and invasive measurements:  3 
 4 
 5 

Device   Multivariate analysis 

           Parameters   r2 (model) . p 

Complior Analyse   0.147   
           Systolic BP    0.282 0.079 
           Diastolic BP    0.115 0.479 
           Heart rate    -0.144 0.157 
PulsePen ETT   0.112   
           Systolic BP    0.275 0.093 
           Diastolic BP    0.015 0.926 
           Heart rate    0.138 0.182 
PulsePen ET   0.254   
           Systolic BP    0.174 0.244 
           Diastolic BP    0.361 0.019 
           Heart rate    -0.035 0.707 
SphygmoCor   0.078   
           Systolic BP    0.296 0.051 
           Diastolic BP    0.220 0.152 
           Heart rate    0.030 0.749 
pOpmètre   0.092   
           Systolic BP    0.443 0.008 
           Diastolic BP    -0.283 0.093 
           Heart rate     0.121 0.248 
BPLab   0.368   
           Systolic BP    0.272 0.117 
           Diastolic BP    0.230 0.196 
           Heart rate     0.186 0.067 
Mobil-O-Graph   0.097   
           Systolic BP    0.305 0.048 
           Diastolic BP    0.010 0.950 
           Heart rate    -0.006 0.953 
      

  6 
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Table S8.     The Average Running Time of an Exam for Each Device. 1 
 2 

Devices Time (mean ± SD) 

Complior 2m 27s ± 1m 22s 

PulsePen TT 1m 49s ± 0m 44s 

PulsePen ET 2m 56s ± 1m 10s 

SphygmoCor 2m 49s ± 1m 16s 

pOpmètre 13m 54s ± 10m 54s 

BPLab 4m 46s ± 4m 28s 

Mobil-O-Graph 2m 25s ± 2m 14s 

  3 



 14 

 1 
 2 

Figure S1.   FS-Stiffcath (Flag Vascular, Monza, Italy).  3 
The catheter is made of thermoplastic polymers mixed with a radiopaque additive. It consists of 4 
two tubular elements, with a lumen each and coaxially aligned to slide over one another, in order 5 
to provide the simultaneous recording of proximal and distal pressure waves. A graduated scale 6 
allows direct reading of the distance between the two openings.  7 
 Both lumens were connected to an external TruWave pressure transducer (Edwards 8 
Lifescience, Irvine, CA, USA; impedance of 300 ohms ± 5%, pressure sensitivity of 5 9 
µV/mmHg/V± 10%) via a 100-cm long fluid-filled line. This system was characterized by 977 Hz 10 
sampling rate. The frequency response of the 8 French catheter system was evaluated in the 11 
standard manner by the ‘pop test’7. The underdamped natural frequency was 45 Hz, with a 12 
damping coefficient of 0.46. The system was calibrated against a mercury sphygmomanometer, 13 
zeroed and checked for air bubbles before each new examination. Invasive PWV recordings were 14 
reviewed during the on-going catheterization by the Mac-Lab IT Hemodynamic Recording System 15 
software (GE Healthcare, Chicago, United States) and analyzed off-line by a custom-designed 16 
software (SPEGL, Milan, Italy). 17 

  18 
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 1 
 2 

Figure S2.   Aortic Invasive Pulse Wave Velocity Analysis (Example).  3 
Pulse wave velocity was calculated by a custom-designed software, using foot-to-foot method and intercept 4 
tangent algorithm. Pulse waves were acquired with a 977 Hz sampling rate.  5 
Dist., distance between proximal and distal pressure wave recorder; PWTT, pulse wave transit time; PWV, pulse 6 
wave velocity; SD, standard deviation. 7 

  8 
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 1 
 2 
 3 
Figure S3.   Relationship between carotid-femoral pulse wave velocity using subtracted 4 
distance-based method and invasive reference aortic PWV.  5 
On the left, the scatter plots show linear correlation between pulse wave velocity (PWV) values measured by the 6 
invasive reference method versus carotid-femoral PWV. A linear regression line (solid line) and the y = x line 7 
(dotted line) are also shown in each panel. On the right, Bland-Altman analysis shows differences observed between 8 
invasive and non-invasive measurements of PWV according to the average values. The area characterized by 9 
vertical lines and delimited by solid lines shows the mean values of differences ± 1.96 standard deviation of pooled 10 
data.   11 
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 1 
 2 

