
For almost a century blood pressure (BP) mea-
surement has been extensively used as an essential
test in clinical medicine1,2. BP measurement has two
faces: first is to assess a “vital sign” in all patients by
all clinical doctors, and second to identify a cardio-
vascular “risk factor” in people with hypertension.
The evolution of “clinical hypertension” has been
exclusively based on this measurement, and despite
advanced biomedical achievements it remains the
only test to detect people at high risk due to elevated
BP and to guide treatment-induced BP decline. Al-
though BP measurement was introduced as a diag-
nostic tool for professionals in the healthcare set-
ting1-3, several new methods and devices have been
developed aiming at providing additional and BP in-
formation (Figures 1-2), which are discussed below.

BP measuring devices

The true “measurement” of BP is intraarterial which
is invasive and thus appropriate only for critical care
and not for wide clinical use. The manual ausculta-
tory BP measurement has been developed as a non-
invasive method, which however gives lower systolic
and higher diastolic BP values than the intraarterial
measurement. Interestingly, the classic mercury

sphygmomanometer is still being used, mainly in re-
search settings, and amazingly it still remains as the
reference method for validating novel BP measure-
ment technologies and devices4,5. Automated oscil-
lometric devices have been developed to avoid ob-
server bias and errors and to provide similar BP val-
ues as the auscultatory measurement. 

Current guidelines for hypertension management
recommend the use of properly validated automated
upper arm cuff devices, not only for ambulatory and
home BP monitoring, but also for office/clinic BP
measurement1,2. Unfortunately, less than 10% of the
automated BP devices which are available on the
market have been independently validated for their
measurement accuracy using an established proto-
col4,5. Lists of properly validated devices for office,
home and ambulatory use in adults, children and
pregnant women are available at www.stridebp.org
(Figure 3).

Office BP measurement 

The measurement of BP in the office or clinic by a
healthcare professional remains the basis for the de-
tection and management of hypertension, and very
often is the only method available and used for de-
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Figure 1. Different types of cuff blood pressure measuring devices [from ref. 6].



cision making in people with elevated BP across the
world1,2. However, office BP is affected by the “white
coat” and the “masked hypertension” phenomena
and by observer bias and error. Automated oscillo-
metric BP devices are devoid of some of the observer
issues, and unattended office BP measurement (re-
peated automated measurements while the patient
remains alone in the examination room) avoids some
of the white coat reaction. However, unattended BP
measurement has been shown to underestimate of-
fice BP in unpredictable way and thus requires a dif-
ferent (lower) threshold for diagnosing hypertension,
which is rather uncertain1. 

More importantly, it is recognized that, even if
meticulously performed using appropriate method-
ology and reliable equipment, office BP can be mis-
leading in almost one third of both untreated and
treated individuals, leading to considerable over-
diagnosis and unnecessary treatment, or underdiag-
nosis and exposure to preventable cardiovascular
risk1,2. At the present time, it is important to stan-
dardize the methodology of office BP measurement
by using properly validated automated upper arm
cuff devices, take triplicate measurements per occa-
sion, and use the average of the last two1,2,6. Never-
theless, repeated office visits and confirmation with
out-of-office BP evaluation are necessary in many
cases1,2.

Ambulatory BP monitoring

24-hour ambulatory BP monitoring is currently rec-
ommended as the best available method for diag-
nosing hypertension1,2. This method provides mul-

tiple BP measurements away from the office/clinic
setting in the usual environment of each individual
at home, at work, and even during nighttime sleep.
However, it has several and important drawbacks.
First, it is not available in most healthcare settings.
Second, the cuff inflation causes discomfort mainly
at work and during sleep, and several patients are
reluctent to use it, particularly when repeated. Third,
although it is more reproducible than office BP mea-
surements, its reproducibility is not perfect, and
more than a single 24-hour recording is needed for
a reliable diagnosis1. Thus, although indeed ambu-
latory BP monitoring is a valuable tool for assessing
BP, it is unlikely that it can be the solution for the
global evaluation and management of hypertension
in clinical practice.

