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Introduction
Over the past 20 years or so, the accuracy of the
conventional Riva-Rocci/Korotkoff technique of blood
pressure measurement has been questioned and efforts
have been made to improve the technique with automated devices. In the same period, recognition of the
phenomenon of white-coat hypertension, whereby
some individuals with an apparent increase in blood
pressure have normal, or reduced, blood pressures when
measurement is repeated away from the medical environment, has focused attention on methods of measurement that provide profiles of blood pressure behaviour
rather than relying on isolated measurements under
circumstances that may in themselves influence the
level of blood pressure recorded. These methodologies
have included repeated measurements of blood pressure using the traditional technique, self-measurement
of blood pressure in the home or work place, and
ambulatory blood pressure measurement using innovative automated devices.

tension and cardiovascular disease. The content is
divided into four parts: Part I is devoted to issues
common to all techniques of measurement, Part II to
conventional blood pressure measurement (CBPM),
Part III to ambulatory blood pressure measurement
(ABPM) and Part IV to self blood pressure measurement (SBPM).

Part I. Aspects of blood pressure
measurement common to all techniques
Factors affecting the technique
Selecting an accurate device

The purpose of this monograph is to serve as a
reference source for other guidelines relating to hyper-

An accurate device is fundamental to all blood pressure
measurement [1]; if the device used to measure blood
pressure is inaccurate, attention to methodological detail is of little relevance. It is acknowledged that the
accuracy of blood pressure measuring devices should
not be based solely on claims from manufacturers,
which can at times be somewhat extravagant. Instead,
independent validation, with the results published in
peer-reviewed journals, should be demanded [2]. However, manufacturers often ignore this recommendation
and potential purchasers are generally unaware of this
requirement, assuming – not unreasonably – that if a
product reaches the market place, it will measure blood
pressure accurately. Aware of this problem, the Association for the Advancement of Medical Instrumentation
(AAMI) published standards for electronic and aneroid
sphygmomanometers in 1987, which included a protocol for the evaluation of the accuracy of devices [3],
and this was followed in 1990 by the protocol of the
British Hypertension Society (BHS) [4]; both protocols
were revised in 1993 [5,6]. These protocols, which

0263-6352 & 2003 Lippincott Williams & Wilkins

DOI: 10.1097/01.hjh.0000059016.82022.ca

Blood pressure measurement is the basis for the diagnosis, management, treatment, epidemiology and research of hypertension, and the decisions affecting
these aspects of hypertension will be influenced for
better or worse by the accuracy of the measurement.
An accurate blood pressure reading is a prerequisite,
therefore, regardless of which technique is used, yet all
too often the accuracy of measurement is taken for
granted or ignored.
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differed in detail, had a common objective, namely the
standardization of validation procedures to establish
minimum standards of accuracy and performance, and
to facilitate comparison of one device with another. A
large number of blood pressure measuring devices have
been evaluated according to one or both protocols [2].
On the basis of past experience, it is evident that the
conditions demanded by the protocols are difficult to
fulfil. As a result, the Working Group on Blood Pressure
Monitoring of the European Society of Hypertension
(ESH) has recently published a simplified protocol to
facilitate the evaluation process, with the expectation
that manufacturers will be more likely to submit their
products for validation in order to obtain the minimum
approval necessary for a device to be used in clinical
practice. Ultimately, it is hoped that most, if not all
devices on the market will be independently assessed
for basic accuracy according to this protocol [7]. Blood
pressure measuring devices have been assessed in the
literature from time to time [2,8,9], but as such surveys
soon become outdated, no listings of validated devices
are made in this monograph. This information may be
obtained from websites such as those of the ESH or
BHS [10,11].
European Union (EU) directives govern the safety and
basic accuracy requirements of blood pressure measuring devices [12–14], and all member states are legally
obliged to obtain EU certification, guaranteeing that a
device has been subjected to quality assurance evaluation in conformity with these directives. Independent
clinical evaluation of blood pressure measuring devices
according to established international protocols [5,6,15]
is recommended by the EU directive, but it is not
obligatory.
Variability of blood pressure

No matter which measurement device is used, blood
pressure will always be a variable haemodynamic
phenomenon that is influenced by many factors, not
least being the circumstances of measurement itself.
The observer should be aware of the considerable
variability that may occur in blood pressure from
moment to moment with respiration, emotion, exercise,
meals, tobacco, alcohol, temperature, bladder distension
and pain, and that blood pressure is also influenced by
age, race and diurnal variation, usually being lowest
during sleep [16–19]. If these influences, which are
common to all circumstances of blood pressure measurement, are ignored or unrecognized, erroneous diagnosis and inappropriate management may result.

relaxed in a quiet room at a comfortable temperature
and a short period of rest should precede the measurement. When it is not possible to achieve optimum
conditions, this should be noted with the blood pressure reading.
White-coat hypertension

Anxiety increases blood pressure, often by as much as
30 mmHg or more, and excursions in blood pressure
during the day can be as great as 50–60 mmHg for
systolic blood pressure [16–19]. This may be regarded
as a physiological reaction – the ‘fight and flight’
phenomenon, often referred to as the ‘defence’, ‘alarm’
or ‘alerting’ reaction. It is commonly seen in the
Accident and Emergency Departments of hospitals
when patients are frightened and extremely anxious,
but it may also occur in family doctor’s offices and in
the outpatient department. An alerting reaction to a
doctor is commonly referred to as the ‘white-coat
effect’. It may occur in both normotensive and hypertensive individuals [19].
This reaction must be distinguished from the phenomenon known as ‘white-coat hypertension’, a condition
in which a normotensive individual becomes hypertensive during repeated clinic blood pressure measurement, but pressures then settle to normal outside the
medical environment [24,25]. The importance of the
phenomenon in clinical practice is that decisions to
decrease blood pressure, and especially to administer
drugs, should never be made on the basis of measurements taken in circumstances where the defence reaction is likely to be present. The degree of this reaction
varies greatly from patient to patient, being absent in
many, and it is not substantially influenced by reassurance and familiarization with the technique and
circumstances of blood pressure measurement [18].
White-coat hypertension is best demonstrated by ambulatory blood pressure measurement, and will be considered in more depth in Parts III and IV.
The procedure
Explanation to the individual

The first step in blood pressure measurement is adequate explanation of the procedure, in an attempt to
allay fear and anxiety, especially in nervous individuals.
Those having blood pressure measured for the first
time should be told that there is minor discomfort
caused by inflation of the cuff.
Patient education

It is not always possible to modify all these factors, but
we can minimize their effect by taking them into
account in reaching a decision as to the relevance or
otherwise of a particular blood pressure measurement
[20–23]. Insofar as is practical, the patient should be

Many patients are anxious to learn more about high
blood pressure, and some are anxious to learn how to
measure their own blood pressure; illustrated instruction books are helpful in this context and details of this
procedure will be considered in more depth in Part IV.
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Attitude of observer

Before taking the blood pressure, the observer should
be in a comfortable and relaxed position, and should
not rush the procedure, otherwise the cuff may be
deflated too rapidly, resulting in underestimation of
systolic and overestimation of diastolic pressures. If any
interruption occurs, the exact measurement may be
forgotten and an approximation made. The blood
pressure should always be documented as soon as it has
been measured.
Attitude of patient

Patients should be encouraged to relax and be advised
that neither they nor the observer should talk for the
few minutes before or during the blood pressure measurement.
Posture of patient

Posture affects blood pressure, with a general tendency
for it to decrease from the lying to sitting or standing
position. However, in most people posture is unlikely
to lead to significant error in blood pressure measurement, provided the arm is supported at heart level.
Nonetheless, it is advisable to standardize posture for
individual patients, and in practice blood pressure is
usually measured with the individual in the sitting
position. Patients should be comfortable whatever their
position. No information is available on the optimal
time that an individual should remain in a particular
position before a measurement, but 5 min is suggested
for the lying and sitting positions and 1 min for standing. Some patients may exhibit postural hypotension,
especially with certain antihypertensive drugs. When
this is likely, blood pressure should be measured with
the patient both lying and standing [20–23].
Arm support

If the arm in which measurement is being made is
unsupported, as tends to happen when the individual is
sitting or standing, isometric exercise is being performed, increasing blood pressure and heart rate. Diastolic blood pressure may be increased by as much as
10% by having the arm extended and unsupported
during blood pressure measurement. The effect of
isometric exercise is greater in hypertensive patients
and in those taking â-blocking drugs [26,27]. It is
essential, therefore, for the arm to be supported during
blood pressure measurement, especially when the individual is in the standing position, and this is best
achieved in practice by having the observer hold the
person’s arm at the elbow, although in research the use
of an arm support on a stand has much to commend it
[20–23].

arm below heart level leads to an overestimation of
systolic and diastolic pressures and raising the arm
above heart level leads to underestimation. The magnitude of this error can be as great as 10 mmHg for
systolic and diastolic readings. This source of error
becomes especially important for the sitting and standing positions, when the arm is likely to be dependent
by the individual’s side. However, it has been demonstrated that, even with a patient in the supine position,
an error of 5 mmHg for diastolic pressure may occur if
the arm is not supported at heart level [20–23]. Arm
position has become an important issue for self measurement of blood pressure with the manufacture of
devices for measuring blood pressure at the wrist,
which are proving very popular because of the ease of
measurement. Many of these devices are inherently
inaccurate, but measurement is even less accurate if
the wrist is not held at heart level during measurement.
Which arm?

The issue as to which arm should be used for blood
pressure measurement has been controversial, as some
studies using simultaneous measurement have demonstrated significant differences between arms [20–23]
The fact that blood pressure differences between arms
may be variable makes the issue even more problematic, and differences between sequential arm blood
pressure measurements may therefore reflect blood
pressure variability and measurement errors. However,
a recent study has shown significant differences in
inter-arm differences for systolic and diastolic blood
pressure [28], leading to the recommendation that
bilateral measurement should be made on first consultation and, if reproducible differences greater than
20 mmHg for systolic or 10 mmHg for diastolic pressure
are present on consecutive readings, the patient should
be referred to a cardiovascular centre for further evaluation with simultaneous bilateral measurement and the
exclusion of arterial disease [29].
The cuff and bladder

The cuff is an inelastic cloth that encircles the arm and
encloses the inflatable rubber bladder. It is secured
round the arm most commonly by means of Velcro on
its adjoining surfaces, occasionally by wrapping a tapering end into the encircling cuff, and rarely by hooks.
Tapering cuffs should be long enough to encircle the
arm several times: the full length should extend beyond
the end of the inflatable bladder for 25 cm and then
should gradually taper for a further 60 cm [21]. Velcro
surfaces must be effective, and when they lose their
grip the cuff should be discarded. It should be possible
to remove the bladder from the cuff so that the latter
can be washed from time to time [21].

