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Foreword

The International Organisation of Legal Metrology (OIML) is a worldwide, intergovernmental
organisation whose primary aim is to harmonise the regulations and metrological controls applied by
the national metrological services, or related organisations, of its Member States.

The main categories of OIML publications are:

e International Recommendations (OIML R), which are model regulations that establish the
metrological characteristics required of certain measuring instruments and which specify
methods and equipment for checking their conformity. OIML Member States shall implement
these Recommendations to the greatest possible extent;

e International Documents (OIML D), which are informative in nature and which are intended
to harmonise and improve work in the field of legal metrology;

o International Guides (OIML G), which are also informative in nature and which are intended
to give guidelines for the application of certain requirements to legal metrology; and

e International Basic Publications (OIML B), which define the operating rules of the various
OIML structures and systems.

OIML Draft Recommendations, Documents and Guides are developed by Project Groups linked to
Technical Committees or Subcommittees which comprise representatives from the Member States.
Certain international and regional institutions also participate on a consultation basis. Cooperative
agreements have been established between the OIML and certain institutions, such as ISO and the IEC,
with the objective of avoiding contradictory requirements. Consequently, manufacturers and users of
measuring instruments, test laboratories, etc. may simultaneously apply OIML publications and those
of other institutions.

International Recommendations, Documents, Guides and Basic Publications are published in English
(E) and translated into French (F) and are subject to periodic revision.

Additionally, the OIML participates in Joint Committees with other Institutions for the development of
Vocabularies (OIML V) and Joint Guides (G) and periodically commissions legal metrology experts
to write Expert Reports (OIML E). Expert Reports are intended to provide information and advice,
and are written solely from the viewpoint of their author, without the involvement of a Technical
Committee or Subcommittee, nor that of the CIML. Thus, they do not necessarily represent the views
of the OIML.

This publication - reference OIML R 149-1, edition 2020 (E) - was developed by the OIML Technical
Subcommittee TC 18/SC 1 Blood pressure instruments. It was approved for final publication by the
International Committee of Legal Metrology in 2020 and supersedes OIML R 16-2:2002 (E).

OIML Publications may be downloaded from the OIML website in the form of PDF files. Additional
information on OIML Publications may be obtained from the Organisation’s headquarters:

Bureau International de Métrologie Légale
11, rue Turgot - 75009 Paris — France
Telephone: 33 (0)1 48 78 12 82

Fax: 33 (0)1 42 82 17 27

E-mail: biml@oiml.org

Internet: www.oiml.org
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Non-invasive automated sphygmomanometers

Part 1: Metrological and technical requirements

1 Scope

This Recommendation specifies general, performance, efficiency and mechanical safety requirements
for non-invasive automated sphygmomanometers and their accessories which, by means of an inflatable
cuff, are used for the non-invasive measurement of arterial blood pressure.

This Recommendation only applies to devices measuring at the arm, the wrist or the thigh.

2 Terminology

2.1 auscultatory method

method whereby sounds (known as Korotkoff sounds) are heard or detected (e.g. by a microphone) over
an occluded artery as the occluding pressure is slowly released, the appearance of sounds coinciding
with the systolic blood pressure and the disappearance of sounds with the diastolic blood pressure

2.2 bladder

inflatable component of the cuff

2.3 cuff

component of the non-invasive automated sphygmomanometer, comprising a bladder and a sleeve,
which is wrapped around the limb of the patient

Note: A cuff might comprise a bladder and an inelastic part that encloses the bladder, or have an
integral bladder (i.e. the cuff including the bladder are fixed together or are one piece).

24 deflation valve

valve for controlled exhaust of the pneumatic system during measurement

2.5 diastolic blood pressure (value)
minimum value of the arterial blood pressure as a result of relaxation of the systemic ventricle

Note:  Because of hydrostatic effects, this value should be measured with the cuff at the heart level.

2.6 manometer

instrument used to measure and display pressure
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2.7 mean arterial blood pressure (value)

value of the integral of one cycle of the blood pressure curve divided by the time of one heart beat
period

Note:  Because of hydrostatic effects, this value should be measured with the cuff at the heart level.
The calculation of the mean arterial blood pressure using only the systolic and diastolic blood
pressure values is not recommended.

2.8 non-invasive automated sphygmomanometer

medical measuring instrument used for the intermittent non-invasive estimation of the blood pressure
by utilising an inflatable cuff, a pressure transducer, a valve for deflation, and/or displays used in
conjunction with automated methods for estimating blood pressure. Hereafter referred to as
“sphygmomanometer” in this Recommendation

2.9 non-invasive blood pressure measurement

indirect measurement of the arterial blood pressure without arterial puncture

2.10 oscillometric method

method that estimates systolic, diastolic and mean arterial pressures during the slow inflation or
deflation of an occluding cuff at the brachial artery

Note:  During the inflation and deflation of the cuff, small pressure changes (oscillations) occur in
the cuff as a result of the arterial blood pressure pulses. These oscillations are detected and
stored together with the corresponding cuff pressure values in the measurement system. With
these stored values the systolic, diastolic and mean arterial blood pressure values can be
mathematically derived using an appropriate algorithm.

2.11 patient simulator

device for simulating the oscillometric cuff pulses and/or auscultatory sounds during inflation and
deflation

Note:  This device is not used for testing measurement accuracy but is required in assessing stability
of performance.
2.12 pneumatic system

system that includes all pressurised and pressure-controlling parts such as cuff, tubing, connectors,
valves, transducer and pump
2.13 rapid exhaust valve

valve for rapidly exhausting the pneumatic system

2.14 sleeve
essentially inelastic part of the cuff that encloses the bladder

2.15 systolic blood pressure (value)
maximum value of the arterial blood pressure as a result of the contraction of the systemic ventricle

Note:  Because of hydrostatic effects, this value should be measured with the cuff at the heart level.
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2.16 tamper proofing

means of preventing the user from gaining easy access to the measuring mechanism of the device

2.17 zero adjustment of a measuring system (VIM 3.11)

procedure that corrects a deviation of the pressure reading to 0.0 kPa (0 mmHg) at atmospheric pressure
(gauge pressure: 0 kPa (0 mmHg))

3 Description of the category of instrument

The basic components of a sphygmomanometer are a cuff that can be wrapped around a patient’s limb,
a system for applying and releasing pressure to the bladder in the cuff, and a means of measuring and
displaying blood pressure values automatically.

Note 1: Specific device types included in this category are: sphygmomanometers for self-
measurement, blood pressure monitors and multi-parameter patient monitors used for home
healthcare, or public use.

Note 2: Components of a sphygmomanometer include: manometer, cuff, valve for deflation (often in
combination with the valve for rapidly exhausting the pneumatic system), pump for inflation
of the bladder, and connection tubing.

4 Units of measurement

The blood pressure shall be indicated either in kilopascals (kPa) or in millimetres of mercury (mmHg).

5 Metrological requirements
5.1 Maximum permissible errors of the cuff pressure indication under ambient
conditions

For any set of conditions within the ambient temperature range from 10 °C to 40 °C and the relative
humidity range from 15 % to 85 %, both for increasing and for decreasing pressure, the maximum
permissible error for the measurement of the cuff pressure at any point of the measurement range shall
be +£0.4 kPa (£3 mmHg) or £2 % of the reading, whichever is greater.

5.2 Maximum permissible errors of the blood pressure measurement as determined by
clinical investigation!

The following maximum permissible errors shall apply for the sphygmomanometer:
* maximum mean error of measurement: 0.7 kPa (£5 mmHg);
*  maximum experimental standard deviation: 1.1 kPa (8§ mmHg).

For further recommended test methods see Annex A.

! carried out by the manufacturer
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5.3 Maximum permissible errors of the cuff pressure indication under storage
conditions

The sphygmomanometer shall maintain the requirements specified in this Recommendation after
storage for 24 h at a low temperature of -5 °C, followed by additional storage for 24 h at a high
temperature of 50 °C and at a relative humidity of 85 % (non-condensing).

5.4 Blood pressure measurement range

The sphygmomanometer shall be capable of indicating diastolic blood pressure over at least the range
from 2.7 kPa (20 mmHg) to 8.0 kPa (60 mmHg) in neonatal mode, and 5.3 kPa (40 mmHg) to 17.3 kPa
(130 mmHg) otherwise.

The sphygmomanometer shall be capable of indicating systolic blood pressure over at least the range
from 5.3 kPa (40 mmHg) to 14.7 kPa (110 mmHg) in neonatal mode, and 8.0 kPa (60 mmHg) to
30.7 kPa (230 mmHg) otherwise.

5.5 Repeatability of blood pressure indication

For any set of conditions within the ambient temperature range from 10 °C to 40 °C and the relative
humidity in the range from 15 % to 85 %, the experimental standard deviation of the blood pressure
indication of the sphygmomanometer shall not exceed 0.4 kPa (3 mmHg).

