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Of late, central aortic blood pressure (CABP) has emerged as a better parameter than peripheral blood pressure (BP) in the diagnosis of cardiovascular events.
Advent of new technologies has facilitated the calculation of CABP from machinederived peripheral BP. In this study, the author determined the differences between
peripheral BP measured manually or by machine and machine-derived CABP and examined whether this difference is stable even after categorizing the sample pool based
on sex, hypertension, diabetes status, and β-blocker use.
Materials and Methods A total of 83 patients (both male and female) who attended
the cardiology outpatient department were enrolled in the study. BP was recorded
both manually and using Mobil-O-Graph pulse wave analyzer (ARC Solver) in the
patient’s sitting posture. The author compared the derived central, manual, and devicemeasured BP among the patient samples and assessed whether sex, hypertension,
diabetes, and β-blocker use influence these differences.
Results Among the study population, 28 were females and 55 were males; patients’
mean age was 59.97 ± 12.15 years. The mean peripheral systolic BP (SBP) and diastolic
BP (DBP) measured manually were127.55 ± 20.15 and 79.73 ± 9.57 mm Hg, respectively. Similar measurements recorded by the device were 129.68 ± 19.93 and 78.92
± 13.48, respectively. The derived mean central aortic SBP and DBP was 117.69 ± 17.78
and 80.15 ± 13.71, respectively. Statistically significant difference in the manual and
central aortic SBP (9.85 ± 11.16; p < 0.0001) was observed. This difference was significant irrespective of sex, hypertension, diabetes status, and β-blocker use. Similarly,
difference between machine-derived peripheral SBP and central aortic SBP was statistically significant (p < 0.0001). However, the difference in manual and central aortic
DBP was nonsignificant (p = 0.6976). Interestingly, a small (−1.34 ± 2.28) but statistically significant difference (p < 0.0001) between machine-derived peripheral DBP and
central aortic DBP was observed. Further analysis to find out effect of β-blocker use
on CABP revealed that the central aortic SBP is slightly, but statistically significantly,
lower in β-blocker users (117.7 ± 17.71; p < 0.0001) than that of β-blocker nonusers
(118.9 ± 18.37; p< 0.0001).
Conclusion Central aortic systolic pressure is statistically significantly lower than
the manually recorded peripheral SBP irrespective of sex, hypertension, diabetes
status, and β-blocker use. A small but significant difference was observed between
machine-derived peripheral DBP and central aortic DBP. Patients using β-blockers were
observed to have marginally lower CABP values than those who are not using them.
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Introduction
The link between high blood pressure (BP) and increased
cardiovascular risk has been established from a large body of
data obtained with conventional (brachial cuff) sphygmomanometer measurements. Indeed, brachial BP parameters are
reasonably predictive of cardiovascular morbidity and mortality.1 However, brachial BP may not completely reflect aortic
degenerative changes that characterize the pathogenesis of
cardiovascular disease.2,3
There is evolving evidence showing that different antihypertensive drugs with similar effects on brachial BP may have
diverse effects on central aortic pressure (CAP). CAPs are influenced considerably by vascular endothelial function4,5 and
provide a more accurate reflection of arterial hemodynamics.
Additionally, CAP represents the BP actually perceived by the
heart and brain and is therefore predictive of cardiovascular
outcomes.6 BP consists of a steady component (mean arterial
pressure) and a pulsatile component (pulse pressure).7 The
pulse pressure component, which is defined as the difference
between brachial systolic blood pressure (SBP) and diastolic
blood pressure (DBP), has been emphasized as a surrogate
marker of large artery stiffness and a possible predictor of
coronary heart disease risk independent of mean arterial
pressure.8 There is a disparity, however, between central and
peripheral pulse pressure due to a rise in SBP,9 which has been
attributed, in part, to conventional cardiovascular risk factors
such as hypercholesterolemia,10 smoking,11 and metabolic
syndrome.12 This disparity diminishes with age due to aortic
stiffening, for which an increase in pulse wave velocity is a
surrogate.13 Biophysically, CAP is determined by two major
factors: cardiac output and peripheral vascular resistance.4,14
Thus, CAP should give a more accurate reflection of the
hemodynamic burden on the ejecting left ventricle, coronary,
and cerebral vasculature, and theoretically may correspond
more closely to cardiovascular events than to brachial BP.