Arm position

The forearm must also be at the level of the heart as
denoted by the mid-sternal level. Dependency of the

‘Cuff hypertension’. However sophisticated a blood pressure measuring device may be, if it is dependent on cuff
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occlusion of the arm (as are the majority of devices), it
will be prone to the inaccuracy induced by miscuffing,
whereby a cuff contains a bladder that is either too long
or too short relative to arm circumference. A review of
the literature on the century-old controversy relating to
the error that may be introduced to blood pressure
measurement by using a cuff with a bladder of inappropriate dimensions for the arm has shown that miscuffing is a serious source of error, which inevitably
leads to incorrect diagnosis in practice and erroneous
conclusions in hypertension research (Table 1). There is
unequivocal evidence that either too narrow or too short
a bladder (undercuffing) will cause overestimation of
blood pressure – so-called ‘cuff hypertension’ – and
there is growing evidence that too wide or too long a
bladder (overcuffing) may cause underestimation of
blood pressure. Undercuffing has the effect in clinical
practice of overdiagnosing hypertension, and overcuffing
leads to hypertensive individuals being diagnosed as
normotensive. Either eventuality has serious implications for the epidemiology of hypertension and clinical
practice [30].
A further problem is that cuff inflation itself may cause
a transient but substantial increase (of up to 40 mmHg)
in blood pressure. With SBPM, there may be a transient increase in systolic blood pressure caused by the
muscular act of inflating the cuff [31].
Solutions to the problem. A review of the literature shows
that a number of approaches have been used over the
years to cope with the difficulty of mismatching, and yet
none has been ideal [30]. These have included:
• Application of correction factors: Correction formulae to adjust measurement errors derived from the
use of an inappropriate bladder have been recommended, but this option has the disadvantage of
further complicating the procedure of blood pressure
measurement and it has not found acceptance, even
when incorporated as a correction band in the
standard cuff.
• A range of cuffs: Many national bodies have
recommended a range of cuffs to cater for all
eventualities. However, this solution presupposes
that the user will first measure the arm circumference

Table 1

Mismatching of bladder and arm

Mismatch

Consequence

Bladder too small (undercuffing)

Overestimation of BP
Range of error 3.2/2.4–12/8 mmHg
(as much as 30 mmHg in obesity)
More common than overcuffing
Underestimation of BP
Range of error 10–30 mmHg

Bladder too large (overcuffing)

BP, blood pressure.

and that, having done so, will have available an
adequate range of cuffs. In practice, neither of these
requirements is easily fulfilled.
• Cuffs containing a variety of bladders: A cuff
containing three inflatable bladders of varying dimensions has been designed to permit the choice of the
most suitable bladder for the arm in which pressure
is being measured (Tricuff, Pressure Group AB & Co
KB, AJ Medical HB, Sweden). This cuff, although
improving the accuracy of measurement, has a number of disadvantages, which include cost, the difficulty of applying the cuff in routine practice and the
stiffness of the cuff.
A cuff for the majority of arms. In an effort to overcome
the problem of having a large selection of bladders
available, the BHS and the British Standards Institution
recommended a cuff containing a bladder measuring
35 3 12 cm, on the basis that such a bladder would
encircle the majority of adult arms. This recommendation presupposed, however, that an error would not be
introduced by overcuffing of lean arms. A review of
the literature suggests that this presupposition is no
longer tenable, although the degree of error remains to
be quantified [30]. Because of the problem of overcuffing in thin arms, the BHS now recommends three cuffs
[20]:
• a standard cuff with a bladder measuring 12 3 26 cm
for the majority of adult arms
• a large cuff with a bladder measuring 12 3 40 cm for
obese arms
• a small cuff with a bladder measuring 12 3 18 cm for
lean adult arms and children,
whereas the American Heart Association recommends
four cuffs [32]:
• a small adult cuff with a bladder measuring
10 3 24 cm for arm circumference 22–26 cm
• an adult cuff with a bladder measuring 13 3 30 cm for
arm circumference 27–34 cm
• a large adult cuff with a bladder measuring 16 3 38 cm
for arm circumference 35–44 cm
• an adult thigh cuff with a bladder measuring 20 3
42 cm for arm circumference 45–52 cm.
The ‘adjustable cuff’. On the basis of a thorough examination of the literature and in the light of the advances
in cuff design, the design features for an ‘adult cuff’ that
would be applicable to all adult arms have been proposed [30]. A.C. Cossor & Sons Ltd (London) have
manufactured the ‘Adjustacuff’, which, by means of a
clamping mechanism on an inflatable bladder, allows the
bladder to encircle all arms regardless of arm circumference; to date, experience with this cuff in clinical practice has been limited [9].
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Factors common to the individual

Certain groups of people merit special consideration for
blood pressure measurement, because of age, body
habitus, or disturbances of blood pressure related to
haemodynamic alterations in the cardiovascular system.
Although there is evidence that many subgroups of the
hypertensive population may have peculiarities affecting the accuracy of measurement – such as patients
with renal disease, patients with diabetes mellitus,
women with pre-eclampsia and youths with ‘spurious’
hypertension – discussion will be confined to children,
the elderly, obese individuals, pregnant women and
patients receiving antihypertensive drugs.
Children

Blood pressure measurement in children presents a
number of difficulties, and variability of blood pressure
is greater than in adults; thus any one reading is less
likely to represent the true blood pressure. In addition,
increased variability confers a greater tendency for
regression towards the mean. Conventional sphygmomanometry is recommended for general use, but systolic pressure is preferred to diastolic pressure because of
greater accuracy and reproducibility. Cuff dimensions
are most important, and three cuffs with bladders
measuring 4 3 13 cm, 8 3 18 cm and the adult dimensions 12 3 26 cm are required for the range of arm sizes
likely to be encountered in the age range 0–14 years.
The widest cuff practicable should be used. Korotkoff
sounds are not reliably audible in all children younger
than 1 year, and in many younger than 5 years. In such
cases, conventional sphygmomanometry is impossible
and more sensitive methods of detection such as
Doppler, ultrasound or oscillometry must be used [33].
Ideally, blood pressure should be measured after the
child has taken a few minutes of rest. Values obtained
during sucking, crying or eating will not be representative. As with adults, a child’s blood pressure status
should be decided only after it has been measured on a
number of separate occasions. Body size is the most
important determinant of blood pressure in childhood
and adolescence, and the US National High Blood
Pressure Education Group on Hypertension Control in
Children and Adolescents provides figures for blood
pressure ranges related to both age and height [34].
Elderly people

In epidemiological and interventional studies, blood
pressure predicts morbidity and mortality in elderly
people as effectively as in the young [35]. The elderly
are subject to considerable blood pressure variability;
this can lead to a number of diurnal blood pressure
patterns, which are best identified using ABPM (see
Part III). The practical clinical consequence of these
variable patterns in the elderly is that blood pressure
measuring techniques can be inaccurate, misleading, or
both.

Isolated systolic hypertension. The most common form
of hypertension in the elderly is isolated systolic hypertension. The results of the ambulatory study of
the Systolic Hypertension in Europe Trial showed
that systolic blood pressure measured conventionally in
the elderly may average 20 mmHg more than daytime
ambulatory blood pressure, thereby leading to inevitable
overestimation of isolated systolic hypertension in this
group, and probable excessive treatment of the condition
[36].
Autonomic failure. The elderly can also show striking
variability of blood pressure, with periods of hypotension interspersed with hypertension on ABPM. This
pattern, which is often indicative of autonomic failure, is
important to identify, so that treatment can be tailored
to take account of such fluctuations in blood pressure
[36]. As the elderly can be particularly susceptible to the
adverse effects of blood pressure lowering drugs, identification of hypotension becomes particularly important.
White-coat hypertension. Even more than the young, the
elderly are affected by the white-coat phenomenon (see
Part III).
Postural and postprandial hypotension. Postural hypotension is more common in the elderly [37]. It is possible
for it to coexist with increased supine and sitting blood
pressure, and it is important that blood pressure is
assessed in these positions in addition to standing, on
initial assessment and from time to time if drugs known
to cause postural hypotension are being taken. These
include, not only blood pressure decreasing drugs such
as diuretics, but also non-cardiovascular drugs, for example neuroleptic agents and tricyclic antidepressants.
Some elderly patients experience quite a marked blood
pressure decrease after eating, and this may be symptomatic [38]. Again, this can only be diagnosed definitively by measuring blood pressure with the person
standing, after a meal, or using ABPM.
Pseudohypertension. It has been postulated that, as a
consequence of the decrease in arterial compliance and
arterial stiffening with ageing, indirect sphygmomanometry becomes inaccurate. This has led to the concept
of ‘pseudohypertension’ to describe patients with a large
discrepancy between cuff and direct blood pressure
measurement [39]. The significance of this phenomenon
has been disputed [40], but in elderly patients in whom
blood pressure measured with the conventional technique seems to be out of proportion to the clinical
findings, referral to a specialist cardiovascular centre for
further investigation may be appropriate.
Obese people

The association between obesity and hypertension has
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been confirmed in many epidemiological studies, and
has at least two components [41]. First, there appears to
be a pathophysiological connection, and it may well be
that in some cases the two conditions are causally
linked; secondly, if not taken into account, obesity may
result in inaccurate blood pressure values being obtained by indirect measurement techniques. In this
regard, it is not yet established whether the accuracy of
measurements differs between the oscillometric and
the auscultatory methods in this population.
Obesity may affect the accuracy of blood pressure
measurement in children, young people, the elderly
and pregnant women. The relationship of arm circumference and bladder dimensions has been discussed
above. If the bladder is too short, blood pressure will
be overestimated (‘cuff hypertension’), and if it is too
long, blood pressure may be underestimated [30].
Arrhythmias

The difficulty in measuring blood pressure in patients
with arrhythmias is that, when cardiac rhythm is
irregular, there is a large variation in blood pressure
from beat to beat. Thus, in arrhythmias such as atrial
fibrillation, stroke volume – and as a consequence
blood pressure – varies depending on the preceding
pulse interval. In addition, in such circumstances, there
is no generally accepted method of determining auscultatory endpoints. Furthermore, blood pressure measuring devices vary greatly in their ability to record blood
pressure accurately in patients with arrhythmias, indicating that devices should be validated independently
in patients with arrhythmias [42].
Some physicians may use the first Korotkoff sound as
systolic pressure in the presence of arrhythmias,
whereas others may equate systolic pressure with the
consistent presence of sounds. A similar problem pertains to interpreting diastolic blood pressure. If the first
appearance of sound and the final disappearance of all
sounds are taken to be systolic and diastolic blood
pressure, respectively, it seems likely that the systolic
pressure will be overestimated and the diastolic values
will be too low. Irrespective of what guidelines are
agreed upon, blood pressure measurement in atrial
fibrillation, particularly when the ventricular rhythm is
highly irregular, will at best constitute a rough estimate,
the validity of which can perhaps be improved upon
only by using repeated measurements or direct intraarterial measurement. Because the oscillometric method depends on a smooth profile of successive pressure
waves to determine blood pressure, this technique is
not always able to measure blood pressure in patients
with arrhythmias, such as atrial fibrillation. The deflation rate should be no faster than 2 mmHg per heartbeat, and repeated measurements may be required to
overcome beat-to-beat variability.