6 Technical requirements

6.1 General

Equipment, or parts thereof, using materials or designs different from those detailed in this
Recommendation shall be accepted if it can be demonstrated that an equivalent degree of safety and
performance is obtained.

6.2 Technical requirements for the cuff and bladder

The cuff shall contain or incorporate a bladder. The cuff shall be designed and marked (i.e. using
permitted circumference indicators) to ensure and restrict the use of the appropriate cuff size
corresponding to a given limb circumference.

The bladder length should be approximately 0.80 x the circumference of the limb at the midpoint of the
intended range of the cuff. The width of the bladder should be at least 0.40 x the circumference of the
limb at the midpoint of the intended range of the cuff.

For reusable cuffs the manufacturer shall indicate the method for cleaning in the accompanying
documents.

6.3 Effect of voltage variations of the power source

6.3.1 Internal electrical power source

Changes in the voltage within the working range specified by the manufacturer (see 7.5) shall not
influence the cuff pressure indication.

Outside this working range no cuff pressure indication and no result of the blood pressure measurement
shall be displayed.
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6.3.2 External electrical power source

Changes in the voltage within the working range specified by the manufacturer (see 7.5) shall not
influence the cuff pressure indication.

Outside the working range specified by the manufacturer, no cuff pressure indication and no result of
the blood pressure measurement shall be displayed.

6.4 Pneumatic system

6.4.1 Air leakage

Air leakage shall not exceed a pressure drop of 0.8 kPa/min (6 mmHg/min).

6.4.2 Pressure reduction rate of devices using the auscultatory method

The pressure reducing system for manually operated and automated deflation valves shall be capable
of maintaining a deflation rate of 0.3 kPa/s to 0.4 kPa/s (2 mmHg/s to 3 mmHg/s) within the target
range of systolic and diastolic blood pressure. For devices which control the pressure reduction as a
function of the pulse rate, a deflation rate of 0.3 kPa/pulse to 0.4 kPa/pulse (2 mmHg/pulse to
3 mmHg/pulse) shall be maintained.

Note:  Manually operated deflation valves should be easily adjustable to these values.

6.4.3 Rapid exhaust

During the rapid exhaust of the pneumatic system, with the valve fully opened, the time for the pressure
reduction from 34.7 kPa to 2.0 kPa (260 mmHg to 15 mmHg) shall not exceed 10 s.

For the sphygmomanometer having the capability to measure in a neonatal/infant mode, the time for
the pressure reduction from 20.0 kPa to 0.7 kPa (150 mmHg to 5 mmHg) during the rapid exhaust of
the pneumatic system with the valve fully opened shall not exceed 5 s.

6.4.4 Zero adjustment of a measuring system

The sphygmomanometer shall be capable of automatic zero adjustment. The zero adjustment shall be
carried out at appropriate intervals, at least when the device is powered on. After a zero adjustment, the
device shall keep the indication of a gauge pressure of 0.0 kPa (0 mmHg).

The sphygmomanometer shall repeat a zero adjustment or shall be switched off automatically when the
output of the pressure transducer drifts one scale interval (0.1 kPa or I mmHg) or more.

6.4.5 Manometer test mode

The sphygmomanometer shall have a manometer test mode that permits static pressure measurement
over at least the nominal blood pressure indication range. This mode shall not be available in normal
use, but restricted to service / test personnel.

When the sphygmomanometer is put into the test mode, all air outlets shall be closed.

The manufacturer shall confirm that the test results obtained in 5.1 and 6.4.4 are identical to the results
in the normal use mode.
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6.4.6 Maximum time for which the cuff is inflated

The total time for which the pressure exceeds 2.0 kPa (15 mmHg) shall be no longer than 180 s in the
case of adult patients. The total time for which the pressure exceeds 0.7 kPa (5 mmHg) shall be no
longer than 90 s in the case of neonatal/infant patients.

6.5 Electromagnetic compatibility

6.5.1 Immunity
The following requirements apply:

= electrical and/or electromagnetic interferences shall not lead to degradations in the cuff pressure
indication, i.e. the maximum permissible error for the measurement of the cuff pressure shall
be £0.4 kPa (3 mmHg) or +2 % of the reading, whichever is greater; or

= if electrical and/or electromagnetic interferences lead to an abnormality, the abnormality shall
be clearly indicated and it shall be possible to restore normal operation within 30 s after
cessation of the electromagnetic disturbance.

Testing shall be carried out in accordance with 202 of IEC 80601-2-30:2018 Medical electrical
equipment - Part 2-30: Particular requirements for the basic safety and essential performance of
automated non-invasive sphygmomanometers.

6.5.2 Electrosurgery interference recovery

If a sphygmomanometer is intended to be used together with HF surgical equipment, it shall return to
the previous operating mode within 10 s after exposure to the field produced by the HF surgical
equipment, without loss of any stored data.

Testing shall be carried out in accordance with 202.8.101 of IEC 80601-2-30:2018 Medical electrical
equipment - Part 2-30: Particular requirements for the basic safety and essential performance of
automated non-invasive sphygmomanometers.

6.6 Durability

The change in the cuff pressure indication shall not be greater than 0.4 kPa (3 mmHg) throughout the
pressure range after 10 000 simulated measurement cycles.

6.7 Technical requirements for the pressure indicating device

6.7.1 Nominal range and measurement range of the cuff pressure measurement

The nominal range for the cuff pressure measurement shall be specified by the manufacturer. The
measurement range of the cuff pressure shall be equal to the nominal range. Values of blood pressure
measurement results outside the nominal range of cuff pressure shall be clearly indicated as out of range.

Testing shall be carried out by visual inspection.

10
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6.7.2 Digital indication
The digital scale interval shall be 0.1 kPa (1 mmHg).

If the measured value of a parameter is to be indicated on more than one display, all the displays shall
indicate the same numerical value.

Measured numerical values on the display(s), and the symbols defining the units of measurement shall
be arranged in such a way so as to avoid misinterpretation.

Numbers and characters should be clearly legible.

Testing shall be carried out by visual inspection.

6.7.3 Technical requirements for the display
The display shall be designed and arranged so that all information can be read and easily recognised.
If abbreviations are used on the display they shall be as follows:
= “S”or “SYS”: systolic blood pressure (value);
= “D”or “DIA”: diastolic blood pressure (value);
= “M” or “MAP”: mean arterial blood pressure (value)
Single letter abbreviations shall be positioned in such a way to avoid confusion with SI units.

Testing shall be carried out by visual inspection.

6.8 Signal input and output ports

The construction of the signal input and output ports (excluding internal interfaces, e.g. microphone
signal input) relevant to the non-invasive blood pressure measurement shall ensure that incorrectly fitted
or defective accessories shall not result in erroneous indication of cuff pressure or erroneous indication
of blood pressure.

Note:  An error message or a blank display is sufficient.
6.9 Safety requirements

6.9.1 Aborting a measurement

It shall be possible to abort any blood pressure measurement at any time by single key operation and
this shall lead to a rapid exhaust (see 6.4.3).

6.9.2 Unauthorised access and tamper proofing
All controls which affect accuracy shall be sealed against unauthorised access.

Tamper proofing of the instrument shall be achieved by requiring the use of a special tool or breaking
a seal.

Testing shall be carried out by visual inspection.

It shall be clear to an operator if tampering or unauthorised access has occurred.

11
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6.9.3 Tubing connectors

Luer lock and Luer slip connectors shall not be used on sphygmomanometers so as to avoid any risk of
connecting the output of the sphygmomanometer to intravascular fluid systems as air might
inadvertently be pumped into a blood vessel.

6.9.4 Electrical safety

Regional or national regulations may specify electrical safety requirements.

6.10 Resistance to vibration and shock

The sphygmomanometer or its parts not intended for use during patient transport outside a healthcare
facility shall have adequate mechanical strength when subjected to mechanical stress caused by normal
use, pushing, impact, dropping, and rough handling. A fixed (e.g. wall mounted) sphygmomanometer
is exempt from the requirements of this subclause.

After the test for the resistance to vibration and shock, the sphygmomanometer shall comply with the
requirements of 5.1 but only at a temperature of 20 °C £ 5 °C and at ambient humidity.

6.11 Durability of markings

The markings shall be removable only with a tool or by appreciable force and shall be sufficiently
durable to remain clearly legible during the expected service life of the sphygmomanometer. In
considering the durability of the markings, the effect of normal use shall be taken into account.

7 Metrological controls

Regional or national regulations may prescribe type approval, initial and/or subsequent verification for
sphygmomanometers. These controls shall meet the conditions in 7.1-7.5.

7.1 Type approval
At least three samples of a new type of sphygmomanometer shall be tested.

The tests to verify conformity to metrological and technical requirements shall be carried out according
to R 149-2. A test report shall be prepared according to R 149-3.

