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Deliverable 2: Validation report on applicability of the advanced oscillometric 

generator in market surveillance and/or clinical trials 

 

1. Objective 

Non-invasive methods of blood pressure (BP) measurement can be divided into two main 

groups, manual (auscultatory) and automated (oscillometric) methods. Devices using the 

automated oscillometric method represent the vast majority of electronic devices entering the 

market today, as they do not require skilled observers, avoid the "white-coat effect", can be 

used for long-term and home monitoring, and allow for fully automated BP monitoring on 

intensive care units. However, the relationship between oscillometric pulses and systolic and 

diastolic BP values is complex and a correct, in-depth verification of such devices, particularly 

after they enter the market does not currently occur. The algorithms used to estimate BP values 

are based on empirical data, gained from clinical studies by each manufacturer separately. 

There is no standard procedure or algorithm and the proprietary internal software of automated 

sphygmomanometers (SMs) is not disclosed, neither to the public nor to regulatory bodies or 

test houses. And although commonly used, oscillometric sphygmomanometers are known to 

occasionally indicate inaccurate values due to algorithmic and software issues, the current 

state of the art only requires the verification of the static pressure indicated by the devices (the 

verification of the proper functioning of the pressure sensor), a verification of the software is 

ignored.  

To introduce the opportunity of a full, in-depth verification of automated sphygmomanometers, 

our project constructed and tested an advanced oscillometric signal generator (aOSG) able to 

perform complex testing of automated sphygmomanometers, substituting the pure static 

testing currently required with the dynamic investigation of the devices in use. The device and 

the corresponding advanced test procedures will amend the insufficient state-of-the-art static 

pressure testing and will allow the evaluation of the performance of the entire 

sphygmomanometer rather than just the ability of pressure sensor to display static pressure 

correctly.   

Long term, the device is intended as a support for future clinical trials, particularly as 

an alternative to clinically and ethically sensitive patients required for the certification of 

an automated sphygmomanometer entering the market.  

 

2. Initial specifications for the aOSG 

The main requirement for the aOSG was to be able to generate oscillometric pulses as close 

to real-life oscillometric signals based on data pre-recorded in a clinical setting. This was a 

particularly important requirement as currently, such a device does not exist on the market. 

While new and compact simulators are available on the market, they are limited in the options 

offered concerning NIBP simulations and rather manufactured for quick and basic evaluations 

of BP device or patient monitors. Their advantage is generally the option to quickly test a (wide) 

variety of vital signals which often comes at the expense of accuracy or user-customised 

options. None of the currently available commercial devices supports external files (real life 

oscillometric signals), which is for the purpose of our project an essential requirement. While 

some of the devices from Clinical Dynamics and Fluke describe their devices as being able to 

simulate physiologically correct waveforms, this is to be understood as idealised-shaped 
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envelopes. In the past, one advanced simulator produced by Metron offered such an option, 

the device was though discontinued several years ago and can only be found in a few 

institutions around the world.  

With the intention of making such a device available worldwide for an affordable price, at the 

beginning of the project, the consortium was in contact with producers of simulators for the 

evaluation of automated sphygmomanometers with the scope of possibly (re)introducing such 

an option for commercial simulators. Due to the amount of research and resources necessary, 

and the lack of security that in the end their efforts will not be sufficiently rewarded, the 

contacted companies decided not to get involved in the development of such a prototype or 

the expansion of the options offered by the existing devices.  

For a detailed overview of the principle of operation of the aOSG as well as a detailed 

description of the hardware and software of the device, please see Deliverable 1. 

 

3. Technical validation 

The manufactured aOSG was validated in a series of tests performed at the location of different 

project partners. 

The intitial testing of the device was performed in the laboratory of PTB, upon its development. 

The protocol used for the initial evaluation was based on the requirements of the ISO/TS 

81060-5. For more details on the testing procedure as well as the detailed results, please see 

Deliverable 1. 