When a bradyarrhythmia is present, there are two
potential sources of error: first, if the rhythm is irregular
the same problems as with atrial fibrillation will apply;
secondly, when the heart rate is extremely slow, for
example 40 beats/min, it is important that the deflation
rate used is less than for normal heart rates, as too rapid
deflation will lead to underestimation of systolic and
overestimation of diastolic pressure.
Pregnancy

Clinically relevant hypertension occurs in more than
10% of pregnant women in most populations, and in a
significant number of these increased blood pressure is
a key factor in medical decision-making in the pregnancy. Particular attention must be paid to blood
pressure measurement in pregnancy, because of the
important implications for patient management, in
addition to the fact that it presents some special
problems [43] (see also Part III). There has been much
controversy as to whether the muffling or disappearance
of sounds should be taken for diastolic blood pressure.
The general consensus from obstetricians, based on
careful analysis of the evidence, is that disappearance
of sounds (fifth phase) is the most accurate measurement of diastolic pressure except when sounds persist
to zero, when the fourth phase of muffling of sounds
should be used [44,45].
Patients receiving antihypertensive medication

In patients receiving treatment with antihypertensive
drugs, the timing of measurement may have a substantial influence on the blood pressure however it is
measured, and it is recommended that the time of drug
ingestion is noted, so as to indicate the expected trough
or peak levels of drug effect.
Exercise blood pressure

Systolic blood pressure increases with increasing dynamic work as a result of increasing cardiac output,
whereas diastolic pressure usually remains about the
same or moderately lower. Normal values of maximum
systolic blood pressure for men have been defined and
are directly related to age [46]. However, these normal
values do not take account of the fact that resting blood
pressure increases with increasing age. If normal values
for exercise systolic blood pressure are determined on
the basis of the corresponding percentiles of a resting
systolic blood pressure of 140 mmHg, age-independent
upper limits of normality can be derived. An ageindependent upper limit of 180 mmHg systolic for
exercise blood pressure at 100 W standardized bicycle
test has been proposed [47].
There is evidence that an exaggerated blood pressure
response with exercise testing may be predictive of
future hypertension [48–50] and future mortality from
myocardial infarction [51], and may be associated with
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angiographic coronary artery disease [52]. Furthermore,
normotensive individuals with an exaggerated blood
pressure response during exercise (e.g. systolic blood
pressure during peak exercise of 210 mmHg or greater)
may be at high risk of developing left ventricular
hypertrophy [53]. Moreover, it has been shown that, in
patients with hypertension, left ventricular mass index
is poorly related to blood pressure at rest, but is related
to exercise systolic blood pressure [54]. Several studies
based on non-invasive methods have concluded that
exercise-induced increases in blood pressure during an
ergometer bicycle test predict future mortality and
cardiovascular complications [55,56].

be of historical rather than practical interest. The technique has been the subject of recent reviews and only a
summary of the procedure will be presented here
[20,57].

The evidence from these studies has led inevitably to
the question as to whether exercise blood pressure
should be used in routine clinical practice. Several
issues need to be addressed, however, before such a
conclusion can be accepted. Although systolic blood
pressure may be recorded reasonably well during bicycle exercise by conventional sphygmomanometry,
diastolic values may be grossly overestimated or underestimated. This is also true for the automatic blood
pressure devices using either the auscultatory or oscillometric techniques. With correct use of conventional
sphygmomanometry, systolic values are reasonably accurate when the arm used for measurement is kept
steady. Furthermore, prognostic data are mainly available for systolic blood pressure during exercise and it
would be reasonable, therefore, to use only systolic
values in clinical practice. Most of the prognostic studies were based on bicycle exercise tests. The use of the
ergometer bicycle allows standardization of the procedure, such as exercise time and an exact determination
of the exercise load. In some studies, the blood
pressure at fixed workload was used, but with fixed
workloads patients may be performing at different
percentages of their maximal exercise capacity.

Observer error

At present, the additional information provided by
exercise blood pressure does not justify its use in
routine clinical practice. However, exercise testing is
performed for many indications other than hypertension. When an exaggerated blood pressure response
to exercise is seen in normotensive and hypertensive
individuals, it should not be ignored, but seen rather as
providing important prognostic information. In this context, exercise systolic blood pressure values greater than
200 mmHg at a moderate workload (600 k.p.m./min;
100 W) during standardized bicycle test should be
regarded as abnormal.

Part II. Conventional sphygmomanometry
Basic requirements for auscultatory blood pressure
measurement

The auscultatory technique is being replaced by automated techniques, and its place in medicine may soon

The measurement of blood pressure in clinical practice
by the century-old technique of Riva-Rocci/Korotkoff is
dependent on the accurate transmission and interpretation of a signal (Korotkoff sound or pulse wave) from
an individual via a device (the sphygmomanometer) to an
observer. Errors in measurement can occur at each of
these points of interaction, but by far the most fallible
component is the observer.

In 1964, Geoffrey Rose and his colleagues classified
observer error into three categories [58]:
(i) systematic error that leads to both intraobserver
and interobserver error
(ii) terminal digit preference, which results in the
observer rounding off the pressure reading to a
digit of his or her choosing, most often to zero
(iii) observer prejudice or bias, whereby the observer
simply adjusts the pressure to meet his or her
preconceived notion of what the pressure should
be.
Training observers in the technique of auscultatory
blood pressure measurement is often taken for granted
[59,60]. Instruction to medical students and nurses has
not always been as comprehensive as it might be, and
assessment for competence in measuring blood pressure
has been a relatively recent development. Training
methods have included: direct instruction using a
binaural or multiaural stethoscope, the use of manuals,
booklets and published recommendations, audio-tape
training methods, video-films and, recently, CD-ROMs
that incorporate instruction with examples of blood
pressure measurement using a falling mercury column
with Korotkoff sounds and a means for the student to
assess competence in the technique using a series of
examples [20–23]. To eliminate observer error completely requires a period of intensive training, repeated at
regular intervals if necessary, and it would be unrealistic to expect that such standards would be implemented in clinical practice. The criteria for observer
accuracy are necessarily more stringent for research
work than for clinical practice, and recommendations
for observer training have been drawn up for both [60].
The London School of Hygiene sphygmomanometer
and the Hawksley ‘zero-muddler’ sphygmomanometer
were designed to minimize observer error in research
and, although popular for many years, neither is much
used now because the design modifications introduced
inaccuracies [61–63].
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Mercury and aneroid sphygmomanometers

The mercury sphygmomanometer is a reliable device,
but all too often its continuing efficiency has been
taken for granted, whereas the aneroid manometer,
which is not generally as accurate, is often assumed to
be as reliable. These devices have certain features in
common: each has an inflation/deflation system and an
occluding bladder encased in a cuff, and both devices
measure blood pressure by auscultation with a stethoscope [57].
Inflation/deflation system. The inflation/deflation system
consists of an inflating and deflating mechanism connected by rubber tubing to an occluding bladder. The
standard mercury and aneroid sphygmomanometers
used in clinical practice are operated manually, with
inflation being effected by means of a bulb compressed
by hand and deflation by means of a release valve, which
is also controlled by hand. The pump and control valve
are connected to the inflatable bladder and thence to
the sphygmomanometer by rubber tubing. Leaks from
cracked or perished rubber make accurate measurement
of blood pressure difficult because the fall of the mercury cannot be controlled; the rubber should be in a
good condition and free from leaks. The length of
tubing between the cuff and the manometer should be
at least 70 cm and that between the inflation source and
the cuff should be at least 30 cm. Connections should be
airtight and easily disconnected [57].
Control valve. One of the most common sources of error
in sphygmomanometers is the control valve. Defective
valves cause leakage, making control of pressure release
difficult; this leads to underestimation of systolic and
overestimation of diastolic pressures (Table 2).
Hazards of mercury. The mercury sphygmomanometer
is a simple and accurate device that can be easily
serviced, but there are rightly concerns about the toxicity of mercury for individuals using mercury sphygmomanometers, and for those who have to service them.
Users should therefore be alert to the hazards associated
with handling mercury. However, the greatest concern
about mercury is its toxic effects on the environment.

Table 2

The mercury thermometer has been replaced in many
countries, and in Sweden and the Netherlands the use
of mercury is no longer permitted in hospitals. However, in other European countries, including the UK
and Ireland, the move to ban mercury from hospital use
has not been received with enthusiasm, on the grounds
that we do not have an accurate alternative to the
mercury sphygmomanometer. None the less, the fear of
mercury toxicity is making it difficult to have mercury
sphygmomanometers serviced, and the precautions recommended for dealing with a mercury spill are influencing purchasing decisions. Indeed, this is what
central governmental policy in many countries would
favour – the gradual disappearance of mercury from
clinical use, rather than imposition of a ban [64–67].
Banning mercury from the wards raises another issue,
which may be of even greater importance for clinical
medicine. If the millimetre of mercury is no longer the
unit of measurement for blood pressure, there can be
no scientific argument against its replacement with the
Système International (SI) unit, the kilopascal, which is
the accepted unit of pressure measurement elsewhere
in science [68].
Maintenance. Mercury sphygmomanometers are easily
checked and maintained, but great care should be taken
when handling mercury. The revised European Standard recommends that mercury sphygmomanometers
display a warning to this effect [12–14]. Mercury sphygmomanometers need cleaning and checking at least
every 6 months in hospital use, and every 12 months in
general use [57]. As many as 50% of sphygmomanometers in hospital use are defective, and a maintenance
policy should be mandatory in all hospitals [69]; few
have any such policy. Doctors in practice also often
neglect to have their sphygmomanometers checked and
serviced. The responsibility for reporting faulty equipment or lack of appropriate cuffs lies with the observer,
who should always refuse to use defective or inappropriate equipment.
Aneroid manometers

Aneroid sphygmomanometers register pressure through

Features affecting accuracy of the mercury sphygmomanometer

• The top of the mercury meniscus should rest at exactly zero without pressure applied; if it is below, add mercury.
• The scale should be clearly calibrated in 2 mm divisions from 0 to 300 mmHg and should indicate accurately the differences between the levels of mercury in the tube
and in the reservoir.
• The diameter of the reservoir must be at least 10 times that of the vertical tube, or the vertical scale must correct for the drop in the mercury level in the reservoir as the
column rises.
• Substantial errors may occur if the manometer is not kept vertical during measurement. Calibrations on floor models are especially adjusted to compensate for the tilt in
the face of the gauge. Stand-mounted manometers are recommended for hospital use. This allows the observer to adjust the level of the sphygmomanometer and to
perform measurement without having to balance the sphygmomanometer precariously on the side of the bed.
• The air vent at the top of the manometer must be kept patent, as clogging will cause the mercury column to respond sluggishly to pressure changes and to
overestimate pressure.
• The control valve is one of the most common sources of error in sphygmomanometers and when it becomes defective it should be replaced. Spare control valves
should be available in hospitals and a spare control valve should be supplied with sphygmomanometers.
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a bellows and lever system, which is mechanically more
intricate than the mercury reservoir and column [57].
The jolts and bumps of everyday use affect accuracy
over time, usually leading to false-low readings, with
the consequent underestimation of blood pressure.
They are therefore less accurate in use than mercury
sphygmomanometers. When aneroid instruments are
calibrated against a mercury sphygmomanometer, a
mean difference of 3 mmHg is considered to be acceptable; however, 58% of aneroid sphygmomanometers
have been shown to have errors greater than 4 mmHg,
with about 33% of these having errors greater than
7 mmHg [70]. Moreover, aneroid sphygmomanometry
is prone to all the problems of the auscultatory technique, namely observer bias and terminal digit preference.
Aneroid sphygmomanometers should be checked every
6 months against an accurate mercury sphygmomanometer over the entire pressure range. This can be
achieved by connecting the aneroid sphygmomanometer, via a Y-piece, to the tubing of the mercury
sphygmomanometer and inflating the cuff around a
bottle or cylinder. If inaccuracies or other faults are
found, the instrument must be returned to the manufacturer or supplier for repair [57].
As mercury sphygmomanometers are removed from
clinical practice, there is a tendency to replace them
with aneroid devices on the false assumption that,
because each can be used to measure blood pressure
using the auscultatory technique, one can be interchanged for the other. There is remarkably little
literature on the accuracy of aneroid devices and what
does exist is generally negative. Perhaps the broader
view might be that, because the auscultatory technique
itself is inherently inaccurate whether the mercury or
aneroid sphygmomanometer is used, the sooner accurate automated techniques of measurement are introduced, the better.