7.2 Verification

After type approval has been granted, verification shall be carried out before the sphygmomanometer
is put into use and during its lifetime. At verification, testing can be conducted at any set of climatic
conditions within the temperature range from 10 °C to 40 °C and the relative humidity range from 15 %
to 85 %. A climatic chamber is not required.

Each instrument of an approved type of sphygmomanometer shall be verified periodically in accordance
with applicable metrological laws and regulations of a member state, or after repair. At least the
requirements of 5.1, 5.5 and 6.4.1 shall be fulfilled.

12
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7.3 Sealing

Metrological control marks shall be put on seals. These seals shall prevent, without destruction of the
control marks:

= in the case of patient-monitors in which the sphygmomanometer is one part of a system: the
manipulation of the metrologically relevant parts for measuring blood pressure;

= in the case of all other sphygmomanometers: the opening of the casing.

If the construction of the instrument guarantees security against any interference, the metrological
control marks or the security marks may be attached in the form of labels.

All seals shall be accessible without using a tool.
7.4 Marking of the device

7.4.1 Markings required on the indicating device
The indicating device of the sphygmomanometer shall be marked with the following information:
= name and/or trademark of the manufacturer;
= type of sphygmomanometer;
» units of measurement (kPa/mmHg), positioned close to the displayed values;
= measurement range;
= type approval number (if applicable);
=  gserial number;
= year of fabrication;
=  country of origin.

Testing shall be carried out by visual inspection

7.4.2 Markings required on the cuff
The cuff of the sphygmomanometer shall be marked with the following information:

= limb circumference for which it is appropriate;

= marking of the limb circumference indication range;

= centre of the bladder, indicating the correct position for the cuff over the artery.
Testing shall be carried out by visual inspection.

For sphygmomanometers applied to the wrist, the marks required in 7.4.1 and 7.4.2 can be positioned
on the indicating device or on the cuff.

For sphygmomanometers used for home healthcare environment, the sales packaging shall display
information needed by the end user including, as a minimum:

= the operating and storage temperature and humidity ranges;

= any special requirements for a battery-powered sphygmomanometer.

13
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Sphygmomanometers for public use which are intended for self-use in public areas, shall be marked
with the following:

= precautions for use, including a statement concerning the need to consult a physician for
interpretation of blood pressure measurements;

= adequate operating instructions

7.5 Manufacturer’s information

Information supplied by the manufacturer shall comply with the specifications and requirements given
in this Recommendation.

The manufacturer’s instruction manual shall contain the following information:
= reference to OIML R 149 including the complete title;

= explanation of the operating procedures which are important for correct application (such as
the selection of the appropriate cuff size, positioning of the cuff at the heart level and adjustment
of the pressure reduction rate);

» methods for cleaning reusable cuffs;

= if the bladder is removable, the method for ensuring the correct repositioning of the bladder in
the cuff;

* nature and frequency of the maintenance which is required to ensure that the device operates
correctly and safely at all times;

= disclosure that applicable national or regional metrological laws and regulations have to be
considered;

= list of all components belonging to the pressure measuring system, including accessories;
= description of the operating principles of the blood pressure measuring device;

= remarks on the environmental or operational factors which may affect the performance (e.g.
electromagnetic fields, arrhythmia);

= specification of the signal input/output port(s);

= specification of the rated voltage, if applicable;

= specification of the intended power source, if applicable;

= measurement range for the systolic and diastolic blood pressure measurements;
= measurement range of the pulse rate;

= operating and storage temperature and humidity ranges;

= any special requirements for a battery-powered automatic sphygmomanometer, e.g. safety
warnings;

= warm-up time, if applicable;

= description of the meaning of the “out of range signal” (see 0 and 0, if applicable);

= description of all symbols, abbreviations and error codes used on the instrument; and
= name and address of manufacturer.

Testing shall be carried out by visual inspection.

14
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Annex A

Rationale for the maximum permissible errors
of the overall system

(Informative)

Note:  This Annex provides a rationale for the values of maximum permissible errors presented in
5.2.

Overall system accuracy

A clinical investigation is strongly recommended to demonstrate compliance with the requirements
specified in 5.2.

A new clinical investigation is necessary only for changes affecting the overall system accuracy.
Recommended protocols for the clinical investigations are given in:

=  O'Brien E., Petrie J., Littler W., de Swiet M, Padfield P.L., Altman D.G., Coats A. and Aikins
N. The British Hypertension Society protocol for the evaluation of blood measuring devices.
Journal of Hypertension 1993, 11 (Suppl 2): S 43 — 62

= ISO 81060-2.

15
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Foreword

The International Organisation of Legal Metrology (OIML) is a worldwide, intergovernmental
organisation whose primary aim is to harmonise the regulations and metrological controls applied by
the national metrological services, or related organisations, of its Member States.

The main categories of OIML publications are:

e International Recommendations (OIML R), which are model regulations that establish the
metrological characteristics required of certain measuring instruments and which specify
methods and equipment for checking their conformity. OIML Member States shall implement
these Recommendations to the greatest possible extent;

e International Documents (OIML D), which are informative in nature and which are intended
to harmonise and improve work in the field of legal metrology;

o International Guides (OIML G), which are also informative in nature and which are intended
to give guidelines for the application of certain requirements to legal metrology; and

e International Basic Publications (OIML B), which define the operating rules of the various
OIML structures and systems.

OIML Draft Recommendations, Documents and Guides are developed by Project Groups linked to
Technical Committees or Subcommittees which comprise representatives from the Member States.
Certain international and regional institutions also participate on a consultation basis. Cooperative
agreements have been established between the OIML and certain institutions, such as ISO and the IEC,
with the objective of avoiding contradictory requirements. Consequently, manufacturers and users of
measuring instruments, test laboratories, etc. may simultaneously apply OIML publications and those
of other institutions.

International Recommendations, Documents, Guides and Basic Publications are published in English
(E) and translated into French (F) and are subject to periodic revision.

Additionally, the OIML participates in Joint Committees with other Institutions for the development of
Vocabularies (OIML V) and Joint Guides (G) and periodically commissions legal metrology experts
to write Expert Reports (OIML E). Expert Reports are intended to provide information and advice,
and are written solely from the viewpoint of their author, without the involvement of a Technical
Committee or Subcommittee, nor that of the CIML. Thus, they do not necessarily represent the views
of the OIML.

This publication - reference OIML R 149-2, edition 2020 (E) - was developed by the OIML Technical
Subcommittee TC 18/SC 1 Blood pressure instruments. It was approved for final publication by the
International Committee of Legal Metrology in 2020 and supersedes OIML R 16-2:2002 (E).

OIML Publications may be downloaded from the OIML website in the form of PDF files. Additional
information on OIML Publications may be obtained from the Organisation’s headquarters:

Bureau International de Métrologie Légale
11, rue Turgot - 75009 Paris — France
Telephone: 33 (0)1 48 78 12 82

Fax: 33 (0)1 42 82 17 27

E-mail: biml@oiml.org

Internet: www.oiml.org
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1.1

Non-invasive automated sphygmomanometers
Part 2: Test procedures

Test for maximum permissible errors of the cuff pressure
indication

Apparatus

The apparatus consists of the following:

1.2

= rigid metal vessel with a capacity of 500 ml & 25 ml;

= calibrated reference manometer with a maximum permissible error within +0.1 kPa
(£0.8 mmHg);

= pressure generator, e.g. ball pump (hand pump) with a deflation valve;
= T-piece connectors and hoses with an overall length of no more than 600 mm;

» climatic chamber, non-uniformity of temperature within £1 °C, instability of temperature
within +1 °C, non-uniformity of relative humidity within +5 %, instability of relative humidity
within £5 %.

Procedure

Replace the cuff with the vessel. Connect both the calibrated reference manometer and the manometer
of the device to be tested by means of a T-piece connector and hoses to the pneumatic system (see
Figure 1). Set the automated sphygmomanometer to the test mode according to the information
provided by the manufacturer. Connect the additional pressure generator into the pressure system by
means of another T-piece connector. Carry out the test in pressure steps of not more than 6.7 kPa
(50 mmHg) between 0.0 kPa (0 mmHg) and the maximum pressure of the scale range. '

a)

b)

Under ambient conditions

For each of the following combinations of temperature and humidity, place the automated
sphygmomanometer in the climatic chamber for at least 3 h to allow the system to reach steady
conditions:

* 10 °C ambient temperature, 85 % relative humidity (non-condensing);

= 20 °C ambient temperature, 85 % relative humidity (non-condensing);

= 40 °C ambient temperature, 85 % relative humidity (non-condensing).
At each combination of temperature and humidity, switch on the automated sphygmomanometer

before starting the test. Wait until the warm-up time (described in the instructions for use) has
elapsed, carry out the measurement and switch off the automated sphygmomanometer afterwards.

