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Blood pressure variability: does speed matter?
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Blood pressure (BP) is dynamic. Conven-
tional assessment of BP only provides a

snapshot of continuous fluctuations. BP
fluctuation, also known as BP variability,
has been identified as an important indepen-
dent cardiovascular risk factor and is
associated with both the prevalence and
severity of target-organ damage, regardless
of the BP levels in different populations.1–5

Fluctuations in BP range from fast changes
lasting only a few seconds, to slower and
more prolonged variations over minutes,
hours or even days or months.6

Conventional measures of BP variability,
such as the s.d. or the coefficient of variation
of the average ambulatory systolic BP, have
been challenged due to their limited predic-
tive power.7 The s.d. of BP variability is a
less precise indicator of true BP dynamics,
as it only reflects the dispersion of BP
measurements around the mean and does
not account for the order or time rate of BP
variation (a measure of the speed of BP
fluctuations) in BP measurements obtained
over a 24-h period.8 In addition, the s.d.
of BP variability could be influenced by
physiological factors, such as nocturnal BP,
as well as by some environmental factors.
These factors suggests a need to use indices
other than the s.d. because the same s.d. (or
the coefficient of variation) value may be
associated with completely different patterns
of BP variability.9

To address these challenges and to both
improve the assessment of BP variability and
obtain quantifiable information on the speed
of changes in systolic BP, many novel
techniques are evolving.10 To quantify the
speed of changes in BP variability, the
average real variability (ARV index) of BP

variability was proposed by Mena et al.8

ARV is quantified by calculating the mean
of the differences between two successive BP
measurements taken during 24-h ambulatory
blood pressure monitoring (ABPM). In a
large cohort study, ARV was a better
predictor of cardiocerebrovascular events
and cardiovascular mortality than some of
the more conventional measures of BP
variability.11 In 2005, Zakopoulos et al.12

proposed the ‘time rate of BPV’ to measure
the speed and direction of systolic BP value
change. The ‘time rate of BPV’ was derived
from 24-h ABPM and was defined as the first
derivative of the systolic BP values against
time. Manios et al.13 used this index to
quantify short-term changes in systolic BP
in normotensive subjects with suspected
coronary artery disease, and the authors
found that the ‘time rate of BPV’ was more
pronounced in subjects with coronary
atherosclerotic lesions when compared
with controls with normal angiography.
However, the use of ABPM for estimating
BP variability has been challenged because
of the length of the spacing of BP
measurements.9,14 Mancia et al.15 showed
that short-term changes in the systolic BP
and quantification of the speed of systolic
BP changes over short time intervals were
significantly greater in hypertensive subjects
than in normotensive individuals; even
more important were the differences in the
slope of the rapid and short-duration
changes in systolic BP.
Owing to its intricate nature, a precise and

detailed assessment of short-term BP varia-
bility can be obtained from the analysis of
continuous, beat-to-beat BP recordings. In
the past, continuous BP recordings were
assessed invasively. Recently, advanced non-
invasive devices that measure finger BP on a
beat-by-beat basis have been developed,
including the Finapres monitor (Finapres
OHMEDA, Englewood, CO, USA) followed

by the Portapres (Portapres, Finapres Medical
Systems, Amsterdam, The Netherlands) and
the Finometer device (Finometer, Finapres
Medical Systems); these devices have made
non-invasive continuous BP monitoring pos-
sible in ambulatory conditions over 24 h. The
advent of these non-invasive techniques in
combination with novel mathematical
approaches for assessing BPV have made
beat-to-beat assessment feasible within the
clinical setting.16

In this issue of Hypertension Research,
van Gestel et al.17 investigate for the first
time the degree and speed of fluctuations in
the systolic BP in a group of subjects with a
heterogeneous cardiovascular risk profile.
This study utilized non-invasively obtained
continuous hemodynamic measurements of
beat-to-beat BP recordings over 5min using
a Finometer device. By calculating the slopes
of the oscillatory fluctuations in the systolic
BP for different interbeat intervals, the
authors quantified the speed of the systolic
BP (vSBP) changes. They found that the
vSBP in subjects considered at high
cardiovascular risk was significantly higher
than in subjects with no or low
cardiovascular risk. Interestingly, they found
that the degree of BP variability as quantified
by s.d. was not associated with cardiovascular
risk. Taken together, these findings may
provide evidence that the speed of changes
in systolic BP rather than the amount of BPV
may have a crucial role in cardiovascular
disease. Of course, given the modest sample
size of the study cohort (n¼ 122), these
cross-sectional study findings will need to
be confirmed in much larger clinical trials.
Nonetheless, they do shed light on the
potential dynamics of BP variability in
subjects with cardiovascular disease.
Although the findings presented by van

Gestel et al. are interesting and certainly
could suggest that BP variability enthusiasts
should be paying attention to not only the
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degree of BP variations but also the speed of
systolic BP variations, their findings perhaps
raise more questions than answers. First, what
are the mechanisms by which fluctuations in
systolic BP contribute to the occurrence or
progressive deterioration of cardiovascular
disease? Second, what diagnostic procedures
and therapeutic steps should be performed to
manage BPV? Third, is there a clinical advan-
tage to addressing high systolic BP fluctua-
tions? In answer to some of these vital
questions, steep BP variations could increase
the oscillatory shear stress in the vessel wall of
medium and large arteries. This enhances the
traumatic effects of intravascular pressures on
the vessel wall, which may ultimately result in
the pathogenesis of cardiovascular disease.13

Unfortunately, measures of vascular structure
or function were not assessed in the present
study; thus, the precise mechanism remains to
be elucidated. BP variability has increasingly
been recognized as a novel risk factor that can
predict not only primary but also recurrent
stroke risk and provide information that
complements the mean BP levels.18 Apart
from the magnitude of BP elevation, it is
increasingly being recognized that the time
rate of BP variation, a relatively new index of
BP variation, offers additional prognostic
significance for target-organ damage.19

In conclusion, whether we should consider
assessing the speed of BP fluctuations as an
additional measure of BP variation still
remains unclear and the available evidence is
not strong enough to support this practice.
However, it has been proposed that the future
of BP variability assessment will be to develop
devices that measure beat-to-beat ambulatory
BP non-invasively and that could be used in
large and long-term studies in a cost-effective
manner to detect even subtle differences in the
magnitude and type of BP variations.9 It may
also be possible to assess the speed of the BP
changes during the frequent pressor and

depressor episodes that occur spontaneously
over 24h on a large scale.9 In addition, it has
been shown that BP changes faster throughout
the day and night in hypertensive subjects than
in normotensive subjects,15 but no data are
available on whether the potentially greater
traumatic effect of faster BP changes on the
heart and the vessel wall favors organ damage
and increases the risk of cardiovascular events.9

Further, prospective work is needed to
elucidate whether altering BP variability will
improve cardiovascular outcomes. Finally,
longitudinal studies on beat-to-beat systolic
BP measurements in different cohorts of
subjects with varied cardiovascular risk
profiles are needed to assess its clinical
usefulness.
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