Non-automated alternatives to the mercury
sphygmomanometer

The oscillometric method of blood pressure measurement has a number of inherent limitations, which make
it unlikely that it will ever be acceptable as the gold
standard for CBPM. The need for accurate clinic measurement will always be present, and the fact that
important clinical decisions will continue to be made
on very small numbers of readings (often one, and
rarely more than three) emphasizes the need for maximal accuracy.
An alternative to the mercury sphygmomanometer is
the so-called ‘hybrid’ sphygmomanometer, which combines some of the features of both the electronic and
mercury devices. It uses an electronic pressure gauge as
a substitute for the mercury column. Blood pressure is
taken in the same way as with a mercury device, using
a stethoscope and listening for the Korotkoff sounds.
The cuff pressure is displayed as a simulated mercury
column using an array of LCDs, and also as a digital
LCD readout. The cuff is deflated in the normal way
and, when systolic and diastolic pressure are heard, a
button next to the deflation knob is pressed, which
freezes the digital display to show systolic and diastolic
pressures, thus offering the potential of eliminating
terminal digit preference, which is a major problem
with the clinical use of any auscultatory monitor. Working prototypes have been developed, but the device is
not yet commercially available [71]. A similar concept
using an electronic transducer instead of the mercury
column has been developed by A.C. Cossar and Son
(London, UK). Known as the ‘Greenlight 300’, this
device is available commercially, but has not yet been
validated. With such devices, the physician is still able
to measure blood pressure using the traditional auscultatory technique, without having necessarily to rely on
automated readings, and this is achieved without the
problems associated with mercury columns or aneroid
devices.
Automated alternatives to the mercury sphygmomanometer

Stethoscope

A stethoscope should be of a high quality, with clean,
well-fitting earpieces. The American Heart Association
recommends using the bell of the stethoscope over the
brachial artery, rather than placing the diaphragm over
the antecubital fossa, on the basis that the bell is most
suited to the auscultation of low-pitched sounds, such
as the Korotkoff sounds. However, it probably does not
matter much if the bell or diaphragm is used in routine
blood pressure measurement, provided the stethoscope
is placed over the palpated brachial artery in the
antecubital fossa. As the diaphragm covers a greater
area and is easier to hold than a bell endpiece, it is
reasonable to recommend it for routine clinical measurement of blood pressure [57].

An accurate automated sphygmomanometer capable of
providing printouts of systolic, diastolic and mean blood
pressure, together with heart rate and the time and date
of measurement, should eliminate errors of interpretation and abolish observer bias and terminal digit
preference. Moreover, the need for elaborate training as
described above would no longer be necessary,
although a period of instruction and assessment of
proficiency in using the automated device will always
be necessary. Another advantage of automated measurement is the ability of such devices to store data for
later analysis. This development is in fact taking place,
and a number of large research studies are using
automated technology to measure blood pressure instead of the traditional mercury ‘gold standard’. For
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example, in the large Anglo–Scandinavian Cardiac Outcome Trial [72], the validated Omron HEM-705CP
automated monitor was used [73].
Although the mercury sphygmomanometer is disappearing from use, unfortunately there are not many
alternative devices available to replace it. In addition,
the advent of accurate automated devices, however
welcome, is not without problems [64]. First, automated devices have been notorious for their inaccuracy,
although accurate devices are now appearing on the
market. Secondly, most of the available automated
devices were designed for self-measurement of blood
pressure, and it should not be assumed that they will
be suitable for clinical use, or that they will remain
accurate with use, although some are being used
successfully in hospital practice. Thirdly, oscillometric
techniques cannot measure blood pressure in all situations, particularly in patients with arrhythmias such as
atrial fibrillation with a rapid ventricular response, and
there are also individuals in whom these devices cannot
measure blood pressure, for reasons that are not always
apparent. Fourthly, doctors are uneasy about trusting
algorithmic methods, which are guarded zealously by
manufacturers. To ensure that new devices conform
with recommended validation protocols, the mercury
sphygmomanometer will have to be retained as a gold
standard in designated laboratories.
Performing auscultatory measurement
Position of manometer

The observer should take care about positioning the
manometer:
• The manometer should be no further than 1 m away,
so that the scale can be read easily.
• The mercury column should be vertical (some
models are designed with a tilt) and at eye level.
This is achieved most effectively with standmounted models, which can be easily adjusted to suit
the height of the observer.
• The mercury manometer has a vertical scale and
errors will occur unless the eye is kept close to the
level of the meniscus. The aneroid scale is a composite of vertical and horizontal divisions and numbers,
and must be viewed straight-on, with the eye on a
line perpendicular to the centre of the face of the
gauge.

encircling bladders, posteriorly, so that the antecubital
fossa is easily accessible for auscultation. The lower
edge of the cuff should be 2–3 cm above the point of
brachial artery pulsation [20,57].
Palpatory estimation of blood pressure

The brachial artery should be palpated while the cuff is
rapidly inflated to about 30 mmHg above the point at
which the pulse disappears; the cuff is then slowly
deflated, and the observer notes the pressure at which
the pulse reappears. This is the approximate level of
the systolic pressure. Palpatory estimation is important,
because phase I sounds sometimes disappear as pressure is reduced and reappear at a lower level (the
auscultatory gap), resulting in systolic pressure being
underestimated unless already determined by palpation. The palpatory technique is useful in patients in
whom auscultatory endpoints may be difficult to judge
accurately: for example, pregnant women, patients in
shock or those taking exercise. (The radial artery is
often used for palpatory estimation of the systolic
pressure, but by using the brachial artery the observer
also establishes its location before auscultation.)
Auscultatory measurement of systolic and diastolic
pressures

• Place the stethoscope gently over the brachial artery
at the point of maximal pulsation; a bell endpiece
gives better sound reproduction, but in clinical practice a diaphragm is easier to secure with the fingers
of one hand, and covers a larger area.
• The stethoscope should be held firmly and evenly
but without excessive pressure, as too much pressure
may distort the artery, producing sounds below
diastolic pressure. The stethoscope endpiece should
not touch the clothing, cuff or rubber tubes, to avoid
friction sounds.
• The cuff should then be inflated rapidly to about
30 mmHg above the palpated systolic pressure and
deflated at a rate of 2–3 mmHg per pulse beat (or
per second), during which the auscultatory phenomena described below will be heard.
• The phases shown in Table 3, which were first
described by Nicolai Korotkoff and later elaborated
by Witold Ettinger, may now be heard [74].
• When all sounds have disappeared, the cuff should
be deflated rapidly and completely to prevent venous
congestion of the arm before the measurements is
repeated.

Placing the cuff

The cuff should be wrapped round the arm, ensuring
that the bladder dimensions are accurate. If the bladder
does not completely encircle the arm, its centre must
be over the brachial artery. The rubber tubes from the
bladder are usually placed inferiorly, often at the site of
the brachial artery, but it is now recommended that
they should be placed superiorly or, with completely

Diastolic dilemma

For many years, recommendations on blood pressure
measurement have been equivocal as to the diastolic
endpoint – the so-called ‘diastolic dilemma’. Phase IV
(muffling) may coincide with, or be as much as,
10 mmHg greater than phase V (disappearance), but
usually the difference is less than 5 mmHg. There has
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Table 3

Auscultatory sounds

Phase I
Phase II
Auscultatory gap
Phase III
Phase IV
Phase V

The first appearance of faint, repetitive, clear tapping sounds that gradually increase in
intensity for at least two consecutive beats is the systolic blood pressure.
A brief period may follow during which the sounds soften and acquire a swishing quality.
In some patients, sounds may disappear altogether for a short time.
The return of sharper sounds, which become crisper, to regain or even exceed the
intensity of phase I sounds.
The distinct, abrupt muffling of sounds, which become soft and blowing in quality.
The point at which all sounds finally disappear completely is the diastolic pressure.

The clinical significance, if any, of phases II and III has not been established.

been resistance to general acceptance of the silent
endpoint until recently, because the silent endpoint
can be considerably below the muffling of sounds in
some groups of patients, such as children, pregnant
women, or anaemic or elderly patients. In some patients, sounds may even be audible when cuff pressure
is deflated to zero. There is now a general consensus
that disappearance of sounds (phase V) should be taken
as diastolic pressure (as originally recommended by
Korotkoff in 1910) [74]. When the Korotkoff sounds
persist down to zero, muffling of sounds (phase IV)
should be recorded for diastolic pressure, and a note
made to this effect.
Recording blood pressure

The following points should be recorded with the blood
pressure measurement [made to the nearest 2 mmHg
without rounding-off to the nearest 5 or 10 mmHg
(digit preference)]:
(i) position of the individual – lying, sitting or
standing
(ii) the arm in which the measurement will be made
– right or left
(iii) blood pressure in both arms on first attendance
(iv) arm circumference and inflatable bladder size
(v) phases IV and V for diastolic blood pressure
(vi) an auscultatory gap if present
(vii) state of the individual – e.g. anxious, relaxed
(viii) time of drug ingestion.
Number of measurements. Because of the variability of
measurements of casual blood pressure, decisions based
on single measurements will result in erroneous diagnosis and inappropriate management. Reliability of
measurement is improved if repeated measurements are
made. At least two measurements at 1 min intervals
should be taken carefully at each visit, with a repeat
measurement if there is uncertainty or distraction; it is
best to make a few carefully taken measurements rather
than taking a number of hurried measurements.
The alarm reaction to blood pressure measurement
may persist after several visits, so for patients in whom
sustained increases of blood pressures are being assessed, a number of measurements should be made on

different occasions over a number of weeks or months
before diagnostic or management decisions are made.
Alternatively, ABPM or SBPM away from the medical
environment should be performed.

Part III. Ambulatory blood pressure
measurement
Ambulatory blood pressure measurement is being used
increasingly in clinical practice [75–79]. In recognition
of this, a number of national societies have published
recommendations for the use and interpretation of
ABPM in clinical practice [80–83], and the ESH has
published recommendations on blood pressure measuring devices, including devices for ABPM [2]. Importantly, the technique has finally been approved for
reimbursement in the USA [84]. It is important to
emphasise that the diagnosis of hypertension by whatever measurement technique is only one factor in a
patient’s risk profile, which must be assessed in its
totality, in relation to concomitant disease such as
diabetes mellitus, and in relation to the degree of
target-organ involvement as recommended in national
and international guidelines [85–87]. This section is
concerned only with ABPM in adults.
General considerations
Why is ABPM superior to conventional blood pressure
measurement?