Materials and Methods
A total of 83 patients (both male and female) who attended
the cardiology outpatient department were enrolled in

the study. BP was recorded both manually and using MobilO-Graph pulse wave analyzer (ARC Solver; I.E.M. GmbH) in patient’s sitting posture. The author has compared the derived
central, manual, and device-measured BP among the patient
samples and assessed whether gender, hypertension, diabetes,
and β-blocker use influence these differences (►Table 1).

Results
Among the study population, 28 were females and 55 were
males; patients’ mean age was 59.97 ± 12.15 years. The mean
peripheral SBP and DBP measured manually were 127.55
± 20.15 and 79.73 ± 9.57 mm Hg, respectively. Similar measurements recorded by the device were 129.68 ± 19.93 and
78.92 ± 13.48, respectively. The derived mean central aortic
SBP and DBP was 117.69 ± 17.78 and 80.15 ± 13.71, respectively. Statistically significant difference in the manual and
central aortic SBP (9.85 ± 11.16; p < 0.0001) was observed.
This difference was significant irrespective of sex, hypertension, diabetes status, and β-blocker use. Similarly, difference
between machine-derived peripheral SBP and central aortic SBP was statistically significant (p < 0.0001). However,
the difference in manual and central aortic DBP was nonsignificant (p = 0.6976). Interestingly, a small (−1.34 ± 2.28)
but statistically significant difference (p < 0.0001) between
machine-derived peripheral DBP and central aortic DBP was
observed. Further analysis to find out effect of β-blocker use
on central aortic blood pressure (CABP) revealed that the
central aortic SBP is slightly, but statistically significantly,
lower in β-blocker users (117.7 ± 17.71; p < 0.0001) than that
of β-blocker nonusers (118.9 ± 18.37; p < 0.0001).

Discussion
Hypertension, a condition of elevated arterial BP conventionally diagnosed by brachial cuff sphygmomanometry, is
associated with increased risk of cardiovascular mortality
and morbidity and end-organ damage. However, the marked
differences in pulse pressure between the central aorta and
peripheral limbs suggest that effects of peak values of arterial BP (e.g., SBP) on centrally located organs (heart, brain,

Table 1 Comparison of BP measured by different methods
S. no.

