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170 Abstracts
Comparison between MRI aPWV (mean: 4.78�1.41 m/s) values and cfPWV
(mean: 7.76�0.90 m/s) values showed a good correlation (R2Z0.73). MRI
cPWV (mean 1.99�0.74 m/s) values were positively correlated (R2Z0.90)
with CS (mean: 4.88�0.86 m/s) values and showed a lower correlation
with cfPWV ones (R2Z0.14).
In conclusion, this preliminary study shows a multi-technique approach for
regional and local PWV calculation aimed to realize a reference database
that could be used when developing and validating new algorithms and
techniques for PWV evaluation.
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ASSESSMENT OF CAROTID PULSE WAVE VELOCITY CHANGES OVER

CARDIAC CYCLE: AN ACCELEROMETRIC APPROACH

N. Di Lascio 1, V. Gemignani 1, E. Bianchini 1, R. M. Bruno 1, L. Ghiadoni 2,
F. Faita 1

1Institute of Clinical Physiology, National Council of Research, Pisa, Italy
2Department of Internal Medicine, University of Pisa, Pisa, Italy

Great attention has been placed on the role of carotid elasticity in
cardiovascular risk evaluation. Since carotid pulse wave velocity (cPWV)
value changes over cardiac cycle, non-invasive cPWV measurements at
different cardiac cycle moments could be helpful for a full characterization
of vascular behaviour. Aim of this study is to test a new accelerometric
system for cPWV assessment able to estimate three different cPWV values.
Moreover, preliminary results regarding their comparison with ultrasound
carotid stiffness (CS) evaluation are presented.
Twelve healthy subjects (33.4�7.2 years, 50% males, BMI 22.7�3.5 kg/m2)
have been recruited. CS values were obtained from ultrasound B-mode
images analysed by contour tracking techniques together with tonometric
local pulse pressure estimation and Bramwhell-Hill equation. A small device,
with two percutaneous accelerometers (distance: 2.4 cm) placed on a soft
bracket allowed to vibrate freely, was put on the neck of each subject.
Temporal shifts between the two accelerometric signals were assessed on
beat-to-beat temporal basis with correlation techniques. These temporal
values allowed cPWV assessment for the whole cycle (allcPWV), diastolic
(dcPWV) and dicrotic notch (dncPWV) phase.
Accelerometic allcPWV (3.81�0.70 m/s) values showed a good correlation
with CS measurements (rZ0.41) while dcPWV (3.26�0.97 m/s) and dncPWV
(3.74�0.59 m/s) where less correlated with them (rZ-0.17 and rZ0.04
respectively). As we could expect dcPWV values were smaller than dncPWV
ones.
In conclusion, the proposed system is easy-to-use and it could be useful for
the evaluation of cPWV values characterizing the entire cardiac cycle, as
well as diastolic and dicrotic notch phases.
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NONLINEAR ARTERIAL PROPERTIES: PRESSURE-INDEPENDENT

CHARACTERIZATION

B. Gavish
InterCure Ltd., Eshtaol, Israel

The pressure-volume relationship in real arteries is nonlinear. As a result,
stiffness is pressure-dependent. Hereby, I propose a model-based pressure-
independent and measurable characterization for such arteries. Literature
shows that under normal conditions arterial pressure P, as measured in vitro
or in vivo at the systolic pressure (S) and diastolic pressure (D), increases
exponentially with the absolute or relative arterial volume V, lumen area or
diameter (Eq.1&Figure). The pressure-independent exponent b (‘stiffness
constant’) has diagnostic and prognostic significance. Defining arterial
stiffness GP by dP/dV, Eq.1 shows that GP equals to bP plus a constant
(Eq.2&Figure). Thus, b expresses the stiffness change per 1mmHg increase
of pressure. Eq.2 predicts a linear relationship between repeatedly
measured S and D, (Eq.3&Figure). Eq.2 shows that the change in S per
1mmHg increase in D (‘dS/dD’) is the mean relative increase in arterial stiff-
ness during the systole GS/GD (Eq.3&Figure), i.e. ‘stiffening’, where dS/
dDZ1 for elastic arteries. The statistical estimate of dS/dD is given by
SDS/SDD, where SD is the standard deviation (Figure). Using 24hABP data
of 1,247 hypertensive patients (age 57�26 and 50% males) Eq.3 was
confirmed with rZ0.76�0.14 and dS/dDZ1.4�0.3 with 90% of values in
the range 1.0-2.0. Eq.2 was confirmed by Schillaci et al 2011 by measuring
the diastolic pulse wave velocity (PWVD) at different arm positions (since
GDwPWVD

2), and Eq.3 was used to determine the systolic PWV or GS. In
conclusion, nonlinear arterial properties are strongly expressed during the
cardiac cycle. Its modelling may be useful in interpreting stiffness measured
by different methods.
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SEMI-INVASIVE CARDIAC OUTPUT MEASUREMENT BASED ON PULSE

