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ABSTRACT: High systolic blood pressure (BP) is the single leading modifiable risk factor for death worldwide. Accurate BP
measurement is the cornerstone for screening, diagnosis, and management of hypertension. Inaccurate BP measurement
is a leading patient safety challenge. A recent World Health Organization report has outlined the technical specifications
for automated noninvasive clinical BP measurement with cuff. The report is applicable to ambulatory, home, and office
devices used for clinical purposes. The report recommends that for routine clinical purposes, (1) automated devices be
used, (2) an upper arm cuff be used, and (3) that only automated devices that have passed accepted international accuracy
standards (eg, the International Organization for Standardization 81060-2; 2018 protocol) be used. Accurate measurement
also depends on standardized patient preparation and measurement technique and a quiet, comfortable setting. The World
Health Organization report provides steps for governments, manufacturers, health care providers, and their organizations
that need to be taken to implement the report recommendations and to ensure accurate BP measurement for clinical
purposes. Although, health and scientific organizations have had similar recommendations for many years, the World Health
Organization as the leading governmental health organization globally provides a potentially synergistic nongovernment
government opportunity to enhance the accuracy of clinical BP assessment.
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ing modifiable risk factor for death worldwide, with

10.8 million deaths per year attributable to raised
BP in 2019." Globally, an estimated 1.39 billion people
had hypertension in 2010, and 75% of the burden (1.04
billion) was in low- and middle-income countries (LMIC).2
In high-income countries, the age-adjusted prevalence of
raised systolic BP has been decreasing slightly, but it has
been increasing in LMIC.2 Nevertheless, with increasing
life expectancy and aging, the absolute number of peo-
ple with raised BP and resultant cardiovascular morbid-
ity and mortality is increasing globally. There are major
deficiencies with respect to awareness, diagnosis, and
treatment of high BPF, and these problems persist across

High systolic blood pressure (BP) is the single lead-

countries of all income levels, highlighting the urgency
for widespread population-level interventions.2™®

Accurate BP measurement is the cornerstone for
screening, diagnosis, and management of hyperten-
sion.2%8 |t is widely recognized that if the presence of
high BP can be correctly identified with appropriate use
of accurate BP devices and adherence to BP measure-
ment protocols, the risk of future cardiovascular events
can be reduced significantly with dietary and lifestyle
interventions and antihypertensive medications.®”

The World Hypertension League, STRIDE BP, Resolve
to Save Lives, Accuracy in Measurement of BF, and the
Lancet Commission on Hypertension Group have iden-
tified the need for better-quality BP measurements,
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Nonstandard Abbreviations and Acronyms

BP blood pressure
LMIC low- and middle-income country
WHO World Health Organization

obtained using certified BP monitors that have been vali-
dated for accuracy®'®

BP measurement has been cited as one of the most
important tests in clinical medicine." Ensuring the accu-
racy of this measurement is of paramount importance,
as inaccurate BP measurement can result in diagnos-
tic and management errors, contributing to one of the
leading patient safety challenges in contemporary clini-
cal practice. Both overestimation and underestimation of
BP result in missed opportunities to apply resources to
those individuals who will benefit most from diagnosis
and treatment.

Most commonly, inaccurate BP measurement results
in an overestimation of BP, which can lead to almost
twice as many patients being misclassified as having
a higher reading than they actually do.”®'® When BP is
overestimated, patients may be exposed unnecessarily
to pharmacological agents to lower BP placing them at
risk for hypotensive symptoms, medication side effects,
financial burden, and the stigma of living with a chronic
medical condition. Overestimation of BP also impacts
health systems by diverting resources to repeat test-
ing, treatment initiation, ancillary medical services such
as laboratory analyses, and follow-up visits to the health
center. The 2020 “WHO Technical Specifications for
Automated Non-Invasive Blood Pressure Measuring
Devices With Cuff’ (World Health Organization [WHOQO]
BP device report) recommends that BP should be moni-
tored at home to confirm a hypertension diagnosis due to
white-coat hypertension.

