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A comparison between central blood pressure
values obtained by the Gaon system and the
SphygmoCor system
This article has been corrected since advance Online Publication, and an erratum is also printed in this issue
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Central pulse pressure is correlated with carotid atherosclerosis and the incidence of cardiovascular events more significantly

than brachial pulse pressure. Augmentation index (Aix) has been shown to be an independent predictor of cardiovascular

morbidity and mortality. Pulse wave analysis using the Gaon system allows for the estimation of central blood pressure (CBP),

corrected augmentation index (Aix@HR75), ejection duration (ED) and subendocardial viability ratio (SEVR), and is widely used

in clinical research in Korea. However, the accuracy of this system is controversial. From February 2008 to March 2011, 99

patients were recruited for this study. Measurements were taken both by the Gaon system and the SphygmoCor system on the

same day for all study participants. The estimated values of CBP, Aix@HR75, ED and SEVR for the two systems were compared

using paired t-tests, simple correlation analyses and Bland–Altman plots. Systolic blood pressure (SBP) estimated by the two

systems was significantly (Po0.001) correlated; the coefficient was 0.982. The two s.d. of the difference in SBP between

these systems was quite small—o7mmHg. Aix@HR75, ED and SEVR as estimated by the two systems were also significantly

correlated, although they, especially SEVR, showed much weaker correlations than were observed in SBP: coefficients for

Aix@HR75, ED and SEVR were 0.727, 0.648 and 0.230, respectively. We assessed the CBP of Korean patients estimated

by the two systems and observed that the correlations of Aix, ED and SEVR were weaker than that of CBP. Such variations

may be due to the difference in measuring methods between the devices. As even a slight change in pulse waveforms may

result in a large difference in estimations, parameters, including Aix@HR75, ED and SEVR, should be carefully interpreted

by experienced clinicians.
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INTRODUCTION

It is well known that central pulse pressure correlates with carotid
atherosclerosis and the incidence of cardiovascular events more
significantly than with brachial pulse pressure.1 Recently, the large-
scale ASCOT-CAFE study reported that different antihypertensive
drugs could have a diverse effect on central blood pressure (CBP),
whereas they have similar effects on brachial blood pressure (BP).2 It is
understood from these reports that the evaluation of central BP could
be very useful in risk stratification and hypertension treatment.
Recent developments have provided reliable methods to non-

invasively measure central arterial pressure. One such technique uses
applanation tonometry. This involves estimating the central
aortic pressure wave from radial artery tonometry using a previously
validated mathematical generalized transfer function and a noninva-
sively measured brachial BP. Analysis of estimated aortic pulse wave
analysis permits the noninvasive measurement of three main indices of

cardiovascular function: augmentation index (Aix), ejection duration
(ED) index and subendocardial viability ratio (SEVR).3,4 Aix indicates
the combined influence of large artery pulse wave velocity, peripheral
pulse wave reflection and vascular function.5–8 Aix is the most widely
researched index of pulse wave analysis, with several studies indicating
that Aix is independently predictive of adverse cardiac events.9,10 As
Aix varies with heart rate, it is commonly adjusted to a ‘standard heart
rate’ of 75 beats per minute (Aix@HR75).11 ED is the ratio of the
duration of systolic ejection to the total duration of a cardiac
cycle. Patients with systolic dysfunction have been found to have a
higher ED than those with diastolic dysfunction.4 SEVR, also
nown as the Buckberg ratio, is a ‘supply to demand’ ratio of the
diastolic area under the curve divided by the systolic area under the
curve calculated from the estimated central pulse wave. In normal
coronary arteries, subendocardial ischemia occurs when SEVR falls
below 50%.4,12,13
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The AtCor Medical device (SphygmoCor, Sydney, Australia) and
the Hanbyul Meditech device (Gaon, Jeonju, South Korea) are the
most widely used for estimating central BP in South Korea. The AtCor
Medical device has previously been demonstrated to have an accep-
table inter-observer reproducibility.14,15 Recently, a validation of
central BP estimated by the SphygmoCor system was performed
against the direct invasive catheter measurements in an Asian popula-
tion.16 However, few data are available concerning the validity and
reproducibility of the Gaon system and correlation of parameters,
including Aix, ED and SEVR. This study was designed to compare the
SphygmoCor-derived measurements of central aortic BP and other
central cardiovascular parameters with those obtained using the Gaon
system.

