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Techniques for Self-Measurement of Blood Pressure: Limitations and
Needs for Future Research

Paolo Palatini, MD;" Gerhard N. Frick, Ing®

Self blood pressure measurement (SBPM) improves the
overall management of hypertension provided it is imple-
mented with methodologic care. This concerns especially
the accuracy and technical requirements of blood pressure
(BP) measuring devices that should be validated according
to internationally accepted protocols. The use of memory-
equipped automatic home monitors is strongly recom-
mended because they reduce observer bias, avoid patients’
misreporting, and allow fully automatic analysis by software.
For current use, simple software should be worked out that
allow for analysis of readings in an objective manner. Mis-
cuffing is also a frequent source of measurement error in
obese arms when oscillometric devices are used. Modern

automatic devices can overcome this problem because of
special software algorithms that can provide accurate mea-
surements over a wide range of arm circumferences when
coupled with a single cuff of standard dimensions. Tronco-
conical-shaped cuffs are a key component of this instru-
mentation because they better fit on large conical arms fre-
quently present in obese individuals. Semi-rigid cuffs should
be increasingly used because they ensure that the proper
amount of tension is applied without the intervention of the
user. Continuous technology improvement of instrumentation
for SBPM can be achieved through close cooperation between
manufacturers and validation centers. J Clin Hypertens
(Greenwich). 2012;14:139-143. ©2012 Wiley Periodicals, Inc.

Although the conventional Riva-Rocci-Korotkoff
approach is still the cornerstone in the diagnostic and
therapeutic management of arterial hypertension, sev-
eral concerns have been raised over the years concerning
its ability to accurately and reliably reﬂect the BP load
exerted on the cardiovascular system.' BP measurement
by the doctor has been known for decades to induce a
BP reaction in the patient.” The problem of the white-
coat effect can be overcome with the use of out-of-office
BP measurement. This includes techniques for self-mea-
surement of BP in the home or work place and for
ambulatory BP monitoring by automated devices.'* Use
of these different approaches may actually lead to an
improved assessment of the patients’ “real” BP levels,
provided that the most appropriate method for any
given condition is adopted and the selected approach is
implemented with the required methodologic care.
SBPM has been recommended by many scientific socie-
ties because it may improve the overall management of
hypertension and evidence of its utlhty continues to
accumulate.*® The aim of this article is to provide the
necessary information for optimal SBPM, focusing espe-
cially on accuracy and technical requirements of BP
measuring devices including cuffs and bladders.