Under storage conditions

Testing shall be carried out a) under ambient conditions after the test sample has been placed
unpacked for 24 h at a temperature of —5 °C and immediately afterwards for 24 h at a temperature
of 50 °C in a climatic chamber. Any abnormal status shall be recorded during the testing.

!'In case of doubt about the linearity, spot checks should be carried out or the width of the pressure steps should
be reduced, i.e. from the normally recommended 6.7 kPa (50 mmHg) to 2.7 kPa (20 mmHg). This also applies to
Table 1 in R 149-3.
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Note:  Integrated multi-parameter monitors may contain components which may be damaged
during storage. The general temperature range has therefore been reduced compared to the
requirements in R 149-1, 5.1. For simplification, testing can also be carried out at a
temperature of 20 °C £ 5 °C and at ambient humidity.

1.3 Expression of results

Express the results as the differences between the cuff pressure indication of the automated
sphygmomanometer to be tested and the corresponding readings of the reference manometer.

] — - i RE)
) oo ol a o

500

1 — Reference manometer; 2 — Climatic chamber;
3 — Device to be tested; 4 — Metal vessel; 5 — Pressure generator

Figure 1 — Measurement system for determining the error limits of the cuff pressure indication

2 Test for blood pressure measurement range
To comply with the requirement of R 149-1, 5.4, the following test shall be performed.

2.1 Apparatus
The apparatus consists of the following:

= Patient simulator for the auscultatory and/or oscillometric method, having an experimental
standard deviation for the repeatability of not more than 0.13 kPa (1 mmHg). The generated
signal values shall be approximately: systolic: 16.0 kPa (120 mmHg); diastolic: 10.7 kPa
(80 mmHg); pulse rate: 70 min™! to 80 min™.

2.2 Procedure and evaluation

Adjust the patient simulator to generate signals in such a way that the automated sphygmomanometer
displays diastolic blood pressure values of 2.7 kPa (20 mmHg) or less and systolic blood pressure values
of 14.7 kPa (110 mmHg) or more in neonatal mode, and diastolic blood pressure values of 5.3 kPa
(40 mmHg) or less and systolic blood pressure values of 30.7 kPa (230 mmHg) or more otherwise.

Check by visual inspection.
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3 Test for repeatability of blood pressure indication
To comply with the requirement of R 149-1, 5.5, the following test shall be performed.

3.1 Apparatus
The apparatus consists of the following:

= Patient simulator for the auscultatory and/or oscillometric method, having an experimental
standard deviation for the repeatability of not more than 0.13 kPa (1 mmHg). The generated
signal values shall be approximately: systolic: 16.0 kPa (120 mmHg); diastolic: 10.7 kPa
(80 mmHg); pulse rate: 70 min™' to 80 min™.

3.2 Procedure

Connect the automated sphygmomanometer with the cuff and the patient simulator, which is set to the
target systolic and diastolic blood pressure values (see Figure 2).

Perform 20 consecutive measurements at any temperature in the range 10 °C to 40 °C and for any
relative humidity in the range 15 % to 85 %.

Device to be Patient
tested simulator

T~— cuff

Figure 2 — Setup to test the repeatability of the blood pressure indication

Note I: If the device is being tested for adult blood pressure measurement, the pulse rate is set at
80 min™.

Note 2: If the device is being tested for neonatal/infant blood pressure measurement, the pulse rate is
set at 120 min’'.

33 Expression of results

The repeatability of a blood pressure indication is calculated as follows:

_BEi@so) — Lsy)?
sm) = n—1

) being the display value repeatability of systolic (or diastolic) blood pressure of the
device under test;

Ls(yi being the displayed systolic (or diastolic) blood pressure at the i measurement of the
device under test;

ZS(D) being the displayed mean of systolic (or diastolic) blood pressure of the device under
test;

n number of measurements.
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4 Test for effect of voltage variations of the power source
To comply with the requirement of R 149-1, 6.3, the following test shall be performed.

4.1 Internal electrical power source

4.1.1 Apparatus
The apparatus consists of the following:

= adjustable direct current voltage supply;
= voltmeter with a maximum permissible error within 0.5 % of the measured value;

» calibrated reference manometer with a maximum permissible error within +0.1 kPa
(£0.8 mmHg).

4.1.2 Procedure

Replace the internal electrical power source of the automated sphygmomanometer with a DC voltage
supply having an impedance which is equivalent to the impedance of the internal electrical power source
specified by the manufacturer. Measure the variation in applied DC voltage supply with a voltmeter.
Test the automated sphygmomanometer by altering the DC voltage supply in steps of 0.1 V and
determine the lowest voltage limit at which the cuff pressure indication is still displayed.

Carry out this test with the maximum permissible impedance of the internal electrical power source.

Carry out the test for the maximum permissible errors of the cuff pressure indication but only at a
temperature of 20 °C + 5 °C and at ambient humidity, and at the lowest voltage limit described above
increased by 0.1 V and also at the nominal voltage.

4.1.3 Expression of results

Express the results as the difference between the cuff pressure indication of the automated
sphygmomanometer to be tested and the corresponding readings of the reference manometer at the
lowest voltage limit increased by 0.1 V and at the nominal voltage.

4.2 External electrical power source - alternating current

4.2.1 Apparatus
The apparatus consists of the following:

» adjustable alternating current voltage supply;
=  voltmeter with a maximum permissible error within 0.5 % of the measured value;

= calibrated reference manometer with a maximum permissible error within +0.1 kPa
(£0.8 mmHg).
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4.2.2 Procedure

Connect the automated sphygmomanometer to the adjustable alternating current voltage supply.
Measure the variation in AC voltage supply with the voltmeter.

Carry out the test for the maximum permissible errors of the cuff pressure indication but only at a
temperature of 20 °C £ 5 °C and at ambient humidity at:

* the maximum rated voltage, declared by the manufacturer;
* the mean value of the maximum and minimum rated voltage, declared by the manufacturer;
= the minimum rated voltage, declared by the manufacturer.

Testing may be carried out at only one cuff pressure within the range 6.7 kPato 33.3 kPa
(50 mmHg to 250 mmHg).

Note:  The maximum rated voltage is declared by the manufacturer as well as the minimum
rated voltage.

4.2.3 Expression of results

Express the results as the difference between the cuff pressure indication of the automated
sphygmomanometer to be tested and the corresponding readings of the reference manometer.

4.3 External electrical power source - direct current

4.3.1 Apparatus
Use the apparatus listed in 4.1.1.

4.3.2 Procedure

Connect the automated sphygmomanometer to the DC voltage supply. Control the DC voltage supply
by reference to a voltmeter.

Carry out the test for the maximum permissible errors of the cuff pressure indication but only at a
temperature of 20 °C £ 5 °C and at ambient humidity at:

» the maximum rated voltage, declared by the manufacturer;
= the mean value of the maximum and minimum rated voltage, declared by the manufacturer;
* the minimum rated voltage, declared by the manufacturer.

Testing can be carried out only at one cuff pressure point within the range 6.7 kPa to 33.3 kPa
(50 mmHg to 250 mmHg).

4.3.3 Expression of results

Express the results as the difference between the cuff pressure indication of the automated
sphygmomanometer to be tested and the corresponding readings of the reference manometer.

10
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4.4 Voltage variations of the external electrical power source - alternating current

4.4.1 Apparatus
Use the apparatus listed in 4.2.1.

4.4.2 Procedure

Connect the automated sphygmomanometer to the AC voltage supply. Measure the variation in the AC
voltage supply with the voltmeter. Test the automated sphygmomanometer by altering the AC voltage
supply in steps of 5 V and determine the lowest voltage limit at which the cuff pressure indication is
displayed.

Outside the working range specified by the manufacturer, no cuff pressure indication shall be displayed.

Carry out the test for the maximum permissible errors of the cuff pressure indication but only at a
temperature of 20 °C £ 5 °C and at ambient humidity at the lowest voltage limit increased by 5 V.

Testing can be carried out only at one cuff pressure point within the range 6.7 kPa to 33.3 kPa
(50 mmHg to 250 mmHg).

4.4.3 Expression of results

Express the results as the difference between the cuff pressure indication of the automated
sphygmomanometer to be tested and the corresponding readings of the reference manometer at the
lowest voltage limit increased by 5 V.

4.5 Voltage variations of the external electrical power source - direct current

4.5.1 Apparatus
Use the apparatus listed in 4.1.1.

4.5.2 Procedure

Connect the automated sphygmomanometer to the DC voltage supply. Measure the variation in the DC
voltage supply with the voltmeter.

Test the automated sphygmomanometer by altering the DC voltage supply in steps of 0.1 V and
determine the lowest voltage limit at which the cuff pressure indication is displayed.