METHODS
From February 2008 to March 2011, 99 patients were enrolled for the study.

Measurement of the radial artery pressure wave both by the Gaon system and

the SphygmoCor system were carried out within 10min of each other

(Figure 1). The only inclusion criterion was that the left radial artery could

be palpated easily and that there was no history of subclavian or brachial

stenosis. The procedure was approved by the local ethics committee and all

participants gave their informed consent to be included in the study.

Measurement of the radial artery pressure wave
Applanation tonometry was performed on the left radial artery, the techniques

of which are described in detail in the manufacturer’s system manuals.

According to a pre-specified protocol, after brachial blood pressure was

measured, we carried out measurement using the SphygmoCor system first,

and then that using the Gaon system. The main difference in the techniques

between the two systems was that, in the SphygmoCor system, the radial artery

was flattened between a handheld micromanometer-tipped probe and the

underlying tissue in such a way that a good-quality pressure waveform could be

obtained, whereas in the Gaon system, the probe was managed with a fixed side

stand and only vertical movement using a control device was possible.

Measurements of the radial pressure wave were carried out by a trained

operator.

Once a consistent wave was obtained, it was recorded in accordance with

each manufacturer’s instructions. The radial artery waveform was calibrated

using the brachial artery BP and recorded immediately after it was obtained.

Both systems generated an ascending aortic pressure waveform from the radial

measurements. Pulse wave analysis permits the noninvasive measurements of

cardiovascular function indices.

Measurement of brachial artery BP
Brachial artery BP was recorded with an oscillometric method using the

Omron HEM-7011C3 system (Omron, Kyoto, Japan). Brachial artery BP was

obtained from the left arm of each subject in the supine position immediately

before both the Gaon- and the SphygmoCor-generated ascending aortic

pressures were obtained. Both systems require calibration with brachial artery

pressures before the radial artery pressure wave can be acquired.

Statistical analysis
All analyses were performed using SPSS 12.0. for Windows (SPSS Inc., Chicago,

IL, USA). Values are expressed as means (±s.d.’ s ). The paired t-test was used

to analyze differences between the parameters measured by the SphygmoCor

system and the Gaon system. Pearson’s correlation and Bland–Altman plots

were used to assess the agreement between the parameters. Bland–Altman plots

illustrated the difference between the two readings against the average of the

two readings. Bland–Altman plots have now been widely accepted as a reliable

way of evaluating two comparative measurements in medicine.17

RESULTS

Participant characteristics
The demographic characteristics of the patients are presented in
Table 1. The mean age of the entire samples was 47 years (range, 19
to 77 years). The mean peripheral BP at the time of study was 139/
86±16/11.

Comparison of the BP measurements
Aortic pressure waveforms synthesized by the SphygmoCor system
were similar to that estimated by the Gaon system. Mean ascending
aortic BP as assessed using the SphygmoCor system was 127/87 (±15/
11) and that using the Gaon system was 126/87 (±15/11). Table 2

Figure 1 Applanation tonometry methods. (a) SphygmoCor (AtCor Medical).

(b) GAON 21A (Hanbyul Meditech). Measurements of the radial artery

pressure wave were performed by (a) the SphygmoCor system and (b) the

Gaon system. A full color version of this figure is available at the

Hypertension Research journal online.

Table 1 Patient demographics

Variables

Age (years) 47±12

Sex (F/M) 32/67

Height (m) 1.67±0.08

Weight (kg) 68.9±11.0

Body mass index (kg m�2) 24.5±2.7

Systolic blood pressure (mmHg) 139±16

Diastolic blood pressure (mm Hg) 86±11

Pulse blood pressure (mm Hg) 54±11

Heart rate (beats per min) 69±11
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presents the mean values and the s.d.’s of systolic blood pressure
(SBP), DBP and pulse pressures as estimated by the SphygmoCor
system and the Gaon system, as well as corresponding values measured
at the brachial artery using the oscillometric device.
Differences in measured pressure values are presented in Table 3.