DEVICES AND TECHNIQUES
Automated oscillometric BP devices are increasingly
being used for office BP measurement. Automated
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devices can eliminate several observer errors and avoid
the problem of observer bias and digit preference.*®
Moreover, a long period of training is not necessary as
it is with the standard auscultatory technique, and
these devices can easily be used in patients’ home.
Another advantage of automated measurement is the
ability to take a series of rapid sequentlal readings’
and automatically average them. The main disadvan-
tage may be the error inherent in the oscillometric
method. This is due to the fact that systolic BP and
diastolic BP values are computed through a proprie-
tary algorithm that is not disclosed to the operators.
For this reason, a reliable use of these devices requires
validation by internationally accepted protocols.
European States are legally obligated to obtain certifi-
cation on the safety and essential performance of
BP-measuring devices and the European Union
(MDD93/42/EEC) requires clinical evaluation of auto-
matic monitors.® At least until now, however, an inde-
pendent validation after established  international
protocols is not always a compulsory requirement. In
Europe it is up to the individual manufacturer’s Noti-
fied Body to establish what clinical data they require
for the approval of the BP-measuring devices. The
application of harmonized EN standards, however, is
highly recommended for the fulfillment of the
MDD93/42/EEC essential requirements (http://www.
ghtf.org). These guidelines are regularly updated
accordingly with regulatory developments but are not
legally binding. Validation of BP-measuring devices
should follow the protocols proposed by internation-
ally acknowledged ad-hoc societies. One of them is
the Association for the Advancement of Medical
Instrumentation (AAMI),” which in 1987 published
standards for the evaluation of automated and aner-
oid sphygmomanometers, including a protocol for
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assessing the accuracy of devices. These recommen-
dations were followed in 1990 by the protocol of the
British Hypertension Society.'® A basic revision of
the current AAMI protocol and harmonization with
the International Organization for Standardization/
International Electrotechnical Commission standards is
ongoing. A common limitation of these protocols is
their difficult application to routine evaluation of BP-
measuring devices. In an attempt to overcome such a
problem, the Working Group on Blood Pressure Moni-
toring of the European Society of Hypertension (ESH)
has published a 51mp11ﬁed protocol to facilitate the
evaluation process,'’ which was updated in 2010.'
Up until now, more than 100 upper-arm devices and
33 wrist monitors for SBPM have passed >1 of the
validation protocols and can therefore be recom-
mended. An updated list of validated devices can be
found on a not-for-profit Web site supported by
the ESH (http://www.dableducational.org). Further
development in this field is represented by the recent
proposal of an integrated validation of automated
devices, which includes not only the assessment of
their accuracy, but also the evaluation of their practi-
cal usability and applicability in dally life scenarios."?
Current guidelines for SBPM*® recommend that in
untreated patients there should be an initial 7-day
measurement period with 2 readings taken in the
morning and in the evening at predefined times (6 AM—
9 aM and 6 pM-9 PMm). The average of day 2 through
7 values should be taken as reference for the follow-up
period. Once treatment is initiated, SBPM should be
used exactly as in the pre-treatment phase and the
readings should preferably be taken at trough, ie,
before drug intake in case of once-daily administra-
tion. When changes in treatment occur, the averages
of the SBPM values measured over 2 weeks should be
used to assess BP control. It follows that many BP
readings should be collected that may create some
problems for interpretations. For reasons of time and
practicality, doctors are reluctant to calculate the aver-
age of tens or even hundreds of values and thus they
usually make a cursory inspection of patients’ reports.
In addition, there is experimental evidence that many
patients tend to manipulate the BP reports, exclud1n§
those values that do not seem appropriate to them.'
Current international guidelines do not provide specific
recommendations on how to solve these problems.®
The use of memory-equipped automatic home BP
monitors is strlctly recommended only for patients
participating in clinical trials.® However, to avoid
reporting bias, this recommendation should also be
extended to manufacturers and all potential users.
Memory-equipped devices would also allow fully auto-
matic analy31s by software, as is done with ambulatory
recordings.® Simple softwares should thus be worked
out that allow for the analysis of all BP readings
collected by the patient in an objective way. These
softwares should be made available to health care
professionals, chiefly those working in hypertension

clinics (Figure). The recent ESH guldehnes do not
provide precise criteria for data reporting.® Among the
features that may be useful, they only mention the sep-
arate calculation of morning and evening BP averages
and the possibility to select specific time periods for
statistical analysis. A basic summary of self-BP record-
ings for use in clinical practice is proposed in Table I.
Device softwares may include additional optional anal-
yses whose predictive value has been recently high-
lighted®'>'®"  (Table II).  Obviously, the latter
parameters should be used only by competent person-
nel working in hypertension clinics, because their
interpretation requires a specific knowledge of the
problems related to BP assessment. Needless to say,
these devices would be more expensive and need to be
connected with a printer or a personal computer.
However, many specialists would be willing to use this
equipment in everyday practice and would encourage
their patients to buy one such device.'”

