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Abstract. Aortic blood pressure is more meaningful than brachial blood
pressures for clinical diagnosis, and ambulatory blood pressure monitoring is
better predictor for the outcomes than clinical blood pressure monitoring.
However, there are few devices which provide continuous central blood
pressures and arterial stiffness noninvasively. In this study, pressure sensors
were developed to detect two radial and one carotid pulse waveforms. Central
aortic pulse, two radial pulses and carotid pulse were recorded simultaneously
during surgery. Parameters were extracted and the relationships among them
were examined. Standard deviations for radial and carotid pulse pressures were
all within the range of ±5 mmHg for every experimental setup. Augmentation
index from aortic pulse showed much lower value than that from the radial
sites, and the values of averaged augmentation index showed different trends,
which might be caused by the different force applied to the pressure sensor on
the carotid artery.
Keywords: Aortic pulse, Blood pressure, Pressure sensor, Carotid pulse, Radial
Pulse

1

Introduction

It is worth noting that the systolic blood pressure and pulse pressure are amplified
as the pressure waveforms move from the aorta to the periphery [1]-[2]. Arterial
pressure is composed of forward and reflected pulse waves. The forward wave is
dependent on the elastic properties of the aorta, whereas the reflected waves from the
periphery is dependent on the stiffness of entire arterial tree including travel time
from the heart to the periphery and the distance to the major reflecting sites [3].
Therefore, it was reported that the central aortic pressure value is the one which
determines left ventricular workload and provides better prediction for cardiovascular
disease [4].
Since the relationship between the aortic pressure and peripheral pressure is not
well established yet, accuracy of noninvasive central blood pressure measurement
devices using peripheral arterial pulse waveforms needs to be improved. Moreover,
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ambulatory blood pressure monitoring (ABPM), which provides 24-hour continuous
blood pressure value, is a better predictor of outcome than clinical blood pressure
monitoring (CBPM) [5]. Almost all of the conventional ABPM devices provide blood
pressure values by employing an inflatable cuff, which is uncomfortable and
inconvenient for long time monitoring.
Therefore, it calls for a simple and wearable device to measure central aortic blood
pressure noninvasively and continuously. Pressure sensors were developed to detect
two radial pulses from the wrist and one carotid pulse waveform. Central aortic pulse
waveforms were recorded invasively under the clinical setting. Then, meaningful
parameters from the waveforms were extracted and analyzed for comparison.

2

Methods

Piezoresistive pressure sensor was developed for obtaining radial and carotid pulse
waveforms. A plastic housing and soft rubber encapsulates each sensor for the
protection and lossless pressure delivery. Clip and straps were developed for carotid
and radial pulse measurements. Two sensors to measure radial pulse wave on the
wrist were separated and located on the radial artery 2cm apart from each other.
Central aortic pulses were acquired invasively using RadiAnalyzer Xpress
Measurement System (St. Jude Medical, USA). Two radial sensors and one carotid
sensor were placed before the surgery. Before inserting RADI pressure wire into the
aorta, pulse waveforms were acquired for 20 seconds. After RADI pressure wire
insertion, the aortic pulse waveforms, one carotid and two radial pulse waveforms
were recorded simultaneously for 20 seconds from the left side of the body. Then,
pulse waveforms from the right side of the body were recorded under the same
condition. Finally, both left and right sides of carotid/radial pulse waveforms were
acquired again after RADI pressure wire had been withdrew.
Figure 1 represents the parameters extracted from radial pulse and central pulse
waveforms. Several researches have documented that the pulse pressures (PP) and
augmentation index (AI) derived from the pulse waveforms provide the most
important values for clinical diagnosis. Augmentation index(AP/PP × 100%), which
depends on the timing of reflected waves, implies the stiffness of the central aorta.

Fig. 1. Feature extraction from radial and central pressure pulse waveforms.
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Results and Discussion

Averaged parameter values of both PP and AI for the two radial sensors are shown
in Table 1. It was found that standard deviations for the values of radial pulse pressure
from both sensor1 and sensor2 were within the range of ±5 mmHg for every
experimental setup. As expected, PP from aorta showed lower values than that from
the radial sites. The values from two radial sites were almost similar regardless of
inserting or withdrawing of RADI pressure wire, and AI from aortic pulse showed
much lower value than that from the radial sites as expected.
Table 1. Summary of the averaged parameter values for radial and aortic pulses.

Radial 1

Radial 2
Aorta

PP (mmHg)

AI (%)

42.5 ± 3.5
42.8 ± 2.2
52.5 ± 1.9
47.4±3.0
48.2± 2.9
52.7± 1.9

91.6± 4.4
91.9± 1.0
90.5± 1.0
86.8± 1.3
88.1± 0.9
88.8± 1.4

43.1 ± 4.6

43.0 ± 3.8

Period
Before RADI insertion
During RADI insertion
After RADI withdrawal
Before RADI insertion
During RADI insertion
After RADI withdrawal

Averaged values of the parameters from central and carotid pulses during RADI
wire insertion were compared to find relationship, and the resulting values are
summarized in Table 2.
Results showed that the carotid pulse pressure was lower than central pulse
pressure. It probably was caused by the different force applied to the pressure sensor
on the carotid artery. The values of averaged augmentation index show different
trends and large standard deviation for all three clinical setups. It probably was caused
by the different force applied to the pressure sensor on the carotid artery. However,
since the outcome shows the consistent results, it is promising for continuing detailed
study with enough number of patients.
Table 2. Summary of the averaged parameter values for carotid and aortic pulses.
Parameter (Unit)
PP (mmHg)
T1 (msec)
T2 (msec)
TF (msec)
P1 (mmHg)
P2 (mmHg)
AG (mmHg)
AIx (%)
ED (msec)

Aorta
43.1 ± 4.6
66.3 ± 5.1
196.6 ± 25.6
699.8 ± 28.1
108.7 ± 3.6
127.3 ± 4.4
18.6 ± 1.4
43.0 ± 3.8
274.7 ± 24.8

Left carotid
39.7 ± 4.0
101.1 ± 21.0
170.6 ± 34.0
666.2 ± 55.6
149.1 ± 5.9
152.9 ± 6.0
3.8 ± 2.6
9.6 ± 6.3
306.6 ± 12.5
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Right carotid
38.8 ± 5.0
95.6 ± 17.5
179.9 ± 33.6
702.1 ± 42.3
144.0 ± 8.2
150.3 ± 7.2
6.3 ± 2.9
17.1 ± 8.6
307.7 ± 31.3
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Conclusions

Among various types of blood pressure device, there exit problems of accuracies
and convenience for monitoring. It calls for the development of blood pressure
monitoring device which provides 24-hour continuous blood pressure without using
inflatable cuff. It also is necessary to provide central aortic blood pressure and aortic
stiffness noninvasively.
Pressure sensors for obtaining accurate pulse waves from the radial and carotid
artery using piezoresistive pressure sensor were developed, and the sensor were
sensitive enough to provide accurate arterial pulses. Differences of the parameter
values extracted from two different radial arterial sites revealed the similar patterns
for both right and left sides as expected. It suggests the possibility of using two radial
sensors for applying adequate forces to the artery based on the comparison of outputs
form the two sensors.
Additional clinical experiments will be performed with enough data collection for
analysis. Moreover, estimation of central aortic pressure waveform from radial artery
pulse waves using transfer function will be performed, and direct comparison of pulse
waveforms between central aortic pulse and carotid pulse will also be performed.
Results of this study could be used as a valuable data for developing 24-hour
continuous blood pressure monitoring device without using inflatable cuff for early
diagnosis of cardiovascular diseases.
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