Central systolic BPs and pulse pressures estimated by applanation
tonometry were consistently lower than the peripheral BPs measured
by the Omron HEM-7011C3 oscillometric device. SBP, DBP and pulse
pressures estimated by the SphygmoCor system were significantly
correlated with those estimated by the Gaon system (Po0.001). The
correlation coefficient (r) between the systolic BPs estimated by the
SphygmoCor system and those estimated by the Gaon system was
0.982 (Figure 2a). Figure 2b depicts the Bland–Altman plots, which
show the mean level and the mean difference in SBP between the
SphygmoCor and the Gaon estimations. The 95% confidence interval
lies within (�7mmHg; 7mmHg) for SBP, DBP and PP.

Comparison of the central cardiovascular parameters
Table 4 presents the mean values and the correlation coefficients of
corrected augmentation index by heart rate (Aix@HR75), ED and
SEVR as estimated by the SphygmoCor system and the Gaon system.
Aix@HR75, ED and SEVR as estimated by the SphygmoCor system
were significantly correlated with those estimated by the Gaon system
(Po0.05). The correlation coefficients (r) between the central cardi-
ovascular parameters estimated by the SphygmoCor system and those
estimated by the Gaon system were 0.727, 0.648 and 0.230 for

Aix@HR75, ED and SEVR, respectively, and these values were lower
than those for the central BP measurements (Figure 3).
Mean and s.d. of the differences in the measured parameters are

shown in Table 4.

DISCUSSION

This is the first study that performed a comparison between CBP
values obtained by the Gaon system and the SphygmoCor system. In
previous studies that compared the central SBP estimate between
Omron HEM-9000AI and SphygmoCor, considerable differences
between the two applantation tonometry devices were reported, but
not explained.14,18 Another study suggested that these differences may
be due to algorithm differences.19 The large differences reported there
warranted the need for thorough validation of any new device, such as

Table 2 Means (±s.d.) of blood pressure measurements in

the 99 patients

Blood pressure (mm Hg) CBPsphyg CBPgaon BBPoscill

Systolic 127±15 126±15a 139±16

Diastolic 87±11 87±11a 86±11

Pulse pressure 40±9 39±9a 54±11

Abbreviations: BBPoscill, brachial blood pressures measured by the oscillometric device;
CBPgaon, central blood pressure estimations by the Gaon system; CBPsphyg, central blood
pressure estimations by the SphygmoCor system.
aCompared with the measurements by the SphygmoCor system, Po0.05.

Table 3 Comparisons between blood pressure measurements

Blood pressure

Mean difference

(mm Hg)

s.d. of the mean

difference (mmHg)

Systolic

CBPsphyg—CBPgaon 0.9 2.8

CBPsphyg—BBPoscill �12.0 6.5

CBPgaon—BBPoscill �12.8 6.1

Diastolic

CBPsphyg—CBPgaon 0.3 1.0

CBPsphyg—BBPoscill 1.2 0.6

CBPgaon—BBPoscill 1.0 0.7

Pulse pressure

CBPsphyg—CBPgaon 0.6 3.2

CBPsphyg—BBPoscill �13.2 6.7

CBPgaon—BBPoscill �13.8 6.3

Abbreviations: BBPoscill, brachial blood pressures measured by the oscillometric device;
CBPsphyg, central blood pressure estimations by the SphygmoCor system; CBPgaon, central blood
pressure estimations by the Gaon system.

Figure 2 Comparison between central systolic blood pressure measurements

estimated by the SphygmoCor system and the Gaon system. (a) Correlation

between central systolic blood pressures and (b) a Bland–Altman plot of central

systolic blood pressures.