CONTOUR ANALYSIS: A REVIEW AND META-ANALYSIS

H. Schima 3, T. Schlöglhofer 2, H. Gilly 1

1Department of General Anaesthesia, Intensive Care Medicine and Pain
Therapy, Vienna, Austria
2Department of Cardiac Surgery, Vienna, Austria
3Center for Med.Physics and Biomed Engineering; Medical University of
Vienna, Vienna, Austria

Background: Different methods and several devices exist for measuring
cardiac output by minimal invasive techniques, all based on arterial pulse
contour analysis (FloTrac�/Vigileo�, Edwards Lifesciences; PiCCO�, Pulsion
Medical Systems; LiDCO�/PulseCO�, LiDCO Ltd; PRAM/Mostcare, FIAB SpA;
Modelflow�, Finapres Medical Systems). However, their measurement accu-
racy, especially during changing patient conditions, remains under discus-
sion. The underlying CO measurement methods and their limitations will
be presented in detail and the results of recent comparative studies
between these devices and the “gold standard”, pulmonary artery catheter
thermodilution (PAC TD), will be discussed.
Methods: Prospective studies and available reviews on the comparison of the
pulse contour approach with the established PAC TD technique were
enclosed in our meta-analysis. As far as available, the relevant results
(data for the range of cardiac output, bias, percentage error) and the soft-
ware versions used were included.
Results: Studies comparing the available systems for CO measurement have
been performed in a variety of clinical settings. For instance, out of 53 analysed
studies of CO determination by arterial pulse contour analysis, the majority
shows acceptable accuracy during stable hemodynamic conditions. However,
the studies under varying hemodynamic situations (vasoactive drug administra-
tion, loss of fluids etc). demonstrate insufficient accuracy (with percentage
errors exceeding the 30% limit as suggested by Critchley&Critchley).
Conclusions: Under stable hemodynamic conditions CO measurements
based on intermittent bolus TD and arterial pulse contour analysis seem to
yield comparable Results: Further improvement and validation studies are
needed to prove the reliability of CO determination in unstable patients
with the systems presently available.
Keywords: Cardiac output, arterial pulse contour, thermodilution,
FloTracTM/VigileoTM, PiCCO�
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THE EFFECT OF MUSCULARITY AND HANDEDNESS ON RADIAL ARTERIAL

PULSE WAVE VELOCITY IN HEALTHY VOLUNTEERS

A. Kumar, P. S. T. Ray, D. Morissey, R. Twycross-Lewis, S. E. Greenwald
Barts & The London School of Medicine & Dentistry, London, United Kingdom

Introduction. Despite current interest in conduit artery stiffness, no in-vivo
studies have reported its relationship to surrounding muscle and the possible
effects of tethering. We investigated the effect of musculature and handed-
ness on radial artery pulse wave velocity (raPWV) in each arm to test three
hypotheses. Is there: 1) a difference in raPWV between the dominant and
non-dominant arm? 2) an association between arm muscularity and raPWV?
and 3) a difference in raPWV between left and right handers?
Methods: Handedness was assessed by questionnaire and examination of
signatures in 54 healthy volunteers (18-40yr; 22 left-handed, male/female
12/10; 32 right-handed, male/female 17/15). Muscularity was defined by
arm circumference measurements. raPWV was measured between the distal
end of the brachial artery (8MHz Huntleigh Doppler) and the tip of the ring
finger (Nelcor clip-on pulse-oximetry sensor). Data were sampled for 30s at
1kHz and analysed off-line.
Results: 1)There was no significant difference between dominant and non-
dominant raPWV (paired t-test) and no sex differences in either arm. 2)
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There was no statistically significant correlation between raPWV and arm
musculature. 3)Left handed individuals had higher raPWV than right hand-
ers, figure below. (unpaired t-test; both limbs PWV p<0.0001, dominant
only p<0.015, non-dominant p<0.001).
Summary and Conclusions: Results failed to support hypotheses 1 and 2,
although differences in muscularity between the two arms were small.
Intriguingly, for reasons unknown, left handers had stiffer arms than right
handers. In future we will measure PWV at other sites and include racquet
sport players with greater muscular disparity between each arm.
P2.26

PRESSURE AT THE LAST SYSTOLIC SHOULDER OF THE ARTERIAL

WAVEFORM EQUALS CENTRAL AORTIC SYSTOLIC PRESSURE AND IS

CONSTANT ALONG THE UPPER LIMB

A. Guilcher, B. Jiang, D. Hou, P. Chowienczyk
King’s College London, British Heart Foundation Centre, London, United
Kingdom
Table Radial strain and relative distension between patients with and without CVA

N# SBP
(mmHg)

DBP
(mmHg)

stenosis
degree(%)

εm

(%)
εa

(%)
(DD/D)in (%) (DD/D)out (%)

ipsilateral 14 136�22 77�12 38�36 �8.5�2.5* �4.3�1.3 7.2�2.9 5.1�2.0*
contralat. 15 28�33 �7.8�2.6* �3.8�1.2 7.1�2.7 4.9�1.6
w/o CVA 10 145�18 85�10 27�29 �5.3�1.8 �3.5�2.5 5.1�2.1 3.6�1.4