The evidence that ABPM gives information over and
above CBPM has been growing steadily over the past
25 years [75]. There are a number of obvious advantages: the technique gives more measurements than
CBPM, and the real blood pressure is reflected more
accurately by repeated measurements [78]. ABPM
provides a profile of blood pressure away from the
medical environment, thereby allowing identification of
individuals with a white-coat response [88]. ABPM
shows blood pressure behaviour over a 24-h period
during the patient’s usual daily activities, rather then
when they are sitting in the artificial circumstances of a
clinic or office; ABPM can demonstrate the efficacy of
antihypertensive medication over a 24-h period, which
facilitates more rational prescribing than having to base
a decision on one or a few CBPMs confined to a short
period of the diurnal cycle [78]. ABPM can identify
patients whose blood pressure does not reduce at night-
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time – the non-dippers – who are at greater risk for
cardiovascular morbidity [89]. Finally, the technique
can demonstrate a number of patterns of blood pressure
behaviour that may be relevant to clinical management
– white-coat hypertension, hypotension, dipping and
non-dipping, etc. [90]. These advantages should have
brought ABPM into much wider clinical use many years
ago. However, this eventuality was delayed because,
despite a large body of work showing that ABPM
predicted outcome on the basis of surrogate markers
such as left ventricular hypertrophy, microalbuminuria
and arterial stiffness [78,91–93], there was insufficient
prospective evidence to show that ABPM was superior
to CBPM in predicting cardiovascular mortality. Another relevant factor was concern, particularly in the
USA, that the technique, once approved for reimbursement, would be over-used in practice.
Evidence is now available from longitudinal studies
that ABPM is a stronger predictor of cardiovascular
morbidity and mortality than CBPM [78,94–99] and, in
the USA, the Centers for Medicare and Medicaid
Services (CMS) have recently approved ABPM for
reimbursement for the identification of individuals with
white-coat hypertension [84]. It would seem, therefore,
that there is now international acceptance that ABPM
is an indispensable investigation in patients with established and suspected hypertension. This recommendation has important implications for clinical practice.
Among the questions that need to be answered are:
• Which ABPM devices should be used?
• How should the data be presented?
• How best can doctors and nurses unfamiliar with the
technique be educated in its use and interpretation
of the data?
• How can the technique be best used to yield the
maximum of information without subjecting patients
to unnecessary investigation?
• What are the financial implications?

Choosing an ABPM device

The first step in adopting the technique of ABPM is
selecting a device, and the first consideration is to
ensure that the device selected is accurate [2]. As has
already been stated in Part I, it is acknowledged that
the accuracy of blood pressure measuring devices
should not be based on claims from manufacturers,
which can at times be somewhat extravagant, and
independent validation according to the criteria of the
BHS, AAMI or ESH protocols, with the results published in peer-reviewed journals, should be demanded
[2].
Choosing ABPM software

Although the BHS protocol does make certain recom-

mendations in relation to the software programs used in
ABPM devices, too little consideration has been given
to this important aspect of the technique. All ABPM
devices are sold with individual software packages,
which present data in a variety of ways, and in some
instances the software programs are neither ‘userfriendly’ nor inexpensive. It is important, therefore, to
be sure that ABPM software programs are suitable for
the use for which the device has been chosen. For
example, in a busy general practice, perhaps only basic
data giving average day- and night-time values and a
visual plot are all that will be required, whereas for
research purposes statistical detail on the windows of
the 24-h profile and indices such as pulse pressure,
blood pressure load, coefficient of variation, cusum
values, etc., may be required.
The use of ABPM in clinical practice could be facilitated by two developments. First, if the graphic presentation of ABPM data was standardized, much as is
the case for electrocardiographic (ECG) recordings, the
presentation of data would be independent of the type
of ABPM monitor used and the user would not have to
become familiar with a variety of programs. Moreover,
standardization would facilitate the interchange of
ABPM recordings between databases, such as hospital
and primary care practice. Secondly, if ABPM software
programs could provide a printed report of the ABPM
data, as is possible with ECG recordings, doctors and
nurses unfamiliar with the technique would be assisted
in learning the variety of patterns generated by ABPM
and, importantly, the time needed for a physician to
report on each ABPM would be greatly reduced, thereby reducing the cost of the technique [79,83,100] (Fig.
1 and Table 4).
Financial considerations

Analysis of the cost/benefit relationships of ABPM is
complex and awaits full study [101]. ABPM is more
expensive than CBPM, but the benefits to patients
would seem to justify the additional expense. Individuals with white-coat hypertension, which may be present in as many as 25% of people who appear to have
hypertension with conventional measurement, may be
spared years of unnecessary and expensive drug treatment [25]. Likewise, ABPM may spare patients with
white-coat hypertension being penalized for insurance
or employment by having the diagnosis of ‘hypertension’
misapplied [102]. It has been shown that, when ABPM,
rather than clinic blood pressure, is used as the basis for
prescribing, significantly less antihypertensive medication is prescribed [103]. The financial saving from less
drug prescribing has been analysed in a cost/benefit
comparison of ABPM with CBPM in Switzerland. It was
estimated that, over a 10-year period, 2 million Swiss
francs could be saved if therapeutic decisions were based
on ABPM rather than CBPM [104].
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Standardised common patterns of ABPM and reports generated by the dabl  ABPM Program (ECF Medical Ltd, Blackrock, Co. Dublin, Ireland,
www.ecfmedical.com). Common to all reports: ‘On the basis of the data recorded and the available literature, the ABPM suggests...’. Common to all
plots: vertical axes show blood pressures; horizontal axes show 24-h clock times; horizontal bands indicate normal values for 24-h systolic and
diastolic blood pressures; shaded vertical areas indicate night-time. (a) Normal ABPM pattern. This ABPM suggests normal 24-h systolic and
diastolic blood pressures (128/78 mmHg daytime, 110/62 mmHg night-time). (b) White-coat hypertension. This ABPM suggests white-coat
hypertension (175/95 mmHg) with otherwise normal 24-h systolic and diastolic blood pressures (133/71 mmHg daytime, 119/59 mmHg nighttime). (c) White-coat effect. This ABPM suggests mild daytime systolic hypertension (149 mmHg), borderline daytime diastolic hypertension
(87 mmHg), borderline night-time systolic hypertension (121 mmHg) and normal night-time diastolic blood pressures (67 mmHg) with white-coat
effect (187/104 mmHg). (d) Systolic and diastolic hypertension. This ABPM suggests mild daytime systolic and diastolic hypertension (147/
93 mmHg), but normal night-time systolic and diastolic blood pressures (111/66 mmHg). (e) Isolated systolic hypertension. This ABPM suggests
severe 24-h isolated systolic hypertension (176/68 mmHg daytime, 169/70 mmHg night-time). (f) Hypertensive dipper. This ABPM suggests
severe daytime systolic hypertension (181 mmHg), moderate daytime diastolic hypertension (117 mmHg) and normal night-time systolic and
diastolic blood pressures (111/68 mmHg). (g) Hypertensive non-dipper. This ABPM suggests severe 24-h systolic and diastolic hypertension (210/
134 mmHg daytime, 205/130 mmHg night-time).
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Table 4

Ranges for definitions used in the dabl 1 ambulatory blood pressure monitoring

reports
Hypertension (mmHg)

Daytime
SBP
DBP
Night-time
SBP
DBP

Low

Normal

Borderline

Mild

Moderate

Severe

, 100
, 65

100–135
65–85

136–140
86–90

141–155
91–100

156–170
101–110

. 170
. 110

, 90
,50

91–120
51–70

121–125
71–75

126–135
76–85

136–150
86–100

. 150
. 100

SBP, DBP, systolic and diastolic blood pressures.

Training requirements

The technique of ABPM is a specialized one, and
should be approached with the care reserved for any
such procedure. An understanding of the principles of
traditional blood pressure measurement, cuff fitting,
monitor function and analysis, and interpretation of
ABPM data is required. In practice, a nurse with an
interest and experience in hypertension can master the
use of ABPM devices after relatively brief training.
However, the analysis and interpretation of ABPM
profiles requires experience in the technique, which is
best acquired by the doctor in charge of an ABPM
service.

Using an ABPM monitor

Time needs to be given to fitting the monitor and
preparing the patient for the monitoring period if good
results are to be obtained [75–83]. The key to successful ABPM is educating the patient on the process of
monitoring and the instructions should be explained
and printed on a diary card (Table 5). In clinical
practice, measurements are usually made at 20–30 min
intervals in order not to interfere with activity during
the day and with sleep at night, but measurements can
be made more frequently if indicated. The frequency
of measurement during the 24-h period is generally not
greater than every 15 min (which could interfere with
normal activity), or less frequent than every 30 min
(which could give an inadequate number of measure-

Table 5
•
•
•
•

•
•
•
•
•

Using an ambulatory blood pressure monitor

15–30 min needed
Relax patient in a quiet room
Enter patient’s details into monitor
Measure BP in both arms
If SBP difference ,10 mmHg, use non-dominant arm
If SBP difference >10 mmHg, use arm with greater pressure
Select appropriate cuff
Select frequency of measurement – usually every 30 min day and night
Inactivate LCD display
Give patient written instructions and a diary card
Instruct patient how to remove and inactivate monitor after 24 h

BP, blood pressure; SBP, systolic blood pressure.

ments). Some workers prefer to select 15–20 min intervals during the day and 30-min intervals at night, with
others preferring to take 30-min intervals throughout
the 24-h period. There should be at least 14 measurements of systolic and diastolic blood pressure during
the day, and at least seven measurements at night; if
this minimum requirement is not met, the ABPM
should be repeated.
There are a number of ways of analysing blood
pressures recorded during the 24-h cycle [105,106].
One simple and popular method is to assess the time of
awakening and sleeping from diary card entries. Another method is to use a fixed time method in which
the retiring (2101–0059 h) and rising (0601–0859 h)
periods (during which blood pressures are subject to
considerable variation) are eliminated, with the daytime
period being from 0900 to 2100 h and night-time
from 0100 to 0600 h; in this way the variations that
may exist between the young and the old and in
different cultures are to some extent eliminated from
the analysis [105]. This method has the disadvantage of
eliminating information on the white-coat window and
early morning surge of blood pressure, which may be
associated with cardiovascular events [106]. However,
these windows can be analysed separately for research
or if considered important in practice. In countries
where daytime siestas are popular, such as the Mediterranean regions, a record of sleeping times is important
and ABPM software should be able to adjust for this
[107]. To improve reproducibility, ABPM measurements should be performed on like days, for example
on working or recreational days. A diary card may be
used to record symptoms and events that may influence
ABPM measurements.
Editing ABPM data

Many statistical techniques exist for describing different aspects of ambulatory records, and no one method
is ideal [108]. The detection of artefactual readings and
the handling of outlying values (which may or may not
be erroneous) have been the subject of debate [106].
Several automatic procedures have been proposed to
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reject outlying measurements, based on a univariate,
multivariate or temporal approach. More complex procedures requiring the intervention of the observer in
the editing process have been devised, but they are
time-consuming and thus not suitable in clinical practice [109]. It has been shown that rejection of outliers
may alter the results of ABPM substantially, mainly
affecting the average values of systolic ABPM and
blood pressure variability [109,110]. Editing procedures
can reduce mean systolic ABPM by 4 mmHg in comparison with unedited recordings, thereby decreasing
the likelihood of diagnosing sustained hypertension. In
one study, the prevalence of sustained hypertension
was decreased by 6–10% when several editing methods
were applied to raw 24-h data [110]. Rejection of
outliers affects blood pressure variability to a larger
extent, with reductions in the standard deviation of
daytime systolic blood pressure ranging from 30 to 42%
with the various procedures [110].
To make the results from different laboratories comparable, common editing criteria for ABPM should be used
throughout the world. The problem is to establish
which of the methods proposed in the literature
provides the most reliable data. Whereas some methods
seem to provide the best results in terms of ABPM
reproducibility [111], others require the intervention of
the observer or allow fully automatic editing [110].
While waiting for more objective criteria to identify a
universally accepted editing procedure, we recommend
that, if there are sufficient measurements, editing is not
necessary for calculating average 24-h, daytime and
night-time values, and that only grossly incorrect readings should be deleted from recordings (Table 6). The
standard deviation is strongly affected by outliers, and
its value should be related to the particular editing
procedure applied to the recording.

