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1. Introduction 
According to the World Health Organisation, over 1 billion people are affected by hypertension, most 
(two-thirds) living in low- and middle-income countries. For fast and correct diagnosis and treatment 
of hypertension, reliable and accurate measurements using sphygmomanometers (with high 
preponderance automated oscillometric sphygmomanometers) are imperative. To ensure the proper 
functioning of automated sphygmomanometers, these devices should be regularly calibrated and 
metrologically checked. 

So far, the metrological checks of sphygmomanometers have been performed by static pressure 
checks, which only test the devices’ ability to correctly measure the test pressure. However, these do 
not assure the correct measurement of the blood pressure as the blood pressure is calculated by 
complex internal algorithm. To evaluate this key component, costly and lengthy clinical trials 
performed on human test subjects are needed. Until recently there has not been appropriate 
alternative to perform the in-depth testing of oscillometric sphygmomanometers.  

With new approach on sphygmomanometer testing necessary needed, project adOSSIG has developed 
new type of standard, an advanced oscillometric signal generator (aOSG) capable of generating 
oscillometric blood pressure signals indistinguishable from real-life signals. As there were no 
procedures for testing sphygmomanometers with such a device, this guide has been created in order 
to provide guidance for the dynamic testing of automated oscillometric sphygmomanometers using 
the aOSG. It allows for testing in mode similar to standard blood pressure measurement, performing 
in-depth accuracy tests within reasonable time-span.  

2. Scope 
This guide specifies procedures for testing of automated non-invasive sphygmomanometers (SMs) 
utilising oscillometric method by means of advanced oscillometric signal generator (aOSG) or 
equivalent devices. The aim of this guide if to define procedures for in-depth testing, similar to real 
blood pressure measurement. Such a testing is suitable for accuracy checks during post market 
surveillance, as a complement in clinical trials or during development of blood pressure measuring 
devices. 

Tested sphygmomanometer(s) are in the text referenced as DUT (device/devices under test).  

Prior testing the DUT with aOSG it is recommended to perform static pressure verification described 
in OIML R149-1:2020 [2], section 7.2.  

3. Units of measurement 
The blood pressure values and results of testing shall be indicated either in kilopascals (kPa) or in 
millimetres of mercury (mmHg), where 1 mmHg = 0.133322 kPa. 

4. Test equipment 
Following test equipment is required for the testing: 

• Advanced oscillometric signal generator or similar device1. 
• Database of oscillometric signals fulfilling criteria of EN ISO 81060-2 with at least 85 signals, 

see 4.1. 
• T-pieces, tubing, rigid cylinder(s) of various size(s). 

 
1 (Patient) Simulator capable of accurately and precisely reproducing real-life oscillometric signals evaluated by 
ISO/TS 81060-5 or procedure described in Deliverable 5 
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4.1. Database of oscillometric signals 

Oscillometric signals shall fulfil relevant criteria of EN 81060-2: 
• Reference blood pressure (BP) measurement: Auscultatory or intraarterial measurement. 
• Used measuring devices must have a valid calibration.  
• Accuracy (error in whole measuring range combined with measurement uncertainty) of 

reference devices shall be ≤ ±1.0 mmHg (±0.13 kPa). 
• Pressure relief in the cuff during data acquisition shall be between 2 mmHg·s-1 and   

3 mmHg·s-1 (0.27 kPa·s-1 and 0.40 kPa·s-1). 
• Additional requirements for auscultatory reference measurement (same arm simultaneous 

method or same arm sequential method): 
• Reference BP measurements taken simultaneously by 2 observers using double 

stethoscope during oscillometric signal acquisition (same arm simultaneous method), or 
prior and after the oscillometric signal acquisition (same arm sequential method), the 
average of all BP readings is taken as reference value. 

• Max. allowed difference between observers’ readings ∆p = 4 mmHg (0.53 kPa). 
• If any pair of systolic BP reference readings from one person differs ≥ 12 mmHg 

(1.60 kPa) or pair of diastolic BP readings differs ≥ 8 mmHg (1.07 kPa), all 
measurements from that person are invalid and must be excluded from the 
database. 

4.1.1. Selection of signals for comprehensive or basic test   

Subset of 85 signals shall be randomly selected from the signal database according the requirements 
of EN 81060-2. 

At least 30 % of the signals shall represent female and at least 30 % of the signal shall represent male. 

Distribution of reference systolic and diastolic blood pressure values (SBP, DBP) shall fulfil criteria in 
Table 1.  