Method 1

Mean ± SD

Method 2

Mean ± SD

p Value

Remarks

1

Manual SBP

126.83 ± 19.37

Machine-derived
central aortic SBP

117.7 ± 17.79

< 0.0001

Statistically
significant

2

Manual DBP

79.73 ± 9.58

Machine-derived
central aortic DBP

80.16 ± 13.72

0.6976

Not statistically
significant

3

Manual SBP

126.83 ± 19.37

Machine-derived
brachial SBP

129.69 ± 19.94

0.0182

Statistically
significant

4

Manual DBP

79.73 ± 9.58

Machine-derived
brachial DBP

78.93 ± 13.49

0.5187

Not statistically
significant

5

Machine-derived
brachial SBP

129.69 ± 19.94

Machine-derived
central aortic SBP

117.7 ± 17.79

< 0.0001

Statistically
significant

6

Machine-derived
brachial DBP

78.93 ± 13.49

Machine-derived
central aortic DBP

80.16 ± 13.72

< 0.0001

Statistically
significant

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure; SD, standard deviation.
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kidney) may not be accurately assessed using peripheral
measurements.
Early studies showed substantial difference in the effects
of sublingual nitroglycerin on peripheral and central (carotid)
pulse pressures: in some cases, central SBP decreasing
20 mm Hg or less with little or no effect on brachial or radial
SBP. There were, however, marked changes in the pulse wave
form. The relationship between central aortic and radial
pressure waves, quantified in terms of a mathematical transfer function, has been validated to be applicable across a
large range of physiological pressures. The use of this noninvasive technique (and other variations, including other forms
of analysis of the radial pulse or direct registration of the
carotid pulse) has facilitated a large number of studies highlighting the differential effects of antihypertensive therapy
on central aortic SBP for similar values of brachial cuff SBP.
Seminal study by McEniery et al 5 in more than 10 000
patients demonstrated a substantial overlap of central and
brachial BP between categories of hypertension. Approximately 32% of men and 10% of women who would be considered to have normal brachial SBP (and therefore, not treated)
would be classified as having stage 1 hypertension based
on equivalent central aortic SBP. Indeed, the implications of
these findings suggested a possible sign of a paradigm shift
in the management and treatment of hypertension as a significant cardiovascular risk.6 Subsequent studies produced
additional evidence of the possibility of added value of CABP.
In the assessment of modern combination therapies, the
amlodipine-valsartan combination was shown to decrease
central aortic SBP to a greater extent than the amlodipine-atenolol combination for a similar effect on brachial SBP.
Central pulse pressure has also been shown to be superior
to ambulatory BP in the prediction of all-cause and cardiovascular mortality.8 However, notwithstanding these and
other studies, there is still insufficient evidence for CABP to
be integrated in guidelines for treatment and management
of hypertension. The study by Sharman et al15 in this issue
of hypertension addresses the use of CABP as an additional
measure in the management of hypertension. However, in
contrast to other studies that perform a comparison of effects of treatments or risk categories, this study uses CABP
as a guide for treatment. Although conducted in a relatively small population (286 hypertensive patients), the study
is particular in both the design and the relevance of the
demonstration of the added value of CABP. It is a prospective,
randomized, open-label, blinded end point (PROBE) study
in which patients were randomized to treatment decisions
that were guided by best-practice usual care for BP (n = 142;
using office BP, home BP, and 24-hour ambulatory BP) or the
addition of a CABP intervention (n = 144) where CABP was
measured using radial applanation tonometry (SphygmoCor,
AtCor Medical Pty Ltd.). The study duration was 12 months,
and therapy was reviewed at intervals of 3 months. A key element of the study is the guidelines and recommendations
given to the treating practitioners for titration of therapy. The
five recommendation scenarios describe the combination of
CABP with the other BP measures (office, home, 24-hour ambulatory BP) to increase, maintain, or decrease the therapy. In
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addition to reaching the target BP using the conventional brachial cuff values, the study contains three specific outcome
measures: the World Health Organization (WHO) standard
metric for quantity of medication (daily defined dose [DDD]),
quality-of-life questionnaire, and left ventricular (LV) mass
obtained by three-dimensional echocardiography. The study
shows an impressively high adherence (92%) by practitioners
and patients to the recommendations, with an improvement
of quality of life in both the groups. The usual care BP group
showed no change in DDD, whereas the CABP group showed
a progressive decrease in DDD at each of the 3-month intervals for a similar level of brachial cuff BP between the groups.
The study demonstrates for the first time that if CABP is included in the measurement and is also used as a guide to
titrate therapy, a similar target brachial BP can be achieved
with a reduction in medication as quantified by DDD. In addition, there was a much higher proportion of patients in the
CABP group that ceased medication altogether (16%) compared with the usual care group (2%). All groups showed no
statistical difference in LV mass, but the CABP group showed
a trend for a reduction, whereas the usual care group showed
a trend for an increase. Although the effects were relatively
small (change in LV mass of ≈0.26 g), the statistical significance is borderline (p = 0.079).
There was also no difference in aortic pulse wave velocity
in all the groups, although this is not surprising, given that the
values of mean and diastolic pressures were similar in both
groups. Although demonstrating a potential for added value
of CABP in guiding hypertension management, the study by
Sharman et al15 raises several questions on the underlying
significance of the results and the conclusions reached. One
issue is the effect of heart rate on the relationship between