Agreement on definition of normality for ABPM

As with CBPM, normal ranges for ABPM have been
the subject of much debate over the years. Currently,
an average daytime ABPM of less than 135 mmHg
systolic and 85 mmHg diastolic is generally considered
normal [78,81], but even lower values are being advocated [89] particularly in high-risk groups, such as
diabetic patients, in whom values less than 130/
80 mmHg are considered optimal [75–83,112–118].
The values shown in Table 6 are commonly used,
although they are regarded as conservative by some. A
prospective study from Japan has demonstrated that
ABPM has a prognostic value, and that reference levels
can be derived from long-term cardiovascular mortality
[99]. The evidence coming from cross-sectional and
current longitudinal studies supports lower levels of
normality for ABPM, although the levels to be targeted
by treatment remain to be established.

Table 6 Recommended levels of normality for ambulatory blood
pressure measurements in adults

Awake
Asleep

Optimal

Normal

Abnormal

, 130/80
, 115/65

, 135/85
, 120/70

. 140/90
. 125/65

Support for the normal and abnormal demarcation values is based on firm
evidence from a number of studies; evidence is not yet available to make
recommendations for the intermediate pressure ranges between ‘normal’ and
‘abnormal’, or for recommendations lower than those given. It must be
emphasized that these values are only a guide to ‘normality’ and that lower
‘optimal’ values may be more appropriate in patients whose total risk-factor
profile is high, and in whom there is concomitant disease, such as diabetes
mellitus.

Limitations of ABPM

The technique of ABPM has many advantages over
other available techniques but it has its limitations,
which include:
• the provision of intermittent measurements during
which the individual is sedentary rather than ‘ambulatory’
• the fact that the technique makes demands on the
individual
• that it may cause discomfort, and is more expensive
than conventional measurement.
In addition, repeated ABPMs are often not welcomed
by patients. These issues have been well addressed in
recent publications [119,120].
Clinical indications for ABPM

Ambulatory blood pressure monitoring provides a large
number of blood pressure measurements over a period
of time – usually the 24-h period – which can be
plotted to give a profile of blood pressure behaviour.
Although, in practice, the average daytime or nighttime values for ABPM are used to govern decisions, the
clinical use of ABPM has enabled a number of
phenomena in hypertension to be more clearly identified than is possible with other methods of blood
pressure measurement [90] (Fig. 1 and Table 4). ABPM
can benefit patients with hypertension who can be
classified in the categories listed in Table 7.
Patients with suspected white-coat hypertension

The importance of white-coat hypertension rests on a
curious haemodynamic phenomenon, which has quite
profound clinical relevance: some patients – let us call
them people, because they may not be ill – who appear
to have hypertension when their blood pressure is
measured by the traditional Riva-Rocci/Korotkoff method, have normal blood pressures when ABPM is used
to record their blood pressures away from the medical
environment. Put another way, conventional blood
pressure measurement is misleading in people with
white-coat hypertension and if decisions are based on
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Table 7 Possible clinical indications for ambulatory blood
pressure measurement
•
•
•
•
•
•
•
•
•
•

Suspected white-coat hypertension
Suspected nocturnal hypertension
To establish dipper status
Resistant hypertension
Elderly patient
As a guide to antihypertensive drug treatment
Type 1 diabetes
Hypertension of pregnancy
Evaluation of hypotension
Autonomic failure

these measurements, inappropriate diagnosis and treatment may result. Because of the limited association of
white-coat hypertension with the alerting reaction to
the presence of a physician, it has been suggested that
the alternative term ‘isolated office hypertension’
should be used [19,121].
The CMS in the USA has recently approved ABPM for
reimbursement, but only for ‘patients with suspected
white-coat hypertension’ in whom the CMS believes
the information deriving from the technique ‘is necessary in order to determine the appropriate management
of the patient’ [84]. Faced with the dilemma of being
unable any longer to deny the evidence showing the
value of ABPM on the one hand, and the need to
prevent indiscriminate use of the technique on the
other, the CMS has therefore selected white-coat
hypertension as the only indication for ABPM that is
approved for reimbursement [84]. This decision, which
is likely to change the clinical management of hypertension in the USA, makes white-coat hypertension a
condition of major importance. The decision by the
CMS begs the question as to how the practising
physician can select patients with white-coat hypertension. It might, indeed, be argued that all patients
with an increased CBPM are candidates for ABPM.
Unfortunately, the reimbursement rate that has been
recommended by the CMS in the USA is so low as to
have little effect in encouraging the widespread use of
the technique. The most popular definition of whitecoat hypertension requires a blood pressure measured
by conventional techniques in the office, clinic or
surgery to be greater than 140/90 mmHg on at least
three occasions, with normal ABPM measurements
throughout the 24-h period, except perhaps during the
first 1 h of the 24-h recording, when the patient is
under the pressor influence of the medical environment
while having the monitor fitted [88].
White-coat hypertension is common, but the prevalence depends, of course, on how the condition is
defined. The prevalence has been variably described as
comprising 10–15% of clinic referrals for ABPM, with
reports for prevalence in the population of around 10%
[25,122].

The clinical importance of white-coat hypertension
centres on the argument as to whether or not it carries
an entirely benign prognosis. If it carries little or no
risk, then establishing the diagnosis has significant
implications, not just for those newly referred individuals in whom the diagnosis is suspected, and who can
be reassured, but also for a large proportion of patients
who have been labelled as ‘hypertensive’ with conventional measurement, and from whom the burden of
unnecessary drug therapy may often be lifted, at least
temporarily. The clinical significance of white-coat
hypertension has become more clear from a growing
mass of data, including some event-based cohort studies [123–125], which suggest that individuals with
increased blood pressure on CBPM, who have normal
average daytime pressures on ABPM, have a risk of
major cardiovascular events comparable to that of
clinically normotensive individuals and less than that of
individuals with increased daytime pressures. Conversely, some studies have suggested that patients with
white-coat hypertension may be at increased risk, albeit
a smaller risk than patients with sustained hypertension
[88,122,126]. Evidence to date does not therefore
permit a conclusive statement on this issue but, clearly,
if patients with white-coat hypertension are at risk, the
risk is very much smaller than that for patients with
sustained hypertension.
Several hypertension guidelines [85–87] stipulate that
suspected white-coat hypertension is an indication for
ABPM. However, none of the guidelines elaborate as to
how the practising physician may ‘suspect’ white-coat
hypertension, and in fairness it has to be admitted that
data allowing an estimate of the probability of whitecoat hypertension according to the clinical characteristics of individuals are very scarce (Table 6). An
analysis of data from a number of studies [25,127–129]
indicate that, in untreated persons with essential hypertension, the probability of white-coat hypertension increases in those with:
(a) office systolic blood pressure 140–159 mmHg or
diastolic blood pressure 90-99 mmHg
(b) female sex
(c) non-smokers
(d) hypertension of recent onset
(e) limited number of blood pressure measurements in
the office
(f) normal left ventricular mass.
No one group seems to be exempt from white-coat
hypertension: it may affect the young, the elderly,
normotensive and hypertensive individuals, and pregnant women. The consequences of failing to identify
the condition are considerable. Young (and, indeed,
not-so-young) people may be penalized for insurance
and pension policies, and for employment. Life-long
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treatment may be prescribed unnecessarily, and if
antihypertensive medication is given to people whose
24-h pressures are normal, they may be made unwell
by the adverse effects of medication. In the elderly, in
whom white-coat hypertension is common, the inappropriate use of drugs may have serious debilitating
consequences. It is recommended that people with
white-coat hypertension should have the diagnosis
confirmed in 3–6 months and be followed at yearly
intervals with ABPM in order to detect if and when
sustained hypertension occurs [83].
White-coat effect

White-coat hypertension must be distinguished from
the ‘white-coat effect’, which is the term used to
describe the increase in pressure that occurs in the
medical environment regardless of the daytime ABPM.
In other words, the term indicates the phenomenon,
found in most hypertensive patients, whereby CBPM is
usually greater than the average daytime ABPM, which
is nonetheless increased above normal. The importance
of the phenomenon is that patients diagnosed as having
severe hypertension by CBPM may have only moderate
or mild hypertension on ABPM, because of a marked
white-coat effect. Although the white-coat effect may
contribute to white-coat hypertension, there seems to
be no predictive association between the two entities
[130]. The term ‘white-coat effect’ has also been used
by some authors [82,131] to categorize individuals with
an unusually large difference between office and ambulatory readings, regardless of the actual level of either.
According to this line of thinking, a clinically significant
white-coat effect has been defined as a CBPM exceeding mean daytime ABPM by at least 20 mmHg systolic
or 10 mmHg diastolic, or both [82]. Such a large whitecoat effect has been found in as many as 73% of treated
hypertensive individuals [131], and it may occur more
frequently in women than in men [132].
Masked hypertension (reverse white-coat hypertension)

Recently, a group of patients have been identified in
whom CBPM is normal but ABPM is increased
[133,134]. This phenomenon, which is more common
in the elderly, has previously been given the awkward
titles of ‘reverse white-coat hypertension’ or ‘white-coat
normotension’, and now Pickering and his colleagues
[134] have proposed the more sensible term ‘masked
hypertension’, to denote increased blood pressure that
is hidden until ABPM is performed. If, as has already
been shown, ABPM gives a better classification of risk
than CBPM, then it follows that these people should
be regarded as being genuinely hypertensive. The
problem for clinical practice is how to identify and
manage these patients, who it is estimated may number
as many as 10 million people in the USA [135]. The
phenomenon might be suspected in individuals who
have had an increased CBPM at some time, in young

persons with normal or normal-high CBPM who have
early left ventricular hypertrophy, in individuals with a
family history of hypertension in two parents, patients
with multiple risks for cardiovascular disease, and
perhaps diabetic patients.
Resistant hypertension

Combined systolic and diastolic hypertension is the
most common form of hypertension, and ABPM allows
for a more detailed assessment of the severity of
increase in systolic and diastolic pressures, and the
duration of the increase throughout the 24-h period
[93,134]. Moreover, the degree of white-coat effect can
be quantified. In patients with resistant hypertension
defined as a CBPM consistently greater than 140/
90 mmHg in spite of treatment with three antihypertensive drugs, ABPM may indicate that the apparent
lack of response is attributable, in fact, to the whitecoat phenomenon. Moreover, greater values of ABPM
result in a worse prognosis in patients with refractory
hypertension, supporting the recommendation that
ABPM is useful in stratifying the cardiovascular risk in
patients with refractory hypertension [93].
Elderly patients in whom treatment is being considered

A number of patterns of ABPM may be found in
elderly individuals. The results of the ABPM substudy
of the Systolic Hypertension in Europe Trial showed
that systolic blood pressure measured conventionally in
the elderly may average 20 mmHg more than daytime
ABPM [136], thereby leading to inevitable overestimation of isolated systolic hypertension in the elderly and
probable excessive treatment of the condition. Moreover, results from this study also show that systolic
ABPM was a significant predictor of cardiovascular risk
over and above conventional systolic blood pressure
[136]. A number of ABPM patterns are found in the
elderly, among which are hypotensive states resulting
from baroreceptor or autonomic failure. As the elderly
can be particularly susceptible to the adverse effects of
blood pressure-lowering drugs, identification of hypotension becomes particularly important [37], although
its management may present a considerable therapeutic
challenge.
Suspected nocturnal hypertension