Home BP monitoring

Home BP monitoring is being widely used by pa-
tients with hypertension in many countries. As with
24-hour ambulatory monitoring, this method pro-
vides multiple BP measurements away from the of-
fice/clinic setting at the individual’s home. Although
home monitoring does not provide information for
BP at work or during sleep (some novel home mon-
itors can provide automated measurements during
nighttime sleep), it has the advantage of allowing
long-term monitoring for weeks, months, or years,
which has been shown to improve patients’ adher-
ence with drug treatment and thereby BP control1,2.
Thus, it is currently recommended for all patients
with treated hypertension, unless they cannot obtain
reliable measurements or self-monitoring is stressful
to them. A weak point of self-BP monitoring is the
so called “reporting bias” as patients may select
which measurements to report to their doctor (often
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Figure 3. Different types of cuffless blood pressure measur-
ing devices [from ref. 7].Figure 2. Lists of validated blood pressure measuring

devices recommended by STRIDE BP (www.stride.org)
endorsed by the International Society of Hypertension,
the European Society of Hypertension, and the World
Hypertension League [from ref. 9].
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omit the highest ones), which can be avoided using
devices that automatically store all measurements
and calculate the average, or by home BP tele-mon-
itoring (see below).

Cuffless BP measurement

Cuffless BP measurement technologies have consid-
erable potential to change (improve) the screening,
diagnosis, and long-term monitoring of hypertension
(Figure 3)7,8. First, wearable cuffless BP devices in
wristbands, smart-watches, rings, etc, have the po-
tential to provide more detailed and accurate infor-
mation on the BP behavior during the day and night
and in different settings (home, work, other) for
days, weeks, or months. Second, cuffless BP mea-
suring technologies embedded in smart-phones will
allow billions of people to have repeated assessment
of their BP levels without purchasing a dedicated
BP device but using a device which they already have
in their pocket.

Despite high interest and intense efforts by many
companies, including mega-companies, start-up com-
panies, and others, to date the development of a cuf-
fless BP technology with adequate accuracy for clin-
ical use has not been achieved. Most technologies
have been based on photoplethysmography with
electrocardiographic estimation of pulse transit time
and require “calibration” for each individual user
with classic measurement of her/his BP using a cuff
BP device and/or with demographic information
(e.g., age, sex, height). In addition, cuffless devices
differ considerably according to their principles of
measurement, output frequency, measurement
mode, calibration type, position of sensor, and in-
tended use (Figure 3). Thus, their validation is very
different and much more complex than for cuff BP

devices4,5,7,8. In a recent statement by the European
Society of Hypertension nine different types of cuf-
fless BP devices were recognized and a new valida-
tion protocol was recommended with 6 tests which
are selected according to the device type (Figure 4)8.
Thus, despite the considerable potential of cuffless
BP technologies, at the present time they are not
recommended for clinical use in the diagnosis and
management of hypertension.

BP telemonitoring

Home BP telemonitoring and related telemedicine
services allow a remote assessment of BP with mul-
tiple and unbiased measurements as the device and
software can automatically store, average, interpret,
and transfer all the readings of weeks or months to
the healthcare professional1,9. BP telemonitoring
may be useful for screening, or long-term monitoring
people with elevated BP managed with nonpharma-
cological or antihypertensive drug treatment. It may
be particularly useful when access to healthcare ser-
vices is difficult, and in patients with uncontrolled
hypertension, at high cardiovascular risk, or with
poor treatment adherence.

The cost of setting up a telemonitoring system
might be challenging. However, there are basic, ad-
vanced, and complete models for virtual care in hy-
pertension (Figure 5)9, depending on the resources
of the healthcare system. Given the unique advan-
tages of telemedicine tools and their low maintenance
costs (for basic models), they have considerable po-
tential, and eventually they will become a standard
method for facilitating the long-term management
of hypertension as soon as technological advance-
ments in the field will provide optimized models with
clinically relevant impact on patients’ care.

Perspective

The measurement of BP has been essential in clinical
medicine for almost a century. The classic measure-
ment in the office has been incredibly useful in de-
tecting people at high cardiovascular risk and guiding
treatment-induced BP decline. However, out-of-of-
fice BP evaluation is often necessary for the precise
diagnosis and appropriate management. Novel tech-
nologies with cuffless BP devices and BP telemoni-
toring are expected to improve considerably the
screening of hypertension, to provide more accurate
evaluation of the BP profile and behavior, and to fa-
cilitate long-term monitoring.

Figure 4. Validation tests for cuffless blood pressure
measuring devices recommended by the European Society
of Hypertension [from ref. 8]
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Figure 5. Basic, advanced, and complete models for virtual care in hypertension [from ref. 9].
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