If inaccurate measurement results in an underesti-
mation of BR, there is a missed opportunity to prevent
avoidable cardiovascular events. When inaccuracies are
systematically amplified in the health system context,
misdiagnosis and misclassification of many millions of
people at the population level can occur.'®'” Inaccurate
BP devices are of special concern as the errors intro-
duced by such devices will consistently impact all those
measured and can misclassify people as having or not
having hypertension on a grand scale. As an example, a
consistent inaccuracy of 5/2.7 mmHg can change the
estimated hypertension prevalence by 30%.'®

BP-MEASURING DEVICES

According to the WHO, high-quality health technolo-
gies, such as accuracy-validated BP devices, are indis-
pensable for effective universal health care delivery.”®
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The Figure from the WHO report shows some of the
disadvantages and advantages of the different types of
noninvasive BP devices. Other critical components of
accurate BP assessment include the use of appropriate
equipment (eg, correct cuff, intact tubing), proper patient
preparation (eg, no talking, resting with empty bladder,
and no exercise nor tobacco/caffeine use in prior 30
minutes), a quiet comfortable measurement setting, and
consistent use of a recommended standardized mea-
surement technique (proper position [eg, seated, feet flat
on the floor, back supported, arm supported at the level
of the heart]).2°?" Accurate BP measurement is essen-
tial to identify and to guide treatment decisions, including
when to start medication and when to adjust the dose.
Lack of access to accurate, affordable BP devices is a
significant barrier to proper medical care, particularly in
low-resource settings.?

During recent years, there has been a slow evolution
in clinical BP measurement. Mercury manometers are
being phased out because of environmental concerns
related to mercury. The need for frequent calibration to
maintain accuracy and the increased risk for observer
error and inaccurate BP measurements with aneroid
manual BP devices has led the WHO to recommend
accuracy-validated automatic devices for adult BP mea-
surements since 2005.22 Accuracy-validated automated
devices may produce more accurate and consistent mea-
surements on a global scale. While automated devices
reduce human error from many sources (eg, visualizing
the BP reading, listening for the appropriate Korotkoff
sound, remembering and recording the systolic and dia-
stolic numbers), few have undergone rigorous valida-
tion testing according to standardized protocols'®1223-26
resulting in many of these newer devices providing inac-
curate readings. Therefore, these automated devices,
including automated office, home, wrist band, and ambu-
latory BP measurement devices, have the potential to
yield inaccurate readings, particularly if they have not
passed rigorous validation testing. The historical lack of a
clear standardized universal validation protocol and poor
guidance regarding ideal product characteristics of auto-
mated BP-measuring devices for various settings have
contributed to the wide availability of many home and
clinical-use BP devices of poor or unknown accuracy. In
most geographic regions, nonvalidated home BP devices
dominate the online marketplace.®®

RATIONALE FOR DEVELOPMENT OF
TECHNICAL SPECIFICATIONS FOR BP-
MEASURING DEVICES

Multiple nongovernmental organizations have identified
improving the quality of BP measurements by using BP
devices that have been validated for accuracy as a key
action needed to address the worldwide burden of high
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BP#'3 These organizations highlight the urgent need
for an endorsed, global validation protocol to guide
device accuracy testing and for restricted/limited mar-
keting of unvalidated BP measurement devices. Other
key recommendations include developing validation
standards to address the unique aspects of new BP
technologies (such as cuffless BP estimating devices)
and providing online resources to identify accuracy-val-
idated devices that are accessible to both consumers
and health professionals.?®

Concerns around the lack of accurate, good-quality
BP devices, especially in LMICs, were expressed by key
stakeholders at a workshop on BP measurement dur-
ing the Fourth WHO Global Forum on Medical Devices
hosted by the Government of India in 2018.%

WHO undertook a technical consultation and expert
review in June 2019 with invited members who had rel-
evant expertise across diverse skills, namely scientific,
technical, advocacy, and implementation science, and
who represented organizational sectors such as gov-
ernment and nongovernment, as well as professional
societies from different world regions.® The objective of
the consultation and technical review was to outline the
key performance characteristics and technical specifica-
tions for noninvasive BP measurement devices that are
essential for accurate BP measurement and the suc-
cessful diagnosis and management of hypertension.

WHO TECHNICAL SPECIFICATIONS
FOR AUTOMATED NONINVASIVE BP-
MEASURING DEVICES WITH CUFF

To accomplish these aims and provide a comprehen-
sive overview, WHO developed technical specifications
for automated noninvasive BP-measuring devices with
cuffs.® The report is applicable to ambulatory, home, and
office devices used for clinical purposes. This docu-
ment defines the characteristics of accurate BP devices,
describes the regulatory requirements and standards, and
details how and when to perform calibration and main-
tenance for various BP measurement devices. These
specifications also provide guidance on procurement
and decommissioning of devices including decontamina-
tion of mercury when applicable. It further addresses the
procedures for accurate measurement of BP including
training of personnel. The report recommends only upper
arm cuff devices for routine clinical use.

