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COMMENT

Divergent effects of systolic blood pressure amplification on
accuracy and precision of cuff blood pressure measurement
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“Accuracy of cuff blood pressure and systolic blood pres-
sure amplification”.

A fundamental structural property of the arterial tree is
that arteries reduce in calibre and increase in wall stiffness
and relative thickness with distance from the proximal aorta.
This geometric and elastic nonuniformity has the effect of
increasing the amplitude of the propagating pressure pulse
towards the periphery [1]. However, since mean arterial
pressure cannot increase from the central aorta to the per-
iphery, and remains essentially constant in large conduit
arteries, the increase in pulse amplitude is necessarily
associated with a change in the shape of the arterial pressure
pulse. This phenomenon was observed in simultaneous
invasive measurements of central and peripheral pressure in
early studies by Rowel et al. in exercise [2]. A key obser-
vation in these experiments was that the degree of pulse
amplification and change in waveform morphology was
related to the level of exercise and driven largely by
changes in heart rate. This property of frequency depen-
dency of pulse amplitude amplification was used in math-
ematical models to develop a generalised transfer function
for the estimation of central aortic pressure from the per-
ipheral (radial) pulse [3]. Although the stiffness and pro-
pagation properties are dependent on arterial pressure, due
to the non-linear elasticity of the arterial wall, this depen-
dency was shown to have a relatively small effect such that
the changes in the invasive measurement of aortic pressure
during a Valsalva manoeuvre were reliably tracked by the

noninvasive estimation [4]. This confirmed that the model
could be reliably used over physiological pressure ranges.

The important clinical implications of the frequency-
dependent pulse amplification was effectively illustrated in
large cohort studies where higher values of central aortic
systolic pressure (SBP) were obtained in those being treated
with beta blocking agents compared with calcium antago-
nists for a similar brachial SBP [5]. The lower heart rate
resulting in reduced pulse amplification, hence higher
relative SBP at the aortic root for similar brachial SBP, can
partly explain the results of the LIFE study where the beta-
bocking arm (atenolol) showed a much lower degree of
regression of left ventricular hypertrophy compared to the
angiotensin receptor blocker arm (losartan) for similar
decrease in brachial SBP [6]. This suggested that pulse
amplification could have a significant role in the assessment
and management of hypertension [7].

In this issue of Hypertension Research, Bui et al. [8]
address the physiological concept of pressure pulse ampli-
fication in the context of the conventional pressure
measurement in the brachial artery by an automated oscil-
lometric cuff sphygmomanometer. Their study is based on
previous findings of different phenotypes based on the
degree of aortic-brachial and brachial-radial pulse amplifi-
cation explaining the differences in invasively measured
aortic SBP [9]. The present study by Bui et al. [8] involved
the comparison of invasive aortic and brachial SBP with
noninvasive brachial SBP measured by automated oscillo-
metric cuff sphygmomanometer. The study was conducted
at five independent research sites in 795 participants (74%
male, aged 64 ± 11 years) undergoing diagnostic coronary
angiography. There were seven different types of automated
brachial cuff devices in the five sites. Pulse amplification
was determined from the difference of invasive brachial
SBP and aortic SBP.

For the whole cohort, there was a significant difference
in brachial cuff SBP (130 ± 18 mmHg) compared to
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invasive brachial SBP (138 ± 22 mmHg). The correspond-
ing invasive aortic SBP was 130 ± 21 mmHg. This suggests
that the average value for which the cuff device under-
estimates brachial SBP (7.6 ± 11.9 mmHg) is similar to the
invasive SBP amplification (7.3 ± 9.1 mmHg). The cuff
overestimated diastolic pressure (DBP) by 7.4 ± 8.3 mmHg,
resulting in an underestimation of brachial pulse pressure by
15.0 ± 12.6 mmHg (21%). Comparison of the difference in
invasive and cuff SBP was made in quintiles of amplifica-
tion and showed an increasing difference with increasing
SBP amplification. Using these relationships, when the cuff
SBP was corrected for the effects of amplification, the
corresponding SBP was 137 ± 21 mmHg, which was
very similar to the invasive SBP with a difference of
0.3 ± 11.4 mmHg. In addition, when corrections were
applied to the cuff SBP measurements, the concordance of
classifications across hypertension threshold increased from
57.4% to 63.7%.

The results of the study are of interest in that they suggest
a potential correction to the conventional brachial cuff
measurements of blood pressure (BP) to account for the
underestimation of SBP and overestimation of DBP.
However, it is not clear to what extent the variability of
amplification can produce confounding errors in individual
measurements, compared to the average values obtained
from large cohorts. For example, the corrections applied in
this study reduced the mean difference between invasive
and cuff brachial SBP from 7.6 to 0.3 mmHg but did not
affect the standard deviation (from 11.9 to 11.3 mmHg).
This suggests that the effective precision was not improved.
This means that there will still be substantial variability
between individuals and between measurements under dif-
ferent physiological conditions in the same individuals. The
sources of variability are difficult to discern as they are due
to concomitant variations of physiological effects and
measurement artefact. The authors of the study claim that
the SBP amplification explains most of the variance in the
accuracy of cuff SBP but with an r2 value of only 19%. This
is consistent with a large standard deviation after correction,
possibly because of the confounding effect of various
sources of error due to measurement and physiology, and
which are much more pronounced in the large spread of
SBP values compared to corresponding values of DBP and
mean pressure [10].

A potential explanation for the lack of improvement in
precision is the possible presence of redundancy. The dif-
ference in underestimation of cuff brachial SBP is similar to
the difference in aortic and brachial SBP. But if amplifica-
tion is determined by the algebraic difference of aortic and
brachial SBP, it is not surprising that correction for SBP
amplification will drive convergence of a mean difference to
around zero for the whole cohort, but the variability will still
be maintained. This contrasts with corrections made using

the frequency dependency of the transfer function which
takes in the account the whole waveform to correct for the
difference between aortic and peripheral SBP [3, 4]. In a
study comparing the difference in aortic and radial SBP [11],
applying the transfer function model reduced the mean dif-
ference from 15.7 to 0.0 mmHg, and the standard deviation
from 8.4 to 4.4 mmHg. The frequency dependency of the
transfer function directly affects the degree of the pulse
amplification. For example, waveforms that are typical of
advanced age will have less high frequency information and
will have much less amplification, and so will have a higher
aortic SBP for similar brachial SBP [12]. This also takes into
account the effect of heart rate, which is the main con-
founding factor that can change pulse amplification between
central aorta and peripheral arteries [2, 3, 5, 7, 12]. The
effect of variation of heart rate on amplification was not
explicitly considered in the study by Bui et al. and it is not
known if this may have also been a factor in the difference
between invasive and noninvasive brachial SBP.

In the study of Bui et al. [8] it is not obvious what are the
potential mechanisms whereby the SBP value obtained
from the oscillogram generated by the volume variations of
the brachial artery depends on the value of SBP at a distal
site such as the ascending aorta. So, the question remains
whether the similarity of the difference between cuff and
invasive brachial SBP and invasive aortic and brachial SBP
(ie. SBP amplification) is fortuitous, and thus introducing an
inherent redundancy in the relationship of accuracy and
SBP amplification, or it is an invariant property of the
interaction of the operation of the oscillometric technique in
the cuff BP device and fundamental arterial design in
human adults. If the latter is the case, it should also hold for
other human cohorts such as youth, where change in pulse
waveform and degree of amplification is much higher than
older adults, which was the cohort in this present study.
With further studies of this observed phenomenon, it might
be possible to extend the application to vascular models
[13] or patient-specific corrections [14] for improvement of
the precision of BP measurement.
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