Ambulatory blood pressure measurement is the only
non-invasive blood pressure measuring technique that
permits measurement of blood pressure during sleep.
The relevance of nocturnal hypertension has been
controversial, but recent evidence has shown that a
non-dipping nocturnal pattern is a strong independent
risk factor for cardiovascular mortality [89,91,92,137–
140]. In a recent study, [139], Ohkubo and his colleagues extended their previous preliminary findings [140]
in 1542 inhabitants of Ohasama, Japan, by increasing
the mean follow-up from 4.1 years to 9.2 years. There
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was a linear and inverse relationship between cardiovascular mortality and the nocturnal decline in blood
pressure, which was independent of the overall blood
pressure load during 24 h and other cardiovascular risk
factors. Overall, each 5% increment in the systolic or
diastolic night : day ratio was associated with a 20%
increase in the risk of cardiovascular death, even when
24-h ABPM was within the normotensive range (,135/
80 mmHg). It has also been shown that absence of
nocturnal ‘dipping’ of blood pressure to lower values
than during the day is associated with target-organ
involvement, and may be a useful (although nonspecific) clue as to the presence of secondary hypertension [83]. Nocturnal hypertension may be suspected
on the basis of increased SBPM at home during the
evening (although awake blood pressures correlate very
poorly with nocturnal blood pressure), or by evidence
of target-organ damage in excess of what might be
expected from CBPM readings. When non-dipping (or
extreme dipping) appears likely on ABPM, the recording should be repeated to confirm the diagnosis, as the
reproducibility of nocturnal blood pressure is poor.

Values are mean  SD. BP, blood pressure; SBP, DBP, systolic and diastolic
blood pressures. Data from O’Brien et al. [142].

Pregnancy

Ambulatory hypotension

As in the non-pregnant state, in pregnancy the main
use for ABPM is the identification of white-coat hypertension, which may occur in nearly 30% of pregnant
women [141]. Its recognition is important, so that
pregnant women are not admitted to hospital or given
antihypertensive drugs unnecessarily or excessively.
Normal values for ABPM in the pregnant population
are available, and the changes in pressure that occur
during the trimesters of pregnancy and in the postpartum period have been defined (Table 8) [142]. The
evidence that ABPM may predict pre-eclamptic toxaemia is not yet conclusive [143,144]. However ABPM
correlates better with proteinuria than does CBPM
[145], it is a better predictor of hypertensive complications [146], and women diagnosed by the technique as
having hypertension have infants with lower birth
weight than normotensive women [147]. Moreover,
women with white-coat hypertension tend to have more
caesarean sections than normotensive women, suggesting that, if ABPM rather than CBPM was used to
measure blood pressure, caesarean delivery might be
avoided [141].

Reference has already been made to the clinical use of
ABPM in identifying hypotensive episodes in the
elderly, but it may also be used in young patients in
whom hypotension is suspected of causing symptoms
[32]. In treated hypertensive patients, ABPM may also
demonstrate drug-induced decreases in blood pressure
that may have untoward effects in those with a
compromised arterial circulation, such as individuals
with coronary and cerebrovascular disease [151].

Diabetes

In individuals with type 1 diabetes, a blunted or absent
decrease in blood pressure from day to night is a
predictor for increased risk of serious cardiovascular
complications [148]. An increase in systolic ABPM
during the night may antedate the development of
microalbuminuria in young patients with type 1 diabetes, and the magnitude of the nocturnal dip in blood
pressure predicts the development of microalbuminuria
[149]. These data suggest that use of ABPM in patients

Table 8 Ambulatory blood pressure values during the trimesters
of pregnancy
Gestation (weeks)
BP (mmHg)
Daytime
SBP
DBP
Night-time
SBP
DBP

9–16

18–24

26–32

33–40

115  8
70  7

115  8
69  6

116  9
70  7

119  9
74  7

100  7
55  5

99  8
54  6

101  8
55  6

106  8
58  7

with type 1 diabetes and absence of microalbuminuria
may be valuable in directing therapeutic strategies to
prevent renal disease at a very early stage.
Through carefully taken CBPM will identify most
patients with type 2 diabetes in need of treatment,
ABPM with identify a significant number of patients
with ‘masked hypertension’ [150].

Ambulatory blood pressure measurement and drug
treatment

The role of ABPM in guiding drug treatment is
currently the subject of much research, and its place in
this regard has not yet been fully established. However,
recent reviews have highlighted the potential of 24-h
ABPM in guiding the use of antihypertensive medication [152,153]. Furthermore, in a well-controlled study,
adjustment of antihypertensive treatment on the basis
of either ABPM or CBPM resulted in less intensive
drug treatment in the ABPM group despite comparable
blood pressure control in both groups and, importantly,
patients in the ABPM group, who received less drug
treatment, were not disadvantaged as judged by left
ventricular mass on echocardiography [103]. Quite apart
from this attribute, ABPM gives the prescribing doctor
an assessment of the response to treatment that CBPM
cannot provide: the efficacy of treatment without the
white-coat effect can be ascertained, excessive drug
effect and the occurrence of symptoms can be determined, and the duration of drug effect over the 24-h
period and the consequences for blood pressure control
of failing to take a drug as prescribed can be demon-
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strated [154]. The 24-h distribution of the blood
pressure effect of antihypertensive drugs can also be
quantified by applying specific mathematical indices to
the analysis of ABPM recordings, such as the trough-topeak ratio and the smoothness index [155–157].
Who should be re-monitored?

Ambulatory blood pressure monitoring may cause inconvenience to patients, and it should be used, therefore, with discretion. The decision as to when to repeat
ABPM is largely one of clinical judgement, which may
be influenced by factors such as excessive blood
pressure variability, an inappropriate response to treatment, an adverse risk-factor profile and the need for
careful control of blood pressure, such as in hypertensive patients with diabetes mellitus, renal disease or
severe cardiovascular disease.
In individuals with increased CBPM and normal ABPM
– that is, white-coat hypertension – it is advisable to
confirm the reproducibility of the diagnosis by repeating ABPM within 3–6 months, because more than 50%
of those with white-coat hypertension may develop
sustained hypertension within 6 months [158]. As a
general rule, in individuals with confirmed white-coat
hypertension and a normal risk factor profile it is
usually unnecessary to repeat ABPM more frequently
than annually, or every 2 years if the pattern appears to
be established and consistent, as is often the case [77].
Conversely, if a patient with white-coat hypertension
has a high-risk profile, ABPM every 6 months may be
indicated, in order to detect the transition from the
white-coat hypertension state to sustained hypertension
and the need for antihypertensive medication. Alternatively, SBPM may be combined with ABPM to reduce
the frequency of ABPM.
The frequency of repeat ABPM to evaluate the efficacy
of antihypertensive medication will be dependent on
the severity of the hypertension and the response to
treatment. In patients with severe hypertension and
evidence of target-organ damage, blood pressure reduction is urgent, and in the initial stages of treatment
ABPM may be required monthly or sometimes more
frequently as different drug combinations are introduced and dosages are altered. In patients with mild
hypertension and no evidence of target-organ involvement, ABPM every 6 months may suffice to guide drug
treatment.
Hypertensive patients with a marked white-coat reaction can be particularly difficult to manage because
CBPM may be very misleading, and management must
then be governed by ABPM. The frequency of repeat
ABPM must be guided by the response to treatment,
the stability of blood pressure control and the overall
cardiovascular risk profile.

The frequency of ABPM in other indications for the
technique will depend on the overall cardiovascular
status of the patient and the overall response to
management. In patients in whom the risk for cardiovascular complications is high, the frequency of repeat
ABPM is more than justified by the need for tight
control of blood pressure, whereas when the risk is low,
less frequent ABPM is required, or the use of the
technique can be combined with SBPM.
Conclusion

Ambulatory blood pressure measurement has been used
in research for many years and is now mandatory in
clinical pharmacological research and when new antihypertensive compounds are being assessed. After a
long gestational period in research, ABPM has now
become an indispensable technique in the management
of hypertension. This being so, there is a need to
encourage its use in general practice, rather than
restricting its availability to specialist hospital centres,
as has tended to be the case hitherto. However,
diagnostic and management decisions based on the
interpretation of ABPM patterns are more complex
than has been the case with CBPM, and suitable
educational processes must also be initiated. Standardization of data handling and presentation, the display of
normal bands, the delineation of the windows of the
24 h profile and computer-generated reports as physician assistance are steps that should make the technique easier to use and interpret, so that its manifest
advantages can be utilized to improve the management
of hypertension, which remains so abysmally poor.

Part IV. Self blood pressure measurement
It has been recognized for more than 50 years that
SBPM readings in the home are lower than those
recorded by a doctor [74,159]. The discrepancy between pressures recorded in the home and the clinic,
which has been confirmed repeatedly, is primarily a
result of the white-coat effect, and is present regardless
of whether patients or their relatives measure the blood
pressure [160].
Self blood pressure measurement is popular among
patients, as indicated by the huge sales of self-monitoring devices, but SBPM has not been accepted as
readily in medical practice as home blood glucose
monitoring in diabetes has been. There are a number
of explanations for this:
• training patients to use SBPM using the auscultatory
technique was troublesome and time-consuming, and
not suitable for many individuals
• SBPM is subject to bias, whereby patients can record
pressures of their own making
• SBPM may induce anxiety in some patients, who
may take an obsessional interest in blood pressure
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• most automated devices available for SBPM have not
been validated adequately, or have been shown to be
inaccurate
• because of these limitations, data have been lacking
to provide the evidence needed to ensure the place
of SBPM in modern clinical practice.
However, the advent of accurate inexpensive automated devices that can provide a printout of blood
pressure measurement with the time and date of measurement, or which allow storage of data for later analysis, plotting or electronic transmission, has removed
some of these drawbacks, and there is now a renewed
interest in SBPM. This revival of interest in an old
methodology was recognized when experts from around
the world gathered at the First International Consensus
Conference on Self Blood Pressure Measurement, in
Versailles in 1999, to discuss the evidence for and
against the technique and to establish guidelines for its
use in clinical medicine [161–168]. One of the recurring themes of the conference was the need for further
research to determine the precise role of SBPM in
practice. The discussion and recommendations that
follow are based, with permission, on the deliberations
of this conference.
The drafting of guidelines for SBPM comes at an
important moment in the global approach to the
management of hypertension, and particularly for the
use of the various blood pressure measuring methods.
In fact, the most recent international guidelines for the
management of hypertension, while highlighting the
need to stratify total cardiovascular risk accurately, have
acknowledged the need to look to alternative methods
of measurement, such as SBPM and ABPM, in order to
quantify more precisely the contribution of hypertension to cardiovascular risk [85–87].
General considerations
Devices and validation

