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94 Abstracts
(DBP). Accuracy of estimated aortic BP has never been determined when pe-
ripheral waveforms are precision calibrated using peripheral intra-arterial
SBP/DBP. This is relevant to understanding the best methods to estimate
aortic BP accurately and was the aim of this study. We also determined
how other calibrations influence estimated aortic BP accuracy.
Methods: Ascending aortic, brachial and radial artery intra-arterial BP was
measured among 104 patients (61.8� 10 years, 66% male) undergoing coro-
nary angiography. Intra- arterial aortic SBP was compared with estimated
aortic SBP by generalised transfer function (SphygmoCor) using: (1) intra-
arterial brachial pressure waveforms calibrated with intra-arterial brachial
SBP/DBP; (2) intra-arterial radial pressure waveforms calibrated with
intra-arterial brachial SBP/DBP and (3) radial SBP/DBP and; (4) intra-arterial
aortic mean arterial pressure (MAP)/DBP.
Results: All intra-arterial SBP/DBP peripheral waveform calibrations signifi-
cantly underestimated intra-arterial aortic SBP ((1) �4.5� 7.0 mmHg; (2)
�8.8� 8.0 mmHg and (3) �5.4� 7.6 mmHg; p< 0.0001 all). Conversely,
intra-arterial aortic MAP/DBP calibration (4) accurately estimated aortic
SBP (0.03� 4.6 mmHg, pZ 0.95). Underestimation of intra-arterial aortic
SBP was related to lower aortic-to-brachial SBP amplification (r> 0.25,
p< 0.009 all calibrations).
Conclusion: Even when using accurate (intra-arterial) SBP/DBP for precision
peripheral waveform calibration, aortic SBP was significantly underesti-
mated. Intra-arterial aortic MAP/DBP was the most accurate calibration,
but is not feasible for non-invasive use. These findings highlight the need
for improved ways to accurately estimate aortic SBP.
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Background: Arterial stiffening, occurring as part of the natural aging process
of the artery, is well- established as a powerful predictor of cardiovascular dis-
ease.However, little is knownabout how localised changes in theextracellular
matrix and mechanical properties of arterial tissue contribute to gross stiff-
ening in the vasculature, particularly in the adventitia. The mechanical prop-
erties of the adventitia are attributed to the collagen fibrils which exhibit high
tensile strength when an axial load is placed on the vessel.
Objective: To determine the relationship between the adventitial collagen
fibril properties and carotid-femoral pulse wave velocity (PWV).
Methods: 16 patients were split into high PWV (13.6� 1.1ms�1) and low
(8.5� 0.3ms�1) PWV groups (t-test, P< 0.001). Internal mammary arteries
(IMAs) which were collected during coronary artery bypass grafting (CABG)
were used to nano-scale characterisation of the tissue with atomic force mi-
croscopy (AFM). AFM was used to determine nanomechanical properties and
collagen fibril morphology.
Results: Abundant, highly oriented collagen fibrils were observed in the
adventitial layer in both groups. The adventitia had high elastic modulus
values in the high PWV group (Low PWVZ 2298.64� 75.38MPa; High
PWVZ 2734.63� 95.52MPa, P< 0.001). The collagen fibril diameters were
found to be higher in patients with high PWV (Low PWVZ 117.23� 22.19nm,
High PWVZ 119.18� 21.96nm, P< 0.001).
Conclusion: Nanomechanical properties and collagen fibril morphology in
arterial tissue associated with carotid-femoral PWV. Nano-scale changes in
the IMA are therefore indicative of systematic changes in arterial stiffness
in the vasculature.
Figure 1. PWV vs gestational age in weeks for normal (blue diamond ) and
FGR (red squares ) fetuses and the trendlines with equations describing
them and their r2 values. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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Recently several methods have been proposed as tools to measure aortic
pulse wave velocity (aPWV). The carotid-femoral pulse wave velocity (cf-
PWV), the current clinical gold standard method for the noninvasive
assessment of aPWV, uses the carotidefemoral pulse transit time (cf-PTT)
to derive cf-PWV. The heart-ankle PWV (ha-PWV), brachial-ankle PWV (ba-
PWV) and finger-toe (ft-PWV) are also methods presuming to approximate
aPWV based on time delays between physiological signals at two locations
(wheart-ankle PTT, ha-PTT; wbrachial-ankle PTT, ba-PTT; wfinger-toe PTT,
ft-PTT). To test the validity of these methods, we used a 1D arterial network
model (143 segments) including the foot and hand circulation.
The arterial tree dimensions and properties were taken from the literature
and completed with CT-scans data. We calculated PTT’s with all the
methods above.
The calculated PTT’s were compared with the aortic PTT (aPTT), considered as
the absolute reference method in this study. The correlation between methods
and aPTT was good and significant, cf-PTT (R2Z 0.97; P< 0.001; mean differ-
ence 5� 2ms), ha- PTT (R2Z 0.96; P< 0.001; 150� 23ms), ba-PTT
(R2Z 0.96;P< 0.001;70� 13ms)andft-PTT(R2Z 0.95;P< 0.001;14� 10ms).
Consequently, good correlation was also observed for the PWV values
derived with the tested methods, but absolute values differed because of
different path lengths used. In conclusion, our computer model based
analyses demonstrate that for PWV methods based on peripheral signals,
PTT’s closely correlate with the aPTT, supporting the use of these methods
in clinical practice.
