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I. Introduction

We elaborated a new method for short-term continuous blood pressure monitoring based on the 

classical Riva-Rocci technique and on photoplethysmographic (PPG) signal. The method assures 

better characterisation of blood-pressure than the most popular oscillometric measurement. The 

drawbacks of the oscillometric technique are discussed, demonstrating its inaccuracy. A new 

possibility to assess the cardiovascular state of the patient has also been found.  

As a result of a co-operation, this research was supported by measurements made on a physical 

model of the arterial system. The model has been built at the Department of Hydrodynamic Systems 

[1].

The new methods are being implemented in a device for home health monitoring. This instrument 

stores the recorded physiological signals (ECG, PPG) for medical postprocessing. In addition to the 

new parameters, some well-known important indices (e.g. heart rate variability, augmentation index) 

can also be calculated. The algorithms for the calculation of relevant indices are under development. 

The possibility for continuous blood pressure monitoring is investigated. After presenting the 

measurement methods, I will analyze the typical pressure signals recorded using the physical model. 

II. The oscillometric blood pressure measurement 

The vessels have special pressure-volume characteristics. The higher is the pressure loading of the 

wall, the lower is the compliance (C=ΔV/ΔP). This means that if the pressure outside the vessel is set 

equal to the inner mean pressure, the vessel diameter changes caused by pressure waves are maximal. 

In other words, the oscillations in the occluding cuff’s pressure are maximal at minimal transmural 

pressure, i.e. if the cuff-pressure is equal to mean arterial pressure (MAP).

The oscillation amplitudes are directly related to C which is a well defined mechanical parameter 

of the vessel. However, to the best of our knowledge the methods used in practice use only some 

discrete points of the oscillation curve. Evaluating the whole shape could be a new possibility to 

describe the state of the arteries.  

It is evident that with the oscillometric method, only an instantaneous MAP value can be 

measured. The diastolic and systolic blood pressure is estimated by means of statistical data. 

However, the potential users of our instrument can have a cardiovascular state differing from 

“statistical standard”. We try to consider this by examining of other physiological parameters. The 

disappearance of the PPG signal measured distal to the upper arm-occluding cuff indicates the 

systolic pressure. Our newest results prove that the diastolic pressure can be determined by means of 

tracing the delay between ECG and PPG signals. 

Our measurements done at Semmelweis University demonstrate that after an appropriate re-

scaling, the PPG signal can be interpreted as a short-term continuous blood pressure curve. Namely, 

a tonometer, as the most accepted non-invasive blood pressure measurement device, gave a pressure 

signal nearly coincident with the scaled PPG curve. Although the occlusion of the upper arm during 

measurement acts as a considerable intervention in the measured system, evaluating the PPG signal 

recorded before the occlusion can solve this problem. For the scaling however, determining of two 
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coherent blood pressure values (e.g. systolic and diastolic pressure) is needed. Because of the 

variability of blood pressure, this is not a trivial task. 

III.   Materials and Methods 

We have made numerous records with participation of young and elderly healthy subjects. The 

pressure of a cuff on upper arm, the signal of PPG sensor fixed on fingertip, and the Einthoven I. 

ECG have been recorded and processed with MATLAB. However, the evaluation our new 

algorithms based on these records is difficult, because of the continuously changing physiological 

effects, like breathing.  

The physical model of the arterial system built at the Department of Hydrodynamic Systems is 

made of highly flexible silicon elastomer tubes and artificial vessels. The heart is modelled by a 

membrane pump, the arm tissue is substituted with fiber-like fluid-filled elastic tubes. During the 

slow deflation of the cuff, the intravascular pressure was recorded at three locations of the arterial 

network: at the heart (aorta), at the shoulder (arteria axillaris) and at the thigh (arteria femoralis). 

These recordings were also processed with MATLAB. 

IV. Evaluating the oscillometric method by means of the physical model

Figure 1: Oscillometric blood pressure 

measurement on the physical model 

Fig. 1. demonstrates the typical result of an 

oscillometric blood pressure measurement 

executed on the physical model. The pressure 

values are out of the physiological range. This 

implies that the statistical methods for the 

calculation of systolic and diastolic pressure 

fail. The shape however, is realistic. The 

pressure values (diastolic/MAP/systolic) are: 

38/113/230 mmHg. The oscillometric 

algorithm gives 107 mmHg, which is 

acceptable considering the fact, that the 

maximum of the oscillometric amplitudes 

reaches almost 10 mmHg. This indicates at the 

same time, that the appropriate decomposition 

of the cuff pressure to static and dynamic 

components is a critical part of the algorithm. 

Using an envelope for the oscillation points could also increase the accuracy.

V. Future Plans 

Further examination of the oscillometric method can be done as described above. By means of the 

physical model, the cross effects between the measured parameters can be analyzed. Replacing parts 

of the arterial network the stiffening of vessels will be simulated. Applying a PPG sensor, the PPG 

scaling can be validated. After the prototype of the home health monitor is finished, measurements 

with participation of patients suffering from cardiovascular diseases can be done.  
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