Outside the working range specified by the manufacturer, no cuff pressure indication shall be displayed.

Carry out the test for the maximum permissible errors of the cuff pressure indication but only at a
temperature of 20 °C £ 5 °C and at ambient humidity at the lowest voltage limit increased by 0.1 V.

Testing can be carried out only at one cuff pressure point within the range 6.7 kPa to 33.3 kPa
(50 mmHg to 250 mmHg).

453 Expression of results

Express the results as the difference between the cuff pressure indication of the automated
sphygmomanometer to be tested and the corresponding readings of the reference manometer at the
lowest voltage limit increased by 0.1 V.
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5 Test for air leakage of the pneumatic system
To comply with the requirement of R 149-1, 6.4.1, the following test shall be performed.

5.1 Apparatus

The apparatus consists of the following:
e rigid metal cylinder of an appropriate size;
e pressure generator, e.g. ball pump (hand pump) with a deflation valve;

e stopwatch.

5.2 Procedure

Air leakage shall not exceed a pressure drop of 0.8 kPa/min (6 mmHg/min). Check compliance by
means of the following test. If, because of technical reasons, the test as described in this subclause
cannot be performed, use an alternative test procedure specified by the manufacturer.

Testing shall be carried out at environmental conditions.
Before beginning the test, allow the automated sphygmomanometer to reach working temperature.

Wrap the cuff around the cylinder such that, for devices measuring at the upper arm and the thigh, the
circumference of the applied cuff does not exceed that of the cylinder by more than 7 %.

Carry out the test over the whole measurement range at at least three equally spaced pressure steps (e.g.
6.7 kPa (50 mmHg), 20.0 kPa (150 mmHg), and 33.3 kPa (250 mmHg)). Because the thermodynamic
equilibrium is influenced by decreasing or increasing the pressure when changing to the next pressure
step, wait at least 60 s before reading the values. Test the air leakage over a period of 5 minutes and
determine the measured value from this.

Note 1: Electro-mechanical pumps which are a part of the system may be used for the test. Valves
which are permanently opened may be disconnected for the test.

Note 2: For this test no calibrated reference manometer is required because the cuff pressure display
of the unit under test can be used when the error of the cuff pressure indication is considered.
The advantage of this test is that the unit under test is in its original configuration. Additional
connections can increase the leakage.

53 Expression of results

Express the air leakage as the rate of pressure loss per minute.

6 Test for pressure reduction rate of devices using the
auscultatory method

To comply with the requirement of R 149-1, 6.4.2, the following test shall be performed.

6.1 Apparatus
The apparatus consists of the following:

» T-piece connectors;

= calibrated reference manometer with a signal output port and a maximum permissible error
within +0.1 kPa (£0.8 mmHg);

= artificial or human limbs (see Notes under 5.2);

= recording unit.

12
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6.2 Procedure
Measure the pressure reduction rate either on human subjects or artificial limbs.

Note I: The recommendation is to use artificial limbs, but measurements performed with human
volunteers are acceptable.

Note 2: Two limb sizes should be used, being equal to the upper and lower limits of the limb
circumferences with which a particular cuff size is recommended for use.

Note 3: It is recommended that the characteristics of the artificial limbs reflect some elastic
characteristics of human limbs.

Because the cuff deflation rate may be influenced by the way in which a cuff is applied, apply and
remove the cuff for each of at least ten repeated measurements on at least two different limb sizes. The
deflation may be reset.

Connect the calibrated reference manometer to the cuff by means of a T-piece. Connect the output part
of the calibrated reference manometer to the recording unit.

6.3 Expression of results

Determine the rate of pressure reduction (e.g. by graphical evaluation and drawing tangents) at the
pressure values 8.0 kPa (60 mmHg), 16.0 kPa (120 mmHg) and 24.0 kPa (180 mmHg). Calculate the
pressure reduction rate as the mean value calculated separately for the pressure values 8.0 kPa
(60 mmHg), 16.0 kPa (120 mmHg) and 24.0 kPa (180 mmHg) and for the various limb circumferences.

If the pressure reduction rate is dependent on the pulse, record the pulse rate. In this case, express the
result as cuff deflation rate per pulse.

7 Test for rapid exhaust
To comply with the requirement of R 149-1, 6.4.3, the following test shall be performed.

7.1 Apparatus
The apparatus consists of the following:

* two rigid vessels with capacities of 100 ml = 5 ml and 500 ml £ 25 ml, respectively;

» calibrated reference manometer with a maximum permissible error within +0.1 kPa
(£0.8 mmHg);

= pressure generator,
» T-piece connector;
= stopwatch.

7.2 Procedure

Carry out the test with the 500 ml vessel in place of the cuff. For automated sphygmomanometers
having the capability of measuring in a neonatal/infant mode and for devices measuring at the wrist,
carry out the test with the 100 ml vessel in place of the cuff.

Connect the calibrated reference manometer by means of a T-piece to the pneumatic system.

Inflate at least to the initial pressure given in R 149-1, 6.4.3, wait 60 s and activate the rapid exhaust
valve.

Measure the time between the pressure values specified in R 149-1, 6.4.3 using the stopwatch.

13
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7.3 Expression of results

Express the results as the measured exhaust time.

8 Test for zero adjustment of a measuring system
To comply with the requirement of R 149-1, 6.4.4, the following test shall be performed.

8.1 Apparatus

The apparatus consists of the following:
* rigid vessel with a capacity of 500 ml £+ 25 ml;

» calibrated reference manometer with a maximum permissible error within +0.1 kPa
(£0.8 mmHg);

» electro-mechanical pressure/suction pump;

= pressure generator, e.g. ball pump (hand pump) with a deflation valve;
* T-piece connectors;

= hoses.

8.2 Procedure and evaluation

If, for technical reasons, the test as described in this subclause cannot be performed, use an alternative
test procedure specified by the manufacturer.

To test the function of the zero adjustment, apply a pressure of +0.8 kPa (+6 mmHg) and subsequently
—0.8 kPa (-6 mmHg) to the pneumatic system and initiate a zero-setting of the device.

Ensure that all displayed pressure values have a systematic error of —0.8 kPa (—6 mmHg) and +0.8 kPa
(+6 mmHg), respectively.

Before beginning the test, allow the automated sphygmomanometer to reach working temperature.
Set up the automated sphygmomanometer to be tested as follows:

= replace the cuff with the 500 ml vessel;

= insert the calibrated reference manometer into the pneumatic system by means of a T-piece
connector;

= insert the pressure/suction pump into the pneumatic system by means of a T-piece connector;
= insert the pressure generator into the pneumatic system by means of a T-piece connector.

Note:  If convenient, one adjustable pump may be used in place of the pressure/suction pump and
pressure generator to generate the pressures.

Proceed in the following way:

a)  perform a regular adjustment to zero on the automated sphygmomanometer;

b)  raise the pressure to 13.0 kPa (or 100 mmHg) and record the indication of the automated
sphygmomanometer (e.g. 12.9 kPa or 99 mmHg);
c)  apply a pressure of +0.8 kPa (+6.0 mmHg) while performing another adjustment to zero;

d)  raise the pressure to 13.0 kPa (or 100 mmHg) and record the indication of the automated
sphygmomanometer. It shall be 0.8 kPa (6 mmHg) below the value recorded at b) (e.g.
12.1 kPa or 93 mmHg);

e) apply a pressure of —0.8 kPa (—6.0 mmHg) while performing another adjustment to zero;

f) raise the pressure to 13.0 kPa (or 100 mmHg) and record the indication of the automated
sphygmomanometer. It shall be 0.8 kPa (6 mmHg) above the value recorded at b) (e.g.
13.7 kPa or 105 mmHg).
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8.3 Expression of results

Express the results as shown in d) and f).

9 Test for instrumental drift of the cuff pressure indication
To comply with the requirement of R 149-1, 6.4.4, the following test shall be performed.

9.1 General

This test applies for devices performing zero adjustment only immediately after switching on.

9.2 Apparatus
The apparatus consists of the following:

= rigid vessel with a capacity of 500 ml + 25 ml;

= calibrated reference manometer with a maximum permissible error within +0.1 kPa
(£0.8 mmHg);

= stopwatch;
» T-piece connectors;
= patient simulator as described in 13.1.

9.3 Procedure and evaluation

Replace the cuff with the 500 ml vessel. Insert the calibrated reference manometer and the patient
simulator into the pneumatic circuit by means of T-piece connectors.

Before beginning the test, allow the automated sphygmomanometer to reach operating temperature as
described in the instructions for use.

Perform one blood pressure measurement, then determine the time, ¢, until the automated sphygmo-
manometer has switched off automatically.