*significant different from patient without (w/o) CVA using Student t-test; number of CCAs (N); systolic blood pressure (SBP); diastolic blood pressure (DBP);
contralat, contralateral. #1 ipsilateral CCA of patients with CVA and 2 CCAs in patients without CVA were excluded due to poor image quality.
Objective: Previous studies have shown that the pressure at the late systolic
shoulder (SBP2) of the radial or digital pressure waveform is a good estimate
of central systolic pressure (cSBP) when waveforms are calibrated from inva-
sive measurements. These results suggest SBP2 may remain constant along
the upper limb. The aim of this study was to examine the agreement
between SBP2 at the carotid, brachial and radial arteries.
Methods: We compared measurements of SBP2 obtained by applanation
tonometry using the SphygmoCor system (Atcor Medical, Australia) at the
radial (RA), brachial (BA) and carotid (CA) arteries on 45 subjects (24 men,
aged 23-84 years). Waveforms were calibrated using the same mean (MAP)
and diastolic blood pressure (DBP).
Results: There was a close agreement between SBP2 values measured
at the different sites with a mean difference (SD) of 0.88 (5.29)
mmHg for RA-BA, -2.30 (4.60) mmHg for BA-CA and -1.42 (4.34) mmHg
for RA-CA.
Conclusion: These results suggest that SBP2 can be considered as constant
along the arm.
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LOCAL RADIAL STRAIN OF THE COMMON CAROTID ARTERY WALL

E. Hermeling 1,4, F. H. Schreuder 2, W. H. Mess 2, M. E. Kooi 1,4,
A. P. G. Hoeks 3,4
1Department of Radiology, Maastricht University Medical Centre,
Maastricht, Netherlands
2Department of Clinical Neurophysiology, Maastricht University Medical
Centre, Maastricht, Netherlands
3Department of Biomedical Engineering, Maastricht University, Maastricht,
Netherlands
4Cardiovascular Research Institute Maastricht, Maastricht,
Netherlands

Background: Rupture of atherosclerotic plaques occurs when mechanical
stress exceeds material strength. Increased radial strain (ε, measured
in the wall tissue) may be indicative for both locally increased
mechanical stress as well as locally decreased material strength. The aim
of our feasibility study was to analyse the precision and accuracy of ε, within
the common carotid artery (CCA) wall of patients with and without recent
cerebrovascular accident (CVA,<6weeks).
Methods: The left and right CCA of 21 patients (15 with CVA) were
measured twice with multiple M-mode ultrasound. ε was determined for
the intima-media layer (εm) and adventitia layer (εa), separately, using
an RF-based algorithm. Intima-to-intima ((DD/D)in) and adventitia-to-
adventitia relative distension ((DD/D)out) were also obtained, which are
strongly related to strain (ε z�DD/D) when wall-inhomogeneities are
negligible.
Results: Intra-subject precision was 1.8% for εm and 1.0% for εa. Averaged
over all patients, εmZ�7.4�2.7% (mean�sd) was higher than
εaZ�3.9�1.7% (p<0.0001). εm was significantly correlated with (DD/D)in
(r2Z0.48, p<0.0001), but higher than �(DD/D)in (DZ0.8�2.1%,pZ0.02).
For the adventitial layer, the correlation between εa and (DD/D)out
was weaker (r2Z0.10,pZ0.05; DZ0.7�2.0%,pZ0.02). Despite similar
blood pressures and stenosis degrees, εm, (DD/D)out, (DD/D)in, but
not εa, were higher at the ipsilateral side for patients with
than for patients without CVA, (pZ0.002,pZ0.05 and pZ0.06,
respectively).
Conclusion: Strain can be measured directly within wall tissue
with reasonable accuracy and precision and allows discrimination
between arterial layers and patient groups. As DD/D is not applicable to
inhomogeneous walls, strain is a promising tool to evaluate vulnerability
of plaques.
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OPTICAL AND MECHANICAL MEASUREMENT OF THE ARTERIAL

ELASTICITY

M. J. Huotari 1, J. Röning 1, A. Vehkaoja 2, K. Määttä 1, J. Kostamovaara 1

1University of OULU, OULU, Finland
2Tampere University of Technology, TAMPERE, Finland

The photoplethysmography (PPG) derives from the change of attenuation
of the light either transmitted or reflected through the tissues over which
the LED light has been applied. Variation in light intensity received by the
photodetector depends on the amount of blood in arteries, but the
accurate waveform is also caused by arterial wall properties, e.g., arterial
elasticity. Also eletromechanical film (EMFi) is an excellent sensor material
for long-term applications for arterial pulse wave recordings to find out
wall elasticity. The EMFi sensor measures extremely small displacements
of the arterial wall and the tissue around the artery caused by the
blood pressure wave signal. Comparison between the EMFi and PPG
sensor shows a very close correlation inside of the pulsatile component
of blood flow mechanically in the wrist and the change in light absorption
on the fingertip. It is possible to separate mathematically five distinct
components of the PPG and EMFi waveforms. Potentially from these
non-invasively measured information about cardiac function and arterial