SPECIAL PATIENT POPULATIONS

There are possible limitations to the performance of
automated devices in diabetics, elderly patients, chil-
dren, and pregnant women.'" 12 Regulations require
that devices intended for special populations must be
validated in these specific groups (AAMI/ISO81060-2)
to prevent patients from experiencing faulty measure-
ments. Improvement in knowledge of these problems
should be promoted among health care personnel and
patients using such devices. A controversial issue is the
use of automatic devices in patlents with arrhythmias.
According to current protocols,”'"1? patients with
arrhythmias should be excluded from validations. It
should be noted that the prevalence of arrhythmias
among users of automated BP monitors is increasing
due to increasing age of the patients. Scientific socie-
ties and standardization bodies should thus address
this issue and provide specific validation protocols for
patients with arrhythmias, which would stimulate
technologic competition.

THE CUFF AND BLADDER

International guidelines recommend that the inflatable
rubber bladder inside the cuff should be long enough
to match the arm circumference and contained within
an inelastic cloth, the full length of which should
extend beyond the end of the inflatable bladder.™* To
secure the cuff around the arm, Velcro surfaces are
commonly used, which should be discarded when
they lose their grip. Miscuffing may lead to inaccu-
rate BP measurements, and use of a cuff with a
bladder of inappropriate dimensions for the arm is a
significant source of error.'®!'” To avoid the conse-
quences of miscuffing when using automatic devices,
more comprehensive requirements for the device vali-
dation need to be developed. In the clinical validation
report it is important to document the type, shape,
and materials of the cuff under test. It should be
noted whether the cuff has a D ring typical for
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FIGURE. An example of an automatically generated report of self-measured blood pressure monitoring data that may aid the physician in making
therapeutic decisions. The software allows the user to select the list of readings (table) or the graph (top) and to analyze the data according to sev-

eral options (bottom).

TABLE I. Basic Summary of Self-Measured Blood
Pressure (BP) Recordings

List of each single reading with date, hour, and minute of
occurrence

A graphical display of single readings with BP and heart rate value
referred to the vertical axis and date and time on the horizontal axis

Average value of systolic and diastolic BP and heart rate for the
whole recording period or of identified subperiods. Possibility of
comparing morning and evening readings

Listing and linear graph of day-by-day and week-by-week averages

®Relevant data that may be helpful in clinical practice for making
therapeutic decisions are listed.

self-application cuffs or no D ring typical in clinical
use when the cuff is applied by another person. For
the device under test, it is recommended that the
average inflation and deflation rates on the patient
between systolic and diastolic pressure be recorded or
the data from the manufacturer’s specification be
obtained in the clinical report. This should be done
to avoid later alteration of the measurement speed of
a validated device accidentally or due to market
demand for always shorter measurement times and
better measurement comfort.

TABLE Il. Additional Optional Analyses of Self-
Measured Blood Pressure (BP) Based on Recent
Results Highlighting the Predictive Value of
Parameters Other Than Average BP

Calculation of the whole period standard deviation for BP and heart
rate

Day-by-day difference between morning and evening BP and heart
rate values or morning-to-evening ratio. This parameter may be
useful to assess daily changes in BP and heart rate, as done for
day-night changes with ambulatory monitoring.

Calculation of the ratio between the morning change in home BP to
the evening increase in home BP. Calculation of this parameter,
which requires days of monitoring without treatment followed by
days of monitoring under treatment may be used for assessment of
duration of antihypertensive drug treatment.