Switch on the automated sphygmomanometer and set it to the test mode. Apply a pressure of 6.7 kPa
(50 mmHg) according the procedure specified in test for the maximum permissible errors of the cuff
pressure indication but only at a temperature of 20 °C + 5 °C and at ambient humidity and start the
stopwatch. Determine the change of the cuff pressure indication during the time, ¢. Check that it does
not exceed 0.1 kPa or 1 mmHg.

10 Test for maximum time for which the cuff is inflated
To comply with the requirement of R 149-1, 6.4.6, the following test shall be performed.

10.1 Apparatus
The apparatus consists of the following:

= patient simulator or human subject;
= stopwatch.
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10.2 Procedure and evaluation

Apply the automated sphygmomanometer to a human or connect it to the patient simulator.
Simultaneously start a blood pressure measurement and the stopwatch. Extend the blood pressure
measurement as long as possible. Examples (for automated sphygmomanometer measuring during cuff
deflation) of how this can be achieved are:

* by moving the limb, which causes the cuff deflation to halt or re-inflate;
* by manually blocking the deflation valve.

Measure the time until the cuff pressure drops below the pressure value specified in R 149-1 6.4.6.

11 Test for durability
To comply with the requirement of R 149-1, 6.6, the following test shall be performed.

11.1 Apparatus
The apparatus consists of the following:

* rigid metal vessel with a capacity of 500 ml + 25 ml;

» calibrated reference manometer with a maximum permissible error within +0.1 kPa
(£0.8 mmHg);

= pressure generator, e.g. ball pump (hand pump) with a deflation valve;
» T-piece connectors and hoses.

11.2 Procedure

Carry out the test for the maximum permissible errors of the cuff pressure indication but only at a
temperature of 20 °C £ 5 °C and at ambient humidity prior to prolonged usage.

Perform 10 000 simulated measurement cycles with the complete automated sphygmomanometer at
which at least the following cuff pressure values shall be reached:

= adult mode: 20.0 kPa (150 mmHg);
= neonatal/infant mode: 10.0 kPa (75 mmHg).

Note I: For devices which measure with the auscultatory and oscillometric method this test should be
carried out for both modes.

Note 2: For devices which measure in both modes (adult and neonatal/infant) the test should be carried
out in both modes.

11.3 Expression of results

Express the results as the difference between the cuff pressure indication before and after 10 000
simulated blood pressure measurement cycles at the same test pressure and under the same
environmental conditions.
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12 Test for signal input and output ports
To comply with the requirement of R 149-1, 6.8, the following test shall be performed.

12.1 Apparatus
The apparatus consists of the following:

= rigid vessel with a capacity of 500 ml + 25 ml;

= calibrated reference manometer with a maximum permissible error within +0.1 kPa
(£0.8 mmHg);

= T-piece connectors;
= pressure generator, e.g. ball pump (hand pump) with a deflation valve.

12.2 Procedure
Replace the cuff with the 500 ml vessel, insert the calibrated reference manometer into the pneumatic

system by means of a T-piece and proceed as follows:

a) raise the pressure to 13.3 kPa (100 mmHg) and record the displayed value;

b) repeat a) whilst short circuiting all contacts of the signal input/output ports belonging to the
automated sphygmomanometer;

c) repeat a) whilst applying the maximum voltage specified by the manufacturer to each contact
belonging to the automated sphygmomanometer.

12.3 Evaluation

Compare the indicated value under a) with the indicated values under b) and c).

13 Test for cuff pressure deflation following an aborted
measurement

To comply with the requirement of R 149-1, 6.9.1, the following test shall be performed.

13.1 Apparatus
The apparatus consists of the following:

* patient simulator or human subject.

13.2 Procedure and evaluation

Apply the automated sphygmomanometer to a human or connect it to the patient simulator. Start a blood
pressure measurement. Abort the measurement during inflation. Start another measurement and abort
it during the pressure reduction. If interval measurements are possible repeat the test in this mode.

Check by visual inspection whether the rapid exhaust is activated.

17





OIML R 149-2:2020 (E)

14

Test for resistance to vibration and shock

To comply with the requirement of R 149-1, 6.10, the following test shall be performed.

14.1

Apparatus

The apparatus consists of the following:

14.2

shaker.

Procedure

Compliance is checked by the following tests:

14.3

a)

b)

Shock test in accordance with IEC 60068-2-27:2008 Environmental testing - Part 2-27: Tests
- Test Ea and guidance: Shock using the conditions of test type 1 or 2:

Note 1: This represents IEC TR 60721-4-7 Classification of environmental conditions -
Part 4-7: Guidance for the correlation and transformation of environmental
condition classes of IEC 60721-3 to the environmental tests of IEC 60068 - Portable
and non-stationary use, Class TM2.

1) Test type: Type 1:

* peak acceleration: 150 m/s? (15 g);

= duration: 11 ms;

* pulse shape: half sine;

= number of shocks: 3 shocks per direction per axis (18 total).

2) Test type: Type 2:
» peak acceleration: 300 m/s? (30 g);
= duration: 6 ms;
= pulse shape: half sine;
* number of shocks: 3 shocks per direction per axis (18 total).

Broad-band random vibration according to IEC 60068-2-64:2008 Environmental testing -
Part 2-64: Tests - Test Fh: Vibration, broadband random and guidance using the
following conditions:

Note 2:  This represents IEC TR 60721-4-7 Classification of environmental conditions -
Part 4-7: Guidance for the correlation and transformation of environmental
condition classes of IEC 60721-3 to the environmental tests of IEC 60068 - Portable
and non-stationary use, Classes 7M1 and 7M2

1) Acceleration amplitude:
* 10 Hzto 100 Hz: 1.0 (m/s*)*/Hz;
= 100 Hz to 200 Hz: -3 dB/octave;
= 200 Hz to 2 000 Hz: 0.5 (m/s?)*/Hz;

2) Duration: 30 min per each perpendicular axis (3 total).

Evaluation

After this test the automated sphygmomanometer shall comply with the requirements of R 149-1, 5.1
but only at a temperature of 20 °C &+ 5 °C and at ambient humidity.
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15 Test for durability of markings
To comply with the requirement of R 149-1, 6.11, the following test shall be performed.
Check compliance by inspection and the following tests.

After all the other tests of this document have been performed:

a) markings are rubbed by hand, without undue pressure, first for 15 s with a cloth soaked with
distilled water, then for 15 s with a cloth soaked with methylated spirits and then for 15 s with
a cloth soaked with isopropyl alcohol;

b) adhesive labels shall not have worked loose or become curled at the edges.
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Foreword

The International Organisation of Legal Metrology (OIML) is a worldwide, intergovernmental
organisation whose primary aim is to harmonise the regulations and metrological controls applied by
the national metrological services, or related organisations, of its Member States.

The main categories of OIML publications are:

e International Recommendations (OIML R), which are model regulations that establish the
metrological characteristics required of certain measuring instruments and which specify
methods and equipment for checking their conformity. OIML Member States shall implement
these Recommendations to the greatest possible extent;

e International Documents (OIML D), which are informative in nature and which are intended
to harmonise and improve work in the field of legal metrology;

e International Guides (OIML G), which are also informative in nature and which are intended
to give guidelines for the application of certain requirements to legal metrology; and

e International Basic Publications (OIML B), which define the operating rules of the various
OIML structures and systems.

OIML Draft Recommendations, Documents and Guides are developed by Project Groups linked to
Technical Committees or Subcommittees which comprise representatives from the Member States.
Certain international and regional institutions also participate on a consultation basis. Cooperative
agreements have been established between the OIML and certain institutions, such as ISO and the IEC,
with the objective of avoiding contradictory requirements. Consequently, manufacturers and users of
measuring instruments, test laboratories, etc. may simultaneously apply OIML publications and those
of other institutions.

International Recommendations, Documents, Guides and Basic Publications are published in English
(E) and translated into French (F) and are subject to periodic revision.

Additionally, the OIML participates in Joint Committees with other Institutions for the development of
Vocabularies (OIML V) and Joint Guides (G) and periodically commissions legal metrology experts
to write Expert Reports (OIML E). Expert Reports are intended to provide information and advice,
and are written solely from the viewpoint of their author, without the involvement of a Technical
Committee or Subcommittee, nor that of the CIML. Thus, they do not necessarily represent the views
of the OIML.

This publication - reference OIML R 149-3, edition 2020 (E) - was developed by OIML Technical
Subcommittee TC 18/SC 1 Blood pressure instruments. It was approved for final publication by the
International Committee of Legal Metrology in 2020 and supersedes OIML R 16-2:2002 (E).