First, the repeatability of the oscillation amplitude as well as the repeatability of the oscillation 

shapes were testing using signals selected from the University of Newcastle database of 

human oscillometric signals. A very good repeatability of the oscillation amplitude as well as 

a very good agrrement between the signal simulated by the aOSG and the signal from the real-

life signal database were determined. Furthermore, the repeatability of the shape of the 

simulated oscillations was examined. While the values are very close to the requirements 

imposed by the technical specification, they are not met yet. These results were discussed 

with the developer of the technical specification (member of the ISO/TC 121/SC 3/ JWG 7) and 

it was agreed that since the requirements in the TS were based on theoretical considerations, 

it could be possible that these are too strict. Therefore, additional practical experiments 

including commercial and non-commercial simulators are needed to establish a realistic value. 

The consortium considers the possibility of designing additional experiments in this scope and, 

if required, proposing a revision of the ISO/TS 81060-5. This task will be assumed by the 

working group on advance BP metrology after the end of the project. The results of these initial 

tests prove a good compliance of the aOSG with the repeatability requirements required by 

ISO/TS 81060-5 and are an indicator of the consistency of the generated oscillometric signals 

by the developed aOSG. In addition, long-term, the expansion of the existing database of real-

life signals should be considered. In particular signals for subjects with non-standard blood 

pressure values should be added to the existing database.  

After its initial investigation of the aOSG, the device was sent first to UL and afterwards to CMI 

for further investigation. In order to serve as an absolute standard for oscillometric blood 

pressure signals, dynamic traceability of the aOSG must be ensured. This has to be done both 

at static and at dynamic pressures and a maximum uncertainty of ±1.5 mmHg must be 

achieved. In this scope, UL focused on establishing the dynamic pressure traceability of the 
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aOSG and has developed a procedure for the calibration of the aOSG. In contrast to the 

classical procedure of calibration, the proposed procedure includes two steps. In a first step, 

a static calibration is performed, where the metrological evaluation of the pressure transducer 

takes place. In a second step, a dynamic calibration is performed in which the stability and 

accuracy of the aOSG are evaluated. For a detailed description of this procedure, please see 

Deliverable D5. Validation is achieved by applying the developed procedure to the constructed 

aOSG. Based on the results, it is concluded that the device complies with the initially 

established requirements for the device to successfully serve for the in-depth evaluation of 

automated sphygmomanometers.  

Besides the pure laboratory evaluations involving the aOSG, the consortium had the 

opportunity to perform an experimental evaluation of commercial automated 

sphygmomanometers (accuracy and repeatability) using the aOSG. The sphygmomanometer 

evaluation was conducted for the Czech newspaper Mladá Fronta DNES, who published an 

article based on our results at the end of June 2022. Eleven commercial sphygmomanometers 

were tested with the same set of eighty-five real-life oscillometric signals taken from the signal 

database provided by Newcastle University. The evaluation was based on the procedure 

presented in Deliverable 3. This gave us the unique opportunity to perform an in-depth 

evaluation of various devices currently on the market. Besides checking the compliance of the 

devices with the requirements of ISO 810660-2 concerning the average error and standard 

deviation, the performance of the devices was verified for each oscillometric signal chosen 

from the database.  

4. Validation findings 

Based on both static and dynamic evaluation of the aOSG, we conclude that the device is a 

promising advanced simulator that can be successfully used for the in-depth evaluation of 

automated sphygmomanometers. As mentioned in section 3, a very good repeatability of the 

oscillation amplitude as well as a very good agreement between the signal simulated by the 

aOSG and the signal from the real-life signal database were determined. For the repeatability 

of the shape of the simulated oscillations, while the values are very close to the requirements 

imposed by the technical specification, they are not met yet. At this point it is not clear if the 

requirements posed by the ISO/TS 81060-5 are too strict or if the constructed device or its 

software need a reevaluation. The further investigation of this issue will be continued within 

the work of the working group on advanced blood pressure metrology in the near future. 

The first practical use of the aOSG was for the evaluation of a series of commercial automated 

sphygmomanometers on the market. The results obtained were published in the Czech paper 

Mladá Fronta DNES. In the future it is planned to involve the device in the calibration of 

professionally used automated sphygmomanometers. In this scope, several European medical 

institutions expressed their interest in taking part in such an evaluation. 
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