SBP ≤ 100 mmHg (13.33 kPa) ≥ 5 % test subjects 

SBP ≥ 140 mmHg (18.66 kPa) ≥ 20 % test subjects 

SBP ≥ 160 mmHg (21.33 kPa) ≥ 5 % test subjects 

DBP ≤ 60 mmHg (8.00 kPa) ≥ 5 % test subjects 

DBP ≥ 85 mmHg (11.33 kPa) ≥ 20 % test subjects 

DBP ≥ 100 mmHg (13.33 kPa) ≥ 5 % test subjects 
Table 1: Blood pressure distribution 

Unless the DUT is intended for use on children or adolescents, the selected signals shall represent 
persons of at least 12 years of age. 

If the DUT is intended for use on children or adolescents, 35 selected signals shall represent children 
of 3 - 12 years of age. 

If the DUT has special mode for children, children are considered a special patient (see below). 

Signals representing persons with significantly irregular heart rhythm shall be excluded (unless 
considered special patients). 
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4.1.2. Special patients 

If the DUT is intended to be used or there is a requirement to test the DUT on special patient group, at 
least 35 additional signals representing such a group are selected. These additionally selected signals 
shall fulfil the above given criteria (where applicable) for blood pressure values, gender distribution, 
age. 
4.1.3. Signals for repeatability test 

At least 3 signals are randomly selected from the database. At least one signal represents 
normotensive person and at least one signal represents hypertensive person.  

5. Ambient conditions 
Testing is to be carried out in stable environment, preferably in laboratory, in any set of climatic 
conditions: 

• Ambient temperature: 15 °C to 25 °C.  
• Changes in ambient temperature during the test must not exceed 2 °C. 
• Relative air humidity: 15 % to 85 %. 

Vibrations, shocks and other disturbing factors during measurement must be eliminated or limited so 
that they do not have any effect on the measurements. 

6. Other requirements 
Devices is to be tested in normal operation position specified by the manufacturer and/or in the 
instructions for use. 

The height difference between the DUT and aOSG should be zero (or minimised). 

DUT and aOSG should be kept in laboratory for at least 3 hours before starting the measurement in 
order to reach thermal equilibrium in the whole system. aOSG should be powered for at least 15 
minutes prior the testing. 

DUT is tested with its original cuff wrapped around a cylinder of appropriate size. 

7. Test procedures 
7.1. Test setup 

Wrap the cuff around the cylinder of appropriate size (so the cuff’s inner circumference exceeds the 
circumference of cylinder of approx. 7 – 10 %). The aOSG is connected by T-Piece directly to DUT’s 
pneumatic system. Length of additional tubing should be minimal (< 60cm). 

 
Figure 1: Test setup 
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After the DUT is connected to the aOSG it is recommended to check air leakage. Air leakage shall not 
exceed a pressure drop of 6 mmHg·min-1 (0.8 kPa·min-1), as defined in OIML R 149-1, 6.4.1. Test 
procedure for air leakage is specified in OIML R 149-2, chapter 5. 

Calibration and adjustment of the aOSG has to be performed with each DUT and each cuff. Calibration 
procedure is described in manual and help file of the aOSG. Complete calibration procedure consists 
of adjustment of the pressure sensor, positioning of lever and sensitivity determination and saving of 
the parameters.  
 

 
Figure 2: Calibration menu 

A pre-test exercise of the measuring system and DUT is performed before the start of the testing. Signal 
representing normal BP (i.e. close to 120 / 80 mmHg) is selected and measurement is repeated 5 times. 
Results of this measurement are not recorded. 

If BP measurement fails or leads to error message, the failure and error message or code are recorded 
and the measurement point is repeated. If measurement fails consecutively in given test point; the 
test signal is discarded from further use in given test and an alternative signal is selected from the 
database, see section 4.1.1 4.1.1Selection of signals for comprehensive or basic test.  

 
7.2. Comprehensive test 

DUT is to be tested with all 85 signals selected in 4.1.1 Selection of signals for comprehensive or basic 
test. Testing with each signal is repeated 3 times, there are 255 test points in total.  

Systolic and diastolic blood pressure indicated by the DUT and reference SBP and DBP are recorded in 
each step of the test. If possible, memory of the DUT is erased after each measurement.  

 
7.3. Basic test 

DUT is to be tested with all 85 signals selected in 4.1.1 Selection of signals for comprehensive or basic 
test. Testing with each signal is performed once.  

Systolic and diastolic blood pressure indicated by the DUT and reference SBP and DBP are recorded in 
each step of the test. 
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7.4. Repeatability test 

DUT is to be tested with all signals selected in 4.1.3 Signals for repeatability test. Testing with each 
signal is performed at least 10 times.  

Systolic and diastolic blood pressure indicated by the DUT and reference SBP and DBP are recorded in 
each step of the test. 