OIML Publications may be downloaded from the OIML website in the form of PDF files. Additional
information on OIML Publications may be obtained from the Organisation’s headquarters:

Bureau International de Métrologie Légale
11, rue Turgot - 75009 Paris — France
Telephone: 33 (0)1 48 78 12 82

Fax: 33 (0)1 42 82 17 27

E-mail: biml@oiml.org

Internet: www.oiml.org
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Non-invasive non-automated sphygmomanometers

Part 3: Test report format

Explanatory notes on the test report format:
i) General

This test report format, which is informative with regard to the implementation of R 149-1 in national
regulations, presents a standardised format for the results of the various tests and examinations to which
a type of sphygmomanometer shall be submitted with a view to its approval as well as for the results of
verification tests. The tests are listed in R 149-2.

It is recommended that all metrology services or laboratories evaluating types of sphygmomanometers
according to OIML R 149 or to national or regional regulations based on OIML R 149 use this test report
format, directly or after translation into a language other than English or French.

It is also recommended that this test report format in English or in French (or in both languages) be
transmitted by the country performing these tests to the relevant authorities of another country, under
bi- or multi-lateral cooperation agreements.

In the framework of the OIML Certification System (OIML-CS), use of the test report format is
mandatory.

i) Page numbering and the use of report page formats

In addition to the sequential numbering at the bottom of each page, a space has been left at the top of
each page for numbering the pages of reports established following this model. In particular, each test
is reported individually on a separate page following the relevant format. For a given report, it is
advisable to complete the sequential numbering of each page by indicating the total number of pages in
the report.

Where required, pressure values in the Tables can be replaced by values expressed in kPa.

Where required, these forms can be copied and used several times in cases where the test in question
has to be repeated under varying conditions.

iii) Definitions and formula

For the purposes of this test report format, the following definitions and formula, taken from OIML
V 2-200:2012 International Vocabulary of Basic and General Terms in Metrology (VIM) are used.
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Non-invasive automated sphygmomanometers

Test report

Type approval test report

Verification test report

Note:  For verification purposes, tick those fields which are appropriate for verification according to
your national regulations or which are listed in 1.2 under the heading: Summary of test results
for verification.

Number of report:
Object:

Type:
Serial number:

Manufacturer’s name and address:

Customer’s name and address:

Date of receipt:

Date/period of measurement:

Date of report: Number of pages:

Issuing Institute’s name and address:
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Characteristic values (principle of measurement, measuring unit, measurement range,
range of display):

Additional devices (printer, interface, etc.):

Reference manometer (model, serial number, expanded uncertainty, calibration certificate):

Time measuring device (model, serial number, expanded uncertainty, calibration certificate):

Stamp/signature:
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1 Test review
1.1 Summary of test results for type approval
Clause from
Subject Test O.I ML Pass Fail
R 149-1 R 149-2 R 149-3 result reqwrement
Maximum permissible errors of the
5.1 1 2 cuff pressure indication under
ambient conditions
Maximum permissible errors of the
5.2 3 overall system as measured by
clinical investigation
0 Maximum mean error
Maximum experimental standard
3.2 .
deviation
Maximum permissible errors of the
5.3 1 4 cuff pressure indication under
storage conditions
5.4 2 5 Blood pressure measurement range
55 3 0 Repeatgblllty of the blood pressure
indication
6.3 4 0 Effect of voltage variations of the
' power source
6.3.1 4.1 7.1 Internal electrical power source
4.2,4.3, .
6.3.2 4.4 45 7.2 External electrical power source
6.4.1 5 8 Air leakage of the pneumatic
system
6.4.2 6 9 Pressure reduction rate for devices
o using the auscultatory method
6.4.3 7 110 Rapid exhaust
6.4.4 8.9 0 Zero adjustment of a measuring
system
6.4.5 12 Manometer test mode
6.4.6 10 0 !\/Iz_mmum time for which the cuff
is inflated
6.5 14 Electromagnetic compatibility
6.5.1 14.1 Immunity
6.5.2 0 Electrosurgery interference
recovery
6.6 11 15 Durability
6.7 16 Pressure indicating device
6.7.1 16.1 Nominal range and measurement
range
6.7.2 16.2 Digital indication
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6.73 16.3 T_echnlcal requirements for the
display

6.8 12 0 Signal input and output ports

6.9 18 Safety requirements

6.9.1 13 18.1 Aborting a measurement

6.92 18.2 Unau@horlsed access and tamper
proofing

6.9.3 18.3 Tubing connectors

6.9.4 18.4 Electrical safety

6.10 14 0 Resistance to vibration and shock

6.11 15 20 Durability of markings

1.2 Summary of test results for verification
Clause from
Subject Test result OIML Pass Fail

R149-1 | R149-2 | R149-3 requirement
Maximum permissible errors of the

51 1 2 cuff pressure indication under
ambient conditions

55 3 0 Repeat_ablllty of the blood pressure
indication

6.4.1 5 8 Air leakage of the pneumatic
system

Note 1: The sequence of the different tests is arbitrary; it follows the sequence of the different clauses
in the text. The sequence of testing is at the discretion of the person conducting the tests.

Note 2: To be considered as approved or verified, an instrument must have successfully passed all the
applicable tests.
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2 Maximum permissible errors of the cuff pressure indication under
ambient conditions

For the limits of temperature and humidity see R 149-1, 5.1: the temperature shall be between 10 °C and
40 °C, the relative humidity shall be between 15 % and 85 %.

To determine the error of the cuff pressure indication conduct up and down runs at three different
temperatures: e.g. 10 °C and 15 % relative humidity, 20 °C and 60 % relative humidity, and 40 °C and
85 % relative humidity.

Table 1

Example: Temperature 20 °C and 60 % relative humidity ~ Unit (mmHg)

1st reading 2nd reading Mean Deviation
Pressure
Up Down Up Down Up Down Up Down
0 2 0 0 4 1 2 1 2
50 52 54 54 54 53 54 3 4
100 106 100 104 104 105 102 5 2
150
200
250
column 1 column column column column column column column column
2 3 4 5 6 7 8 9

maximum deviation: 5 mmHg

Column 1 = values measured by the reference manometer

Column 2, 3, 4 and 5 = results of the measurement of the instrument under test
Column 6 = (column 2 + column 4) / 2

Column 7 = (column 3 + column 5) / 2

Column 8 = column 6 - column 1

Column 9 = column 7 - column 1

10
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Table 2

Temperature ...... °Cand ...... % relative humidity ~ Unit (...... )

1st reading 2nd reading Mean Deviation

Pressure
Up Down Up Down Up Down Up Down

maximum deviation; mmHg

Note:  The time between the up and down runs shall not be less than five minutes at the maximum
pressure. A time difference from the first run to the second run of one hour is recommended.

Is the maximum deviation of all the readings of the instrument under test and the reference manometer
less than or equal to £0.4 kPa (=3 mmHg) or 2 % of the reading, whichever is greater?

Yes Passed
No Failed
3 Maximum permissible errors of the overall system as measured

by clinical investigation

The error of each measurement shall be calculated according to definition 2.16 of the VIM (see
paragraph iii of the explanatory notes at the beginning of Annex B). The reference values are derived
from the conventional measurement carried out by a medical doctor using a mechanical
sphygmomanometer and the Korotkoff method. Usually a set of at least three measurements per patient
has to be carried out. One instrument under test, a sample of at least 85 persons, and at least two medical
doctors should be involved in the tests.

The mean of the errors measured within each set of measurements shall be calculated and the maximum
of these mean errors relating to the sets of measurement of the different patients shall be determined.

11
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3.1 Maximum mean error

Is the maximum mean error obtained by the clinical investigation less than or equal to +0.7 kPa
(x5 mmHQg)?

Yes Passed
No Failed
3.2 Maximum experimental standard deviation

Is the maximum experimental standard deviation less than or equal to 1.1 kPa (8 mmHg)?

Yes Passed
No Failed
4 Maximum permissible error of the cuff pressure indication

under storage conditions

Determine the error after storage for 24 h at a temperature of —5 °C and for 24 h at a temperature of
50 °C and a relative humidity of 85 % (non-condensing).

Table 3
Measurement at ...... °Cand ...... % relative humidity after storage at =5 °C and 50 °C Unit (...... )
1st reading 2nd reading Mean Deviation
Pressure | after storage after storage after storage after storage

Up Down Up Down Up Down Up Down

Maximum deviation:

12
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Is the maximum deviation of all the readings of the instrument under test and the reference manometer
less than or equal to £0.4 kPa (3 mmHg) or 2 % of the reading, whichever is greater?

Yes Passed
No Failed
5 Blood pressure measurement range

Is the automated sphygmomanometer capable of indicating diastolic blood pressure over at least the
range from 2.7 kPa (20 mmHg) to 8.0 kPa (60 mmHg) in neonatal mode and 5.3 kPa (40 mmHg) to
17.3 kPa (130 mmHg)?

Yes Passed

No Failed

Is the automated sphygmomanometer capable of indicating systolic blood pressure over at least the
range from 5.3 kPa (40 mmHg) to 14.7 kPa (110 mmHg) in neonatal mode and 8.0 kPa (60 mmHg) to
30.7 kPa (230 mmHg)?