BP MEASUREMENT IN PATIENTS WITH
LARGE ARMS

BP measurement in obese arms may result in inaccurate
BP measurements.'®?° It should be noted that the upper
arm in obese patients often has a pronounced tronco-
conical shape that makes it difficult to fit the cuff to the
arm, increasing the likelihood of inaccurate BP measure-
ments.>'™>® Thus, for obese subjects the cuff should be tai-
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lored according to the arm circumference and shape.**
This may occur not only in obese individuals but also in
men whose arms have highly muscular compositions,
due to the effect of large bicep muscles. As mentioned
above, the most frequent error in measuring BP in the
outpatient clinic is “miscuffing,” with undercuffing of
large arms accounting for 84% of the miscuffings.”
Current guidelines recommend that the length of the
bladder should cover 80% to 100% of the upper arm
circumference and that the width be about half that of
the length, irrespective of the method of measurement.®
However, the recommendations for cuff size with rela-
tion to arm circumference apply to the standard auscul-
tatory method, but not necessarily to BP measured with
oscillometric devices. Mercury sphygmomanometers are
being removed from clinical practice because of envi-
ronmental concerns about mercury contamination.
Today, modern automatic devices can overcome the
problem of miscuffing in patients with large arms as a
result of a special software algorithm that can provide
accurate BP readings over a wide range of arm circum-
ferences when coupled with a single cuff of standard
dimensions.?®*” A tronco-conical-shaped cuff may be a
key component of this instrumentation because it fits
better on large, conical arms.”® In fact, the use of an
inappropriately small rectangular cuff can be the source
of large errors when BP is measured with the oscillomet-
ric method,*® in which measured cuff pressure oscilla-
tions are a reflection of the entire artery volume change
under the cuff and does not involve the central section
only.?” Whether validated wrist BP monitors can be an
appropriate solution for very obese patients should also
be established.'®** Unfortunately, there is no available
evidence to show that BP measured with upper arm
oscillometric devices or wrist monitors is reliable in the
obese population. Assessment of BP in obese individuals
is further complicated by the fact that the discrepancies
between office and out-of-office BPs are more pro-
nounced in this group than in the nonobese segment of
the population.®® Prospective trials designed to specifi-
cally evaluate whether BP measured with automatic
devices in obese patients can predict cardiovascular
events as accurately as BP measured with the traditional
auscultatory technique will shed light on this controver-
sial issue.

CONSIDERATIONS FOR FUTURE
DEVELOPMENT OF CUFF AND BLADDERS
Given the problems outlined above, there is a need for
devices that make use of cuffs and bladders with
appropriate characteristics. Manufacturers should pay
special attention to the size and shape of the bladders
and to the material used for cuffs. Semi-rigid cuffs
should be increasingly used for self-BP measurement
because they ensure that the proper amount of tension
is applied for placement of the cuff. Elderly persons in
particular often have problems in wrapping the cuff
correctly around the arm. With cuffs made of soft
material, it is more difficult for the user to apply the

optimal amount of tension, and this may result in
improper wrapping. Placing a flexible compliant lami-
nate in the cuff, with an amount of tension pre-set by
the manufacturer, may provide accurate BP measure-
ments without the intervention of the user. Devices for
clinical use may have soft cuffs because the BP mea-
surement is performed under the supervision of health
care personnel. Soft cuffs also have better durability,
are less bulky, and are lower in cost. However, the use
of conically shaped bladders in small cuffs may be
preferable if they have to be applied on large arms.**

To verify the appropriateness of these assumptions,
a series of studies should be implemented. The appro-
priate slant angle for conical cuffs should be calculated
from the arm characteristics in large samples, with
arm circumferences ranging from 22 c¢cm to 50 cm.
Cylindrical and conical bladders of different size and
shape should be constructed and compared in the vari-
ous arm size classes, studying the influence of sex, age,
adiposity, and BP level. Cuffs of soft and rigid mate-
rial containing the same type of bladders should be
compared either under the supervision of the clinician
or by the patient at home. This would allow physi-
cians to ascertain whether semi-rigid cuffs are more
reliable than soft cuffs in real-life situations.

In the interest of continuous technologic improve-
ment, there should be a positive and close interaction
between the validation centers and the manufacturers
of the devices. Protocols should not restrict such
exchange. For instance, after a negative stage 1 result
of a validation, the manufacturer should have the pos-
sibility to adjust the device and resubmit it within a
given time span, with the overall target of an
improved performance of the instrumentation and a
better product at the end. Only if such possibility is
waived, or the modified device fails the study criteria,
a negative publication should be the consequence to
document that the device has failed and is not recom-
mended for health care purposes.
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