central and radial pulse pressure,1,3 as was seen in the studies assessing the effects of β-adrenergic blockade (atenolol)
as a hypertensive treatment,4 in which central aortic systolic
pressure was shown to be relatively higher than the amlodipine group for similar brachial systolic pressure. However, this
was not a significant concern in the study by Sharman et al15
because only ≈7% of patients in the whole cohort was on
β-blockers, and there was no difference in heart rate among
the groups. The other issue is the effects of age on the normal
BP values. For both brachial and CABP, the range of normal
values used in the study increased with age. The author
makes the valid point that, indeed, a decrease in DDD could
also be achieved simply because the target BP values would
increase with age, hence requiring reduced medication.
However, a plausible explanation for this is offered, which
is supported by the findings of the effects of CABP-guided
therapy on LV mass index. If the marked reduction in DDD in
the CABP group occurred because of a fortuitous coincidence
of the effects of age caused by increased target values, there
would be an expected rise in LV mass index, presumably because of an attenuated effect of treatment on BP. However,
the study found the opposite: a reduced DDD in the CABP
group was associated with a trend for reduced LV mass index.
From this study results, the author makes the potentially
powerful assertion that antihypertensive therapy guided by
CABP provides a more appropriate form of treatment. Thus,
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the suggestion is that this may provide the groundwork
for the introduction of CABP in the clinical management of
hypertension. However, an apparent limitation of the study
is that the use of CABP would seem to be more effective in
those with a large difference between central aortic and brachial systolic pressure. This is predominantly seen in younger individuals because the largest difference in central and
peripheral systolic pressure is seen in age groups below the
fifth decade of age, whereas the most hypertensive individuals are older than 50 years. However, a difference of ≈ 11 mm
Hg has been found to persist till the age of 80,5 which was
similar to the mean difference found in the study by Sharman
et al15 for a mean age of 64 years. This indicates that the procedure could still be of benefit in the elderly, although future
studies would need to produce data on threshold differences
in which CABP would not improve treatment.
The 2013 European Society of Hypertension/European
Society of Cardiology Guidelines for the management of
arterial hypertension9 state that although the measurement
of CABP is of interest in terms of analyses for elucidating
mechanisms related to pathophysiology, pharmacology, and
therapeutics, further investigations are needed before CABP
can be recommended for routine clinical use (with the only
possible exception being isolated systolic hypertension in
youth). Indeed, trials are required to assess hard end points,
where patients are followed up for a longer period (of the
order of 5 years, similar to many other intervention studies).
In addition, the design should be expanded in which CABP is
measured in all patients, but in which one group is assessed
by measurements of brachial cuff pressure but blind to the
results of central BP and the other groups are guided by the
results of central BP but blind to the results of brachial BP.
The study by Sharman et al15 provides the basis for these
further investigations. It provides clear evidence that the
addition of CABP can improve management of hypertension.
However, although the intention of the PROBE design is to
provide results that would be applicable to the real-world
methods used by practitioners to treat and manage hypertension, it is not known to what extent this design contributed to any underlying bias among practitioners who were
using the additional and novel measurement of CABP. In this
and other studies, CABP was estimated using applanation
tonometry. The requirements for operator training and additional time required for the procedure limit the practical use
in the clinical setting, and to date CABP has been essentially
an informative research tool. However, with new devices that
are able to measure CABP using the conventional brachial
cuff, future studies will have the capacity to be expanded to
include both office and 24-hour CABP measurements. The
overlap between brachial and central BP found in the study
by McEniery et al9 among categories of hypertension implies
that based simply on the brachial cuff BP, but in reference to
the effects of CABP on end-organ damage, there are some individuals who should be treated and who are not and others
who are on treatment and perhaps might not require it. The
paradigm shift that was suggested by these observations6
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would now seem to be supported by novel (although limited) confirmatory evidence from the study by Sharman et al,15
in which use of CABP to guide therapy is shown to provide
improvement in the efficacy of management of hypertension
through reduction in medication, as well as an additional
effect with the possibility of reducing LV mass for similar
values of brachial cuff SBP. The logical consequence of the
confirmation of this paradigm shift is a potential pathway for
the consideration of inclusion of CABP in the clinical management of hypertension.

Conclusion
Evidence is mounting to suggest that central pressures more
closely correlate with measures of cardiovascular risk than
brachial pressure and that central pressures independently
predict future cardiovascular events and responses to antihypertensive therapy. Disparities between CAP and brachial BP measurements pose a challenge to the guidelines
for the management of hypertension, as these are usually
determined by conventional brachial cuff measurements. As
the cost of required equipment comes down and additional
persuasive evidence of its superiority over peripheral assessments becomes more abundant, assessing CAP may be the
next important advance in the future clinical management
of hypertension.
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