In this article, we briefly outline the “WHO Techni-
cal Specifications for Automated Non-Invasive Blood
Pressure Measuring Devices With Cuff’ and provide
the implementation recommendations for governments,
manufacturers, health care professionals, and organiza-
tions, as well as global and national implementing part-
ners. We also focus on the need for strengthening the
health care workforce capacity in standardized BP mea-
surement practices. We envisage that these significant
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steps will help and support effective hypertension control
and decrease the worldwide burden of high BPF, saving
millions of lives.

Recommendations on BP Measurement
Devices

The technical expert group supporting the report reviewed
the evidence for the accuracy and use of aneroid, semi-
automatic, and automatic BP-measuring devices and
provided the following recommendations.

Recommendations for Governments

The Table summarizes the main recommendations from
the expert group to governments. To increase access to
accurate BP measurement and monitoring, governments
are encouraged to not only strengthen their regulatory
capacity to ensure that only certified accurate, validated
BP-measuring devices are marketed but also to identify
institutions where independent validation can be con-
ducted free of bias. Moreover, nonvalidated BP-mea-
suring devices should not be marketed, purchased, and
used for clinical diagnosis or management. Regulation
of the online industry is especially important as consum-
ers may unwittingly purchase nonvalidated BP devices,
which may then be used in clinical management.?® Gov-
ernments should enforce quality assurance by mandating
that manufacturers state clearly on packaging whether
their BP-measuring device has passed validation testing
for accuracy. Moreover, governments should ensure that
nonvalidated BP-measuring devices are not marketed,
purchased, or used for clinical diagnosis or management.

Governments should identify and provide free access
to lists of approved devices for use in their countries.

In addition, governments, health and scientific com-
munities, and BP-measuring device manufacturers
should ensure the availability of affordable accurate, vali-
dated automatic BP-measuring devices in low-resource

Table. Report Recommendations for Governments

Strengthen regulatory capacity to ensure that only certified accurate, vali-
dated BP-measuring devices with an upper arm cuff are marketed

Identify institutions where independent validation can be conducted free of bias

Mandate that manufacturers state on packaging whether a BP-measuring
device has passed validation testing for accuracy, along with the details of
validation testing

Ensure that nonvalidated BP-measuring devices are not marketed, pur-
chased, or used for clinical diagnosis or management

Identify and provide free access to lists of approved BP-measuring devices
for use in their countries

Ensure the availability of affordable accurate, validated automatic BP-measur-
ing devices in low-resource settings with or without a reliable electricity supply

Acquire and allocate accuracy-validated BP-measuring devices to clinical
settings with need

Ensure that trained, technical professionals are available to select and main-
tain BP-measuring devices appropriately and to provide ongoing support

BP indicates blood pressure.
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settings with or without a reliable electricity supply. Some
BP-measuring devices use alternate sources of energy
or can operate with low energy requirements.

To ensure equitable access to reliable BP measure-
ment using accuracy-validated BP-measuring devices,
LMIC governments are encouraged to acquire and allo-
cate accuracy-validated BP-measuring devices to clini-
cal settings with need.

Governments are also urged to ensure that trained
professionals, such as clinical engineering and other
technical professionals, are available to appropriately
select and maintain BP-measuring devices and provide
ongoing support.

Recommendations for Manufacturers

Automated and semiautomated BP-measuring devices
should undergo independent validation testing with the
new universal international protocol (International Orga-
nization for Standardization 81060-2; 2018%). Device
labels should clearly indicate the protocol used to vali-
date the device.

Manufacturers should specify the range of arm cir-
cumferences for which the device has been validated
and should clearly mark the accompanying BP cuffs with
the intended arm circumference range to help guide cuff
size selection for each individual. Providing guidance on
choosing the appropriate cuff size should be considered
as part of the packaging instructions.