Table 4 Means (±s.d.) of the corrected augmentation index by

heart rate, ejection duration and subendocardial viability ratio

in the 99 patients

Parameter

Measured by

SphygmoCor

Measured

by Gaon

Difference

(SphygmoCor—

Gaon)

Correlation

coefficient P-value

Aix@HR75 20.0±11.4 15.6±12.5 4.4±8.9 0.727 o0.001

ED 307.9±26.0 349.6±29.7 �41.7±23.6 0.648 o0.001

SEVR 161.8±27.8 132.6±64.0 29.2±63.7 0.230 0.023

Abbreviations: Aix@HR75, corrected augmentation index by heart rate; ED, ejection duration;
SEVR, subendocardial viability ratio.
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the Gaon system, as algorithm differences may have a large effect on
the central pressure estimate.
In this study, the difference between the SphygmoCor estimation

and the Gaon estimation was o1mmHg, which is quite small.
The variation of the difference (two s.d.’s) was also very small.
Therefore, as far as central BPs are concerned, the Gaon system
proved to be accurate in Korean patients. However, it is particularly
noteworthy that in this study, no strong correlations were observed
between the Aix@HR75, ED and SEVR values estimated by Gaon and
SphygmoCor system.
One possible explanation for the poor correlation may be owing

to the methods used by the two systems to acquire radial artery

waveforms. In the SphygmoCor system, a micromanometer-
tipped probe is handheld and can be used like a pen. Therefore,
the operator can make delicate movements and make adjustments
during measurements. In contrast to the SphygmoCor system,
the instruments in the Gaon system are probes fixed to a side
stand, which only allows for vertical movement. These technical
differences in measuring the radial artery waveform could have
resulted in differences in the estimated central cardiovascular para-
meters. However, the correlation between central BP measurements
was quite clear. Therefore, this hypothesis likely does not explain
these selective differences among the parameters. In addition, the
sequence of the measurements, using the Sphymocor system first
and then the Gaon system, could have affected the absolute value
of the measurement. However, the correlation between the devices
still remains significant.
Another explanation could be a difference in the level of difficulty in

detecting the augmentation point.20 Both systems generate pressure
waveforms using their individual transfer function, which is not fully
correlated between the systems. These possible differences could have
led to the detection of different augmentation points.
There could also be a fundamental inaccuracy in applanation

tonometry itself for measuring the central cardiovascular parameters.
During applanation tonometry, the flow is maintained throughout the
entire cardiac cycle and in the compressed artery, which is applanated
by the tonometer, the shape of the pulse curve is influenced by the
Bernoulli effect. Different results could occur according to the mea-
suring environment.21 However, the reproducibility of the central
cardiovascular parameters22 estimated by the SphygmoCor system
has already been confirmed,3 and thus this explanation is also likely to
be insufficient for explaining the poor correlation between the para-
meters estimated by the two systems.
Although a large number of studies have assessed the association

between central BP, very few studies have compared the central
cardiovascular parameters estimated by a noninvasive radial tonome-
try method with an invasive method. This is in part due to the
technical difficulty in acquiring a central pressure waveform. A study
that compared the noninvasive estimation of pulse wave velocity with
an invasive measurement demonstrated that the correlation coefficient
was 0.8 and s.d. was 13.3ms. Based on these results, the inherently low
correlation between estimations could have resulted in large differ-
ences between the two systems because all of the central cardiovascular
parameters were measured using similar methods for estimating pulse
wave velocity, in principle.
In this study, while the correlation between cardiovascular para-

meters was generally weak, Aix@HR75 showed a comparatively higher
correlation than ED (0.648) and SEVR (0.230). One explanation for this
could be that arterial stiffness is closely related with central pressure,
whereas ED and SEVR are affected not only by central pressure but also
by various other cardiovascular risk factors, which makes it inadequate
to estimate ED and SEVR by using only central pressure. Another
explanation may be that ED and SEVR are such indirect indices, merely
calculated by the devices that are not designed to measure them, that no
significant correlation could be established.
In conclusion, between the two applantation tonometry devices,

there was an excellent correlation and very low difference regarding
CBP estimates. However, central cardiovascular parameters, including
Aix, Aix@HR75, ED and SEVR, should be carefully interpreted by
experienced clinicians. Further studies with a large sample size will be
needed to validate the central cardiovascular parameters against
invasive measurements to define which of the two is more appropriate
for a clinical practice.

Figure 3 Correlation between parameters: (a) corrected augmentation index

by heart rate; (b) ejection duration; and (c) subendocardial viability ratio

estimated by the SphygmoCor system and the Gaon system. Aix@HR75,

corrected augmentation index by heart rate; ED, ejection duration; SEVR,

subendocardial viability ratio.
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