The types of monitors available for SBPM include
mercury-column sphygmomanometers, aneroid manometers and electronic semi-automatic or automatic
devices. Although patients occasionally wish to use
portable mercury-column sphygmomanometers, they
are cumbersome, require technical instructions and
training of the patient, and they contribute to environmental pollution with mercury [64–68]. Aneroid manometers, which have been widely used by patients, also
require skill by the patient and training by the physician, and they can become inaccurate with use [57].
The availability of electronic devices has increased
markedly during the past few years and they are popular with patients.
The sale of electronic blood pressure measuring devices designed for SBPM is not necessarily subject to

any medical influence. Such devices can be bought by
patients without discussion with their doctors, and can
be advertised outside the pharmacy or medical distribution system without medical constraint. This freedom
from medical control, coupled with a growing public
desire to know more about health and illness, has
resulted in the manufacture and marketing of a vast
array of such devices, few of which have been evaluated according to the procedures considered necessary
for blood pressure measuring equipment used in clinical practice. Therefore, in the interest of obtaining
accurate SBPM measurements, the public should be
advised to purchase only devices that have been
independently validated (Table 9).
The automated devices available for SBPM all use the
oscillometric technique. There are three categories
available: devices that measure blood pressure on the
upper arm, the wrist and the finger.
Finger devices. Devices that measure blood pressure at
the finger are not recommended, because of the inaccuracies that occur because of measurement distortion
with peripheral vasoconstriction, the alteration in blood
pressure the more distal the site of recording, and the
effect of limb position on blood pressure [2,8].
Wrist devices. Devices that measure blood pressure at
the wrist are subject to the same last two problems as
the finger devices, and although they are more accurate
than finger measuring devices, there are strong reservations about the correct use of wrist devices. If the wrist
is not held at heart level during measurement, inaccurate measurements will be obtained, and measurement
is also influenced by flexion and hyperextension of the
wrist. Additional studies have been advocated to explore
the role of wrist measuring devices in special populations, such as obese or elderly individuals, in whom
SBPM using the upper arm is more difficult to perform
[169]. Because correct placement of the cuff at heart
level is essential for accurate measurement with wrist
devices, some devices have an inbuilt position sensor to
indicate the correct position [170,171]. Despite their
many limitations, automatic wrist monitors are popular
among patients, because measurement is readily obtained without the need to remove clothing.
Upper arm devices. Monitors that measure blood pressure in the upper arm (brachial artery) have been shown
Table 9
•
•
•
•
•
•
•

Devices and validation

Devices must have an EU certificate
Devices should be validated using established protocols
Arm measuring devices are the recommended choice
Finger measuring devices are not recommended
Wrist measuring devices can be unreliable
Correct cuffs for individual arms should be used
Manufacturers should provide an ‘adjustable cuff’ applicable to all adult arms
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to be the most reliable devices, both in clinical practice
and in the major hypertension trials; therefore their use
is recommended for SBPM. The recommendations that
apply to blood pressure in general are applicable to these
automated devices (see Part I). Appropriate cuff sizes
should be available. It may not be possible to measure
blood pressure with automated devices in patients with
arrhythmias, and there are some patients in whom automated measurement is not possible without an obvious
reason being evident. In view of the fact that the number of devices for SBPM on the market that have
fulfilled independent validation criteria is small, the
state of the market needs to be assessed regularly, with
the results being easily accessible to prospective purchasers. In this regard, the ESH and BHS have established
websites to provide updated lists of validated blood
pressure measuring devices [10,11].
Choice of an appropriate device. Preference should be
given to devices using a brachial cuff and offering the
possibility to store, transmit or print measurements.
Wrist instruments should be considered with caution.
Manual devices based on the auscultatory method may
be more appropriate for patients with arrhythmias (see
Part II).
User procedure

The recommendations for SBPM do not vary in principle from those that apply for blood pressure measurement in general, but there are some points in need of
emphasis:
• SBPM should be performed under medical supervision
• there should be a 5-min period of rest before
measurement
• the cuff of the measuring device must be at the level
of the heart on the arm with the highest blood
pressure
• during diagnosis and initiation of treatment, duplicate
SBPM measurements should be made in the morning
and evening for 1 week, and for long-term observation this should be repeated for 1 week every
3 months, with the first day of measurements being
discarded
• patients’ diaries may be unreliable, and memoryequipped devices are preferred.
Use in primary care. At present, SBPM is performed
mostly by patients on their own initiative, using devices
bought on the free market, without medical control.
Primary care physicians should see SBPM as a means of
gaining further insight into blood pressure control and
the effects of management strategies in motivated and
informed patients who remain under medical supervision.

Frequency and timing of SBPM. The frequency of SBPM
may vary according to the indication and the information
that is being sought [165]. The difference between
morning and evening values is greater in treated than in
untreated individuals, and this is probably attributable
to the effect of antihypertensive medication, reflecting
perhaps the duration of blood pressure lowering [172].
Although no study has analysed the optimal timing and
frequency of measurements, the following recommendations of the German Hypertension League are proposed
[165]:
• Commencement phase: At the initiation of SBPM,
there should be an initial 7-day measurement period
with two SBPMs in the morning and in the evening
at predefined times (0600–0900 h and 0600–2100 h).
Measurements from the first day should be excluded
from the statistical analysis, because these may
represent a period of familiarization and anxiety with
the technique, and often yield measurements that are
not representative [173]. The average of these values
is taken as reference for the follow-up period.
• Treatment phase: SBPM should be used exactly as
in the commencement phase. The SBPM data during
treatment should, as a matter of principle, be
ascertained at trough – that is, before the drug
intake. If treatment is changed, the averages of the
SBPM values measured over 2 weeks are used to
assess the treatment effect [165].
• Follow-up phase: SBPM should be performed on
one day per week if hypertension is controlled. This
frequency of measurement may be increased in
patients in whom poor compliance to treatment, or
uncontrolled hypertension is suspected.
The minimum of measurements performed in each
period should be a total of 12 readings recorded during
7 working days. Depending on individual needs (e.g.
poor compliance) or for pharmacological studies, more
frequent measurements may be recommended [165].
Factors influencing SBPM

Observer prejudice. The unreliability of SBPM reported
by patients themselves has been demonstrated by comparing the recorded pressures with those recorded secretly by an automatic data storage system [174].
Memory-equipped devices have the potential to reduce
observer prejudice.
Training of patients. Doctors must themselves be conversant with the strengths and limitations of SBPM, be
aware of the accuracy and reliability of the equipment
being used by their patients, and be able to advise them
on the state of the market for automated devices [175].
Training should focus on equipment, the procedure,
interpretation of results, blood pressure variability, normal readings, the need for the calibration and mainte-
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nance of the equipment, and also hypertension and its
treatment. Towards this end, nurses in primary care
practices, who are most suited to training patients, may
find the available CD-ROMs [22,23,176] and the BHS
booklet useful for demonstration to patients anxious to
know more about self measurement [19].
Seasonal variations. Blood pressure varies with the seasons, being higher in winter and lower in summer, and
these variations should be considered in the interpretation of SBPM measurements in individual patients
[177].
Patient disability. Few patients are unable to perform
SBPM, but it may be unsuitable for patients with
physical problems, or mental disabilities. SBPM is most
suited to hypertensive patients who wish to contribute
to their own management.
Diagnostic thresholds

The association between blood pressure and cardiovascular risk is continuous, without a threshold above
which risk suddenly increases. However, clinical decisions must be based on diagnostic or operational thresholds. In this regard, there is an agreement that the
thresholds currently applicable for conventional sphygmomanometry cannot be extrapolated to automated
measurements. Different methodological approaches
may be used for the determination of threshold values,
the most satisfactory of which is to relate blood
pressure thresholds to cardiovascular outcome, but
there are limited data available for SBPM [178–180].
The recommended thresholds shown in Table 10 are
derived from statistical considerations in a large population database comprising some 5422 normotensive
and untreated hypertensive individuals [164,179]. The
threshold of 135/85 mmHg for SBPM is the same as
that for mean daytime ABPM.

coat hypertension [181], but the finding of a normal
SBPM does not rule out the possibility that the blood
pressure may be higher at other times of the day. The
same magnitude of the white-coat effect and the same
proportion of clinic reactors have been observed using
SBPM and ABPM, but there was disagreement in the
classification of a substantial number of patients. The
CBPM–SBPM difference is often smaller than the
difference between CBPM and average daytime ABPM
[182–185]. SBPM, which is less costly and more
convenient than ABPM, may be appropriate for the
long-term follow-up of patients with white-coat hypertension.
Guiding antihypertensive medication

SBPM may have a role in assessing the response to
antihypertensive drug treatment outside the medical
environment and over time. Measuring blood pressure
in the home environment under similar every-day
conditions avoids the white-coat effect and allows a
reduction in variability [168,182,186]. SBPM can improve the assessment of blood pressure measurement in
hypertension management and in clinical trials. In fact,
SBPM has been shown to be a sensitive method for
detecting small changes in pressure. Moreover, the
duration of action of an antihypertensive drug can be
assessed. SBPM also has a potential role in trials of
antihypertensive medication in which self measurements can be carried out a number of times each day
over several weeks [186,187].
The elderly

The feasibility of using SBPM in elderly patients may
be influenced by physical and intellectual limitations
and by the complexity of use of the chosen device.
Studies have shown that automated devices are more
precise and easier to use than semi-automatic and
manually operated equipment in elderly people.

Clinical indications

Pregnancy

The clinical applications of SBPM are only beginning
to become apparent as the technique becomes more
widely used and scientific data are gathered.

As in the general population, in pregnant women the
blood pressures recorded by SBPM are lower than those
obtained by CBPM. SBPM may be useful in diagnosing
white-coat responders and monitoring the effect of
antihypertensive medication. The use of data storage
and electronic transmission of data may have a particular role for patients living at a distance from the
maternity clinic. However, there are very few data on
the normal values for SBPM in the different stages of
pregnancy and on the use of the technique in pregnancy.

White-coat hypertension

CBPM is extremely variable over time, and the accuracy of the technique may be improved by increasing
the number of visits, rather than the number of measurements at a given visit. SBPM has been proposed as
a useful alternative to ABPM in the detection of whiteTable 10 Diagnostic thresholds for self blood pressure
measurement (SBPM)
•
•
•
•

Data from longitudinal studies limited
Reference values are derived principally from statistical evaluation of databases
135/85 mmHg may be considered as upper limit of normality
SBPM needs to be further evaluated in prospective outcome studies

Diabetes

There is increasing evidence that stringent control of
blood pressure reduces the cardiovascular and microvascular complications of diabetes, and SBPM may
provide an additional means of ensuring that such

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

ESH recommendations for BP measurement O’Brien et al. 843

control is achieved, although there are as yet no data to
guide the use of SBPM in diabetic patients.

12

Resistant hypertension

13

In patients with apparently uncontrolled CBPM, the
blood pressure may be adequately controlled when they
are at home. It may be possible to identify at least
some of these patients by SBPM, although ABPM is
the preferred technique. In the evaluation of patients
with resistant hypertension but no signs of target-organ
damage, the first step might be to use SBPM, and if
the blood pressures are low, ABPM may then be
indicated to confirm the degree of control.
Improving compliance to treatment

One of the most important causes of refractory hypertension is poor compliance or adherence to treatment.
SBPM may provide patients with an understanding of
increased blood pressure and its response to treatment,
thereby improving adherence to treatment [188,189].
Predicting outcome

SBPM may offer some advantage over CBPM in
predicting cardiovascular outcome in hypertension
[175], but data are extremely limited and the results of
current trials must be awaited. However, the results of
cross-sectional studies have shown that the degree of
left ventricular hypertrophy determined by electrocardiography and by echocardiography is more strongly
correlated to SBPM than to CBPM [167,190,191].
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