Yes Passed

No Failed

13
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6 Repeatability of the blood pressure indication

Table 4
Repeatability of blood pressure indication ~ Unit (...... )

Measurement no. 1 2 3 4 5 6 7 8 9 10

Systolic blood
pressure
Diastolic blood
pressure

Measurement no. 11 12 13 14 15 16 17 18 19 20
Systolic blood

pressure
Diastolic blood
pressure
Experimental standard deviation of systolic blood pressure: mmHg
Experimental standard deviation of diastolic blood pressure: mmHg

Is the experimental standard deviation of the blood pressure measurement of the automated
sphygmomanometer less than or equal to 0.4 kPa (3 mmHg)?

Yes Passed

No Failed

14
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7 Effect of voltage variations of the power source

7.1 Internal electrical power source

Do changes of voltage within the working range of the internal power source influence the cuff pressure
indication, which should comply with the requirement of R 149-1, 6.3.1?

Yes Passed

No Failed

Note:  Outside this working range, no cuff pressure indication and no result of the blood pressure
measurement shall be displayed.

Does a change in the voltage to a value outside the working range of the internal power source lead to a
result of a blood pressure measurement?

Yes Failed
No Passed
7.2 External electrical power source

Do changes in the voltage to a value within the working range of the external power source influence
the cuff pressure indication, which should comply with the requirement of R 149-1, 6.3.2?

Yes Passed

No Failed

Note:  Outside the working range specified by the manufacturer, no cuff pressure indication and no
result of the blood pressure measurement shall be displayed.

Does a change in the voltage to a value outside the working range of the external power source lead to
a result of a blood pressure measurement?

Yes Failed

No Passed

15
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8 Air leakage of the pneumatic system

Carry out the test over the whole measurement range and at at least three equally spaced pressure steps
(e.g. 6.7 kPa (50 mmHg), 20.0 kPa (150 mmHg), and 33.3 kPa (250 mmHg)). Test the air leakage rate
over a period of five minutes (see R 149-2, 5.2), and determine the measured value from this. Wait at
least 60 s before reading each value.

Table 5

Air leakage of the pneumatic system  Unit (...... )

Pressure First reading Reading after 5min | Difference between the readings

Does the pressure drop over a period of five minutes correspond to an air leakage rate less than or equal
to 0.8 kPa/min (6 mmHg/min)?

Yes Passed

No Failed

16
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9 Pressure reduction rate for devices using the auscultatory method

Is the deflation rate of 0.3 kPa/s to 0.4 kPa/s (2 mmHg/s to 3 mmHg/s) within the target range of systolic
and diastolic blood pressure maintained?

Yes Passed

No Failed

For devices which control the pressure reduction as a function of the pulse rate, is a deflation rate of
0.3 kPa/pulse and 0.4 kPa/pulse (2 mmHg/pulse and 3 mmHg/pulse) maintained?

Yes Passed

No Failed

Note: ~ Manually operated deflation valves should be easily adjustable to these values.

10 Rapid exhaust

Does the time for the pressure reduction from 34.7 kPa to 2.0 kPa (260 mmHg to 15 mmHg) during the
rapid exhaust of the pneumatic system with the valve fully opened exceed 10 s?

Yes Failed

No Passed

For automated sphygmomanometers having the capability to measure in a neonatal/infant mode, does
the time for the pressure reduction from 20 kPa to 0.7 kPa (150 mmHg to 5 mmHg) during the rapid
exhaust of the pneumatic system with the valve fully opened exceed 5 s?

Yes Failed

No Passed

17
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11 Zero adjustment of a measuring system

At the moment of zero adjustment (at appropriate intervals, and at least after switching on the device),
does a gauge pressure of 0 kPa (0 mmHg) exist and is it displayed?

Yes Passed

No Failed

Do devices performing zero adjustment only immediately after switching on, switch off automatically
when the drift of the pressure transducer and the analogue signal processing exceeds 0.1 kPa (1 mmHQg)?

Yes Passed
No Failed
12 Manometer test mode

Does the automated sphygmomanometer have a manometer test mode that permits static pressure
measurement over at least the nominal blood pressure indication range and which is not be available in
normal use, but is restricted to service / test personnel?

Yes Passed

No Failed

When the automated sphygmomanometer is put into the test mode, are all air outlets closed?

Yes Passed

No Failed

18





Report page .../... OIML R 149-3:2020 (E)

13 Maximum time for which the cuff is inflated

Is the total time for which the pressure exceeds 2.0 kPa (15 mmHg) less than or equal to 180 s in the
case of adult patients?

Yes Passed

No Failed

Is the total time for which the pressure exceeds 0.7 kPa (5 mmHg) no longer than 90 s in the case of
neonatal/infant patients?

Yes Passed
No Failed
14 Electromagnetic compatibility

14.1 Immunity

Do electrical and/or electromagnetic interferences lead to degradations in the cuff pressure indication?

Yes Passed

No Failed

If electrical and/or electromagnetic interferences lead to an abnormality, is the abnormality clearly
indicated and is it possible to restore normal operation within 30 s after cessation of the electromagnetic

disturbance?

Yes Passed

No Failed

19
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14.2 Electrosurgery interference recovery

If an automated sphygmomanometer is intended to be used together with HF surgical equipment, does
it return to the previous operating mode within 10 s after exposure to the field produced by HF surgical
equipment, without loss of any stored data?

Yes Passed

No Failed

15 Durability

Is the change in the cuff pressure indication less than or equal to 0.4 kPa (3 mmHg) throughout the
pressure range after 10 000 simulated measurement cycles?

Yes Passed
No Failed
16 Pressure indicating device
16.1 Nominal range and measurement range

Avre the values of the blood pressure measurement results which are outside the nominal range of cuff
pressure clearly indicated as being out of range?

Yes Passed

No Failed

Testing shall be carried out by visual inspection.

16.2 Digital indication

Is the digital scale interval 0.1 kPa (1 mmHQg)?

Yes Passed

No Failed

20
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If the measured value of a parameter is indicated on more than one display, do all the displays indicate
the same numerical value?

Yes Passed

No Failed

Avre the measured numerical values on the display(s), and the symbols defining the units of measurement
arranged in such a way so as to avoid misinterpretation?

Yes Passed

No Failed

Are the numbers and characters clearly legible?

Yes Passed

No Failed

Testing shall be carried out by visual inspection.

16.3 Technical requirements for the display

Is the display designed and arranged so that all information can be read and easily recognised?

Yes Passed

No Failed

Testing shall be carried out by visual inspection.

21
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17 Signal input and output ports

Does the construction of the signal input and output ports (excluding internal interfaces, e.g. microphone
signal input) relevant to the non-invasive blood pressure measurement ensure that incorrectly fitted or
defective accessories do not result in erroneous indication of cuff pressure or erroneous indication of
blood pressure?

Yes Passed

No Failed
18 Safety requirements
18.1 Aborting a measurement

Is it possible to abort the blood pressure measurement at any time by a single key operation, and does
this lead to a rapid exhaust?

Yes Passed
No Failed
18.2 Unauthorised access and tamper proofing

Are all controls which affect accuracy sealed against unauthorised access?

Yes Passed

No Failed

Note:  Controls are any part of the instrument which can be used for adjusting the measurement
values, the subsequent computation and the display, including adjusting screws,
potentiometers, adjusting modules, pressure sensing devices, etc.

Is the manometer tamper proof?

Yes Passed

No Failed

22
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Is tamper proofing of the instrument achieved by requiring the use of a special tool or breaking a seal?

Yes Passed

No Failed

Testing shall be carried out by visual inspection.

18.3 Tubing connectors

Note:  Users of equipment intended for use in environments employing intravascular fluid systems
shall take all necessary precautions to avoid connecting the output of the blood pressure
measuring device to such systems as air might inadvertently be pumped into a blood vessel if,
for example, Luer locks were used.!

Are Luer locks used?

Yes Failed

No Passed

Testing shall be carried out by visual inspection.

18.4 Electrical safety

Note:  This test is optional within the OIML Certification System (OIML-CS)
Are the requirements of the regional and national regulations fulfilled?

Yes Passed

No Failed

 Luer lock connectors shall not be used with the tubing which connects the cuff to the manometer or measuring equipment,
in order to avoid the possibility of inadvertent misconnection with other clinical systems.

23
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19 Resistance to vibration and shock

Does the automated sphygmomanometer comply with the requirements of R 149-1, 5.1 but only at a
temperature of 20 °C £ 5 °C and at ambient humidity?

Yes Passed
No Failed
20 Durability of markings

Do the required markings fulfil the requirements that they shall be removable only with a tool or by
appreciable force and shall be sufficiently durable to remain clearly legible during the expected service
life of the sphygmomanometer?

Yes Passed

No Failed
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