 3 
Figure S4.   Inverse of pulse wave velocity values (1/PWV, ms/m) measured by invasive and 4 
non-invasive methods when stratifying the population by age (upper panel) and pulse wave 5 
velocity quartiles (lower panel). 6 
Data are expressed as median (horizontal line), within rectangles showing the interval between 7 
the first and third quartiles; vertical lines show the distribution of values (from the minimum to 8 
the maximum value). *, p<0.05; **, p<0.01; ***, p<0.001 versus 1/PWV measured by invasive 9 
standard method.  10 
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 2 
 3 
Figure S5.   Relationship between pulse wave velocity values acquired by Complior Analyse 4 
and the other non-invasive methods.  5 
On the left, the scatter plots show linear correlation between pulse wave velocity (PWV) values measured by the 6 
Complior Analyse versus PWV measured by the other non-invasive devices. A linear regression line (solid line) 7 
and the y = x line (dotted line) are also shown in each panel. On the right, Bland-Altman analysis shows differences 8 
observed between Complior Analyse and other non-invasive measurements of PWV according to the average 9 
values. The mean values of differences (solid lines) ± 1.96 standard deviation (dotted lines) are shown.  10 
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 1 
 2 
Figure S6.   Relationship between pulse wave velocity values acquired by PulsePen-ETT 3 
and the other non-invasive methods. 4 
On the left, the scatter plots show linear correlation between pulse wave velocity (PWV) values measured by the 5 
PulsePen-ETT versus PWV measured by the other non-invasive devices. A linear regression line (solid line) and 6 
the y = x line (dotted line) are also shown in each panel. On the right, Bland-Altman analysis shows differences 7 
observed between PulsePen-ETT and other non-invasive measurements of PWV according to the average values. 8 
The mean values of differences (solid lines) ± 1.96 standard deviation (dotted lines) are shown.  9 
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 1 
 2 
Figure S7.   Relationship between pulse wave velocity values acquired by PulsePen-ET and 3 
the other non-invasive methods.  4 
On the left, the scatter plots show linear correlation between pulse wave velocity (PWV) values measured by the 5 
PulsePen-ET versus PWV measured by the other non-invasive devices. A linear regression line (solid line) and the 6 
y = x line (dotted line) are also shown in each panel. On the right, Bland-Altman analysis shows differences observed 7 
between PulsePen-ET and other non-invasive measurements of PWV according to the average values. The mean 8 
values of differences (solid lines) ± 1.96 standard deviation (dotted lines) are shown.  9 
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 2 

 3 
 4 
Figure S8.     Relationship between changes in systolic blood pressure and differences in 5 
pulse wave velocity (PWV) during non-invasive and invasive measurements.  6 
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Figure S9.     Relationship between changes in diastolic blood pressure and differences in 4 
pulse wave velocity (PWV) during non-invasive and invasive measurements.  5 
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Figure S10.     Relationship between changes in mean arterial pressure and differences in 4 
pulse wave velocity (PWV) during non-invasive and invasive measurements.  5 
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Figure S11.     Relationship between changes in heart rate and differences in pulse wave 4 
velocity (PWV) during non-invasive and invasive measurements.  5 
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Figure S12.     Exponential regression analysis between age and aortic pulse wave velocity 3 
(PWV) measured by invasive and non-invasive methods. 4 
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Figure S13.  Factors affecting pulse wave velocity (PWV) estimated by Mobil-O-Graph. 4 
Pulse wave velocity by Mobil-O-Graph is very strongly dependent (r2 = 0.99) on squared-age (age2) and 5 
brachial systolic blood pressure (SBP).  6 
 7 
 8 
 9 
Figure S14.   Factors affecting pulse wave velocity (PWV) estimated by BPLab. 10 
Panel 11 

 12 
 13 
Panel A: pulse wave velocity (PWV) by BPLab depends (r2 >0.99) on squared-age (age2), brachial 14 
systolic blood pressure (SBP) and the relationship of the distance between the suprasternal-notch and the 15 
pubic symphysis and the delay of the reflected wave (spDist/rwTT). This last parameter plays only a 16 
secondary role in the definition of PWV, as demonstrated in Panel B, where only squared-age and brachial 17 
systolic blood pressure are considered. 18 
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 4 
 5 
 6 
Figure S15.   Pressure wave pathway in carotid-femoral (left panel) and finger-toe (right 7 
panel) pulse wave velocity assessment.  8 
 9 
These methods do not exactly assess aortic distensibility. 10 
 11 
In carotid-femoral pulse wave velocity (cf-PWV, by Complior, PulsePen and SphygmoCor): 12 
(1) the ascending aorta is excluded by cf-PWV measurement;  13 
(2) the brachiocephalic trunk and the common carotid artery are included in the cf-PWV measurement, 14 

even if in this arterial district pulse wave travels in opposite direction and at different speed; 15 
(3) the iliac arteries and the initial part of femoral arteries are included in the evaluation of cf-PWV.  16 
 17 
In finger-toe pulse wave velocity (by pOpmètre): 18 
(1) the ascending aorta is excluded by finger-toe PWV measurement;  19 
(2) all the upper limb muscular arteries are included in the finger-toe PWV measurement, even if in this 20 

arterial district pulse wave travels in opposite direction and at different speed; 21 

(3) all the lower limb muscular arteries are included in the evaluation of finger-toe PWV.  22 
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