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Background: Routine ultrasound exams are conducted to assess fetus devel-
opment. Heart defects and cardiac function are the main areas investigated
in an ultrasound assessment. However, prenatal assessment of the fetal
arterial stiffness is yet to be established in the ascending aorta.
Aim: To investigate whether pulse wave velocity (PWV) can be determined in
the fetus ascending aorta using ultrasound examination.
Methods: 35 fetuses (19 normal, 16 growth restricted) were included in the
study. High quality recordings were achieved in 6 normal and 8 fetuses diag-
nosed with fetal growth restriction (FGR). Images of the diameter and blood
velocity in the ascending aorta were recorded (Voluson, GE and Samsung)
with a curvilinear probe 2e8MHz/1e7MHz. The diameter and velocity wave-
forms were extracted from DICOM images, offline, using in-house developed
codes in Matlab. The extraction was based on thresholding of the grey-scale
images. Local PWV was determined using the ln(D) U-loop method [1].
Results: PWV in the fetal ascending aorta increased with gestational age in
both normal (r2Z 0.77) and FGR (r2Z 0.55) fetuses. Mean PWV in the fetal
ascending aorta per gestational week was 0.045m/s in normal and 0.066m/s
in FGR fetuses, with a percentage difference of 32%.
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Conclusions: Despite the challenging ultrasound images of the fetal
ascending aorta, local PWV measurement has proven to be possible through
recordings of diameter and blood velocity. PWV increases with gestational
age and it is higher in FGR than normal fetuses. Further studies are needed
to determine the potential clinical predictive value of fetus PWV.
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Purpose: The ejection duration (ED) is an important indicator of ventricular
function as well as ventriculo-arterial coupling. Thus, the non-invasive oscil-
lometric determination of ED from arterial pressure waves could enhance
methods of pulse wave analysis. The aim of this work was to test and to vali-
date the calculation of ED based on measurements from two different de-
vices (brachial oscillometry and radial tonometry).
Methods: 138 pulse wave measurements from 79 patients were obtained in
direct succession with the Mobil-O-Graph (IEM, Germany) and with the
Sphygmocor device (At Cor Medical Pty. Ltd., Australia) in a comparative
study. An algorithm based on numerical derivatives was developed to deter-
mine the ejection duration from the arterial pulse wave. For both measure-
ments, the ED was calculated and the ED from the internal algorithm of the
Sphygmocor was obtained.
Results: The mean ED of the internal Sphymocor algorithm (SphyInt) is
309+e27 ms, of the calculated ED from the Mobil-O-graph measurements
(Mob) 304+e29 ms and of the calculated ED from the Sphygmocor recordings
(Sphy) 308+e30 ms. So, the mean differences between Mob and SphyInt are
�4+e20ms, see figure, and between Mob and Sphy are �3+e26ms. The sam-
pling rates of Sphymocor and Mobil-O-Graph are 128 respectively 100 Hz, so
the mean errors are below the particular step sizes.
Conclusion: The algorithm for calculation of the ED was tested successfully
on radial and brachial recordings. As the differences between locations as
well as between algorithms are sufficiently small, the determination of ejec-
tion duration from brachial oscillometric pulse waves seems feasible.
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Objective: Peripheral arterial disease (PAD) is a common cardiovascular
complication in systemic lupus erythematosus (SLE) patients [1]. PAD is
objectively diagnosed with ankle-brachial index (ABI), which can be
measured by the Doppler method, or oscillometric technique [2]. In Ghana-
ian SLE patients, we compared the utility of oscillometric ABI to Doppler ABI,
which is the ‘gold standard’.
Method: ABI was measured using 8 MHz hand-held Doppler (LifeDop 250,
Summit Doppler) and oscillometric technique (Vasera 1500N, Fukuda Denshi)
in 80 SLE patients (160 legs). PAD was defined as ABI< 0.9 in at least one leg.
Results: There prevalence of PAD by oscillometric technique was higher than
that of Doppler technique (32.5% vs 23.8%, pZ 0.004). There was fair level
of agreement between PAD by Doppler and oscillometric techniques
(kZ 0.36, pZ 0.003). Doppler ABI correlated with oscillomteric ABI in the
right leg (rZ 0.34, pZ 0.005), but not in the left leg (rZ 0.18,
pZ 0.127). Reliability analysis showed that Doppler-ABI does not agree
with oscillometric ABI in both right (intraclass rZ 0.23, pZ 0.13) and left
(intraclass rZ 0.31, pZ 0.061) legs.
Conclusion: In Ghanaian SLE patients with high prevalence of PAD, measure-
ment of ABI using oscillometric technique does not agree with Doppler-based
ABI.
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Objective: The gold standard technique of evaluation microvascular
morphology in human is generally considered the measure of media to lumen
ratio (M/L) of subcutaneous small vessels obtained by local biopsies and
evaluated by wire or pressure micromyography. However, non-invasive tech-
niques for the evaluation of retinal arterioles were recently proposed, in
particular two approaches seem to provide interesting information: Scanning
Laser Doppler Flowmetry (SLDF) and adaptive optics (AO); both of them pro-
vide an estimation of the wall to lumen ratio (WLR) of retinal arterioles. A
non-invasive measurement of basal and total capillary density may be ob-
tained by videomicroscopy/capillaroscopy. No direct comparison of the
non-invasive techniques in the same population was previously performed,
in particular AO was never validated against micromyography.