8. Evaluation of measured values 
Results of the evaluation shall be calculated and expressed to 0.1 mmHg (0.01 kPa). 
8.1. Basic and Comprehensive tests 

In all measurement points i error ∆DUT 𝑖𝑖 is calculated separately for systolic and diastolic blood 
pressure: 

∆DUT 𝑖𝑖=  �𝐵𝐵𝐵𝐵DUT𝑖𝑖 − 𝐵𝐵𝐵𝐵REF𝑖𝑖� (1) 

Where: 
𝐵𝐵𝐵𝐵DUT𝑖𝑖 is blood pressure value indicated by the DUT in i-th measurement point, 
𝐵𝐵𝐵𝐵REF𝑖𝑖 is value of reference blood pressure reading in i-th measurement point. 

Average error of the DUT separately for SBP and DBP is determined according the following 
equation: 

∆DUT ������� =  
1
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�∆DUT 𝑖𝑖
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𝑖𝑖=1

=  
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(2) 

Where ∆DUT 𝑖𝑖is the error of measurement calculated according formula (1), n is the total number of 
measurement points (i.e., 85 in basic and 255 in comprehensive test). 

Standard deviation of the DUT indication is determined separately for SBP and DBP is according the 
following equation: 

𝑠𝑠DUT =  �
1

𝑛𝑛 − 1
��𝐵𝐵𝐵𝐵DUT𝑖𝑖 − ∆DUT ��������2
𝑛𝑛

𝑖𝑖=1

 

(3) 

Where ∆DUT �������is the error of measurement calculated according formula (2). 
8.2. Repeatability test 

In all measurement points i error ∆DUT 𝑖𝑖 is calculated separately for systolic and diastolic blood 
pressure: 

∆DUT 𝑖𝑖=  �𝐵𝐵𝐵𝐵DUT𝑖𝑖 − 𝐵𝐵𝐵𝐵REF𝑖𝑖� (4) 

Where: 
𝐵𝐵𝐵𝐵DUT𝑖𝑖 is blood pressure value indicated by the DUT in i-th measurement point, 
𝐵𝐵𝐵𝐵REF𝑖𝑖 is value of reference blood pressure reading in i-th measurement point. 

Average error of the DUT separately for SBP and DBP is determined for each of the selected signals 
from 4.1.3 - Signals for repeatability test according the following equation: 

∆DUT ������� =  
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(5) 
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Where ∆DUT 𝑖𝑖is the error of measurement calculated according formula (4), n is the number of 
repeated measurements (i.e., ≥ 10). 

Standard deviation of the DUT indication is determined separately for SBP and DBP for each of the 
selected signals from 4.1.3 - Signals for repeatability test according the following equation: 

𝑠𝑠DUT =  �
1

𝑛𝑛 − 1
��𝐵𝐵𝐵𝐵DUT𝑖𝑖 − ∆DUT ��������2
𝑛𝑛

𝑖𝑖=1

 

(6) 

Where ∆DUT ������� is the average error of measurement calculated according formula (5), n is the number 
of repeated measurements (≥ 10). 
8.3. Expression of results 

Results of the tests are expressed as set of 4 numerical values: 
• Average errors of systolic blood pressure, 
• Standard deviation of systolic blood pressure, 
• average errors of diastolic blood pressure, 
• Standard deviation of diastolic blood pressure. 

9. Accuracy requirements 
To successfully pass the comprehensive and basic tests the following requirements apply both in 
systolic and diastolic BP: 

• maximum average error of measurement: ±5.0 mmHg (±0.67 kPa); 
• maximum standard deviation: 8.0 mmHg (1.07 kPa). 

To successfully pass the repeatability test the following requirements apply both in systolic and 
diastolic BP: 

• maximum standard deviation: 2.5 mmHg (0.33 kPa). 

10. Conclusion 
This guide defines 3 test procedures for sphygmomanometer testing using the aOSG and database of 
oscillometric signals. The aim of these tests is to evaluate accuracy of oscillometric 
sphygmomanometers in terms of average errors and standard deviation.  

It is recommended to periodically test the accuracy of automated sphygmomanometers. Period of 
these tests should not be more than 2 years. Comprehensive or basic test is recommended for the 
initial of test. Unless there is a request to repeatedly perform comprehensive or basic test, the 
repeatability test is considered sufficient for subsequent testing. 

11. References 
[1] ISO 81060-2:2018 Non-invasive sphygmomanometers — Part 2: Clinical investigation of 

intermittent automated measurement type (2018) 

[2] OIML R149, Non-invasive automated sphygmomanometers (2020), available online 
 

https://www.oiml.org/en/files/pdf_r/r149-p-e20.pdf/view
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