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( Estimation of the Central Aortic Pulse using Transfer Function and
Improvement of an Augmentation Point Detection Algorithm )
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Abstract

Aortic Alx(augmentation index) has been used to measure aortic stiffness quantitatively and even to evaluate
ventricular load. However, in order to calculate aortic Alx, catheters should be inserted to the subjects’ artery, which
hampers its clinical usage. To overcome such limitation, aortic Alx has been indirectly calculated by estimating aortic
pressure wave from the peripheral arterial pulse by applying transfer functions. In this study, central aortic pressure
waves using Millar catheter and radial artery pulse waves using tonometry pressure sensor were measured to establish
transfer functions for an estimation of central aortic pressure waves from radial artery pulse waves. Also, an algorithm
which detects augmentation point for the calculation of Alx were developed. Developed algorithm for the detection of
augmentation point gradually increases the differential order to detect inflection point rather than detects the distinctive
pomt that appears after a specific time. Transfer functions were established using 10th order ARX model and were
verified for the stability of the transfer function through residual analysis. Evaluation of an algorithm for the detection of
augmentation point were performed by comparing the augmentation points obtained from developed algorithm with the
known augmentation points synthesized in various conditions. In addition, developed algorithm for the AIx is proved to
provide more accurate results than the ones developed by previous studies. The significance of the study was in two
folds. Firstly, the results could provide the basis for the measurement of aortic stiffness using easily-measurable radial
artery pulse waves, and secondly, extension of the study may enable the early diagnosis of various vascular diseases.

Keywords : Augmentation Index, Transfer Function, ARX model, Vascular disease
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Table 3. Comparison of between augmentation point
detection algorithms.
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Table 4. Comparison between measured aortic pulse
and estimated aortic pulse.
Measured | Estimated | Estimated
Parameters Aortic Aortic Aortic
Pulse |Pulse(ITF)| Pulse(GTF)
Systolic 140.37+154 N
Pressure(mmHg) | (150+17.32)T 137.56£1483| 1306121313
A - -278+1.08 | -4715+3.86
Pearson A<+(r) 1 0.998xx 0.975%x
Pulse 60.14+12.61
+ +
Pressure(mmHtg) | (70£17.3)T D1.54L1088 | HA85£1489
A — -2.612.31 -5.29+3.16
Pearson Al5~(r) 1 0.992+x 0.987%x
Bection 1 aipaia37 | 360420 | 3657368
Time(msec)
A — 13.7+13.8 19.3120
Pearson A4%(r) 1 0.986%x 0.842%x
Alx(%) 34451852 | 33.96+15.14 | 37.17+15.37
A - -0.49+356 | 2721879
Pearson A5(r) 1 0.998x 0.882xx
RWTT(msec) 103+0.017 09.749.3 105186
A - -2.8+86 251115
Pearson Al4(r) 1 0.965% 0.798%*
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Fig. 13. The comparison of parameters difference by
ITF between algorithms.
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