Recommendations for Health Care Professionals
and Health Care Facilities
Accuracy-validated automatic BP-measuring devices
with appropriately sized upper arm cuffs should be
used in routine clinical and community screening for
hypertension and home-based monitoring. A recent
resource has been developed by the Accuracy in Mea-
surement of BP collaborative to aid the selection of
accuracy-validated devices.?®

Certification courses and periodic training and retrain-
ing of health care professionals should be instituted to
ensure accurate BP measurement. Competency-based
evaluation of appropriate BP measurement should be
undertaken regularly. Training should include patient
preparation, cuff selection, and BP measurement tech-
nique. Checklists with the specific steps for accurate BP
measurement should be provided in all settings where
BP measurement is routinely undertaken. To minimize
additional training for manual BP measurements, accu-
racy-validated automated noninvasive BP-measuring
devices should be used. An international collaboration
led by the Pan American Health Organization and World
Hypertension League recently developed a brief free
certification program for assessing BP with an accu-
racy-validated automated device®®° In addition, the
Johns Hopkins University partnered with Resolve to
Save Lives to produce a Global Hypertension Course,
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which includes instruction on proper BP measurement
and hypertension diagnosis.®’

Health care facilities in which manual BP-measuring
devices containing mercury cannot yet be replaced by
accuracy-validated electronic BP-measuring devices
should inform their communities about the hazards of
mercury and develop procedures for safe operation of
the devices, search for ways to replace them with non-
mercury ones, preferably automated, accuracy-validated
BP-measuring devices, and undertake decommissioning
as per standard protocols.

Recommendations for Development Partners and
Implementation Agencies
WHO recognizes the pivotal role of affordable high-qual-
ity health technologies. As such, accuracy-validated BP
devices are indispensable for effective universal health
care delivery.® There is an urgent need to prioritize accu-
rate BP measurement to improve the diagnosis and treat-
ment of high BR.! Improving access to and availability of
both accuracy-validated BP measurement devices and a
health care workforce skilled in appropriate BP measure-
ment is critical. Development partners and implementa-
tion agencies have an important role in supporting LMIC
governments in building capacity for optimal health care
delivery, which includes creating pathways for improved
access to accuracy-validated BP-measuring devices.
Advocacy efforts of key decision-makers within gov-
ernments and departments of health are critical for suc-
cessful translation of these technical specifications and
recommendations for implementation into actionable
programmatic interventions. WHO urges stakeholders to
leverage opportunities for improving access to reliable
BP measurement and availability of accuracy-validated
BP-measuring devices. This can be done globally through
existing international programmes and resources, such
as the WHO Programme on Cardiovascular Disease,
through the national programmes of noncommunicable
disease control, and by working in close partnership with
key opinion leaders, local champions, and organizations
supporting national governments in implementing non-
communicable disease control programmes.

DISCUSSION

BP measurement is a fundamental medical test per-
formed daily on many millions of people worldwide.
Health professionals together with consumers should
have confidence in BP measurements obtained by
BP-measuring devices; accuracy of these devices is
essential for appropriate BP assessment during screen-
ing, diagnosis, and management of hypertension®'3 |t
is noteworthy that the HEARTS in the Americas pro-
gram of the Pan American Health Organization held
a meeting shortly following the release of the WHO
report to examine how national governments could best
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implement the recommendations both in the short and
long term. Several national government agencies were
in the position to quickly introduce aligned device pro-
curement policies and agreed to provide annual updates
on progress. Cuba—one of the original HEARTS in the
Americas Program—had already adopted many of the
recommendations of the WHO report including a cer-
tification course for BP measurement and the produc-
tion, testing, and use of accuracy-validated electronic
BP devices. Resolve to Save Lives—an initiative of Vital
Strategies that implements programs aimed at improving
hypertension control—also has a policy for procurement
of accuracy-validated, automatic BP devices and train-
ing in accurate BP measurement.®® These and other best
practices demonstrate the feasibility of the recommen-
dations at a population level.

CONCLUSIONS

While governments have developed national noncommu-
nicable diseases control programmes and multisectoral
action plans to address the burden of noncommunicable
diseases, the lack of specific guidance such as techni-
cal specifications on BP measurement and selection of
devices has historically limited the optimum implementa-
tion of such programmes. The “WHO Technical Speci-
fications for Automated Non-Invasive Blood Pressure
Measuring Devices With Cuff” released in 2020 provides
timely guidance for governments, manufacturers, health
care professionals, and providers. International and
national public health organizations should use the WHO
report to advocate that governments provide automated,
accuracy-validated BP devices and the skilled workforce
needed to optimize hypertension screening, treatment,
and control to prevent cardiovascular disease.
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